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Abstract

Creseis acicula is a pteropod species, widely distributed in the world’s ocean. The latest report of its bloom was in the

Mediterranean Sea in 1990. On June 12, 2020, an unprecedented bloom of C. acicula was observed in Daya Bay, China, that

lasted for over a month and caused economic losses. The maximum abundance of C. acicula was up to 5595 ind. m-3, 1000 times

the local record high, and 10 times the highest number recorded elsewhere. Higher abundance ([?] 1000 ind. m-3) was found

in the warm water of [?] 30 along the southwest shore of Daya Bay. The initiation of the bloom matched a sharp increase of

temperature and chlorophyll a and an abrupt decrease of salinity attributed to heavy rainfall that lasted for more than 20 days.

Considering rising occurrences of extreme weather due to global change, possibilities of recurrent C. acicula blooms worldwide

certainly deserve attention.

INTRODUCTION

Over the last several decades, the world’s ocean and inland waters have been experiencing enormous blooms
of various kinds of micro- and macro-algae and zooplankton, which have caused severe environmental and
economic losses. The most reported blooms in scientific papers and media include cyanobacteria (e.g., Shi et
al., 2017; Huisman et al., 2018), dinoflagellates (e.g., Glibert et al., 2008, 2009; Zhou et al., 2008), Sargassum
(e.g., Schell et al., 2015; Wang et al., 2019), Ulva (e.g., Smetacek and Zingone 2013; Wang et al., 2015),
jellyfish (e.g., Richardson et al., 2009; Jackson et al., 2001; Sun et al., 2015), andAcetes chinesis (Zeng et
al., 2019). These blooms are widespread and recurrent and have been attributed to eutrophication as well
as altered environmental conditions due to climate change and anthropogenic activities (e.g., Anderson et
al., 2002; Edwards et al., 2006; Heisler et al., 2008).

Creseis acicula (Rang 1828) is a pteropod species, which widespread in the world oceans and prefers warm
waters, particularly in the upper layers of the ocean ranging from 50°N-40°S (Albergoni, 1975). Outbreaks
of C. acicula were found in Indian seas (Krishna Murthy, 1967; Sakthivel and Haridas, 1974; Peter and
Paulinose, 1978; Pillai and Rodrigo, 1984; Naomi, 1988), Mediterranean sea (Burgi et al., 1962; Albergoni,
1975; Kokelj et al., 1994), Japan sea (Nishimura, 1965; Morioka, 1980), and Gulf of Mexico (Hutton, 1960),
occurring during the 1960s to 1990s. The last report of C. acicula bloom was in 1990 in the Mediterranean
sea (Kokelj et al., 1994). Since the 1990s, for thirty years, there has not been a single record of its outbreak
worldwide, until mid-June 2020, when a sudden outbreak happened in Daya Bay, South China Sea (Fig. 1,
3). This bloom of C. acicula was first observed on June 12, 2020, and persisted into July 2020. It has caused
losses to local industry and tourism, particularly the Daya Bay Nuclear Power Plant (DNPP) built on the
southwest shore, with highly concentrated C. acicula disrupting the cooling system. Both government and
public attached great importance to this bloom, since it has poses a potential threat to the normal operation
and safety of DNPP.
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Here we present a briefing of this unusual outbreak by summarizing our observations of the bloom and its
associated environmental conditions to provide a big picture of this rare zooplankton bloom. This report
would facilitate further investigations and advocate attention to possible recurrent aggregation of C. acicula
and other organisms in the ocean, particularly in the context of global warming.

METHODS

Daya Bay is a shallow embayment with depths ranging from 5-20 m and an area of 650 km2, located in the
northern South China Sea. On June 12, 2020, a huge mass of C. acicula was spotted in the waters close
to the southwest shore of Daya Bay. Afterward, biological and environmental surveys in the entire Daya
Bay were conducted from July 4 to 18, 2020. C. acicula was collected using vertical hauls of a plankton net
(mouth diameter of 0.5 m and mesh size of 505 μm) from 1 m above the bottom to the surface. The filtered
water volume was determined by the rope length multiplied by the net mouth size. Collected C. acicula
was immediately taken back to the laboratory for subsequent abundance counting and biological parameter
measurements, which included shell length, diameter at the aperture, and body weight. Environmental
factors of surface water temperature, salinity, pH, DO were measured in situ using a YSI 6600 multi-
parameter water quality monitor (Yellow Springs Instrument Co., Ohio, USA). Daily mean surface water
temperature, salinity, and chlorophyll a (Chl a ) in May-July were obtained from a maritime buoyage system
located in southwestern Daya Bay (see the buoy’s location in Fig. 3). The buoyage system record these data
at an interval of half-hour. Historical data of C. acicula abundance in Daya Bay is from Xu (1985) and from
an ocean observatory program of South China Sea Fisheries Research Institute (SCSFRI), which has been
carried out every year since 2011.

RESULTS

The shell length of C. acicula collected in Daya Bay ranged from 4.13 to 14.72 mm (averaged 9.60 ± 2.17
mm), similar to that observed in Indian seas and Japan seas (ranged from 9 to 12 mm) (Nishimura, 1965;
Pillai and Rodtigo, 1984). The diameter at the aperture ranged from 0.25 to 1.27 mm (averaged 0.86 ± 0.25
mm). The body weight ranged from 2 to 3.8 mg ind.-1 (averaged 2.8 ± 0.6 mg ind.-1). On July 5, it was
observed that the highest proportion in the population was from individuals with a shell length of 9 to 10
mm, and the accumulated percentage of individuals with shell length [?]10 mm was 72%, indicating that the
majority of the population were juveniles (Fig. 2). Such a population constitution suggested that the C.
acicula bloom would keep going on after July 4, as long as environmental conditions (e.g., water temperature,
salinity, and food) are favorable. Indeed, the bloom lasted in the subsequent 10 days and finally faded on
July 13, when the population abundance dramatically decreased (<33 ind. m-3), and lots of empty shells of
C. acicula were observed in the sediments, as after the animals’ death their empty shells settle to the sea
floor.

The bloom peaked from July 4 to July 8, according to our field measurements. Higher abundance was found
in the waters along the southwest coast of the Daya Bay and the highest record of abundance occurred on
July 5 (Fig. 3). The average abundance of C. aciculawas 1851 ind. m-3 alongshore the southwest Daya Bay,
i.e., Stations S2-S7, more than half of which were of an abundance higher than 1000 ind. m-3, and Station S5
is exactly the site recorded the highest abundance (5595 ind. m-3) throughout the entire survey. For other
stations in southwestern Daya Bay (i.e., other than Stations S2-S7), the abundance of C. acicula ranged from
328 to 2278 ind. m-3, with the highest value found at Station S17. In contrast, no C. acicula accumulation
was observed either in the northern and eastern areas, the mouth of Daya Bay, or in the adjacent Mirs Bay
(see the green squares in Fig. 3).

DISCUSSION

C. acicula is a common species widely distributed in the world’s ocean. Its abundance is usually very low
in Daya Bay. According to results from Xu (1985) and our annual routine monitoring in Daya Bay since
2011, the average abundance of C. acicula in the bay ranged from 0.04 to 1.9 ind. m-3 (Fig. 4). The highest
abundance ever recorded was 5.0 ind. m-3 at a single station in September 2012. However, during this
bloom, a maximum abundance of 5595 ind. m-3 was recorded, which is 1000 times of the highest value in

2
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historical documents of Daya Bay. Also, this maximum value in Daya Bay is much higher those reported in
Indian seas, for example, 372 ind. m-3 in Cochin in 1973 (Sakthivel and Haridas, 1974) and 474.8 ind. m-3

in Bengal Bay in 1977 (Peter and Paulinose, 1978).

Taken together, this bloom in Daya Bay in 2020 is an extreme event. What could have caused such a severe
outbreak of C. acicula ? Generally, the outbreak of a marine animal population needs to meet at least several
conditions at the same time, including suitable environmental conditions (e.g., temperature and salinity), a
reduction of predators and/or competitors, adequate food, and a high self-reproduction capacity.

Temperature

Temperature is the main factor governing the distribution of pteropods. They prefer a warmer water, as there
is a well-defined latitudinal temperature gradient for their distribution. There is only one pteropod species,
Limacina helicina Phipps lived in the two polar seas, whereas the warm, tropical zones are populated by
many genera and species. Here in Daya Bay, as shown in Fig. 5, there was a positive relationship between the
spatial distribution of C. acicula and water temperature, indicating C. acicula also favor of warmer water.
The highest abundance (5595 ind. m-3) matched the highest temperature (˜32.3degC). Also, most of the
stations with higher abundance of C. acicula were located in areas with sea surface temperature [?]30degC.
Furthermore, according to buoy measurements from May to July 2020 (Fig. 6), there were two peaks of sea
surface temperature (SST), the first one was in June when the surface water temperature increased from
29.8degC on June 9 to 32.8degC on June 13, 2020; the second one was on July 2 when the temperature
increased to 32.4 degC. It is worth noting that the observed high abundance of C. acicula population were
coincident with the two temperature peaks. In fact, the bloom was observed on June 12, 2020, right falling
in the first intensive warming period of 4 days. The highest value of C. acicula population density was
observed during the second temperature peak. These findings thus suggested that higher water temperature
could be one of the essential environmental conditions for the outbreak ofC. acicula in Daya Bay, or at least
facilitated their accumulating in sea surface.

Salinity

Marine holoplanktonic invertebrates are cold-blooded and have body fluids isotonic with the surrounding
water. For this reason they are limited to the narrow salinity ranges of oceanic water and have a limited
tolerance to changes in salinity. Most species cannot survive in waters such as Black Sea, deltaic or es-
tuarian regions where salinities are much lower than those of open ocean waters. Whereas, a few species
including epiplanktonic Creseis spp. and Limacina trochiformis (d’Orbigny) have a better adaption to
salinity variation and lower salinity. In Daya bay, there were heavy rains from May 18 to June 9 2020
(http://www.tianqihoubao.com/weather/top/shenzhen.html), which induced a quick drop of surface water
salinity. Based on buoy measurements, the surface water salinity decreased approximately 3 within 3 days
and maintained at a low level for about 2 weeks until June 24 (Fig. 6). As mentioned above, compared with
other pteropods,Creseis species are known to be able to tolerate violent fluctuations of water salinity as well
as lower salinity, therefore, it is possible that C. acicula survived in this rainy season, while its competitor
or predator did not. Therefore, this could be another possible trigger for the C. acicula bloom.

Food availability

The food availability could also be an essential factor for the outbreak of C. acicula. The food of pteropods
like that of most plankton feeders is composed of phytoplankton and protozoa such as diatoms, dinoflagellates
and minute crustaceans. It is noteworthy that in Daya Bay, coincident with the temperature increase, the
concentration of Chla collected from the samae buoy jumped from 0.96 mg m-3 on June 9, 2020, to 5.53 mg
m-3on June 10, 2020, and maintained at a relatively high level of >1 mg m-3 for one week, which might be
attributed to high loads of nutrients from runoff induced by heavy rainfall (Fig. 6). It suggested that there
is a high supply of food resources for C. acicula , who feeds on phytoplankton and protozoa.

Reproductive capability

The capacity to produce a large amount of larva is an essential necessity for the outbreak of a species’ bloom.

3
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C. acicula has this capability partly contributed to its parthenogenetic behaviour. Based on our laboratory
observation, one single C. acicula can produce one or more “egg capsules” in a reproductive cycle, each
capsule contains as many as 700-1000 oosperms. Therefore, C. acicula population probably can always
produce huge amount of oosperms, however, the vast majority cannot develop into larva stage or cannot
grow up into mature individuals under natural conditions. They dead either due to rigorous environmental
conditions or eaten by predator. Hence, we may can assume that the environment conditions of the bay in
June and/or theretofore were suitable or tolerable for C. acicula, while did not for its competitor or predator,
therefore, huge number of individuals survived and the bloom was formed.

In conclusion, the abundance of C. acicula is controlled by various physical and chemical parameters of the
environment, such as temperature, salinity, food, and biological parameters such as competitor and predator.
For the present case in Daya bay, higher temperature and Chl a , and lower salinity may have possibly
triggerred this event. However, not a single condition on its own could have caused the outbreak. Most
likely, these conditions combined with other unknown factors led to such a tremendous surge in the amount
ofC. acicula . Unfortunately, till now, there is very limited information on the life history, physiological
metabolism, and feeding habit of C. acicula . The specific inherent mechanism triggering such an intensive
bloom of C. acicula remains unknown. The possiblities of a second surge of C. acicula in Daya Bay, its
occurrences of blooms elsewhere, and its potential of becoming a global recurrent issue like jellyfish certainly
deserve attention. To better characterize and understand this organism, test hypothesis raised in this report,
and assess possible ecological sequences and second outbreak of C. acicula , our lab analysis and field surveys
will continue into the future.
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Figure 1 Photographs ofCreseis acicula and its accumulation in Daya Bay taken on July 10, 2020.

Hosted file

image2.emf available at https://authorea.com/users/351926/articles/476342-an-unprecedented-

outbreak-of-pelagic-molluscs-creseis-acicula-in-daya-bay-south-china-sea

Figure 2 Proportion of individuals with different shell lengths in the Creseis acicula population based on a
survey on July 4, 2020 in Daya Bay
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Figure 3 Abundance of Creseis acicula from July 4 to 8, 2020 in Daya Bay (The abundance of C. acicula
is proportional to the height of the bar in figure legend in which the highest bar represents an abundance of
2800 ind. m-3).

Hosted file

image4.emf available at https://authorea.com/users/351926/articles/476342-an-unprecedented-

outbreak-of-pelagic-molluscs-creseis-acicula-in-daya-bay-south-china-sea
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Figure 4 Historical average abundance of Creseis aciculain Daya Bay from 1985 to 2020.

Figure 5 Distribution of Creseis acicula and sea surface temperature (SST, the isotherms) in

southwestern Daya Bay from July 4 to 8, 2020 (The abundance of C. acicula is proportional to the height
of the bar in figure legend in which the highest bar represents an abundance of 2800 ind. m-3)

Figure 6 Daily mean sea surface temperature (SST), salinity and chlorophyll a (Chl a ) concentration from
May to July 2020 in Daya Bay.
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