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corals and associated fauna from the risks of climate 
warming. Due to the global impacts of COVID-19 
during 2020, this report provides one of potentially 
few monitoring efforts of coral bleaching.
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Introduction

The significance of coral reefs is unquestioned, 
both for ecosystem functioning (e.g. Glynn & 
Enochs, 2011; Lefcheck et al., 2019) and local human 
populations (e.g. Spalding et al., 2017; Januchowski‐
Hartley et al., 2020). Due to climate change, marine 
heatwaves are increasing in frequency and duration 
(Oliver et al., 2018), with some lasting for years at a 
time (Di Lorenzo & Mantua, 2016). Such heatwaves 
are causing mass coral bleaching and mortality events 
(Hoegh-Guldberg, 2011; Couch et al., 2017), includ-
ing among coral populations previously considered 
thermally tolerant (Le Nohaïc et al., 2017).

The Great Barrier Reef (GBR) has experienced 
extensive bleaching, and the recent bleaching event 
in 2020, a non El Niño year, is the third widespread 
event since 2015 (Hughes et  al.,  2018). The most 
recent bleaching events affecting the GBR have 
occurred at regional scales, with the 2016 event most 
severely impacting reefs in the Far North and North-
ern GBR (Wolanski et al., 2017) and the 2017 event 
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mostly affecting reefs in the North and Central GBR 
(Hughes et  al.,  2019). These events spared the reefs 
in the Southern GBR, although localised bleach-
ing events have been recorded in earlier years (e.g. 
Booth & Beretta, 2002; Ortiz et al., 2009). Here, we 
report on bleaching on the Southern GBR at One Tree 
Island during 2020.

Due to the worldwide COVID-19 pandemic and 
resulting travel restrictions, in  situ observations of 
the recent GBR bleaching event have been limited. 
Many research and boating activities were stopped, 
preventing important quantitative surveys of bleach-
ing impacts (Bates et  al.,  2020), and increasing the 
value of any records collected during this time. Here, 
we analyse video transects taken in February 2020, 
shortly before research activities were restricted, 
showing the severity of bleaching at One Tree Island 
in the Southern GBR.

Materials and methods

Coral video transects were conducted on 22 Feb-
ruary 2020 at three sites in the southern part of the 
main and most southerly lagoon of One Tree Island 

(23°30′30″S, 152°05′30″E). One Tree Island is 
located in the Capricorn and Bunker Group in the 
Southern Great Barrier Reef (Fig.  1). An Olympus 
TG 5 camera with Olympus housing was used to 
record the videos, approximately 1 m above a 30-m 
transect tape placed at uniform depth along the reef 
flat. Video coverage extended roughly 1 m to the right 
of the tape, and both sides were filmed. Hence, the 
total coverage of each of the three transects and each 
of the three sites (for a total of nine transects) was 60 
 m2.

For each video, 60 frames were extracted at 
equal time intervals using Video Image Master Pro 
(A4Video,  2002). Using CPCe (Coral Point Count 
with Excel extension; Kohler & Gill, 2006), 50 points 
were added randomly to each image, and the coral 
genera or substratum type directly below that point 
was identified. The genera Goniopora and Alveopora 
were grouped together as the photos did not provide 
enough detail to confidently distinguish between these 
genera. As both genera belong to the same functional 
group (stony coral), this grouping should not affect 
the results of this study. Substratum was recorded as 
sand, rock, old dead coral or rubble; the latter was 
used for broken dead fragments of coral. Tape or 

Fig. 1  Coral cover on One Tree Island. a Map of study area 
indicating site locations, and pie charts showing per cent cover 
of bleached and unbleached coral for b site A, c site B and d 

site C. Three transects were analysed for each site. Satellite 
image sources: Esri and Maxar
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other were used if the point fell on the transect tape, 
or on a section of the photo obscured by an air bubble 
on the camera lens. Macrofauna, invertebrates and 
soft coral were also identified (Fig.  S1). For points 
that fell over live hard coral, the level of bleaching 
was determined and noted, based on the CoralWatch 
colour chart (Siebeck et al., 2006; Fig. S1). For this 
quantitative analysis, corals with a CoralWatch score 
of B1, C1, D1 or E1 were assumed to be bleached, 
while those with a higher numerical score, regardless 
of letter, were considered unbleached. This ensures 
naturally pale colonies are not counted as bleached. 
However, it also excludes naturally darker colonies 
which have bleached considerably, but are not com-
pletely white, resulting in a conservative estimate of 
bleached colonies. Frames were all analysed by the 
same researcher (M.K.B.N.) to reduce observer bias.

Live hard coral cover and Simpson’s diversity 
index (Simpson,  1949) were estimated. The extent 
of bleaching was summarised by species, by transect 
and by site, using both number of colonies and per 
cent cover. All analyses were carried out using R (R 
version 3.6.0; R Core Team, 2017).

Results

Across all transects, we recorded an average live 
hard coral cover of 11.62 % (± 3.40 standard devia-
tion, SD), which ranged from 9.60 % (± 2.03 SD) 
to 15.25% (± 0.99 SD) among the three survey sites 
(Fig. 1). These estimates of live coral cover are con-
siderably lower than those reported from a nearby site 
perpendicular to the reef flat in 2013 by Shaw et al. 
(2014). No significant coral mortality was observed 
at the time of the survey, but COVID-19 restrictions 
prevented any follow-up surveys on mortality. Over-
all, twenty scleractinian coral genera were identified, 
and the total number of colonies identified for each 
genus ranged from one (Pectinia) to 195 (Porites: 
Fig.  2). Biodiversity was similar between all nine 
transects (Simpson’s diversity index; 0.76 ± 0.06 SD; 
Simpson, 1949).

On average, almost half of the live hard coral cover 
surveyed was bleached (47.91% ± 11.28; Fig.  3; 
Table S1). Although this is a severe level of bleach-
ing, it is not above the 60% threshold set by Hughes 

et al. (2017) for ‘extreme’ bleaching. Most bleaching 
was observed on transect 1 (65.82 %), and least was 
seen on transect 3 (31.36%); both within site A. This 
demonstrates that bleaching rates can vary over small 
scales, supporting previous observations in other 
locations (Lenihan et  al.,  2008). Further, bleaching 
rates varied among genera as described in previous 
studies (reviewed in Hoey et  al.,  2016). For exam-
ple, Anacropora and Pectinia were 100% bleached, 
closely followed by Acropora, Seriatopora and Mont-
ipora, which each showed > 80% bleaching. Con-
versely, several genera showed minimal bleaching (< 
10%: Echinopora and Porites) or no bleaching (0%: 
Dipsastraea, Favites, Fungia, Goniastrea, Lobophyl-
lia and Platygyra). It is important to note that some 
of these genera have a small sample size (particu-
larly those with 100% bleaching records: Fig. 3) and 
should therefore be regarded with caution.

Discussion

The observed severe bleaching in the One Tree Island  
lagoon followed months of regionally record- 
breaking temperatures. Mean air temperatures recorded  
between November 2019 and February 2020 at the 
nearby station of Seventeen Seventy were the hot-
test since records began in the 1980s (Common-
wealth of Australia Bureau of Meteorology,  2020). 
Daily average water temperatures in the lagoon in 
February were up to 3.2 °C higher in 2020 than 
over the previous decade. Additionally, temperature 
anomalies (above 27.5 °C) during February 2020 
were recorded every day (29 days) compared to 14 
and 8 days in 2018 and 2019 respectively, or 0 days 
in the long-term average where data was available 
(2000–2009 and 2017–2018: Fig.  4a). In the month 
following this data collection, sea surface tempera-
tures sharply dropped from a daily average of approx-
imately 29 to 26 °C (Fig. 4b), likely providing relief 
for the affected colonies. However, coral recovery is 
a complex and variable process, which differs with 
species and colony size (Baird & Marshall,  2002) 
and is further influenced by physical characteris-
tics, such as the frequency of cyclones or the pres-
ence of Crown of Thorns starfish. Coral recovery on 
the GBR has declined significantly in recent years 
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(Ortiz et al., 2018) and may continue to decline in the 
future as the increasing frequency of bleaching events 
reduces recovery time between disturbances (Dietzel 
et al., 2020).

The Southern GBR has been largely unaffected 
by mass bleaching events in the past (Kennedy 

et  al.,  2018). This bleaching event is the first major 
bleaching to affect One Tree Island since 1998 where 
10–30% of corals bleached (Berkelmans et al., 2004a, 
b). Due to the relatively low bleaching incidence in 
the past, the southern GBR has been suggested as an 
area with potential to withstand temperature-related 

Fig. 2  Taxonomic variation in coral cover among transects. Number of points corresponds to per cent cover of each coral genus as 
recorded using CPCe. Column heights represent differing overall hard coral cover on the transect
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coral cover loss. This is in part due to restocking of 
coral larvae from further north, where individuals are 
adapted to higher temperatures (Matz et  al.,  2020). 
The present study has shown that these Southern reefs 
are still susceptible to widespread bleaching events. 

It will be important to closely follow the recovery 
of Southern GBR reefs, potentially looking at One 
Tree Island as a case study, in order to understand the 
potential of these reefs to act as a refuge under future 
climate scenarios.

Fig. 3  Proportion of bleaching for each genus. For 20 genera, the per cent cover that was identified as bleached (CoralWatch score 
1), or unbleached (CoralWatch score 2-6). Labels at the top of bars show the number of recorded colonies for each genus
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Fig. 4  Temperature patterns at One Tree Island. a Data from 
11 August 2019 to 20 June 2020. Data recorded at 2.3 m depth 
at 00:00 daily. Dashed vertical line indicates date when tran-
sects were recorded. Raw data downloaded from AIMS (data.
aims.gov.au). b Temperature data from One Tree Island Third 
Lagoon for February 2020 (upper blue line) compared to 

long-term February averages for 2000–2009 and 2017–2018 
(excluding 7 years where records were unavailable; lower black 
line). Error bars show standard deviation for long term data. 
Data from temperature loggers deployed by One Tree Island 
Research Station
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