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Taking it to the reefs 
The first evidence of environmental memory in corals came in 
1994, when Barbara Brown, then a marine biologist at Newcastle 
University in the UK, noted that only the eastern sides of stony 
coral colonies (Coelastrea aspera, previously Goniastrea aspera) 
bleached during a high heat event at her field site in Phuket, Thai-
land.1 In a study published in Nature a few years later, she hypoth-
esized that the western sides were more tolerant due to previous 
exposure to more sunlight, a suspicion she backed up in the lab 
using coral samples that she exposed to varying temperature and 
irradiance regimens.2 

In 2000, Brown returned to Thailand and rotated several cor-
als so that the stress-tolerant west-facing sides now faced east, and 
vice versa. It would be a decade before the reef experienced another 
severe bleaching, but when it did, Brown found that the now-east-
ern sides of those corals, with their history of high sun exposure, 
fared better than the eastern sides of controls that had not been 
rotated, retaining four times as many symbionts. She and colleagues 
interpreted this as evidence that the corals had “retained a ‘mem-
ory’ of their previous high irradiance history despite living under 
lower irradiance for 10 years,” they wrote in the 2015 paper report-
ing the findings.3 

Since those early experiments, researchers have collected evi-
dence of environmental memory in reef systems on a broader, 
albeit shorter, scale. Two satellite-based studies of the Great Barrier 
Reef—one published in Science in 2016 by Ainsworth’s group and 

another in Nature Climate Change in 2019 by James Cook Univer-
sity coral reef ecologist Terry Hughes and colleagues—found that 
prior exposure to heat stress could improve bleaching outcomes 
during subsequent warming events. 

Analyzing nearly three decades of sea surface temperature data, 
Ainsworth’s team found that about 75 percent of the time, bleach-
ing events on the Great Barrier Reef come just a week or two after 
a period of warming below the bleaching threshold.4 This initial 
exposure to sublethal levels of heat proved protective, reducing 
coral mortality and symbiont loss by 50 percent compared with 
stress events in which the temperature vaulted over the bleaching 
threshold without any initial sublethal, priming exposure. 

Hughes, meanwhile, focused specifically on the length and 
magnitude of the warming during back-to-back bleaching events 
in 2016 and 2017—a crippling one-two punch to the massive reef 
system. Speaking to The Atlantic in 2018, Hughes noted that prior 
to 2015, there’d been roughly 2 billion corals in the Great Barrier 
Reef. By 2018, half were dead. 

However, Hughes’s team found that the severity of the damage 
didn’t strictly correlate with the severity of the heat.5 Prior to 2016, 
the 3,000 individual reefs that collectively make up the Great 
Barrier Reef hadn’t bleached in 14 years, and as a consequence, 
2016’s was a particularly devastating event, the results showed. 
NOAA typically forecasts bleaching based on degree heating weeks 
(DHWs), or the number of weeks within a 12-week period that 
corals spend in water hotter than the mean daily maximum sea 
surface temperature for the month. Researchers consider bleach-
ing likely after four DHWs, and severe bleaching and mortality 
after eight. But in 2016, Hughes says, those traditional thresh-
olds for bleaching weren’t very reliable, “and in particular, they 
depend on history.” 

Eight DHWs increased the chance that reefs would suffer 
severe bleaching (defined as the bleaching of more than 30 per-
cent of corals within the reef) by 90 percent—far more than NOAA 
had forecasted. Just a year later, though, another warming event 
elicited severe bleaching in only 50 percent of reefs, even though 
most reefs experienced greater and longer lasting heat. 

The study suggests there is a time limit to protective effects 
of prior exposure to heat, says Hughes. “There’s memory when 
bleaching events are one year apart, but when they’re 14 years 
apart, the behavior of the corals is very different.”

Scientists have also backed up Brown’s initial observations of 
environmental memory at the level of individual colonies. Derek 
Manzello, a coral ecologist and the federal coordinator for NOAA’s 
Coral Reef Watch, and his colleagues used cameras ferried about by 
divers to trace the fate of more than 4,000 colonies of 15 coral spe-
cies in the Florida Keys during bleaching events in 2014 and 2015. 
Each species has its own way of responding to heat, Manzello says, 
but the team did find that the damage inflicted by the second event 
was less than that caused by the first, even though the number of 
DHWs was higher in 2015 than in 2014.6 

Manzello’s team also noted that slow-growing, mounded corals 
are more resilient to heat damage than fast-growing, branching 

PREPARED OFFSPRING
Preliminary evidence suggests that 
the larvae of corals that experience 
bleaching are better able to tolerate 
subsequent heat stress.

TRANSCRIPTION BOOST
Corals can “frontload” the expression 
of genes involved in apoptosis, the heat 
shock response, and oxidative stress, 
among others.

SYMBIONT SHIFT
Some coral species undergo a shift 
towards a more tolerant clade of 
symbiotic algae in response to 
heat stress.

Exposure to heat can sometimes alter 
the amount of DNA methylation in a 
coral’s genome.

EPIGENETIC CHANGES

©
 C

A
T

H
E

R
IN

E
 D

E
L

P
H

IA
, 

M
O

D
IF

IE
D

 B
Y

 T
H

E
 S

C
IE

N
T

IS
T

 S
TA

F
F

THE SPEED AT WHICH REEFS ARE 
DEGRADING IS PUSHING MANY 
SCIENTISTS TOWARD ACTION EVEN 
IN THE ABSENCE OF COMPLETE 
INFORMATION.

MECHANISMS OF MEMORY
Corals in the wild have demonstrated an ability to “remember” their past exposure to heat stress, thereby helping them fare better during sub-
sequent bleaching events. To understand this so-called environmental memory, scientists are studying the phenomenon in the laboratory and 
have uncovered multiple ways in which corals may remember previous exposure to heat stress. Corals might also be capable of passing on 
their memory to their offspring, although the mechanism for that specific process remains unknown.
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