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@ Roadmap

* Handbook background

* Thinking through impact pathways
* Risk (peoples’ perceptions)

* Online handbook app

* Step 1 — Ecological Vulnerability

* Step 2 — Fishery Activities

* Step 3 — Management Options

* Discussion (& Next Steps)

@ Handbook Scope

vvvvvv s

Framework &
Strategies

Explore, o Implement,
Define, and o Monitor,
Initiate (o) Evaluate,
& Adjust

1IISD 2016 SCAG 2020

Adaptation has many component steps, from conceptualisation to planning and finally
implementation. This project and handbook process only dealt with the conceptualisation,
vulnerability assessments and identification of options. Final plan drafting and implementation
remains the purview of the individual jurisdictions (as it is subject to agency and policy
considerations beyond the scope of the project).



@ Handbook Development

1. To assess how well the existing Commonwealth
fisheries management framework will cope
with climate change impacts

2. To develop a methodology and approach for
fisheries to adapt their regulatory
environment to climate change impacts on
fisheries

3. To develop strategies and priorities to account
for effects of climate change in the
management of fisheries

@ Application

Inclusive — designed to involve committees
of industry, management and other
stakeholders to come to a more shared
understanding of climate risks and develop
more robust adaptive management options

Scalable — designed to be applied with differing degrees of detail so that it can
be adjusted for the available information and the resources available

Flexible — not limited to the climate-driven risks to ecological components of
Commonwealth fisheries, could be applied to other sectors and/or other types
of risks

The handbook was created to be inclusive — drawing together researcher, management agency
personnel, representatives of the fishing sectors (commercial, recreational, customary as
appropriate) and any other interested groups. As the method is largely qualitative (or semi-
quantitative) it is easily scalable (it can be used for small scale as regional or nation-wide scales)
and can be modified for local contexts or even for use beyond long term climate change to other
pressures or shocks (such as extreme events, the pandemic or market shifts).



@ Co-design and user testing with case studies

1. Northern Prawn Fishery

2. Southern Bluefin Tuna

3. Heard Island & MacDonald Islands fishery

The method was originally designed and trialled with three AFMA managed fisheries. This helped
make it useful for operators and managers.

@ Reaching Recommendations

. Recognise hazards (risk factors) INSIENIACANT nﬂ nnta 2 SGWACHT 3 MR ¢ some 5

* Identify intervention points
(and whether that helps)

* Prioritise options
(based on risk/reward/cost)

The handbook intentionally stops short of plans and policy because they have many jurisdictionally
specific aspects. What it does do is help recognise risk factors, levels of vulnerability and to
prioritise possible responses (or gaps to be filled for options to be realised).
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The method involves 3 steps — physical change and how that expresses itself for vulnerable
species; what fishers can do operationally to cope with or respond to the change; and what
management can do to ensure ongoing sustainability without constraining adaptation options
unnecessarily.

STEP 1 STEP 2 STEP 3

Determine potential fishery Determine potential management

Identify physical ocean change

(adaptive) responses responses
: . Identify impact of social and Identify costs and speed of
Identify ecological effects economic (adaptive) responses management responses

l i l

Fishery risk score

=4 Overall risk assessment score B3

Ecological risk score Management risk score

Those three steps are guided via a structured set of questions and conversations.
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Like Ecological Risk Assessments for the Effects of Fishing (ERAEF) or other best practice risk
assessments it takes a triage tiered approach, only progressing to more quantitative approaches
for species or systems under the most pressure where very clear quantitative information is
needed. The project only deals with the first and second passes. The individual jurisdictions could
progress their most high value or at risk species to a full quantitative assessment if they feel the
Level 2 assessment completed in the project workshops was insufficient for their needs.
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Once an assessment has been completed once, it is not necessary to repeat the exercise until new
information comes to light or conditions change. This flow diagram helps identify when a new

assessment would be advisable.

@ Supporting Steps
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There is no one right way to gather the information needed. The handbook describes some of the
most useful commonly used tools — including: impact pathways; stepped planning (what can be
done in the short term, what has no future, what steps are promising but have a lead time due to
requiring preparatory development); surveys or other forms of expert input.



@ What we learnt

* All AFMA fisheries contain valuable species
sensitive to climate change (some of the most
valuable showing the greatest sensitivity)

« All fisheries (especially short lived species and
invertebrates) likely to become more variable i
— affecting when, where and how much is caught i " 3

* Bycatch and TEP species are likely to be highly ey
sensitive to climate change "L
— will need to understand how that interacts with @& '

any fishing effects

@ What we learnt

* Shifting ecosystem state (over decades) may go
unnoticed, eventually undermining sustainability

* Cross jurisdictional management coordination will
be required to improve adaptation & minimise the risks from cumulative effects

* Monitoring & forecast capacity will become key to understanding system change,
supporting evidence based decision making, fishery sustainability & business
profitability

« Significant implications, both positive and negative, for fisheries (extending from
operational issues to community impacts & economic consequences)



@ Handbook Rollout

* Handbook training

* Application to fishery
per jurisdiction

* Prioritise options

* Flag maladaptation e

* Mark need for pre-
cursor steps

* Highlight gaps SRR

Each session would end with a description of the project plan and would welcome any questions
on the approach or project.

Conceptual Models and Impact Pathways

Example conceptual models of generic impact pathways from climate change driven
environmental shifts through the fishery were shared to help inspire the trainees before they were
asked (as a group) to draw their own conceptual model for their fishery using
https://www.mentalmodeler.com.




@

Conceptual models
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@ Example (Generic Pathways) - Temperature
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@ Example — Productivity Change

PHYSICAL Climate shift
DRIVER

ECOLOGICAL  Persistent productivity shift or abundance change
RESPONSE (due to chani:s in survivorship, recruitment, disease
implications for responsiveness and resilience

FISHERY Catch levels (or sustainability) shift

EFFECT AND
RESPONSES )
. Switch target
Sufficient supply to species
sustain processors
and market demand?
MARKET
RESPONSE Price implications
Market available?
MANAGEMENT
ISSUES AND Madification of TAC New gear needed?
ACTIONS .
Additional management |
muir':dm[ermmgl? m\)
Implications
KNOCK-ON for other species?
EFFECTS (.8 companion
species, or new
target species
PHYSICAL Sea level rise or flooding
DRIVER
FISHERY Infrastructure inundation or loss
EFFECT AND (e:g.ost port access)
RESPONSES
New processing
Leave the fishery or landing site
or area Faciay
r trawler
Change in quality Changed transport
MARKET product l'geusts
RESPONSE
Shift in availability to market
New infrastructure or
MANAGEMENT subsidies (so can use
ISSUES AND alternative infrastructure
ACTIONS
KNOCK-ON Social licence  Implications for  Perverse Lose out to
EFFECTS impact? other species  industry  foreign, alternative

activity? or cheaper
products?



@ Example— Extreme events

PHYSICAL
DRIVER

FISHERY
EFFECT AND
RESPONSES

MARKET
RESPONSE

MANAGEMENT
ISSUES AND
ACTIONS

KNOCK-ON
EFFECTS

Extreme event

Fishing conditions
(safety)

A

Changed availability

Change closure (timing or placement)

to reduce risk given the new conditions

Social licence
push back?

Increased costs

Change gears to something
that can operate in new
conditions (e.g. larger vessel)

Still have a market?
(volume and timing sufficient?)

Switch species

y ¥
Implications for
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RESPONSE

FISHERY
EFFECTAND
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MARKET
RESPONSE

MANAGEMENT
ISSUES AND
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EFFECTS

Extreme event

Temporary productivity shift or
increased variability in abundance €———m—

Variable success or access
(e.g. variable quota levels)

1

Variable supply === Drop species?
LL’ Processing implications
Market price and demand implications
Frame-based approach?
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@ HIMI - New market opportunities
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Impact pathways

competition.

Another name for these conceptual models is impact pathways

Implications for
other species?



What we will cover in this session

. How is a fishery impacted by

climate change? E—
ot Ao . A

What are the pathways e &
between changing climate B
and impact on a fishery?

@
. How to identify pathways? S g 5
@

How impact pathways relate -
Northern Prawn ﬁ.shery - Adaptation of fisheries
tO th IS I'ISI( assessment? management to climate change Handbook, CSIRO, 2020
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fisheries are impacted & l

Ecological Species distribution
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How we use impact pathways

‘ Real world understanding and degree
of consensus among stakeholders

. Develop shared understanding of
how climate changes link to
different ecological drivers effecting
fisheries

' Starting place to identify autonomous
adaption responses by fishers Eimars hange Handbock, Comd, 2020

What kind of materials can be used to create impact pathways or conceptual models? It can be
done using pen and paper (or any other writing materials, whiteboard, butchers paper even large
“mud maps” literally drawn on a sandy surface). However, as more and more interactions are
undertaken online or with digitial infrastructure online tools can also be used. Mental Modeler is
one such tool that is freely available.



@ Exercise https://www.mentalmodeler.com/
New Model Save Model

Scenario

If want to reload a saved model

@ Exe rCise https://www.mentalmodeler.com/

This is what a blank sheet looks like on mental model — click “Add component” for a new box
(variable). Click in the box to name it. The note section and colours on the left of the canvas can be
used to take notes on sources of information, uncertainty etc.



@ Exe rCise https://www.mentalmodeler.com/

Drag arrows from one box to another and set their weight (from +1 positive to -1 negative) to
explain the nature and strength of the connection between the variables. To figure out what those
weighting should be image standing on the sending box (let’s call it box A) looking at the receiving
box (let’s call it box B). When the sending box grows (in abundance, magnitude, level of activity)
what happens to the receiving box. If the receiving box grows it is a positive weighting, but if it
declines (or shrinks etc) then it is a negative weighting. Also think about whether there is a
reciprocal response —i.e. repeat the process by standing on what was the receiving box (box B)
and looking back at the original sending box (box A), does that box change as a result of a change
in the receiving box? If yes create a link and repeat the process, this time standing on box B and
looking at box A. For example, imagine a predatory shark and its prey fish, if the number of fish
increase there is more food for the shark and it can also increase (a positive sign response).
However, as sharks increase they eat more and the prey species are consumed and decline in
abundance (a negative sign response).

The matrix of connections can be found on the Matrix table of the mentalmodeller website. Save
this matrix and it can be used explicitly in qualitative modelling (as described in the handbook).

What kind of drivers should be considered in these models?



@ Drivers: Ocean properties changing

Temperature Timing & Nature
Events

* Sea surface * pH (acidification) * Sea level * Alongshore wind * Drought * Seasonal shift
temperature * Salinity * Wave height & speed * Flood * Ocean
* Deep water * Dissolved oxygen direction * Air temperature * Fire circulation
temperature * Rainfall & runoff * Cyclones * Upwelling
(extreme * Stratification
storms) * Sea ice extent

* Heat wave &
cold snap

e el 2 1
< e

———

temperatures > Intensifying storms,
rainfall & flood

Altered winds Tongeens

temperatures Increased stratification

Ocean layerin
Acidification ¢ - 9)

Changed nutrient cycles

Increased Hypoxia

Altered currents

A summary of observed change and forecasts for each region are available on the handbook
website (https://research.csiro.au/cor/research-domains/climate-impacts-adaptation/climate-
adaptation-handbook/), but are also summarised here for convenience. As these will be updated
in future as more information becomes available, please check for more recent information before
running your own workshops/processes. For example the fisheries intermodal comparison
(FISHMIP) is a source of projections created via a global collaboration. They must be used with




care as the models used are not as well focused on Australia as models developed within Australia,
but if nothing else is available they are a useful start. An FAO report summarising that work is
available at https://openknowledge.fao.org/items/ae42f17d-4685-4c7e-8e3d-424ceal6c8d4 with
online exploratory tool at https://rstudio.global-ecosystem-

model.cloud.edu.au/shiny/FAO report shiny/.

A climate change explainer is also available in Appendix C.7 and on you tube
https://www.youtube.com/watch?v=A40IIrEI2R8.

East coast

@ East Forecast change: Temperature




@ Forecast change: Extreme Events
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C ha n ge TEMPERATURE @ 1.0°C increase 0.3 - 1.4°C increase
Ha"mc: ® 20 - 35 day increase >200 day increase

storus (B Conflicting information ' More intense, but fewer

DROUGHTS @ Increasing Longer, twice as frequent
RAINFALL @ Roughly steady 3% decrease
SEALETEL Q 15cm increase 10 - 20cm increase
OXYGEN @ Approx 2% decrease 5% decrease
ACIDIFICATION @ 26 - 30% increase 20 - 50% increase

Species Vulnerability & Potential Future Change

S’EC'SESN%E',".“J}E @ 22% highly sensitive, 78% moderately sensitive
TARGET SPECIES @ Abundance of many key target species decline
20%, Bonnie Upwelling may be more productive



South coast

@ south Forecast change: Temperature
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The number of days per year where water temperature exceeds the top 10% of historical
temperatures.




@ Rainfall Sea level height
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@ Forecast Observed change | Futre change
OcEAN @ 1.2°C increase 0.3 - 1.2°C increase

TEMPERATURE

change S

HEATWAVE ® 20 - 35 day increase >200 day increase
STORMS @ Conflicting information More intense, but fewer

DROUGHTS @ Increasing Longer, twice as frequent
RAINFALL @ 5% decrease 3% decrease
A @ 15cm increase 10 - 20cm increase
OXYGEN @ Approx 2% decrease 5% decrease
acorcation @) 26 - 30% increase 30% increase

Species Vulnerability & Potential Future Change

FECEs s & 20% highly sensitive, 80% moderately sensitive

TARGET SPECIES e Abundance of key demersal target species
decline 20%, pelagic species may increase



West coast

@ West Forecast change: Temperature
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The number of days per year where water temperature exceeds the top 10% of historical
temperatures.




@

Rainfall Sea level height

Framantie
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Species Vulnerability & Potential Future Change
oy & 35% highly sensitive, 65% moderately sensitive

TARGET SPECEES ° Abundance of key demersal target species %
decline 10-20%, pelagic species may increase



North coast

@ North Forecast change: Temperature
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The number of days per year where water temperature exceeds the top 10% of historical
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Rainfall

Sea level change [m]
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SPECIES CLIMATE

Species Vulnerability & Potential Future Change
@ >35% highly sensitive, 55% moderately sensitive
TARGET SPECIES @ Abundance of key target species decline 10-20%



Northeast coast

@ Northeast Forecast change: Temperature

. 150
J \

¢

20
10

) 5

0

1964 - 1990 2000-2016 2030 - 2060 -5

The number of days per year where water temperature exceeds the top 10% of historical
temperatures.
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SPECIES CLIMATE
SENSITIVITY

Species Vulnerability & Potential Future Change

@ >35% highly sensitive, 55% moderately sensitive

TARGET SPECIES @ Abundance of key target species decline 10-20%



Introduction to the Online Tool

&

Adaptation of fisheries
management to climate change

» RISK ASSESSMENT TOOL

Worksheets

Spacies Name

Online Tool
L

2022

Adaptation of fisheries
management to climate change

» RISK ASSESSMENT TOOL

Worksheets

Species Name

Note that nothing is stored on the site, it is only in your browser so to keep it for the future please
save the file (using the save button) so you can reload (using the upload button) in future if



needed. There is also a delete option for unwanted worksheets. Typically a worksheet will remain
active (accessible) until the browser cache is cleared.

A link to the handbook website is also included for quick reference.

@ Summary Page

Adaptation of fisheries
management to climate change

> RISK ASSESSMENT TOOL

Subject

Analysis

STRW 1 EUOLOGILAL HISK BSSESSNEN T

STEP 2: F SHERY RSK ASSESSNENT NooMELETE I mooweLrTE INCOMILETE NcowPLITE

STEP 3 MANAGEMINT RIS AZSEZSMENT

Please enter the name for your species. Select what kind of species it is for your fishery (e.g.
target) and then click on each step and answer the questions until each panel reads complete. The
resulting risk will be summarised on the results panel.

A pdf report version of the questions, answers and results can also be generated using the report
button in the top right.

A link to the handbook website is also included for quick reference.



@ Step 1 - Ecology

»STER Y

Ecological Risk Specieciare > Zap 1 CcckgialRak Aveavent 3 Abnimcs
Assessment Methodology
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If an there already exists a vulnerability assessment or quantitative projections you can simply
enter the results of that previous work. You only have to answer all the vulnerability questions in
step 1 if no previous assessment exists. Notes on responses at any step of the tool can be stored
by clicking on the speech bubble/comment icon (which opens up a comment dialog box).

@ Step 1 - Ecology
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You need to answer questions relating to factors influencing abundance, distribution, phenology
(timing of life history events like reproduction or migration) and quality (condition of the species).



As a section is completely answered a tick will be shown on the left hand panel. Use the next
buttons or tab links to move through the assessment.

@ Step 2 - Fisheries

> STEP 2

Fishery Risk ) .
Assessment Available Fishery Responses
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There are also sheets for fisheries operations (not that additional options can be added using the
edit button and these will flow through the entire set of questions). Only remove an option if it is
absolutely impossible. If its just difficult please leave it as having an idea of what proportion of
options are difficult is important for determining a more faithful risk score.

@ Step 2 - Fisheries
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Economic and social implications also need to be recorded
@ Step 3 - Management
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Management Risk .
Assessment Available Management Responses
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As for the fisheries options, management options can be added (or removed if impossible or not
appropriate for that kind of fishery). Because there are so many management options these have
been grouped by theme to make them easier to navigate and consider.

@ Step 3 - Management

> STEP 3
Management Risk Gpecies Mave > S0 3 NMaragerrent Rek Asessvnn 1+ Abundosce
Assessment Management Responses
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For each management option please rate the time to implement, the costs and policy steps
involved in achieving that kind of management or management change.
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PDF formatted reports can be generated for the entire assessment or individual steps. These will
include any comments made in the comments dialog boxes. It is possible to generate combined
reports across species by generating the report from the loading page (which will give you an
option to select the species to include).



Appendix C.4 — Ecological step

Step 1: Ecological
Vulnerability

ECOLOGICAL

Ecological

Vulnerabiity

Assessment

Potential Impact

2022

Australia’s National Science Agency

STEP 2

1S Autonomous and
) desired behavioural

Initial

STEP 3

Further

management & management

change response response
¢.g. increase
e.g. temperature change stock monitoring

Adaptive
:‘ / management

\ by >0} Yy 3

Ny / . / e.g.move zones . ,

v e.g. steaming longer e.¢ time of fishing, targeting

\‘. (/\) /‘1 ‘

e.g. species distribution

| risk Fishery risk

Fisheries management risk

This presentation begins with a brief introduction to the concept of exposure, sensitivity, adaptive
capacity and ultimate vulnerability. It also reminds people of the structure of the handbook

process.



Fishery risk score

Ecological risk score Management risk score

@ STEP 1 ! STEP 2 | STEP 3
| I
I I
. ; ! Determine potential fishery I Determine potential management
Identify physical ocean change : (adaptive) responses : responses
| I
| l
) ) I Identify impact of social and | Identify costs and speed of
Identify ecological effects : economic (adaptive) responses : management responses
| I
| I
| I
| I
| I
| |

Overall risk assessment score

Inclusive  Scalable Flexible

@ Drivers: Ocean properties changing  STEP

Temperature Atmosphere Extreme Events | Timing & Nature
Events

* Sea surface * pH (acidification) * Sea level * Alongshore wind * Drought * Seasonal shift
temperature * Salinity * Wave height & speed * Flood * Ocean
* Deep water * Dissolved oxygen direction * Air temperature * Fire circulation
temperature * Rainfall & runoff * Cyclones * Upwelling
(extreme * Stratification
storms) * Sea ice extent

* Heat wave &
cold snap

Step 1 is to gather information on physical changes anticipated for your system.



@ Ecological responses

STEP 1

DIStrIbUﬁon ths'°|MIqua“tv

* Fecundity * Larval dispersal * Enviro. as cue for * Fat and muscle content
* Recruitment period * Juvenile/adult movement  reproduction * Body size
* Average age maturity * Tolerance (preferred * Enviro as cue for * Metabolic capacity
* Generalist vs specialist conditions) settlement * Physiological tolerance &
* Spatial availability of * Temporal mismatch (e.g. response curve
habitat with food) * Activity level
* Migration * Metabolically costly
activities
* Efficiency of uptake &
energy conversion

sl )

* Disease/parasite load

Ecological responses to be considered cover things that can influence abundance, distribution,
phenology (timing of life history events) and physiology (which sets the condition of the spcies and

its product quality).

@ Abundance

Biological impact = Description of the change and

implications for fisheries

Based on Pecl et al 2011

Change in total (or Jocal) population
sze, which alters the location spacific
availzbility of a partioular marine
SPRCIES.

Species attributes that
affect their sensitivity | Low sensitivity (1) Medium sensitivity (2) | High sensitivity (3)
to climate change
Fecundity > 20,000 ezos per year 100-20000 egesperyear <100 eges per year

) . Consistent recruitment events  Occasional and variable Highly episodic recruitment
Recnitment period every 2 years recruitment period event
Average age at maturity <2 years 2-10years > 10 years
Genralis versus speialist Reliance on neither hebitat  Reliance on either habitat Reliance on both habitat and

or prey Or prey prey
Sensitivity to ocean Not shelled and noreliance on ~ Not shelled, but reiznt on Shelled species
acidification shelled species shdled]speds (as prey or
habitat)

For each factor score the species based on which category best matches the characteristics of that
species (e.g. low sensitivity if it has >20,000 eggs, high if it has <100 eggs etc.)



@ Distribution

Biological impact = Description of the change and
categories implications for fisheries

Changes in the geographic location
(range) of where the fish (marine
species) mainly reside. This can ater
acoess especially if the species shifts
to ne jurisdiction)or costs (f urther
from parts/ infrastrucaure). It can ao
underming spatial management (e2.
a5 the species is no longer covered by
a closure meant to protect a spawning
aggregaiion),

@ Phenology

Biological impact | Description of the change and
categories implications for fisheries

Changes in the timing of biological
events. This can change accessibility
(e..the fishmay o Jonger be in the
system a the same time of the year),
abundance (as recruitment may fail i
mismatches ozcur), er it may undermine
seasonal management measures (e.g
if spawning or migration is earber/
later, a seasonal fishery may miss the
Tesource).

Phenology

Species attributes that
affect their sensitivity

Low sensitivity (1)

to climate change

Capacity for larval dispersalor > 2 months

larval duration
Capacity for aduftjuvenile
movement

Physiological tolerance

Spatial availabily of
unocupied habitat

Species attributes that
affect their sensitivity
to climate change

Environmental variable 2 3

phenalogical cue for spawning

or breeding

Environmental variable

a5 a phenological cue for
settlement or metamarphosis
Temporal mismatches of life-

cycle events (2. farval release

and peesence of 2 plankron
bloom as food source)

Migration (seasonal and
spawning)

»1000km

»20' latinde
Substantial unocoupied
habitat; >6" latitude or
[ongitude

Low sensitivity (1)

No apparent cormelation of
spawning to enviranmental
varizble

No apparent correlation to
environmental variable

Continuous duration; >4
menths

No migration

Based on Pecl et al 2011

Medium sensitivity (2) | High sensitivity (3)

2-Bieeks <2 wegks or no larval stage
10-1000km <10km

10- 20 lattude <10 latinude

Limited unoccupied habitat; 2 Nounoccupied habitat; 0- 2
-6 latiude or longitude. ~ feitudz or longitude

Based on Pecl et al 2011

Medium sensitivity (2) | High sensitivity (3)

Weak correlation of spawning  Strong comrelation of

to environmental variable spawning to environmental
variable

Weak correlation to Strong correlation to

environmental variable environmental variable

\Vide duration; 2- 4months  Brief duration; < 2 menths

Migration is common for Migration is commen for the

some of the population whole population



@ Physiology/Quality

Species attributes that

New aspect

Bioogicalimpact | Descripton ofthe changeand | e e conciivity | Low senstivity (1) | Medium sensitivity 2) | Highsensitivty (3)

categories implications for fisheries to lmate change

Fat and mustle content Highfatand muscle content  Intermediate Low energy storage (income

(capacity for energy storage)  (capital breeder) breeder)

Body size Large (> 100 cm) Medum between 20and 100¢m)  Semall (<20 )

Metabolic capacity High metabolic capacity Medum metabolic capacity  Low metabolic capacity
Physiology’ Changes in the quality of the species,  Disease or parasite load Low disease and parasitic load INadundwumdpm& High disease and parasitic

joad kead

Physiological tolerance and ~ High tolerance Medum tolerance Low tolerance

response curve

Oxygen sensitivity Low sensitivity (<2 mlA 07) mmmm High sensitivity (5 mi/l 0;)

Most of the factors considered have been included since vulnerability assessments began (over a
decade ago), but more recently physiology has been added as it influences product quality
(important in a fisheries context).

— i

; Pasitive (geec)
change Negative (bad)
Absant

Very large
Intensity of the Large
change Medium

Serall

In the next 2 years
In the next 25 years
In the mext 510 years
More than 10 years

Spaed of the change

Table A: Ecological risk
Negative Direction of Change Positive Absent
Intensity of Change
Speed of Change Very large = Large Medium Small
Next 2 years High High High Low Low None
Next 2-5 years High High Medium Low Low None
Next 5-10 years High High Medium Low Low None
More than 10 years | High High Medium Low Low None

If an assessment already exists note what kind of change that is on the risk table. Otherwise note
the overall response from answering the questions in Step 1, with the time frame matching the
speed of expected physical change.



Then the results for a hypothetical fishery are presented to demonstrate the process

@ Ab un d ance Watching brief as currently abundant

Observed trend = increasing

Species attributes that

Biological impact = Description of the change and
categories implications for fisheries ::gfl:ntahg'tm?gm Medium sensitivity (2) | High sensithvty (3]

Fecundity

Consistent recruitment events  Occasional and variable

Bocndkment psio vy F2yers rexntment peicd ot
(Change in total (or local) population ' N
- soa whithaers e koaion e TP s 2985 2-10yeas > years
availzbility of a partioular marine Generalsverus specal Reliance on neither hab Reliance on either habitat
SPRCIES. rprey prey prey
Sensitivity to oozan Not shelled and norelianceon ~ Not shelled, but refianton  Shelled species
acidification shelled species shelled species (35 prey or
habitat

Have a direct population estimate (from assessment model) so skip the table
Projection: No abundance change within the next 2 decades

Where T = target species, B = bycatch species, D = discard species

@ Example - Hypothetical 000

Table A: Ecological risk
Negative Direction of Change Positive Absent
Intensity of Change

Speed of Change Very large | Large Medium Small
Next 2 years High High High Low Low None
Next 2-5 years High High Medium Low Low None
Next 5-10 years High High Medium Low Low None
More than 10 years | High High Medium Low Low Nor@




@ Distribution

D o Species attributes that
Biological impact | Description of the change and P : .
caegories implcation or fsheres ;f)fgﬁ:nt:teelrcmsglzwny Low sensitivity () | Medium sensitivity (2) | High sensitivity (3)
Changesinthegeographiclocation. Capaiy furlanval dipersaor > 2 months 2- Buiesks « 2 weeks or no larval stage
m«mmm lanv duration
jes) mainly reside. This can alter ; :
s el e sy ey oraddinee—>1000kn 10- 000k <i0im
e toa nes jurisdiction) o oasts (f further —
Dbion o e endy g . i .
m,' ; ww m(::w Prysogca toecace wm. 10- 20 bauge o luce
45 the SPecies 150 By Spatial avalbifty of Substantl unoccupied Limited unoccupied habitat; 2 Nounoccupied habitat; 0 - 7
acosure meant o proecta Pewning  nocrupied b habia 6 latindeor  -G'laitdeorlonginode leitudear g
aggregaon). Ingiude
@ Example - Hypothetical Q0
Table A: Ecological risk
Negative Direction of Change Positive Absent
Intensity of Change

Speed of Change

Next 2 years

Next 2-5 years
Next 5-10 years

More than 10 years




@ Phenology

Species attributes that
affect their sensitivity | Low sensitivity (1) Medium sensitivity (2) | High sensitivity (3)
to climate change

Biological impact = Description of the change and

categories implications for fisheries

Environmentalvariableasa Noapparent comelationof ~— Weak correlation of spawning Sumumlanmuf

e ical cue for spavinil ing sy to environmental variable
e, T T

| = g
(g the fish may nokonger beinthe  Emaronmentalvariable Noapparent coelationto. ~ Weak correlation to Strong coelation to

system & the same time of theyer), 5 aphenologicalovefor — enyironmental variable environmental variable envircamental variable
Phenclogy abundance (b recnitment may fai if  Settement or metamarphosis

mismatches occur), o it may undermine  Tomporsl mismatches of fe-  Continuous duration; >4 \Vide duration; 2- 4months  Brief duration; < 2 manths

seasonal management measures (B2 cycle events (e larval reease  months

if spawning or migration s earles/ and presence of a plankion

later  seasonal fshery may missthe  pjpom as food source)

Migration (seasonal and No migration Migration is common for Migration is commen for the
spawning) some of the population whole population

@ Example - Hypothetical (a)

Table A: Ecological risk

Negative Direction of Change Positive Absent
Intensity of Change

Speed of Change
Next 2 years

Next 2-5 years
Next 5-10 years

More than 10 years




@ Physiology/Quality

Species attributes that
affect their sensitivity | Low sensitivity (1) | Medium sensitivity (2) | High sensitivity (3)

Biological impact ' Description of the change and

categories implications for fisheries to limate change
Fatand musde content High fatand musclecontent ~ Intermediate Low energy storage (ncome
{capacity for energy stoage)  (capial reede) breeder)
Body se Large 100 cn) @ M betwen 20and 00ce) Sl (<20 )
Metabolic capacity High metabolic capacify Medum metaboic capacity  Low metabolic capacity

Physiology’ Changes i thequalty o the speces,  Disease o piraste oad Low disease and parasitic load mnmumk Emwm

Physiclogical tolerance and wmme Medum tolerance Low tolerance

Tesponse curve
Oxygen sensitivity Low sensitity (<2 mlA 0) mmm High senstivty bS mi 0)
@ Observed increasing quality of product
@ Example - Hypothetical
Table A: Ecological risk
Negative Direction of Change Positive Absent

Intensity of Change

Speed of Change

Next 2 years

Next 2-5 years
Next 5-10 years

More than 10 years |




@ Example — Hypothetical (Ta rget species)

Phenology/ .
e

Positive/good (blue)
Negative/bad (orange)
Absent (blank)

Very large (orange)
2 Intensity of the Large (orange) Large
change Medium (yellow)

Small (blue)

In the next 2 years (orange)

3 Speed of the In the next 2-5 years (orange)

change In the next 5-10 years (yellow)

More than 10 years (blue)
High ecological risk (orange)
Medium ecological risk

4 Ecological sk~ (vellow) NA e
Low ecological risk (biug) - is higl is
No risk or N/A (blank)

> 10 years 5-10 years

Questions on the process are then taken to make sure everyone is comfortable with the approach.

Fishery and Management Responses

STEP 2

Dearvin anntal iy

Climate change

v

limtfy maxtof seeal and

risk to fishery and B V)
management N~
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What we will cover in this session

What is the climate change

risk to the fishery?

How to assess the risk

How to record the risk

Repeat the above for

management risk

What is the risk made up of?

\daptati

on of fisheries management to
climate change Handbook, CSIRO, 2020

Link to the ecological risk assessment

Ecological risk assessment tells us the risk that climate change poses to a species
The species might be affected in terms of changes in

Physiology (quality)

Abundance Distribution

Ecological risk was
assessed in term of
three aspects of
change

Direction Wmmh
Speed
l Intensity mmh

Next 2 years

1 - Direction
2 - Intensity

Next 2-5 years

3 - Speed

Next 5-10 years

Phenology

Negative

Positive

Absent

Very
large

Large

Medium

Small

More than 10 years




Link to the ecological risk assessment

Lets say we have a large negative
change in the next 2-5 years

What can fishers actually do?

- Direction b Ne Positive  Absent
o ee
What are the available F ntensiy -
i ntens: rge ium
adaptive response? l e | ol e smail
Next 2 years

Next 2-5 years

Next 5-10 years

More than 10 years

Adaptive responses for a fishery
What are adaptive responses (that are allowed)?

' Initial adaptation responses can take
place within the bounds of the
current regulations and are referred
to as autonomous adaptations.

@ For example — change in distribution might
mean that fishers will follow the fish to this
new location (not breaking any rules) (cologeal hi

These behavioural adaptations can take
place prior to, and independently from,
any management actions




Available adaptive responses

From the literature & other studies we found
that fishers have done the following:

But there are likely to be others that we

have missed

Four risks aspects of adaptive responses

Available
responses

Implementation

Economic impact
and
Social impact

In the App:

@ Change in fishing effort Not al —
@ Move to another location responses

are going to
. SW'tCh SpeC|eS app[y across

change in
@ stop fishing abundance, [

. distribution,

. Invest in new technology timing, and
® Etc quality

If more potential behavioural responses are available this
indicates a lower risk to the fishery.

The risk score Is calculated as the proportion of the total
number of possible resp that are actually available

If it is more difficult to implement the risk is assumed to be
higher. Even though an adaptation response might be
available, it does not automatically mean it will be
implemented. The ability to implement depends on the
circumstance of the operators in the fishery.

Higher costs are assumed to pose higher risks to the fishery.
For example, distribution changes may mean that there will be
an increase in fuel costs to the fishers, as they chase the fish to
new locations, which could impact their profitability and
perhaps challenge their long-term economic viability. Socially
an example might be a loss of social licence and employment
impacts.

\

—

SIaysyy ayy yse
—asuodsal ay) mou)j Aj|eas o]

Avadable Fishery Responses



Determine adaptive responses

To really know the response — ask the fishers
Not easy because of survey fatigue!!

Handbook has three example surveys that gather
increasing levels of information

Survey A gather information on the

possible and likelihood of adaptive responses. e

Survey B is like A but also provides a basic indication of
the likelihood of economic and social impacts.

Survey C (is intended to be implemented in addition to
survey A or B) will obtain the most detailed information
on the economic and social impacts of change in the
ecological variables (including the likelihood and

consequence of the impact).

I'ailinzt do this |wsre O)

Ushoaty Jiczre 03]

amewtat Lbely woee 0.4]
wo

Idoe't baow 2t not relevart

Risks associated with adaptive responses

= Response risk

There might be many or few
ways in which a fisher can
respond (if you have few that
means higher risk)

Even though there is a way to
respond the fisher might not
be likely to do it because it is
difficult to implement (this
means higher risk)

The economic and social impact
of the ecological change might
be very large or small

Economic or soclal impact
(whichever is LARGER)

Number of
adaptation options Implementation .
l l :::; Large Medium Small
Hard
Few Moderate
Easy
=ride
] -
Easy
Hard
Many or very Moderate
many

Easy




Combine fishery risks and ecological risk

= Fishery risk
Fishery response risk
Ecological risk l
High Medium Low
High I l
e P ——
Medium
Low
Absent

Response options for a fishery
- role of management

Some adaptive responses might not be
allowed but are desirable?

This means that some management
aspects might have to be changed

For example — change in distribution
might mean that fishers are no longer
allowed to catch the fish that have
moved into another management zone

For this reason we also want to look at
management risk

Step 2
=3
Step 3

il



Response options for
management

» Gk

Available Management Responses

What does management have in the toolbox?

@ Operational management
@ Performance management
@ Communication and information

@ strategy and policy
@ Cross cutting

There is a long list of things In the App.:

Five risk aspects of management options

Management tools If there are more potential management instruments that can be implemented this will
available provide more flexibility (or adaptive capacity) and thus pose a lower management risk
The more time required until the management change can be implemented to
Time to address ecological change the greater the fishery management risk. Changing
implementation regulatory processes is likely to take longer than change using operational
instruments.

The more complicated or large scale the process, the more levels of administration involved,
the higher the perceived management risk. There are four levels of change process —

Change process operational, consultative (co-management) groups, regulatory or inter-jurisdictional; each has
a different consultation process. Changes to regulations will have to go to public consultation
and will risk being delayed or not gain social licence. Inter-jurisdictional is most risky as it
involves many steps and potentially quite large numbers of people.

M The higher implementation costs are associated with higher levels of management
anagement . .
risk. Some implementation costs may, for instance, be very high because they require

impleme“taﬁo“ cost a large investment in staff and resources (or large R&D programs).

Ongoing Like implementation cost, the higher the relative ongoing cost the greater the
management cost management risk @



Response risk for management options o

Two steps in determining the management risk

= Management Pathway risk
Management Process and Time to implementation
options available pathway ‘
To asses the l l Long Medium Short Immediate
Management Inter-jurisdictional
Pathway risk: Few Regulator
« Management Concs)ultatiYe grloup
options availability periona
+ Change process Inter-jurisdictional
Regulator
(Process and Some -
Consultative group
pathway) Operational
* Timeto Inter-jurisdictional
implementation Regulator
Consuyltative group
-
R — e —
Response risk for management options —
= Management cost risk o

Two more management Implementation or ongoing cost
risks (taken together as Management {whichever s LARGER)
Management Cost Risk): pathway risk l
* Management l Very high High Medium low
implementation cost
* Ongoing management High
cost
Medium
Then, combine g
pathway risk and “ |l I
management cost risk
N

@
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Combine management risks and epl [Step2 | Step3

ecological risk R
Overall management risk = -
- J

Ecological risk l
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Risk Perception
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Something a bit different in this session

' How people perceive risks
. Risk appetite
@ Riskprofile

‘ What influences risk

climate change Handbook, CSIRO, 2020

Risk perceptions (what influences it)?

Emo_tions Gravity of the event Experience/ familiarity Risk franﬁng o
Feelings Biases** Culture & demographics | Information availability
Moods Risk profile Responsible authorities
Trust factors
Nature of the risk

* Related to e.g. attention, memaory, and reasoning

* Cognitive blases such as, for example, avaNabWy bias (placing more welght on things that come readiy to mind) or ancharing biées {relying too heavily on one
tralt or plece of data verses athers) can play a role In the way we percelve and deal with risk. There are literally hundreds of different bases that can emerge at
every stage and they exist for professionals / experts as well! @



Risk perception & appetite

Risk appetite is the degree of risk that an
A risk profile is an individual is willing to take (endure)
evaluation of an
individual’s general Risk capacity is the ability to take on the
willingness (appetite & — risk (will depend on e.g. income)
tolerance) and ability
(capacity) to take risks Risk tolerance: is the limit of someone’s
capacity for taking on risk

Risk perception is the subjective decision-making process that an
individual uses to evaluate risk and the amount of uncertainty

Risk profile (that the test will give us)

Refers to an individual who is willing to
Risk seeking accept greater uncertainty in exchange for
the potential of higher returns

A mindset where an individual is indifferent
Risk neutral to risk (but it does not mean they are not
informed about the risk)

_ Describes an individual who chooses
Risk averse certainty and dislikes risk (and is willing to
accept lower returns)



The dominant risk profile

In economic theory it is generally
accepted that most individuals are
not risk-neutral

People tend to prefer safer
choices to riskier ones, meaning
they are risk-averse

Risk aversion is one of the most
widely observed behaviours in the
animal kingdom; hence, it must
confer certain evolutionary
advantages

de Beauw, Mlan and Eanesoy, Patrick, 2014 Joursad of Devidoperast Economics, 111
Ruiaun Dvang, Thomas ). Bresnan, Aadrew W. Lo Procsedings of the National Acadernmy of Schencs Dec 2004, 111 |50) 17777-17782; DOL: 10 2073 /pnas 1406755111

Willingness to take risks varies (gender)

Gender Diferences Difference between the fraction of females
and males choosing each response category.

0
f

A positive difference for a given category
indicates that relatively more females
choose that category

.02
f

(]
L

Some paper say that it is just ‘males
showing off’ that explains the gender
difference

=02
L

Diffarence in Fraction

-.04

Environmental (rather than biological)
[} 10 reasons for this

-.06
f

[) 2

4 1
Rasponses to Genaral Risk O
(0=nol at all valling, 10=very willing)

Fawlowsk et al 2008 Evaktionary Psychology 6(1): 29-42



Willingness to take risks varies (gender and age)
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White males produced risk-perception ratings B—Nowtiomule - - —Nowhile fenele
(willingness to take risks) that are consistently much Cigaratie wrekng . a

. o oem
lower than the means of the other three groups. b seea
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FLYNN, J.; SLOVIC, P.; MERTZ, C. K. Gender, race, and perception of environmental health risks. Risk Analysis, New Jersey, v. 14, n. 6, p. 1101-1108, 1994. @



Important concepts for expert elicitation of risk

Affective factors Cognitive factors

I

Risk perception

T

' properties

Damage potential
Perceptibility
Temporal aspects
Controllability
Potential for mitigation
Direct & indirect effects
Reversibility

Perceived risk
)

Take away message

Risks perceptions are malleable (i.e. they can
go from economic to environmental domain)

There is a time dimension to our risk
perceptions (probably no surprise that they
change over time —i.e. with age)

Non analytical processes can influence
decision making around risks (all factors that

influence perceptions)

All the factors also apply to experts when
making subjective assessment of risks and
uncertainty (but they have more insight into
the perceived properties of the risk)

@

An example of the kind of the Holt and Laury survey that can indicate risk perception is as follows

Gender:
Female
Male
Other

Prefer not to say

Indicate your domain of expertise, you can pick multiple:

Environment
Fisheries
Economics

Society (inc. Policy)

Other:

For each of the following pairs of options please pick the one you prefer

Q1

10% chance of $100 and 90% chance of $80

10% chance of $190 and 90% chance of $5

Q2

20% chance of $100 and 80% chance of $80



20% chance of $190 and 80% chance of S5

Q3

30% chance of $100 and 70% chance of $80

30% chance of $190 and 70% chance of $5
Q4

40% chance of $100 and 60% chance of $80

40% chance of $190 and 60% chance of S5
Q5

50% chance of $100 and 50% chance of $80

50% chance of $190 and 50% chance of $5
Q6

60% chance of $100 and 40% chance of $80

60% chance of $190 and 40% chance of S5
Q7

70% chance of $100 and 30% chance of $80

70% chance of $190 and 30% chance of $5
Q8

80% chance of $100 and 20% chance of $80

80% chance of $190 and 20% chance of S5
Q9

90% chance of $100 and 10% chance of $80

90% chance of $190 and 10% chance of S5
Q10

100% chance of $100 and 0% chance of $80
100% chance of $190 and 0% chance of $5

An R script can be found on the handbook webpage to plot the results, along with an example survey
results file (download and unzip the Holt_Laury_Survey.zip file).



Climate Explainer

O

| pay my respects to the
Elders of these lands

Climate Change &
Fisheries

Beth Fulton | 2024

Australia’s National Science Agency

You might have heard of climate change, but do you know

CO, and other gases in the atmosphere What |t |S?
trap heat, keeping the earth warm.

a0 Climate change is driven by changing composition of the

P.\X“Epl’

_— o atmosphere. As humans use fossil fuels (fuels sug as oil,
e . petrol, diesel, coal — all of which use fossil carbon stored
underground beginning millions of years ago) it releases
the fossil carbon into the atmosphere. That carbon acts to
increase the blanket created by the atmosphere, trapping
in more heat. This change in heat causes climate change.
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Over time the amount of carbon released (the emissions) has accumulated. It will continue to do
so into the future as more fossil fuels are used and as other sources of greenhouse gases (gases
like carbon that increase the heat trapping blanket of the atmosphere to intensify) also increase.
Green house gases can be directly released by human use but also because human activities (like
land clearing uncap other sources so they also enter the atmosphere).

We can measure how emissions (and correspondingly the global temperature) has increased to
date since the start of the industrial revolution. Looking forward atmospheric scientists,
mathematicians, economists, technologists, political scientists and others have discussed future
scenarios. At the upper end if the world had done nothing to respond to climate change and had
continued emitting as quickly as in 2000 (the red curves above) then the world would have been
heading for about a 5°C increase in temperature compared to temperatures at the start of the



industrial revolution (i.e. before climate change begun, also known as the preindustrial baseline).
Given pledges regarding a move to net zero (blue areas in top curve above) cumulative emissions
are likely to see global temperatures reach 2-3 °C above the pre-industrial baseline. However, if
current technological projects that are building big machines to pull carbon dioxide out of the
atmosphere work at scale (prototypes already exist) then. Emissions will drop (the green curves)
and temperatures will remain below a 2 °C increase. Scientific evidence suggests it would be best
to stay below 1.5-2°C to ensure ecosystems can cope.

Emissions

Warmer air
temperatures* Intensifying storms,
rainfall & flood
i flow events
Altered winds ;‘v#ﬂ .

Warmer w e
temperatures ncreased stratification
—— (Ocean layering)

Acidification

Changed nutrient cycles

Increased Hypoxia

Altered currents

Climate change influences the weather and oceans in many ways. It intensifies winds, chains
rainfall (e.g changing when and how much, but typically making storms and bursts of rainfall more
intense even if overall levels of annual rainfall remain the same or drop in some locations). In the
ocean the heat strengthens the layering (stratification) making nutrient mixing more difficult and
leading to a reduction in plankton (fish food). Oxygen in some parts of the ocean can decrease to
dangerously low levels. Habitats can also change or die. Large scale current patterns can also
change, as has occurred off eastern Australia, where the major currents that flow north to south
have extended more than 250km further south, shifting ocean temperatures, eddy patterns and
larval fish population distributions.

In addition, the extra carbon dioxide in the atmosphere enters the oceans. This causes a change in
the chemistry of ocean water — it creates pacification. Animals with external skeletons (shellfish
like mussels and oysters, or crustaceans like prawns and lobster) find it harder to form those
shells, so cannot grow as easily, or the shells may be brittle and break more easily (increasing the
chance of disease or death).



€ How much change has occurred?
* 800,000 year time series

450
IGBP (2000) (David Ugalde) & NOAA update
4 Global anomaly

Vostok ice core
350 o

250

Atmospheric pco,, patm.

150

_-»* Vostok anomaly

How does this change compare historically? Bubbles of atmosphere trapped in layers of snow in
the Antarctic show that for the last 800,000 years the Earth has oscillated between conditions
similar to the the start of the industrial revolution through to very cold states — Ice Ages.
Atmospheric make up (and temperatures) now are outside that envelope both globally and in the
region where the snow cores are taken (the Antarctic Vostok site).

@ Warming world, warming ocean

* 90% extra heat 3 entered the ocean

Monthly global mean temperature 1851 to 2020 (compared to 1850-1900 averages)
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Comparing air temperature to what was the average before the Industrial revolution scientists
have plotted up every onth of every year (the circles) with blue being a cool period and red a
warm. At the start of the 1900s both cool and warm years occurred. Since the 1930s the years

have just been getting warmer and warmer. The ocean takes longer to heat up but it has also been
warming and since the 1980s has been quite steadily warming (top right, look at the line, the blue
and red in that plot are because the average date being used is the 1990s when remote sensing
was first becoming more common, but the line shows the increase started before the 1990s). This



is strongest in the surface ocean (top bar of four on the right, the different bars being the different
depths). Most fish are caught in the surface ocean. However, the deep ocean has also heated up —
in fact >90% of the extra heat form climate change has been captured by the ocean It’s immense
size and thermal mass has meant it has warmed slowly (and in the deep ocean by only a little), but
that is a huge amount of energy. Even if we stopped emissions today that heat would take
decades to dissipate — the ocean has a long memory. It is why we need to look ahead and also try
to avoid adding extra emissions, as it just makes the issue larger.

@ Ocean State — Exceptionally Hot

Daily Sea Surface Temperature, World (60°S-60°N, 0-360°E)

Duataset: NOAA OSST V2 ¥ of Maine
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Looking at the satellite record (the many lines above). Until recently 2016 was considered the hot
year for the ocean — top of the grey lines — as there were marine heatwaves and mass bleaching
across the global ocean. However, last year (the orange bar) was even hotter than 2016 and the
start of this year hotter still. It has only been since mid 2024 that 2024 came down to 2023
temperatures (still exceptionally warm). This has caused marine heatwaves and impacts on marine
life and weather.



@ Air Temperatures Also Hottest

Daily Surface Air Temperature, World ($0°S-90°N, 0-360°E)

2019
N8
Daily Surface Air Temperature, Tropics (23.5°S-23.5"N, 0-360°E)
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Air temperatures globally and especially across the tropis (and at the poles) have also been the
hottest recorded.
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@ How does it compare to History? ' e

early Eocene mid-Pliocene 2020 relative to 1850-1900
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Using temperature signals from tree rings, ice cores and rocls scientists can recreate past
temperature time series going back 60 million years (to just after the mass extinction that marks
the end of the age of dinosaurs). If you run your eye backward aling the dashed lines starting form
the bottom line you can see that temperatures in the pre-industrial were about the same level as
other inter-glacials, this is why scientists in the mid 1900s discussed how Earth was due to begin



descending into another Ice Age. Instead temperatures by 2020 (where the red, blue and yellow
line split) will be higher than any period except the last interglacial. Only one group of people have
a cultural memory of that long ago — the First Nations of Australia, who have stories of how the
change they witnessed since then, the ecosystem shifts (like the formation of the Great Barrier
Reef) and how the wirld around them and their practices had to change also. Going back further
temperatures in 2050 won’t have been common on Earth for around 1-3 million years ago (these
temperatures will persist for some time even if those large carbon reduction machines come on
line). Temperatures for the most likely future (the yellow curve in this plot) will reach levels by the
end of the century not seen for around 5 million years. Thankfully action on climate change means
the global temperatures will avoid the levels likely under high emissions — temperatures not seen
for 40-50 million years.

This is important because on average individual species only exist for around 1 million years (ver
linger periods they either die off or evolve into new things, perhaps only slightly different but not
exactly the same). There were no Homo sapiens (modern man) 3 million years ago. Many of the
species back then were a bit different too. That is not to say everything will die out (or that we will
all die out) under climate change, but species will change as conditions change. Meaning we will
need to change what we do too.

@ Implications of change?

]
Global surface temperature change Ocean/coastal ecosystems
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Different species will be impacted at different rates. Corals are already feeling the pressure —
that’s why we are seeing mass bleaching events. Other habitats, like seagrass and macroalgae only
start to be more negatively effected as temperatures rise further, but it is likely most marine
habitats globally will be effected by the middle to the end of the century under projected levels of
climate change.



@ How much change?

Climate impacts 2006-2017
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As climate change advances at different rates in different regions, some Icoations are already
seeing these effects. Australia is a continent already seeing major change. Indeed since 2010 mire
than 45% of Australia’s coastal marine habitats have seen episodic or longterm decline or change.
Most of Australia’s marine life is rated as vulnerable to climate effects. Hundreds of species have
shifted their distribuition — as can be seen on the https://www.redmap.org.au/ website.

@ Forecast change: Temperature

Ssa siitace Sea surface

temperature tzmperature
(9C) change (°C) change
since 1950 by 2040

The observed ecosystem impacts are because ocean temperatures around Australia have already
increase, in some areas by close to 1°C (many times the global average) with about the same
amount still to come in the next 15-20 years.



Forecast change: Extreme Events

A
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The number of days per year where water temperature exceeds the top 10% of historical
temperatures.

1964 - 1990 2030 - 2060 -5

This is pretty clear from the frequency of extreme events. If we look at the number of hot days
(top 10% of recorded values compared to 1950s-1950s) about 30 days a year were that hot back in
the 1960s-1990s. That makes sense that is the peak of summer. By 2016, hot days were twice as
likely (i.e.a round 2 months a year) in some regions. By 2030-2060 the majority of the year will
have ocean temperatures as hot as summer temperatures in the 1950s. Air temperatures follow a
similar pattern.

& Rainfall
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For Queensland CMIP5 & 6 predictions very similar

Rainfall si also expected to change, increasing in some areas (such as in southern Tasmania or the
wet tropics) and decreasing in others (especially in Western Australia).



Sealevel will also rise, fairly consistently around Australia (though again some places will see a
little greater/smaller rise than other places). By 2050 most places will see 20-50cm vertical height
increase, with at least a metre likely by the end of the century. That vertical rise equates to many
metres of horizontal change in coastlines, meaning low lying areas would be inundated or
experiencing saltwater intrusion. Storm surges could also cause more wide spread flooding,
reaching places not usually directly impacted now.

@ Observed change Future change
Fo re Ca St (vs 1950) g (vs today) .
chan ge e @) 0.6-0.8°Cincrease 0.6 - 1.0°C increase

HELW\UE & 15 - 20 day increase >200 day increase

STORMS 0 Conflicting information  Stronger & more variable
DROUGHTS @ Shorter, more intense  Longer, twice as frequent
RAINFALL @ Roughly steady Roughly steady
SEALEX& @ 20cm increase 20 - 40cm increase
OXYGEN Approx 2% decrease 5% decrease

ACIDIFICATION @ 30% increase 20 - 120% increase

Species Vulnerability & Potential Future Change
SPECESNCSL,'T“{'J};E @ >35% highly sensitive, 55% moderately sensitive

TARGET SPECIES @ Abundance of key target species decline 10-20%

Scientists have put a lot of effort into recording what has changed and trying to realistic predict
what is likely to happen over the next decades. An example for northern Australia is given here.
You'll note that the level of observed change since 1950 is about the same amount as the
additional change ahead of us over the next 15-20 years. That is another aspect of climate change,
it is speeding up. The level of change that has occurred incrementally over the past 50-70 years
will take place faster (in less than 20 years) from now into the future.



@) How much change — Coastal Fish (GBR)

Percent coral cover (average over all GBR reefs)
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So what does that mean? It is likely the Great Barrier Reef (and other reefs such as Ningaloo) will
see large scale coral bleaching and mortality, changing reef structure and function. Other habitats
(such as the Great Southern Reef’s plant and algae based ecosystems) will also change.

@ How much change — Coastal Fish (GBR)
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Thia has the potential to see quite large changes in habitat dependent fish stocks. If they can
behavioural adapt (or evolve) changes might be quite small, but if they can’t, or if habitat loss is
catastrophically large as much as 50% fish biomass loss is possible b y mid century along the Great
Barrie Reef (based in best available science models).

A large group of scientists and mathematicians have been collaborating to produce models of
specific regional ocean sites as well as the global ocean, with the intent that the outputs of those
models run under climate change conditions be used to inform decision makers, fishers and



communities about the future. The general form of those models and how they are connected to
global climate models is shown below.

Figure 4. Schematic diagram to illustrate the flow of information used by the FishMIP global marine
ecosystem model ensemble capturing a range of scenario and model uncertainties.
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Figure 7. Percentage change in exploitable fish biomass

a SSP1-2.6: 2041-2050 b SSP5-8.5: 2041-2050

Yearly landings between 2012-2021 (million tonnes) Change in fish biomass (%)
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Even under lower emission scenarios, the stored heat of the ocean and “baked in” climate change
means that some regions will likely see a drop in fish biomass of 5-10% even in the absence of
fishing. The situation is worse with higher emissions. The most likely future sits somewhere
between the pictures on the left and the right.



Figure 17. Percentage change in exploitable fish biomass for countries and territories in Oceania
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Notes: In the ocean, model ensemble projects mean change (percentage) in exploitable fish biomass
between 2005-2014 and 2041-2050 (a,b) or 2091-2100 (c,d) under the low emissions (a,c) and the high
emissions (b,d) scenarios for Oceania. Projections capture ecosystems under climate change in the
absence of fishing, and therefore represent changes in exploitable fish biomass. On land, mean annual
fisheries catches by country over the period 2012-2021 are shown.

Australia is not immune to that change, Seeing similar levels of change as projected for much of
Oceania (or SE Asia). There is a iot of variation around Australia, which is why regionally specific
work will be important for local and regional adaptation.



Fulton et al (2024)

@ How climate already impacting fisheries
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Models are also being used to explain what climate change related impacts are already being felt.
In southeast Australia models suggest some species have been heavily influenced by climate
change (where the black dots, best estimates of reality, and blue lines, climate influenced projects
for the region, overlap) versus others where the species have likely been much less effected (e.g.
flathead or other species where the dark grey, no-climate change simulations, and blue lines
overlap with each other and the black dots).
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Projections are not only concerned with what the ecosystem will experience, but also what
workers will face. When temperature and humidity combine to give an effective (“feels like”)
temperature of 35°C or higher temperature than heat stroke is a significant risk (the human body
can’t shed excess heat and organs begin to “cook”). Strenuous work should be avoided in such
conditions because it can be lethal. This has implications for farming, fishing, construction etc in
the future when summer temperatures could reach such dangerously high levels in some regions,
especially where wind is absent or blocked.

@ Coping requires a toolbox

* Operations

— adaptation

— forecast technology
* Assessments

— models as window to
future & past

* Management methods
— changing approaches

(&

Dealing with that level of change will be challenging, but it is possible. Many tools exist or are
under development.



% Technology options - Challenges = data sharing, volume
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There are lots of ways of collecting information to understand what is changing and how; and
whether it is a hot year where extra precaution may be required.
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Projections

* Forecasts to help
. industry efficiency

* Forecasts for planning

\ _ and investment
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New modelling methods mean that forecasts are becoming better and better at many scales,
allowing for planning and responses on those scales.



@ Forecasts for Industry & Management

* Climate aware forecasts: Scientific understanding transformed into
practical policy advice and tools to support fishing
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For example near real time forecasts and seasonal forecasts can let fishers and marine farmers
operate efficiently and in a way appropriate for the conditions.
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Management can even use such projections — to adjust rules within seasons to match specific
conditions and minimise undesirable outcomes. Such as using “dynamic ocean management”
which ties operational regulations to specific water features (defined on ocean temperature for
instance) rather than fixing them in place permanently. This allows for much more responsive
management, but also requires data collection at appropriate scales.



@ Struggling Ecosystem
* Non-recovering species

— fisheries?

—role of climate?
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® Single Species Assessment
(or CPUE time series)

As mentioned models can also be used to understanding past or current effects and to look at
possible futures (under differing levels of climate change or alternative fisheries operations or

management regimes).

€ Exploring the Future
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@ Adaptation Handbook
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Tools such as the adaptation handbook are being made available to help people look at their
exposure and vulnerability and to try to identify options for future operational and management
regimes that are more robust to climate effects.
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@ Management Support

* Allow for dynamic
reference points

* System approach (input
& output controls)
— indicators

— structure not just
status

* Multiple sectors
together

Images: bom.gov.au, Shutterstock

This can require new ways of doing management — either by allowing for dynamic rather than
fixed reference points (for judging performance and what’s possible) — or by collaborating with, or
accounting for other marine industries operating in the same region.



Any new ideas do need careful thought to make sure they help both in the short and longer term,
minimising the risk of perverse outcomes or “maladaptation” long term (when something that
looks like ti will help ultimately actually makes the situation wose).

@ New Approach to Evidence

* No/Low regrets decisions
* Flexibility: make decisions that are updated as more is known
* Faster flow of evidence

: Attributi

Observation
New approach Attribution

Response

One major change is to realise the world is changing so much and so quickly that taking time to
come to definitive answers is no longer possible — it takes too long (things will have changed too
much and damage will have been done before acting) and the system is changing so much (it will
have changed again before the answer is found). Consequently, making best possible (and no
regrets) decisions and updating as new information becomes available is the best possible
approach.

This is not contrary to the warning to think carefully. This can be done using best available
information. It won’t always be 100% right, but doing it will allow for responses that aren’t overly
delayed while also avoiding compounding problems generated by superficial assumptions.
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One approach already proving useful is simply to provide climate information (report cards) along
with stock information when making decisions on catch or effort levels. That way the ecosystem
context (good year, bad year) can be taken into account. This kind of approach is beginning to be
used in many commercial fisheries in the northern hemisphere and is being trialled in some places
in Australia.

@

Questions?

Time to think....

All of that can be pretty confronting. It is fine to feel sad or angry, many people do. If you are
feeling challenged by it don’t be shy in reaching out for help to BeyondBlue



(https://www.beyondblue.org.au/), StayAfloat (https://www.stayafloat.com.au/) or other mental
health professionals

However, there is hope. Humans are resourceful and more options and tools are becoming
available to allow us to prepare and to have sustainable fisheries into the future.

If you are looking for more information on climate change there are a number of good resources
out there —such as

https://curiousclimate.org.au/

http://www.bom.gov.au/climate/

https://www.csiro.au/en/research/environmental-impacts/climate-change/climate-change-
information

https://research.csiro.au/cor/research-domains/climate-impacts-adaptation/

https://www.climatechangeinaustralia.gov.au/
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