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Biological impacts of MHWs
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Broad responses which impact 
individuals, populations and 
communities

ÅFailed recruitment in benthic 
invertebrates

ÅMass mortality events

ÅDisease

ÅLoss of foundation species

Smith et al. 2023, Annu. Rev. Mar. Sci.
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Ψ¢ƘŜ ōƭƻōΩ aI² ƛƴ ǘƘŜ 
Northeast Pacific

Smith et al. 2021, Science

Range shift

Failed 
recruitment

Mass mortality 
events



Ψ¢ƘŜ ōƭƻōΩ aI² ƛƴ ǘƘŜ bƻǊǘƘŜŀǎǘ tŀŎƛŦƛŎ 

ÅStarvation in seals and sea lions

ÅIncrease in warm-water game fish (e.g. Tuna)

ÅIncreased tourism

ÅWhales moved inshore to feed

ÅIncreased tourism

ÅIncreased whale entanglements

Cavoleet al. 2016, Oceanography



9ȄŀƳǇƭŜ нΥ ¢ƘŜ ΨbƛƴƎŀƭƻƻ bƛƷƻΩ 
MHW off Western Australia in 
2011

Å 10 weeks long

Å Extreme

Å 2,000 km of coastline 
impacted



¢ƘŜ ΨbƛƴƎŀƭƻƻ bƛƷƻΩ aI² ƻŦŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ ƛƴ нлмм

ÅShark Bay seagrass
ÅWorlds largest seagrass carbon stock

ÅUNESCO world heritage site 

Å1,300 km2 seagrass lost during the 
Ningaloo Niño (equivalent to 243,000 
American foodballfields)

Å2-9 Tgcarbon dioxide released

ÅA decade later, 1,000 km2 remained lost

ÅLarge temperate seagrass species have 
been replaced with small tropical species Kendrick et al. 2019 Front. Mar. Sci.



¢ƘŜ ΨbƛƴƎŀƭƻƻ bƛƷƻΩ 
MHW off Western 
Australia in 2011

ÅBlue swimmer crab, scallop and prawn 
fisheries closed

ÅDecline in population of sea snakes, 
cormorants, green turtles, dugong and 
dolphins

ÅGeneralist and opportunistic 
consumers remained stable = more 
resilient?

Kendrick et al. 2019 Front. Mar. Sci.
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ÅWest Coast Kelp forests
Å100 km range retraction of kelp

ÅDense forests replaced with algal turf

ÅNo sign of recovery a decade later

MHW

Wernberget al. 2016 Science
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ÅWest Coast Kelp forests

ÅComplete ecosystem 
reconfiguration

ÅTropicalisation of species

Wernberget al. 2016 Science



Example 3: Mediterranean 
Sea MHW events

ÅMultiple marine heatwaves across the Med occurring with increasing frequency

Garrabouet al. 
2022 Glob. Change 
Biol.



Mediterranean Sea MHW 
events

ÅMass mortality events recorded in 
benthic invertebrates due to thermal 
anomalies

Å>580 MMEs during 1998, 2003 & 
2006 MHWs (> 80 spp., 6 taxa)

1998

2003

2006



Mediterranean Sea MHW 
events

ÅMMEs in the Mediterranean Sea from 2015-2019

Garrabouet al. 2022. Glob. Change. Biol.



Socioeconomic impacts of MHWs
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Direct and indirect socioeconomic 
impacts 

ÅShifts in aquaculture/fisheries

ÅImpacts to tourism

ÅReduced water quality

ÅReduced storm protection



34 MHW events with 
socioeconomic impacts since 1995 The Economics of 

Ecosystems and Biodiversity
(TEEB) ecosystem services

classifications 
(www.teebweb.org)

Smith et al. 2021, Science



Examples of global ocean assets

ÅGlobal ocean assets valued at ca. US$24 
trillion

ÅCoral reefs valued at ~ US$35.8 billion per 
annum in tourism alone 

ÅAustralian kelp forests valued at ~ US$7.8 
billion per annum in fishing and tourism

ÅUSA saltwater fishing industries generate ~ 
US$210 billion in sales annually, supporting 
1.7 million jobs. 

Smith et al. 2021, Science



Value of ecosystem services

Costanzaet al. 2014, Glob. Env. Change.



Value of ecosystem services

Costanzaet al. 2014, Glob. Env. Change.

Kendrick et al. 2019 Front. Mar. Sci.
Smith et al. 2021, Science

Ecosystem service value of 1,300 km2 seagrass lost from 
Shark Bay in 2011 valued at $3.1 billion pa  



Ψ¢ƘŜ ōƭƻōΩ aI² ƛƴ ǘƘŜ 
Northeast Pacific 

ÅHarmful algal blooms led to the closure of:

ÅCommercialtri-stateDungeness crab 
fishery (California, Oregon, 
Washington)

ÅEstimated US$97 million in loss of 
earnings

ÅWashington recreational razor clam 
fishery

ÅEstimated US$40 million in tourist 
spending

Smith et al. 2021, Science



Ψ¢ƘŜ ōƭƻōΩ aI² ƛƴ ǘƘŜ 
Northeast Pacific 

Smith et al. 2021, Science

ÅLoss of kelp forest led to the closure of:

ÅCalifornia recreational abalone fishery

ÅEstimated US$44 million in loss of 
tourist spending

ÅCalifornia commercial red sea urchin 
fishery

ÅEstimated US$3 million in loss of 
earnings



Example 2: Coral reef tourism
ÅCoral bleaching and mass 

mortalities of coral in the 
South East Asia seas during a 
MHW in 2010 
ÅUS$49-74 million loss in 

tourist spending 

ÅMass bleaching has been seen 
on the Great Barrier Reef over 
multiple years recently. 
ÅValue of the GBR is US$4.2 

billion pa
ÅLoss unknown
ÅDŀƛƴǎ ǊŜƭŀǘŜŘ ǘƻ Ψƭŀǎǘ 

chance tourism also 
unknown

Smith et al. 2021, Science



Example 3: Impacts of the 
2012 MHW in the Northwest 
Atlantic

ÅEarly moult and migration to shallow water in Lobster 
led to very high spring landings

ÅLobster price crashed as supply exceeded processing 
capacity and demand (US$38 million loss)

ÅBUT... Lessons were learned and in 2016 when 
another heatwave occurred, quotas were reduced 
and gain was US$108 million


