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1 Abstract 

The CCSBT and ESC are concerned that climate change could affect current and future recruitment 

and consequently rebuilding of the stock, and distribution of SBT and impact on members’ 

fisheries. As a starting point for discussion on impacts of climate change, we suggest that we focus 

on whether the science advice for management of the stock and fisheries is robust to changes that 

may occur. Extensive research has already been undertaken world-wide on impacts of climate 

change on fish stocks, but predictions are usually highly uncertain, because of the complexity of 

changes in physical and biological systems, and the underlying processes and interactions. A very 

wide range of process may be affected by climate change, but these can categorised into a small 

set of concerning outcomes that could affect operational advice, e.g. reduced recruitment (due to 

changed larval survival rates, changes in fecundity etc), reduced adult/spawner abundance, 

changes in key population dynamics parameters (e.g. mortality, growth) and changes in spatial 

distribution (range and migration shifts). The CCSBT is well positioned to respond to the direct 

impacts of climate change on the stock and fishery because it has in place the meta-rules 

framework and exceptional circumstances process to address changes, an adaptive management 

procedure that has been tested via Management Strategy Evaluation, and fishery-independent 

monitoring programs. We propose that the ESC should focus on robustness of the advice from the 

management procedure, adequacy of the monitoring programs, and identifying any gaps in 

monitoring and future research needs. 
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2 Introduction 

Examining the potential impacts from climate change has been identified as a key priority in the 

CCSBT Strategic Plan 2023-2028 (Anon., 2023), Scientific Research Program (Anon., 2022), and the 

2021 Performance Review (Sinan et al., 2021). The IPCC reports that fast warming areas of the 

ocean have already seen impact in terms of changes in marine species, and habitats (IPCC 2023), 

and future distribution and abundance of marine species are projected to change in many regions 

(e.g. Pethybridge et al., 2020).  Extreme ocean temperature events known as marine heatwaves 

(https://www.marineheatwaves.org, Hobday et al., 2018), toxic algal blooms, and weather 

anomalies are expected to increase in frequency and duration (Cai et al., 2021).  These factors 

suggest that the CCSBT should be concerned about climate change impacts on the SBT stock, 

fisheries and supporting ecosystems. 

Climate change has the potential to change recruitment success, spawning success, growth, 

natural mortality, and spatial distribution, but predicting the scale of impacts and their interaction 

is difficult (Carruthers, 2024). SBT may be vulnerable to warming waters and changes in the 

spawning ground area that affect productivity and survival of larvae; ocean acidification that may 

affect larval survival; heatwaves and ocean current changes that may affect survival and migration 

of juveniles down the west coast of Australia; changes to upwelling and shifts in abundance and 

location of prey species that may affect growth and maturity; and changes in water temperature 

and currents that may affect migration patterns.  

Complex ecosystem models explore potential impacts and forecast future scenarios, but these 

models are not designed to provide operational advice. For some fisheries where environmental 

variables (e.g., sea surface temperature, oceanic water temperature oscillations) are 

demonstratively linked to productivity changes in a stock, the variables may be integrated in 

assessment models or management procedure advice. Uncertainties remain, however, because 

the underlying processes are often not well understood, and it is assumed that in future these 

relationships and processes are sustained. For a highly migratory and long-lived species like SBT, 

the impact of specific environmental changes on the stock will be more difficult to disentangle. 

In our view, these are key questions for the CCSBT when considering the impact of climate change 

on SBT:  

1. Is the management procedure TAC advice robust to a range of plausible scenarios for the 

impacts of climate change? 

2. Are the data sources for the management procedure likely to be affected by climate 

change to the extent that they compromise the performance and robustness of the 

management procedure, and what research is needed to monitor changes to input data or 

other impacts? 

In this paper we examine the robustness of the Cape Town procedure to climate change impacts 

and briefly consider future research needs.  

https://www.marineheatwaves.org/
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3 Management procedure framework in the 
meta-rules 

The Management Procedure Framework, specified in the meta-rules adopted by the Commission 

when adopting the Bali Procedure and the Cape Town Management Procedure, has built in 

mechanisms that are designed to assist the Commission to manage the impacts of uncertainties 

and unexpected events, like climate change, on the SBT stock and fisheries: 

1. The management procedure is an adaptive decision-making rule that responds to changes 

in stock conditions to inform future management decisions. The adopted management 

procedure has been tested against a range of future conditions, some of which mimic 

potential climate change impacts, such as more extreme but plausible scenarios for 

reduced recruitment. This is to ensure that the management procedure is robust to these 

uncertainties or will adjust catches in response to impacts on the stock in a way that does 

not pose a risk to the stock.  

2. The meta-rules / management procedure framework has a well-established exceptional 

circumstances process that includes review of any conditions or circumstances that may 

affect operation of the management procedure and TAC advice. If there is evidence of an 

impact on the monitoring series, stock or fisheries, that the Management Strategy 

Evaluation (MSE) and management procedure design has not tested for, then the ESC can 

provide precautionary advice, including collection of additional information, review of the 

management procedure’s recommended TAC, and in extreme cases consider development 

of a new management procedure that reflects the change in circumstances.  

For the management procedure to be robust to climate change and perform as expected, we need 

to review whether the data inputs to the management procedure and the grid and robustness 

tests used in MSE capture a sufficient range of plausible and less likely (but possible) future 

scenarios, given the current knowledge of likely and unlikely impacts. 

4 Is the management procedure robust to 
potential climate change impacts?  

4.1 Do the management procedure data inputs capture climate 
change impacts? 

The potential impacts of concern from climate change on fish populations can be summarised in 

the following four categories: 1) recruitment decline, 2) adult abundance decline, 3) changes in 

key population dynamics parameters i.e., growth, maturity, natural mortality and 4) changes in the 

spatial and temporal distribution of fish (e.g., Carruthers, 2024). We consider whether changes in 

these categories are likely to be detected in the input data for the management procedure or have 

been tested in robustness test (MSE), and where there are gaps.  
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The input data for the management procedure comes from two fishery-independent monitoring 

programs (gene-tagging and Close-Kin Mark-Recapture (CKMR)) and the fishery-dependent 

longline CPUE series. These three sources of input data to the management procedure are 

providing information on recruitment (gene-tagging), relative abundance of juveniles and sub 

adults (longline CPUE), and adult abundance via reproductive success, mortality and peak maturity 

(CKMR). MSE testing, completed in 2019 for the Cape Town procedure, included a range of models 

and robustness tests including very low recruitment and productivity shifts in recruitment and 

changes in catchability in the CPUE index. Changes in recruitment are a high priority for SBT 

management procedure robustness tests because of the late age of maturity (age 10+) that 

creates a 10+ year delay in detecting any impact on future spawning stock size. The stock was 

subject to low recruitment and low spawning stock size from the early 1980s until recently when 

the adult abundance was rebuilt above the common limit reference point of 20% of initial 

spawning biomass (now specified as total reproductive output). 

1. Recruitment decline: The gene-tagging monitoring program provides information to the 

management procedure (and stock assessment) on the annual absolute abundance of 

juvenile (age 2) fish as a measure of recruitment (and its trend and variance). The Cape 

Town procedure has been tested against sustained low recruitment scenarios, and it was 

clear that the management procedure would respond to these signals and avoid future risk 

to the stock. 

2. Adult abundance decline: The size of the spawning stock is being monitored, along with 

adult mortality and age of maximum adult reproductive success, via the CKMR monitoring 

program, which should detect shifts in adult abundance and these parameters in the 

management procedure and stock assessment models. 

3. Population parameters:  

a. Growth: Changes in length and weight are not directly measured by the 

management procedure monitoring programs. This won’t directly affect the 

performance of the management procedure but does affect the population 

dynamics included in the operating models and, therefore, the potential accuracy of 

future stock assessments and original testing of the management procedure. 

b. Change in maturity: Reproductive success is measured as the mean age of 

maximum reproductive success in the CKMR program and is therefore being 

monitored. 

c. Natural mortality: Total adult mortality is measured in the CKMR monitoring 

program. Natural mortality for younger age classes is not measured by the 

monitoring programs. In MSE testing, we have tested a range of natural mortality 

parameters for age 0 and 10 in the reference set of models. We have also tested if 

the MP is robust to additional unaccounted mortality (from IUU), which tends to be 

accounted for in the operating models in the estimation of natural mortality, similar 

to increased natural mortality. 

4. Shifts in spatial and temporal distribution of fish: The CPUE analysis and monitoring 

analysis investigates spatial and temporal shifts in catch and effort data in the longline 

fishery. The standardisation accounts for unfished squares from range contraction but is 
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not designed to account for range shifts. CPUE may be biased by spatial and temporal shifts 

in migration and fishing (Bessell-Browne et al., 2025). Spatial shifts may also affect 

operational aspects of members’ fisheries. 

The primary gaps identified are changes in growth and natural mortality and spatial shifts that may 

impact CPUE analyses. Decadal change in growth and estimates of natural mortality at age have 

been included in the operating models, based on data from conventional tagging programs. The 

need to update information on growth and natural mortality has been identified in the CCSBT 

Scientific Research Program in the past (Anon 2013). Electronic tagging has provided information 

on apparent shifts in migration in the past and could provide information on changes in feeding 

ground areas and movement patterns that impact the interpretation of CPUE. 

4.2 Which input data sources are affected by climate change?  

The gene-tagging and CKMR programs are fishery independent and are not biased by changes in 

the spatial distribution of the fish, but range shifts may affect the logistics of these monitoring 

programs (e.g., if adults moved south, if migration patterns to/from the GAB are substantially 

changed).  

There are concerns regarding the spatial contraction of the longline fishery and shifts in 

distribution that affect the assumptions for CPUE in unfished areas. CPUE indices of abundance 

may provide biased estimates as species change in abundance owing to climate change-induced 

distribution shifts (Bessell-Browne et al, 2025).  

5 Research to monitor changes to input data or 
other impacts 

The discussion above indicates areas where there are gaps in knowledge that could be addressed 

in the CCSBT Scientific Research Program. Many of these are research areas are already captured 

in the extensive tables that were developed in 2013 (Anon. 2013, ESC18 report Attachment 12). 

The current Scientific Research Program ends in 2027 (Anon. 2022). A review of priorities in the 

current CCSBT Scientific Research Program is needed to inform changes in key parameters that 

would affect our understanding of the population dynamics of the stock. Some of the priorities to 

consider are:  

• changes in biology of SBT: in particular, growth, length, weight, natural mortality at age 

• changes in the spatial dynamics of SBT: in particular, the juvenile age classes targeted by 

gene-tagging, sub-adults targeted by the longline fishery and adult spawning distribution. 

• impacts of distributional shifts of the longline fleets on CPUE standardisation and reliability 

as an estimate of relative abundance. 
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6 Conclusion 

The Management Procedure Framework that has been adopted by the CCSBT has built in 

processes (meta-rules and exceptional circumstances review) that can address uncertainties from 

climate impacts as these changes arise. The adopted Management Procedure is an adaptive 

management decision-making tool that adjusts TAC based on new information on the population 

from the three data inputs to the management procedure. The CCSBT is fortunate that two of the 

three input series for the management procedure are fishery-independent monitoring programs. 

The Cape Town procedure data inputs provide information on three life-stages in the stock: 

juveniles, subadults and adults. The potential impacts of concern from climate change on fish 

populations can be summarised in 4 categories: 1) recruitment decline, 2) adult abundance 

decline, 3) changes in key population dynamics parameters i.e., growth, maturity, natural 

mortality and 4) changes in spatial distribution of the fish and/or the fisheries. The fishery-

independent gene-tagging program will provide information on recruitment decline, the CKMR 

program provides fishery independent monitoring that will detect declines in adult abundance. 

The CPUE series is fishery dependent and may already be affected by spatial and temporal shifts in 

the distribution of fish, which makes it difficult to disentangle the underlying causes of the change. 

The management procedure has been tested for a variety of future and more extreme, but 

plausible, robustness scenarios that currently mean the advice from the management procedure is 

likely to be robust to potential climate impacts. However, additional research will be needed to 

investigate biological changes that affect our understanding of the population dynamics of the 

stock and the operating model for MSE and assessment of stock status. The scheduled review of 

the Cape Town Procedure provides the opportunity to update the set of scenarios considered in 

the reference set of OMs and associated robustness tests based on current knowledge of current 

and potential future impacts of climate change on the stock and the fisheries. This would allow for 

updated MSE testing of the performance and robustness of the management procedure under 

these updated scenarios.  
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