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Rethinking the effect of
marine heatwaves onfish

Mark R. Payne

Marine heatwaves are on therise. A surprising result from
the analysis of data for fish populations in Europe and North
America could change ways of thinking about the ecological

consequences of such events.

The British biologist Thomas Huxley observed
that the great tragedy of science is the slay-
ing of a beautiful hypothesis by an ugly fact.
Suchinconvenient truths are, however, crucial
for the advancement of knowledge, and they
force areassessment of what has been taken
forgranted. Writing in Nature, Fredston et al.?
report aresult that will cause a rethink about
how marine heatwaves, periods of unusually
warm temperatures in the ocean?, affect fish
communities. Contrary to the authors’ expec-
tations and to existing research, Fredstonand
colleagues were unable to detect an effect
of these events at the ecosystem level. This
unexpected negative result changes our
understanding of how these heatwaves affect
marine ecosystems and raises many questions.

Although most people have an under-
standing of heatwaves on land, fewer people
areused to thinking about theminthe ocean.
Analogous to terrestrial heatwaves, marine
heatwaves are discrete periods of sustained
extreme temperatures®. Fredston and col-
leagues defined a marine heatwave as five
or more consecutive days during which the
temperatureisinthe uppermost 5% of histor-
ical temperatures — that is, those in the 95th
percentile.

Fororganismsthatliveinthe ocean, marine
heatwaves can be every bit as disruptive as
the consequences of a cyclone, earthquake
or flood on land. For example, between 2014
and 2016, a high-profile heatwave known
as The Blob was associated with extreme
temperatures across much of the northeast
Pacific Ocean. This led to species being found
hundreds and even thousands of kilometres
outsidetheir typical range, outbreaks of harm-
ful algalblooms, mass die-offs of seabirds and
breeding failuresin marine mammals®.Inother
areas, heatwaves have driven loss of algae in

coral reefs (coral-reef bleaching)® and die-
offs of aquatic kelp forests®. Socio-economic
consequences have also been documented for
many marine heatwaves’.

Given the lengthy and ever-growing list of
effects, it would be natural to assume that
heatwaves are a dominant driver of change
in marine ecosystems. Fredston et al. set out
to test this hypothesis systematically by ana-
lysing a compilation of scientific field-survey
results used to monitor bottom-dwelling

(demersal) marine fish communities from
around Europe and North America. The
authors’ analyses compared changes in bio-
mass, abundance and biodiversity inthe pres-
ence and absence of heatwaves from year to
year, looking for a common effect across
ecosystems. Yet surprisingly, they found no
systematic effect across heatwaves for any of
the tests that they performed (Fig. 1).

To give their analyses context, the authors
performed a ‘power analysis’, which gave
them a way to assess how strong an effect, if
any, could be detected using the data sets and
methods available. Fredston and colleagues
estimated that they had sufficient data to
detect an effect of marine heatwaves on eco-
system biomass if the biomass change was on
ascale of 8-9% or greater. Their resultsimply,
therefore, that the effect of marine heatwaves
at the ecosystem level is relatively small in
magnitude, and certainly on a scale that is
lower than the combination of natural and
sampling variability in their data.

Taken inisolation, it would be tempting to
conclude that this paper dismisses the idea
that marine heatwaves are an ecologically
important phenomenon. That would be a
mistake. Fredston and colleagues’ results do
not negate the hundreds of papers that have
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Figure 1| Evidence that marine heatwaves have no effect on ecosystem biomass. Fredston et al.”
examined data for fish populations to determine the effect of marine heatwaves. The change in ecosystem
biomass between years (expressed as the logarithm of the biomass ratio from one year to the next) was
assessed, as was the intensity of any marine heatwaves (tracked using a high-temperature metric called
cumulative intensity that is measured in units called °C-days) experienced during the same time. No
significant relationship was found between biomass and heatwaves (the red line indicates the average effect
and the 95% confidence interval is shown in pink). Some notable marine heatwaves are indicated. (Adapted

from Fig.2aof ref. 2.)

Nature | 1



News & views

documented ecological consequences of such
heatwaves. But how can this negative result be
reconciled with almost everything published
previously in this realm?

Previous work on the effect of marine
heatwaves has focused mainly on the most
visible responses. Organisms that suddenly
appear thousands of kilometres away from
their home range, and mass die-offs of fish
and seabirds, are eye-catching and garner
much attention fromscientists and the public.
There might, therefore, be a bias in scientific
research towards examining these extreme
events that are not representative of more
general processes. Fredston and colleagues’
analysis circumvents this problem by looking
for effects in an ecosystem-level data set that
comprises many heatwaves, and the authors
therefore gain a different perspective.

Theauthors’analysis might be criticized for
beingtoo broad and generic. For example, the
implicitassumption ofacommonresponseto
marine heatwaves across all ecosystems might
notbe valid (andis certainly not supported by
theevidenceavailable). How individual ecosys-
tems respond to these heatwaves will reflect
the unique grouping of the species present
and their ability to tolerate extreme tem-
peratures. Ecosystems comprising different
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species might give different responses to the
same heatwave conditions.

The authors also tested for the effect of
heatwaves at the individual ecosystem level
(thereby relaxing the assumption of acommon
response), but did not find any statistically sig-
nificant effects. However, it is worth noting
that theamount of dataavailable to make such
tests is substantially reduced compared with
the analysis across many ecosystems, and the
statistical power of the analysis is therefore
lower — strong signals might still be there but
hiddeninthe ‘noise’ of individual ecosystems.

Furthermore, this work focuses solely on
fish species that are caught on or close to the
bottom of continental shelves (sites located
nearland andless than 500 metres deep). The
effects of heatwaves have been reported for
many other groups of organisms, including
coral reefs, kelp forests, surface-dwelling
(pelagic) fish, marine mammals, seabirds
and species that dwell in the seabed (benthic
species)®. The sensitivity of each of these
groups tomarine heatwaves might differ from
that of bottom-dwelling fish, reflecting their
differing abilities to tolerate (and potentially
adapt to) extreme temperatures.

Fredston and colleagues’ work reshapes
our understanding of how marine systems are

affected by heatwaves. Although heatwaves
clearly have striking effectsin some individual
cases, the authors find no evidence for large
systematic effects at the community-level
for bottom-dwelling fish. Future work needs
to address the processes that drive striking
effects for some species, but not for others
— particularly given that marine heatwaves
are becoming more common in a changing
climate®. As ever in science, the downfall of
one hypothesis will give rise to many more
questions to answer.
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