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 RISK means different things to climate scientists, 
biologists, fisheries modellers and stock assessment 
scientists
 Climate risk and climate change projections
 Risk assessment approaches for assessing vulnerability
 Fishery modellers use approaches such as Management 

Strategy Evaluation (MSE) for handling risk



How do we knit all these concepts together to 
ensure fisheries management doesn’t become 

dysfunctional in the face of increased 
variability? 

CSIRO.

Adaptive capacity of species and ecosystems to change
Adaptive capacity of fishers to change
Adaptive management principles well established in fisheries 

management , which has seen the development of actively 
adaptive feedback methods (e.g. Adjust catches based on 
monitoring information) 



Overview of Study
Study objectives:
• Provide a preliminary assessment of the potential impacts and risks of 

climate change on fishery stocks, using the Torres Strait hand-collectable 
fisheries as a case study

• Use Management Strategy Evaluation (MSE) as a risk management tool
Risk assessment objectives (climate):
• To determine medium term fishery risks (consequences) from climate 

change.  
Risk management tool (all risks including climate):
• MSE is used to test the performance (and adaptability) (especially in the 

face of uncertainty) of alternative harvest strategies in meeting fishery 
objectives, such as ensuring low risk of unintended depletion and high 
probability of good catch.

Risk management objectives:
• Stakeholders select harvest strategy that meets fishery objectives, such as 

ensuring low risk of unintended depletion, high risk of expected catch AND 
(this study)  ability to manage through climate variability and change



Overview of Study
Scope:
• Fishery: 8 bêche-de-mer species on 27 reef units (in 8 zones) in 

theTorres Strait, fished by indigenous fishers
• Medium term: 2011-2030
• Attribution. Climate change will be identifiable as separate from other 

impacts (fishery exploitation)
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Outline

Overview of risk assessment & risk management tools
Torres Straits case study: 
Overview of bêche-de-mer 
Operating Model

Integrating across uncertainties 
Performance statistics:
 risks of resource depletion, local depletion, changes in multi-

species composition, profitability of the fishery
Comparison of Harvest Strategies (with and without monitoring 

and adaptive feedback)
Synopsis: 
Towards an integrated assessment of risks and evaluation of 

which management strategies are likely to fail or succeed
MSE as a risk management tool
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Modelling approaches# available to increase 
understanding of the effects of climate change

CSIRO. # Australia and neighbouring Pacific Island nations

1 Social network models (e.g. BBN, AB)
2 Biological risk assessment models (e.g. PSA)
3 Input-output economic analyses (e.g. Australian wild fisheries)
4 Integrated fishery bio-economic models (e.g. NPF Economic)
5 Single species fishery assessment models (e.g. TS Lobster)
6 Species Distribution Models (e.g. SBT/YFT Habitat)
7 Ecopath with Ecosim (e.g. Pelagic longline fisheries off eastern 
Australia)
8 Qualitative Models using signed digraphs (e.g. PICT fisheries 
resources)
9 Minimally Realistic Models (e.g. Catchment dynamics and NPF)
10 Coupled Models (e.g. GoC spatial MSE)
11 End-to-End Models (e.g. SE Atlantis)
12 Integrated Catchment-Coastal Models (e.g. SE Qld)Ref: Plaganyi et al 2011 Mar. Freshw. Res.

Key to models

ASSESSMENT of 
climate impacts

“Envelopes” show ways to 
increase the value of these types 
of models for addressing aspects 
of climate change by extending 
across different axes



Methods for analysing risks

Likelihood

Risk

ExposureSensitivity

Potential 
Impact

Threat
(Stressor) 

Asset
(Attributes)

Adaptation 
Capacity 

Interaction

Vulnerability

1. ESA Risk assessment approach  (common approach)

Resilience - ability of the unit 
to recover from impact

vulnerability  - exposure of 
the unit to impact



Methods for analysing risks

Likelihood

Risk

Consequence

2. National risk assessment approach (used in this study)

Risk criteria:
Fishery risk (consequences) will be based on potential 
changes to fishery production (quality and quantity).

Consequence

Risk L M H

Likelihood

L ,<30% L L M
M, 30‐70% L M H
H, >70% M H H



Risk categories for impacts based on 
likelihood and consequence

2030 Impact
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 Projections considered for short-term to 2030 as higher management relevance  
 Projections of global warming were considered only for the mid-high range 
greenhouse gas emissions scenario (A1B) (IPCC, 2007) – little deviation by 2030 
among different  scenarios
 Downscaled BlueLink projections (Australian ocean modelling and analysis 
capability (CSIRO, Bureau of Meteorology (BoM) and the Royal Australian Navy)
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Depletion

Climate 
risks?

Extinction

risk?

Risk to the 

fishery?



Fishery Management Objectives – avoid risks of:

1. Risk of sub-optimal fisheries management
2. Risk of depletion below eg Blim (limit reference point)
3. Risk of local depletion
4. Risk of non-viable fishery eg not operating profitably, low 

catch rates
5. Risk of ecosystem impacts eg changes to community 

composition, bycatch, dependent species

CSIRO.

6. Risk of not responding appropriately or in a timely manner to 
changes in resource and ecosystem productivity, abundance,  
and distribution in response to climate change  

Climate change is a ‘new’ risk that needs to be considered:



Principles underpinning effective Risk Management* 

• Creates and protects value (contributes to societal objectives)
• Informs decision making 
• Explicitly addresses uncertainty
• Is systematic, structured and timely
• Is based on best available information
• Is tailored (aligned with societal needs, context and risk profile)
• Considers and take account of human and cultural factors
• Is transparent and inclusive (must involve stakeholders)
• Is dynamic, iterative and responsive to change (monitoring and 

reviewing of risks)
• Facilitates continual improvement (underpins a resilient and 

adaptive community)

CSIRO.

* from Australian National Emergency Risk Assessment Guidelines



CSIRO.

Adaptive 

capacity?

Uncertainty re 
climate changes 
and its impacts

Ecological 

uncertainties

Future Fisher 

behaviour is 

uncertainUncertainty = Risk ?
Uncertainty         Risk?
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Management procedure frameworks are risk management tools that include 
feedback loops and are capable of integrating across uncertainties

From Plaganyi et al 2011 ICES J Mar Sci

Impact risk 
assessment

Identify key 
uncertainties
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Sea cucumbers / bêche de mer/trepang
• Species range in value from >$120 kg (dry)

Sandfish Black teatfish
• To $10 kg (dry)

Lollyfish Tigerfish

c. 300 species in the Pacific Islands
Locally known as rori in the Cook Islands



Biology

• Reproduction
• Sexes separate
• Broadcast synchronous spawners
• Summer spawners (except black teatfish)
• Short larval life (~2 weeks)
• Isolated reefs are probably mainly self recruiting
• Recovery of depleted populations may be hampered by dilution 

(Allee) effects
• Recruitment

• Appears to be sporadic and unpredictable
• Depleted populations can be very slow to recover

• 7-20 years
• Fishing to extinction rare

High 
steepness
Low 
steepness

Ricker

R

Bsp

Stock-recruit 
relationship

Environmental variability



Observer training 2009 – Previous research

Fisheries biology and key uncertainties

• Variable growth
• Black teatfish, 5 yr to maturity
• Sandfish, 2 yr to maturity

• Mortality rates unknown
• Black teatfish, M<0.4 yr-1

• Sandfish, M>0.6 yr-1

• Most 0.3-0.6 yr-1

• Movement
• Not much, less than 4 ha after 2 years
• Remain with a reef/bank

• Sea cucumbers have proven very susceptible to overexploitation
• Easy to pick up, easy to store (frozen, salted, dried)
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Observer training 2009 – Previous research

Overview of Industry

• History of BDM fishing goes back thousands of years
• Macassans fished in north Australian waters for centuries

• In demand in China and SE Asia, where it is considered a 
delicacy

• Main markets are Hong Kong and Singapore.
• World trade recently has been about 10,000 t DW/yr with about 

half to two thirds coming from  the Philippines, Indonesia and 
Malaysia

• Largest  fisheries are Fiji, New Caledonia, the Solomons and 
Papua New Guinea

• Many of these fisheries are showing declining catch rates and a 
shift towards lower value species

• Boom and bust cycles are typical of fisheries in this area.



Observer training 2009 – Previous research

Torres Strait Current management strategies

• Only (but any) Torres Strait Islanders allowed in the fishery 
(there is one non-Islander licensed operator)

• Competitive Total Allowable Catch (TAC) (measured in wet 
weight gutted): 

• Black teatfish, Surf redfish, Sandfish 0 t
• White teatfish, 15 t
• Prickly redfish, 20 t
• Other, 80 t (Deepwater redfish, Hairy blackfish, Leopardfish)

• Gear limits
• Ban on the use of hookah or SCUBA gear 
• Boat size limits 

• Size limits
• Based on size at first maturity

• No closed areas or seasons



Spatial multi-species Operating Model

Reefs / Zones

No. Common name Species name
1 Sandfish Holothuria scabra
2 Black teatfish Holothuria whitmaei
3 Surf redfish Actinopyga mauritiana 
4 White teatfish Holothuria fuscogilva
5 Prickly redfish Thelenota ananus
6 Deepwater redfish Actinopyga echinites

7 Hairy blackfish Actinopyga miliaris
8 Leopardfish Bohadschia argus

Divided Torres Straits into 
27 sub-zones, in turn 
grouped into 8 zones

8 Species



Operating Model

• Generic age-structured model (8 species, 27 reefs) 
with an annual time-step - facilitates easily 
representing differences in minimum size and age-at-
fist reproduction –estimated these parameters from 
size/length information. 

• A maximum of 5 age classes (including a plus group 
where necessary) for each species. 

• Background low level of recruitment modelled as 
dependent on local population size, with high 
variability simulated based on observations of past 
trends. 

• Conditioned using survey data available for a 
number of reefs in the Torres Straits
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RISK MANAGEMENT NEEDS TO ACCOUNT 
FOR MULTI-DIMENSIONAL UNCERTAINTIES

BIOLOGICAL CLIMATE 
VARIABLES
(and 
downscaling)

LIKELIHOOD OF 
CLIMATE IMPACTS 
(HIGH, MEDIUM, 
LOW RISK)

SEVERITY OF 
POTENTIAL 
CONSEQUENCES

Monitoring data SST & sea level 
rise fairly certain

High risk predictions 
most plausible

Growth first increases 
then decreases with 
increasing temperature

Population 
dynamics model

Ocean pH 
(acidification, 
bleaching, coral 
reef habitat)

Consider cumulative 
effects of high and 
medium risk 
predictions

Positive and negative 
effects on recruitment 
and larval survival

Fishing 
behaviour

Storms & cyclone 
increases in 
intensity

Complex contributors to 
overall mortality rates 

Future markets Phytoplankton 
productivity

Effect of changes in 
habitat

Implementation 
and control

Ocean currents Multispecies and 
ecosystem effects

Outside scope of study – could use multiple climate models; emission scenarios 
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M1 – ave M
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H2 – h=0.5 R1 – High risk only

R2 – High+Medium 
risk

I1 – base
I2 – double 
severity of 
impacts



Reference Set encompassing key uncertainties
UNCERTAINTY RE BIOLOGICAL PARAMETERS
• M. Natural mortality:
• M1: the average mortality estimates for each species
• M2: the lower bound of the mortality estimates combined with slow 

growth assumptions for the two teatfish species
• H. Steepness parameter:
• H1: h is fixed at 0.7
• H2: h is fixed at a more conservative value of 0.5
UNCERTAINTY RE CLIMATE IMPACTS
• R. High risk vs High+Medium risk
• R1: High risk; 
• R2: High+Medium risk  
• K. High risk impact uncertainty:
• I1: High risk impacts halved
• I2: High risk impacts doubled

CSIRO.

16 Operating Models 
30 replicates of each
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Harvest Strategy examples

 Constant catch
 Fishing mortality based on natural mortality M (F = єM)
 Reference Points from stock assessment (e.g. MSY-based) or 

tested control rule
 Spatial / seasonal closures
 Spatial rotation strategies

CSIRO.

Hockey stick

Bim Btarg

FtargetF

B0

Need updated estimate of  
biomass B

3-year rotational 
harvesting strategy 
comprising 21 reefs in 
the Coral Sea



Harvest Strategies Tested

i. Current catch
ii. No monitoring:

i. Double catches
ii. Profit maximisation
iii. Location choice based on area and distance
iv. Spatial rotation (3 yr)
v. Closed areas/sensitive species (Warrior/sandfish)
vi. Multi-species catch composition

iii. Adaptive feedback/monitoring:
i. Hockey stick (Blim 20%; Btarg 48%)
ii. Hockey stick with spatial management 
iii. Spatial closure (single species in Zone) (30% depletion trigger)
iv. Spatial closure (Entire Zone) (30% trigger)
v. Spatial closure (Entire Zone) (20% trigger) 

CSIRO.



Changes in Species Composition

CSIRO.

No. Common name Species name 

1 Sandfish Holothuria scabra 

2 Black teatfish Holothuria whitmaei 

3 Surf redfish Actinopyga mauritiana  

4 White teatfish Holothuria fuscogilva 

5 Prickly redfish Thelenota ananus 

6 Deepwater redfish Actinopyga echinites 

7 Hairy blackfish Actinopyga miliaris 

8 Leopardfish Bohadschia argus  
 

Value



Results: local depletion per zone and species
a) No climate change impacts
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Performance Summary - Harvest Strategies 

Risk of sub-optimal management: the percentage of species for which the median 2030 
spawning biomass level was less than Btarg (0.48K)  
Risk of depletion below Blim: percentage of species for which the lower 90% confidence limit of 
the 2030 RS projections was less than Blim

Harvest strategy 

Risk of 
suboptimal 
management

Risk of 
depletion 
below Blim

Risk of local 
depletion

Average annual 
profit (US$ 
million)

A. Current catch(status quo) 50 13 12 5.31
B. No monitoring:
Double catches 75 25 23 10.6
Profit maximisation 50 13 12 5.31
Location choice based on area and distance 50 13 16 5.31
Spatial rotation (3 yr) 25 13 5 3.35
Closed areas/sensitive species (Warrior, Sand 13 13 9 2.72
Multi‐species catch composition  13 13 6 3.08
C. Adaptive feedback/monitoring:
Hockey stick 38 13 9 3.65
Hockey stick with spatial management 13 13 1 5.31
Spatial closure (Single species in Zone) (30%K  38 13 8 5.11
Spatial closure (Entire Zone) (30%K trigger) 13 13 5 3.19
Spatial closure (Entire Zone) (20%K trigger) 13 13 7 4.09
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Overview of approach

Context and 
goals

Impact risk 
assessment

Population model 
conditioned on 

data

Identify key 
uncertainties

Operating 
Model  (OM)

• Identify possible 
adaptation and/or 
mitigation options

• For each action, 
calculate cost and 
assess feasibility

• Based on cost, 
feasibility and 
benefit

• Use to select 
preferred actions

Use MSE to 
test 

management 
strategies

Good 
performance

Poor 
performance

Action 
identification 

process Action 
selection

• LOW RISK:
• Depletion
• Ecosystem effects
• Fishery 

Modified from Skewes et al. 
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MSE as a risk management tool

• Climate risk assessment used as an input to OM
• Reference Set (rather than single model) used to capture key 

uncertainties 
• Demonstration of use of MSE to test the performance (and 

adaptability) (especially in the face of uncertainty) of 
alternative harvest strategies in meeting fishery objectives, 
such as ensuring:

• low risk of depletion (overall and local) 
• high probability of good catch / average profits
• low risk of changing the multi-species community composition
• high probability of managing through climate variability and change

• MSE adheres to the guiding principles necessary to 
underpin and support effective risk management 

CSIRO.MSE – Management Strategy Evaluation; OM - Operating Model



Case-study Conclusions

Status quo management  would result in half the 
species falling below target levels, moderate risks of 
overall and local depletion, and significant changes 
in species composition
The three non-monitoring based strategies (spatial 

rotation, closed areas, multi-species composition) 
were all successful in reducing these risks, but with 
fairly substantial decreases in the average profit 
Higher profits (for the same risk levels) could only 

be achieved with strategies that included 
monitoring and hence adaptive management
Spatial management approaches based on 

adaptive feedback performed best overall
CSIRO.
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Contact Us
Phone: 1300 363 400 or +61 3 9545 2176

Email: enquiries@csiro.au  Web: www.csiro.au

Thank you !

CSIRO Marine and Atmospheric Research
Queensland, Australia
Web: www.csiro.au/cmar

Dr Éva Pláganyi
Senior Research Scientist
Email: Eva.Plaganyi-lloyd@csiro.au
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