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Marine heatwaves
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I The Oceans Are Getting Warmer

Annual divergence of global ocean temperature
from 20th century average (1880-2020)
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Discrete periods of anomalously warm water occurring In
addition to background climate change
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S b Marine heatwave definition:
€ A period of five or more days where water temperatures are
warmer than the 90t percentile based on a 30-year historical

climatology for the time of year and location (Hobday et al. 2016)
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&1 Marine heatwave definition:

1
<=

A period of five or more days where water temperatures are
warmer than the 90t percentile based on a 30-year historical
climatology for the time of year and location (Hobday et al. 2016)
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Mass mortality events Habitat |mpacts _
Marine Wwild fish/ Farmed fish/ Marine Seagrass Coral &f Biogenic reefs
mammals/birds shellfish shellfish forests meadows reefs 7" (non-coral)

Smith et al. Biological Impacts of Marine Heatwaves. Annual Review of Marine Science (2023).
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Smith et al. Socioeconomic impacts of marine heatwaves: Global issues and opportunities. Science 374.6566 (2021)
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SOME IMPACTS OF MARINE HEATWAVES 215 osreot
QD) o,

loss in tourist

2003 - Mass :
spending.

mortalities of
at least 25
different
marine
species.

2012 - $38 million USD
loss to commercial
fisheries.
2011 - Mass mortality of seagrass - - : .
in Shark Bay, a UNESCO world P BUT fisheries
heritage site. Between 2 and 9 Tg managers
CO, released back into the 2 implemented quotas
atmosphere - equivalent to the to reduce early lobster
amount of CO,released by a small landings during a
developing country in a year. subsequent marine
2010 - Bleaching heatwave in 2016. This
and e resulted in a $108
mortal|t|es of co.ral 2016-2017 - mass mortality of million USD gain to
in South East Asia. farmed salmon. $800 million commercial fisheries.

Betwggn i ar\d USD export loss to aquaculture
74 million loss in :
industry.

tourism.

Smith et al. Socioeconomic impacts of marine heatwaves: Global issues and opportunities. Science 374.6566 (2021)
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& Key questions

 How are foundation species impacted by MHWs

« Which MHW characteristics are most closely related to change in
foundation species?

« Do the most ‘important’ characteristics differ between different ecoregions?

Kelp forests Seagrass beds Reef-forming invertebrates Coral reefs




v Methods
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Identify time- Explore MHWs that

series datasets for have occurred in Cross-reference

kelp forest these areas MHW events with
- Density - Strong time-series data
- Biomass - Summer

Compare kelp responses to MHW characteristics
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& Results: all time-series data

527 sites, 310 localised areas, 24 ecoregions ~ TRB_KEEN kelp timeseries
(Rassweiler et al. 2016)

» PISCO kelp forest community surveys
(Carr et al. 2020)

~ A2B kelp dataset
(rodrigobeas@gmail.com)

» LTER Santa Barbara Channel
(Reed & Miller 2022)

» Reef Life Survey/IMOS National Reef

Monitoring Network
(www.reeflifesurvey.com)

» Reef Check
(www.reefcheck.org)
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*%‘ Results: time-series data with MHWSs

185 sites, 97 localised areas, 14 ecoregions
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Oregon, Washington, Vancouver Is.
Northern California

Gulf of Alaska

& Results: by ecoregion
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& Results: by point in range
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$ Results: MHW characteristics

Only used ecoregions with n>10 data points 157 sites

79 localised areas

é ecoregions

MHW characteristics
- Duration
- Max intensity
- Mean intensity
- Cumulative int.
- Max abs temp
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& Results: GLMs

. Mean intensity Max intensity Cumulative intensity Max absolute temp Duration
Group and ecoregion

D df AIC D df AIC D df AIC D df AIC D df AIC
Southern California Bight 0.053 | 24 2230 | 0.020 | 24 2115 [lo.020 | 24 2045 | 0.0a4 | 24 2196 | 0.023 | 24 20.70
Macrocystis
Northern California Macrocystis 0.019 | 11 1617 | 0.003 | 11 1226 o487 | 11 2244 | 0.006 | 11 13.60 | 0.499 | 11 22.469
Southern Norway Laminaria 0.034 | 15 1466 | 0.0a9 | 15 1303 Jlo.75 | 15 048 | 0147 | 15 11.85 | 0.495 | 15 901
North Sea Laminaria <0.001 | 26 17.80 | <0.001 | 26 1810 [lo.010 | 26 7310 | <0.001 | 26 1204 | 0.007 | 26 22.36
Cape Howe Ecklonia 0.270 | 20 1210 | 0.625 | 20 1321 [l0.083 | 20 1007 | 0178 | 18 9.40 | 0.039 | 20 3.65
Bassian Ecklonia 0.546 | 23 26.46 | 0.073 | 23 26.87 0506 | 23 2638 | 0.225 | 23 2523 | 0.504 | 23 26.55

p <0.001
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p =0.003 A p <0.001

Northern California North Sea

p =0.034 p =0.039 %
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Conclusions

Building an understanding of the relationships
between MHW characteristics and their
impacts on foundation species

- Help guide management strategies

What nexi?
- Run lab experiments to
support field observations

- Improve understanding of
MHWs occurring simultaneously
with other stressors
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