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Abstract
Mass die-oﬀs of coral reef fauna were observed on Dongsha Atoll (20.7°N 116.8°E) in
the South China Sea during May–June of 2014 and 2015. These die-oﬀs were potentially
caused by hypoxia, although further investigations will help validate this hypothesis.
Due to the wide range of species aﬀected, the large area impacted (km in scale), and
the reoccurring nature of these events, they may aﬀect community compositions on
Dongsha Atoll and ultimately modify organisms’ responses to climate change.

Objective
The objective of our report is to describe the mortality of coral reef fauna that occurred
in the Dongsha Atoll lagoon in 2014 and 2015.

Introduction
Hypoxia-driven mortality events are increasingly recognized as an important component of the eﬀect of climate change on coral reef ecosystems [1] [2], yet such events are
underreported because they are not targeted in standard monitoring programs [3]. Here,
we report mass die-oﬀs of reef-associated fauna in 2014 and 2015 on Dongsha Atoll, a
remote coral reef ecosystem in the South China Sea [4]. Dongsha Atoll is a ring-shaped
barrier reef encircling a lagoon that is ﬂushed by tidal- and wind-driven currents [5]
[6]. During May‑June of 2014 and 2015, calm conditions stalled water exchange with
the surrounding sea [7], aﬀecting the animals living in the reef system.
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Figure Legend
Figure 1: Mass die-oﬀs during calm weather in May/June 2014 and 2015.
(a–b) Satellite images (Google Earth) showing (a) Dongsha Atoll and (b) the eastern
lagoon. The red and blue shaded areas represent approximate sizes and locations of
dead zones.
(c,e–g) Patches of dead organisms, estimated >1 km2 .
(d,h,i) Close-up photographs of dead organisms including (d) cephalods and gastropods
and (h, i) ﬁsh after the dead patch drifted oﬀshore.

Results & Discussion
During May–June of 2014 and 2015, we observed mass mortality of thousands of ﬁsh in
the families Apogonidae, Balistidae, Muraenidae, Pomacentridae, and Scorpaenidae in
addition to cephalopods, gastropods, and crustaceans. The dead organisms were found
in green turbid waters that were trapped inside the lagoon (ﬁgure 1). In the dead patch
observed oﬀshore, the decaying organisms were found only in a warm surface layer that
was approximately 2 m thick, which we interpret as originating in the lagoon and then
drifting oﬀ the reef.
The onset of mortality tended to coincide with neap tides and/or calm weather. Neap
tides occurred on May 22, 2014, and June 10, 2015, each preceding a die-oﬀ event by 1–2
days (ﬁgure 1b). Although the mortality events observed on June 1, 2014, and June 16,
2015 did not occur during neap tides, current speeds on the adjacent reef ﬂat at both
of these times were relatively slow (<5 cm s-1 ) due to weak winds and small waves [7]
[8]. Temperatures reached 30.2℃ on May 23, 2014, 30.5℃ on June 1, 2014, and 33.9℃ on
June 11, 2015 (data downloaded from http://www.bco-dmo.org/dataset/560618). Coral
bleaching occurred on the eastern part of the reef ﬂat during both 2014 and 2015 as a
result of unusually calm weather and warm waters compared to the preceding several
years [7] [8]. Bleaching on the reef ﬂat in May–June 2014 was transient with little or no
coral mortality [8], whereas bleaching in the later half of June through July 2015 caused
40% coral mortality [7]. The coral bleaching events were separated from the die-oﬀs that
we report here by 1–2 km, and in 2015 the coral mortality occurred 1–2 months after our
observations. Thus, while the coral bleaching and the die-oﬀs that we observed seem
to be distinct events, they both correspond to relatively calm weather and high water
temperatures.
We suspect that the die-oﬀs were caused by hypoxia because suﬀocating ﬁsh from
Apogonidae and Pomacentridae families were swimming to the surface to gulp air. Oxygen saturation on the adjacent reef ﬂat is typically <10% around dawn, even reaching
anoxia for 30–60 min on some days, due to high rates of community metabolism [8].
This depletion of oxygen might be exacerbated in the lagoon during calm conditions
[9]. Stagnant lagoon waters, combined with weak winds and high temperatures, could
limit the input and solubility of oxygen in seawater [10] [1]. The reef fauna and ﬂoraincluding any plankton blooms [11] may rapidly consume the available oxygen, and
its low concentration could be reinforced by the decomposition of decaying organisms.
This situation may be viewed as a “ﬁsh -bowl” eﬀect in which organisms are trapped in
an isolated volume of water that becomes warm and possibly oxygen -starved.

Conclusions
If these die-oﬀ events were indeed caused by hypoxia, then to our knowledge this is the
ﬁrst report of such events on a submerged coral atoll without land separating lagoon
and oﬀshore waters [12] [13]. Dongsha Atoll is a marine protected area far from river
discharges or human pollution, the common drivers of marine hypoxia [2]. Rather, these
die-oﬀs occurred under the strong 2014–15 El Niño, which brought anomalously high
temperatures and calm weather to the South China Sea. Hypoxia events on Dongsha
Atoll, and potentially other reefs, could become more common as the oceans warm and
weather patterns change [13].

Limitations
We observed these die-oﬀ events while conducting separate studies. As such, we did

DOI: 10.19185/matters.201707000003

Matters (ISSN: 2297-8240) | 3

not design a speciﬁc experiment to quantify the numbers of dead individuals nor did we
measure oxygen levels directly within the dead zones.
Die-oﬀ events like those we report are diﬃcult to characterize because they are sporadic.
Predicting these events will be important in forecasting coral reef futures, but doing so
requires an understanding of the causes of dead zones. Our observations contribute
to a relatively small but growing database of dead zones potentially related to hypoxia
[3]. Future studies characterizing the physical and chemical drivers of speciﬁc events,
and meta-analyses of the common drivers of these events globally will be important for
advancing our knowledge of coral reef responses to rapidly changing ocean habitats.
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