Biophysical interactions, economies,

' ontologies and decision support models:
taF- Examples from temperate and tropical reefs

Tasmanian Aquaculture
and Fisheries Institute

Craig Johnson

School of Zoology
& Tasmanian Aquaculture and Fisheries Institute
University of Tasmania

Tasmania
Explove Hae possipilities




Characteristics of reef ecosystems

» High ecological value
* high biodiversity
* high production

» High economic value

high fisheries yield (seaweeds, invertebrates, teleosts

high bio-prospecting (bioactives, nutriceuticals etc.)
tourism

ecosystem services, e.g. coastal protection, nutrient uptake




Characteristics of reef ecosystems

» Relatively few key interactions driving ecosystem dynamics
» Nature of these interactions are similar across different systems

» Accessible by diving

[ amenable to experiments
[1 solid basis for modelling

A Bold Claim (1): possible to develop generic models for temperate and
tropical reefs that are both ‘portable’ and useful
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Dynamics of reefs in eastern Tasmania:
Open coast

Seaweed beds “ > Centrostephanus barrens
phase shift




Why Is this an issue?

» loss of biodiversity (seaweeds / invertebrates)
» loss of production

» local collapse of key fisheries
 abalone (~$100 M pa)
* rock lobster (~$60 M pa)
» difficult to reverse — what are the management options?

Johnson CR et al. 2005. FRDC Report; Ling S. 2008. Oecologia 156: 883-894






~900 large lobsters
translocated to closed area




Dynamics of reefs in eastern Tasmania:
Sheltered coast

Seaweed beds

phase shift

» Heliocidaris barrens
e sediment matrix

Undaria pinnatifida beds




Dynamics of reefs in eastern Tasmania:
Understorey (basal layer)

phase shift
Seaweed beds with Seaweed beds with:
encrusting algae « sessile invertebrates
= ‘pink bottom’  foliose / filamentous

algae
 sediment matrix
= ‘brown bottom’



Dynamics of reefs in eastern Tasmania

(i) Open coast :

Centrostephanus barrens

(i) Sheltered bays

Heliocidaris barrens 6@(
A
Undaria pinnatifida beds

(i) Understorey / basal layer

sessile invertebrates 6’\6

o\
foliose / filamentous algae (66\5
AN

sediment matrix



Dynamics of coral reefs
» World Bank funded project (last 5 years)

» Aim is to build multiscale models of coral reef systems as decision

support systems for managers — coupled biophysical / socioeconomic

» Tak Fung (UC London)
 Jessica Melbourne-Thomas (Univ Tas)




Dynamics of coral reefs




Coral Reef Targeted Research & Capacity Building for Management
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Coral Reef Targeted Research & Capacity Building for Management

Over one-half
of the world’s population |i
within 100 kilometres
of the sea.
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Capacity Building for Management

Coral Reef Targeted Research & Capacity Building for Management
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Coral Reef Targeted Research & Capacity Building for Management

——— Over one-half
S of the world’s population lives

’7 Tlmellne for the MAR: within 100 kilometres

of the sea.

1980 — present

2007: Hurricane Dean [subregions 2 & 3]

2005: Hurricanes Wilma and Emily [subregion 1]

2002: Hurricane Isidore [subregion 1]

2001: Hurricane Iris [subregions 4 & 5]

& [ oF — 2000: Hurricane Keith [subregion 4]

1998 Coral bleaching event [subregions 1, 2, 3 & 5],
Hurricane Mitch [subregions 4 & 5]

1988: Hurricane Gilbert [subregion 1]

|

| I I
1980 1990 2000 present

1980 — present: increasing fishing pressure (selective for large piscivores) [entire region]

1980 — present: increasing nutrient/sediment inputs from coastal development [entire region]

1983 — 1984: urchin mortality event [entire region]

1986 — 1990: decline in hard coral cover due to

white band disease and bleaching [subregion 4]




Coral Reef Targeted Research & Capacity Building for Management
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Coral Reef Targeted Research & Capacity Building for Management

Coupled models

Over one-half
of the world'’s population |i
within 100 kilometres

of the sea.
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Biophysical model

Information exchanges:
- Fishing (fish and lobsters)
- Pollution (from urban
development and tourism) _i




Key Coupled model output

B Fleet
I Resort
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Coral Reef Targeted Research & Capacity Building for Management :

Over one-half

of the world’s population |i
within 100 kilometres

of the sea.
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Now instantiated for the South
China Sea (Philippines)
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Dynamics of coral reefs — a generic ontology
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Dynamics of coral reefs — a generic ontology
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And finally — back to temperate reefs ...

Arguably ...

» sufficient knowledge to attempt a similar model for eastern Tasmania

» a portable generic DSS for temperate reef systems?



