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••
 

Ecosystem servicesEcosystem services

••
 

Damaged oceansDamaged oceans

••
 

Marine climate change in AustraliaMarine climate change in Australia

••
 

ItIt’’s the pace, not magnitudes the pace, not magnitude

••
 

ItIt’’s the tail, not the peaks the tail, not the peak

••
 

SynergiesSynergies

••
 

Emergent propertiesEmergent properties





Reduce desertificationReduce desertification
Maintain soilsMaintain soils
Crop pollinationCrop pollination
Seed dispersalSeed dispersal
Food provisionFood provision
Water purificationWater purification
Fuel provisionFuel provision
Fibre provisionFibre provision
Climate regulationClimate regulation
Flood regulationFlood regulation
Disease regulationDisease regulation
Waste decomposition/detoxificationWaste decomposition/detoxification
Nutrient cyclingNutrient cycling
Soil formationSoil formation
Primary productionPrimary production
Pharmaceutical sourcesPharmaceutical sources
Cultural appreciation (aesthetic, spiritual, educational, recreaCultural appreciation (aesthetic, spiritual, educational, recreationaltional……))







Gardner et al. (2003) Science 301:958-960





Marine Dead ZonesMarine Dead Zones

Diaz & Rosenberg (2008) Science 321:926-929



Connell et al. (2008) Mar Ecol Prog Ser 360:60-72





Ocean Damage TourOcean Damage Tour



Poloczanska et al. (2007) OMBAR 55:407-478



Richardson & Poloczanska (2008)
Science 320:1294-1295







coccolithophores foraminifers pteropods

corals bivalves echinoderms



Wood et al. (2008) PRS-B 275:1767-1773



Havenhand et al. (2008) Curr Biol 275:R651-R652

Heliocidaris erythrogramma



warming by 1warming by 1––2 2 °°C by 2030s; 2C by 2030s; 2––3 3 °°C by 2070sC by 2070s
CSIRO climate model projects greatest warming off southeast CSIRO climate model projects greatest warming off southeast 
AustraliaAustralia
area of greatest warming this century in Southern Hemispherearea of greatest warming this century in Southern Hemisphere
strengthening of EAC; increased southward flowstrengthening of EAC; increased southward flow
greater upwelling (e.g., greater upwelling (e.g., BonneyBonney Coast)Coast)
decreasing pH by 0.2decreasing pH by 0.2
mass coral bleaching eventsmass coral bleaching events
seagrassseagrass diedie--offs/contraction of kelp rangesoffs/contraction of kelp ranges
polewardpoleward shift in phytoplankton/zooplankton/fish (e.g., longshift in phytoplankton/zooplankton/fish (e.g., long--
spinedspined sea urchin, 36 sea urchin, 36 sppspp Tasmanian marine fish)Tasmanian marine fish)







Hobday et al. (2006) Impacts of Climate Change on Australian Marine Life



↑↑ SST & EAC flow SST & EAC flow →→ southward movementsouthward movement
↑↑ abundance already, including toxic bloomsabundance already, including toxic blooms
↓↓ abundance of calcareous species (e.g., abundance of calcareous species (e.g., coccolithophorescoccolithophores))
earlier earlier phenologyphenology
likely community changes through mixinglikely community changes through mixing
↑↑ jelly swarmsjelly swarms

Phytoplankton & ZooplanktonPhytoplankton & Zooplankton

Hobday et al. (2006) Impacts of Climate Change on Australian Marine Life



↑↑ biomass through biomass through ↑↑ COCO22

shifts distribution southwardshifts distribution southward
ΔΔ timing reproductiontiming reproduction
↑↑ destruction from destruction from ↑↑ stormsstorms
↓↓ UVUV--intolerant speciesintolerant species
Δ Δ rainfall rainfall →→ species species ΔΔ

Seagrasses & KelpSeagrasses & Kelp

Hobday et al. (2006) Impacts of Climate Change on Australian Marine Life



↑↑ southward shifts (already)southward shifts (already)
↑↑ temperature will change abundance & distributiontemperature will change abundance & distribution
↓↓ ranges where bounded in southranges where bounded in south
synergies with fishingsynergies with fishing

Benthic & Benthic & DemersalDemersal
 

FishesFishes

Hobday et al. (2006) Impacts of Climate Change on Australian Marine Life



↑↑ southward movementsouthward movement
ΔΔ upwelling intensity affect midupwelling intensity affect mid--trophictrophic pelagicspelagics (e.g., anchovy)(e.g., anchovy)
larval transportlarval transport

Pelagic FishesPelagic Fishes

Hobday et al. (2006) Impacts of Climate Change on Australian Marine Life









0<r 0<r



Brook et al. (2008) Trends Ecol Evol 23:453-460



Brook et al. (2008) Trends Ecol Evol 23:453-460



no fire

1 fire

≥
 

3 fires

Barlow & Peres (2008) Trans R Soc B 363:1787-1794



forested
deforested
non‐forest
logged forest
dried forest (normal)
dried/logged forest (normal)
dried forest (10% ↓

 

PPT

Nepstad et al. (2008) Trans R Soc B 363:1737-1746





Visser (2008) PRS-B 275:649-659







Reed et al. (2003) Anim Conserv 6:109-114
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