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{ Marine heatwave drivers and impacts
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& Biological impacts of MHWSs
5
Broad responses which impact
Individuals, populations and
communities

A Failed recruitment in benthic
Invertebrates

Smith et al2023,Annu Rev. Mar. Sci.
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Broad responses which impact
individuals, populations and
communities

A Failed recruitment in benthic
Invertebrates

A Mass mortality events

Smith et al2023,Annu Rev. Mar. Sci.
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};1 Biological impacts of MHWSs

¥ Broad responses which impact
Individuals, populations and

communities

A Failed recruitment in benthic
Invertebrates

A Mass mortality events

A Disease

Smith et al2023,Annu Rev. Mar. Sci.




}g‘ Biological impacts of MHWSs

Broad responses which impact
Individuals, populations and
communities

A Failed recruitment in benthic s
invertebrates |

A Mass mortality events

A Disease

A Loss of foundation species

Smith et al2023,Annu Rev. Mar. Sci.
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Severe Bering Sea
Storm, 1970 \\\\
~100,000 seabird deaths _®_ % % |

Gulf of Alaska Murre

Die-off, 1993 \\\\\
~120,000 seabird deaths

Tasman Sea Marine
Heatwave, 2011 \\\\\\\\\\ '
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A Starvation in seals and sea lions

A Increasdn warmwater game fish (e.g. Tuna)
A Increased tourism

A Whalesmoved inshore tdeed
A Increased tourism
A Increased whale entanglements

Cavoleet al. 2016 Oceanography
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§ MHW off Western Australia In
2011
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C
AShark Bay seagrass

A Worlds largest seagrass carbon stock
A UNESCO world heritage site

A 1,300 kn? seagrass lost during the
NingalooNino (equivalent to 243,000
Americanfoodballfields)

A 2-9 Tgcarbon dioxide released

A A decade later, 1,000 kmemained lost

A Large temperate seagrass species have
been replaced with small tropical species | .4rick et al. 201Bront. Mar. Sci.
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I Fauna During +1 yr +2 yr +3 yr +4 yr +5 yr
LIJ heat-
| wave

( Scallop
% MHW off Western D R '
Australia in 2011

A Blue swimmer crab, scallop and prav o
fisheries closed

35%

A Decline in population of sea snakes, =
cormorants, green turtles, dugong ar
dolphins
67%
A Generalist and opportunistic
consumers remained stable = more 30%

resilient?

FIGURE 6 | Generalized timeline of change in seagrass associated biota before to after the 2011 heatwave. Red, population decline; Yellow, other change to

Ke n d “Ck et al . 20 19"‘0 nt. M ar. SCl . population; Green, no dec m:: I’WCC:;:IZ'-'_I ‘11 v: 3: \V‘I‘- ;: ' ‘:'\::v‘k:u» :Jel Nowickiet
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1 AWest Coast Kelp forests

A 100 km range retraction of kelp

A Dense forests replaced with algal turf

A No sign of recovery a decade later

Wernberget al. 2016Science
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bA32Q al ?

)
AWest Coast Kelp forests
A 100 km range retraction of kelp

A Dense forests replaced with algal turf

A No sign of recovery a decade later
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(' Southwest Midwest Northwest
AWest Coast Kelp forests EE

B
A Complete ecosystem
reconfiguration ® @
A Tropicalisation of species
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. Example 3: Mediterranean
% Sea MHW events

A Multiple marine heatwaves across the Med occurring with increasing frequency
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MediterraneanSea MHW
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Marine invertebrate mass mortality events, Mediterranean
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MediterraneanSea MHW
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g‘ Socioeconomic impacts of MHWSs
¢

Direct and indirect socioeconomic
Impacts

A Shifts in aguaculture/fisheries
A Impacts to tourism
A Reduced water quality

A Reduced storm protection
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¢ Examples of global ocean assets
C

A Global ocean assets valued at ca. US$24
trillion g

A Coral reefs valued at ~ US$35.8 billion piess i
annum In tourism alone il N )

A Australian kelp forests valued at ~ US$7 e
billion per annum in fishing and tourism % L5

_e‘;.- Al —3
P-4 N = g\
ey W&y s
7
Ak

3 g -
|

et RER M=ci=
A USA saltwater fishing industries generatdiijisfg 1w =
US$210 billion in sales annually, support_zzzs
1.7 million jobs.

Smith et al. 2021Science




$ Value of ecosystem services

Built

Social Capital

Capital

Human \ 4

Capital

Ecosystem
Services

Natural Capital

Fig. 1. Interaction between built, social, human and natural capital required to
produce human well-being. Built and human capital (the economy) are embedded
in society which is embedded in the rest of nature. Ecosystem services are the
relative contribution of natural capital to human well-being, they do not flow
directly. It is therefore essential to adopt a broad, transdisciplinary perspective in
order to address ecosystem services.

Costanzat al. 2014 Glob.Env Change.

Biome

Marine
Open Ocean
Coastal
Estuaries
Seagrass/Algae Beds
Coral Reefs
Shelf

Unit values

2007%/ha/ Change
1997 | 2011 Roi1-1997
796 572
348 660 312
5,592 8,944 3,352
31,509 28.916 -2 593
26,226 28,916 2,690
8,384 g 352,249 343,865
2,222 2,222 0




¢ Value of ecosystem services
C

Biome Unit values
2007%/Mha/ Change

1997 | 2011 Roi1-1997
Marine 796 1,368 572
Open Ocean 348 660 312
Coastal 5,592 8,944 3,352
Estuaries 31,509 28.916 -2. 583
Seagrass/Algae Beds 26,226 28,916 2,690
Coral Reefs 8,384 § 352, 249 343,865

Shelf 2,222 2,222 0

Costanzat al. 2014 Glob.Env Change.

e et all. St Wi G Ecosystem service value of 1,300%smagrass lost from
Smith et al. 2021Science Shark Bay in 2011 valued at $3.1 billion pa
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A Washington recreational razor clam
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A EstimatedUS$40million intourist
spending

Smith et al. 2021Science
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¢ Northeast Pacific

A Loss of kelp forest led to the closure of:

A Californiarecreational abalondishery

A EstimatedUS$44 million in loss of
tourist spending

A California commercial red sea urchin
fishery

A EstimatedUS$3 million in loss of
earnings

Smith et al. 2021Science



§ Example 2Coral reef tourism
1

A Coral bleaching and mass
mortalities of coral in the
South East Asia seas during a
MHW in 2010

A US$4974 million loss in
tourist spending

A Mass bleaching has been seen
on the Great Barrier Reef over
multiple years recently.

A Value of the GBR is US$4.2
billion pa

A Loss unknown A -

ADIF Aya NBf I OSH
chance tourism also
unknown

Smith et al. 2021Science



. Example 3: Impacts of the
9 2012 MHW in the Northwest
Atlantic

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

A Lobster price crashed as supply exceeded processing
capacity and deman@JS$38 million loss)

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




