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INTRODUCTION

In the austral summer of 2010/2011, the North West Shelf, Ningaloo Coast, and Shark Bay
areas of Western Australia (WA) experienced a severe Marine Heatwave (MHW) event, with sea
surface temperatures (SSTs) >3°C higher than usual (Pearce et al., 2011; Pearce and Feng, 2013;
Benthuysen et al., 2014), and up to 5°C higher off the mid-west coast (Pearce and Feng, 2013),
which extended southwards along the Western Australian Coast (Hobday et al., 2016, 2018), with
higher than average SSTs measurable along the southern coast of Australia (to ~35°S) (Kataoka
etal., 2014; Tozuka et al., 2021) (Figure 1).

The MHW event of 2010/11 was the most extreme (in intensity, extent and duration) reported
at the time. The 2010/11 MHW event was a result of a strong Pacific La Nifia, which forced high
sea level anomalies that propagated through Indonesian Seas (via the Indonesian Throughflow)
to the northern WA coast. Coupled with local wind anomalies, the result was a much stronger
than average southward-flowing Leeuwin Current (Pearce and Feng, 2013; Benthuysen et al., 2014;
Tozuka et al., 2021), a not entirely unknown combination of climate and oceanographic processes
and now referred to as the Ningaloo Nifio (Kataoka et al., 2014; Tozuka et al., 2021). Higher than
average temperatures during summer were also recorded for the following two summers (2011/12
and 2012/13) (Caputi et al.,, 2014) and thus impacts of higher than average summer SSTs for
periods of several months were recorded over three consecutive summers (Babcock et al., 2020).
In contrast, since 2013 the west coast of Australia has experienced a cold spell due to neutral or
El Nifio conditions (Feng et al., 2020), allowing many fishery stocks to recover, especially short-
lived invertebrate species (crabs, scallops, and prawns) (Caputi et al., 2016; Hartill et al., 2019; Feng
etal., 2020). The MHW event has resulted in increased concern among scientists, managers and the
wider community about the frequency and impacts of these events on coastal marine ecosystems
and people who depend on them for their livelihoods (Pecl et al., 2014; Wernberg et al., 2016;
Harris et al., 2018; Hobday et al., 2018; Oliver et al., 2018, 2019; Pethybridge et al., 2020). A range
of oceanographic products have since been developed to identify and classify MHW events (Pecl
et al,, 2014; Hobday et al., 2016, 2018), and to forecast risk, including the risks of coral bleaching
events and tropical storms and cyclones [e.g., Bureau of Meteorology, Australia (BoM); National
Oceanographic and Atmosphere Agency, USA (NOAA)].

The MHW event impacted a wide range of species, including habitat building species (corals,
seagrasses, macroalgae, crustose coralline algae) (Wernberg et al., 2013, 2016; Short et al., 2015),
fish and invertebrate species supporting commercial and recreational fisheries (Pearce et al., 2011;
Caputi et al., 2014) and charismatic species of megafauna [e.g., whale sharks, manta rays (Pearce
et al,, 2011)]. Impacts included range contractions (Wernberg et al., 2016), expansions (Pearce
et al, 2011; Lenanton et al., 2017) and localized extinctions [e.g., abalone, Lestang, & Hart in

Frontiers in Marine Science | www.frontiersin.org 1

February 2021 | Volume 8 | Article 645383


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2021.645383
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2021.645383&domain=pdf&date_stamp=2021-02-24
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:brett.molony@csiro.au
https://doi.org/10.3389/fmars.2021.645383
https://www.frontiersin.org/articles/10.3389/fmars.2021.645383/full

Molony et al.

Understanding Risks of a Forecasted Marine Heatwave

Observed SST anomaly February 2011

FIGURE 1 | Sea surface temperature anomalies in February 2011 at the peak
of the 2010-2011 marine heatwave, derived from NOAA Extended
Reconstructed SST version 5 (ERSSTv5) (Huang et al., 2017).

Pearce et al. (2011)]. Significantly, extensive losses of keystone
species including seagrasses, kelps (Pearce et al.,, 2011; Caputi
et al., 2014; Wernberg et al., 2016) and corals (Moore et al.,
2012; Vanderklift et al., 2020) were reported. For example, the
2010/11 MHW resulted in a range reduction of more than
100 km in the important habitat forming species of kelp (Ecklona
radiata) (Smale and Wernberg, 2013; Wernberg et al.,, 2013,
2016). There were also records of recruitment of tropical fishes
into temperate areas (Lenanton et al, 2017) and sightings
of typically tropical species including whale sharks (Pearce
et al,, 2011) and Spanish mackerel (Scomberomorus commerson)
several 100 km further south than previously reported (>35°S
Redmap, www.redmap.org.au).

Impacts to habitat-building species and associated species will
flow through ecosystems to have other impacts (Wernberg et al.,
2013). For example, mortalities of thousands of seabirds due to
starvation were reported in the eastern Pacific after a MHW
event (Piatt et al., 2020). Ecosystem impacts are likely to be more
extreme in oligotrophic marine systems after MHW events due to
the relatively low productivity (Molony et al., 2011), low standing
biomasses and long-lived strategies characteristic of many marine
fishes in these areas (Newman et al., 2018). These factors result in
longer recovery times compared to more productive ecosystems.

MHW’s can significantly impact coastal fisheries. For example,
invertebrate fisheries (including saucer scallops, blue swimmer
crabs, Roe’s abalone) in Shark Bay and further southwards
(e.g., Abrolhos Islands) were closed to commercial fishing for
several years, as recruitment rates and adult biomasses declined,
through direct (e.g., temperature effects) and indirect (loss of

Abbreviations: MHW, Marine Heatwave; SST, sea surface temperature;
WA, Western Australia; GBR, Great Barrier Reef, Australia; WHA, World
Heritage Area.

seagrass habitat) effects of the MHW (Caputi et al., 2015b).
Commercially and recreationally important marine fishes were
also impacted via direct mortality (Pearce et al., 2011; Caputi
et al., 2014, 2015a,b), as well as sublethal effects (e.g., reduced
reproductive output and recruitment). Species such as pink
snapper (Chrysophrys auratus) are known to have very restricted
temperature ranges for successful spawning, which may have
been exceeded by the MHW of 2010/11 (Caputi et al., 2015b).
It remains uncertain if reductions in biomass and catches of
pink snapper from the oceanic stock off Shark Bay (Gaughan
and Santoro, 2020) are a direct, albeit long-term, result of the
MHW of 2010/11 and the two subsequent summers of higher-
than-average SSTs.

The ecosystem impacts were widespread over 1,000 km and
also had economic effects. Fishers were impacted due to declines
in fish abundance, recruitment rates (Caputi et al., 2016) and
subsequent fishery closures (Caputi et al., 2014), and/or fishers
moving in response to changes in fish distributions (Oliver
et al,, 2019). Management responses which significantly reduced
fishing effort or closed fisheries for several years were applied
(Caputi et al, 2016) to reduce or entirely remove fishing
pressure to allow rebuilding of stocks. This impacted industries
(commercial fishing, fishing tourism and regional, and cultural
tourism), impacting local communities.

Regional communities were impacted beyond the MHW
event of 2010/11, by floods (December 2010) and tropical
storms (cyclone Lua, March 2012) [Tropical cyclone activity
during 2010-11 and 2011-12 (bom.gov.au)] often associated
with climatological events (La Nifia). The resulting reductions
in regional tourism and accompanying economic activity
compounded the livelihood impacts of the reduced or closed
fisheries. Traditional owners were also impacted by changes in
fish and marine fauna availability, distribution and abundance.
Given that projected MHW days are to increase as a result of
climate change (Wernberg et al., 2016; Oliver et al., 2018), there
is concern that extreme MHW will also become more frequent.

National forecasting agencies have developed a range of
forecasting tools around the risk and strengths of La Nifia and
El Nifio events and their effects on coral bleaching risks and
frequency of tropical storms. For example, the Australian BoM
have predicted that a La Nifia will peak in summer 2020-
2021 [ENSO Outlook-an alert system for the El Nifio-Southern
Oscillation (bom.gov.au)], likely resulting in higher than average
SSTs in north-west (Figure 2), and a stronger southward-flowing
Leeuwin Current. These conditions are forecasted to be similar
to those of 2010/11 [ENSO Outlook-an alert system for the
El Nifo-Southern Oscillation (bom.gov.au)]. The BoM also
predicts that there is a high probability of coral bleaching along
the mid to southwest coasts of WA, as well as for much of the
Great Barrier Reef (GBR) and eastern side of Australia [Ocean
Temperature Outlooks (bom.gov.au)]. In contrast, NOAA have
predicted a lower and less extensive risk of coral bleaching from
an ensemble of models, with much of the mid and southwest
coasts of WA, and the GBR, being under low or no stress
[90% of ensemble models, NOAA Coral Reef Watch Coral
Bleaching Heat Stress Outlook (CFS based) for the next 4
Months]. It will be an important task for the oceanography and
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Forecast SST anomaly February 2021
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FIGURE 2 | Sea surface temperature anomalies predicted for February 2021
by the Bureau of Meteorology (BoM) Australia using ACCESS-S1 model
issued 19/1/2021 (http://www.bom.gov.au/oceanography/oceantemp/sst-
outlook-map.shtml).

climate forecast communities to reconcile and improve regional
prediction skills. These will ultimately rely on credible long-term
ocean observations, both to monitor the marine environment
and evaluate these model skills. Australia’s Integrated Marine
Observing System (IMOS) is poised to have moored and mobile
(glider) platforms in place to capture the evolution of any 2020/21
MHW event (Feng et al., 2020; Holbrook et al., 2020).

CONCLUSION

Given the ecological, social and economic impacts of the
2010/11 MHW event, the likelihood of La Nifia conditions for
Australia in 2020/21 and the differences in coral bleaching and
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