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Abstract

The macroalgal blooms of floating brown algae Sargassum horneri are increasing in the Yellow Sea and East China
Sea during the past few years. However, the annual pattern of Sargassum bloom is not well characterized. To study
the developing pattern and explore the impacts from hydro-meteorologic environment, high resolution satellite
imageries were used to monitor the distribution, coverage and drifting of the pelagic Sargassum rafts in the Yellow
Sea and East China Sea from September 2019 to August 2020. Sargassum blooms were detected from October 2019
to June 2020 and presented two successive drifting paths that both initiated from around 37°N. The first path
spanned smaller spatial scale and shorter period, starting with a bloom of 3 km2 distribution area near the eastern
tip of Shandong Peninsula in late October 2019 and drifted southwards, hit the Pyropia aquaculture area in early
January 2020, then vanished in the northwest of East China Sea (ca. 32°N) around end of January. The second path
began with a large distribution area of 23 000 km2 east of 123°E in late January 2020, firstly moved southwards in
the central Yellow Sea and northern East China Sea (north of 29°N) till late April, then turned northwards with
monsoon wind and vanished from late June to August. The mean sea surface temperature of 8°C to 20°C in the
Sargassum bloom areas corresponded to in situ observed temperature range for vegetative growth and floating of
S. horneri. There was no observed floating Sargassum blooms during July through September in the Yellow Sea
and East China Sea. The results indicate that floating S. horneri is unable to complete life cycle in the Yellow Sea
and East China Sea, and provide insights to the future management of Sargassum blooms. Further studies are
needed to validate the pattern and source of annual Sargassum bloom in the Yellow Sea and East China Sea.
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1  Introduction
Seaweed blooms, mass stranding of macroalgae along the

coasts, are increasing worldwidely during the past few decades
and become nauseant ecological disasters in some coastal re-
gions. Two genera, green algae Ulva and brown algae Sargassum,
are responsible for most seaweed blooms, namely “green” and
“golden” tides, respectively (Smetacek and Zingone, 2013). The
inundation of huge seaweed biomasses along the coasts could
seriously harm tourism, aquaculture, fisheries and marine eco-
systems (Smetacek and Zingone, 2013; Wang et al., 2015, 2019;
Xing et al., 2017; Byeon et al., 2019). Recently, blooms of Ulva
prolifera O. F. Müller, 1778 and Sargassum horneri (Turner) C.
Agardh, 1820 co-occurred in the Yellow Sea (YS) and formed an
unusual bi-macroalgal bloom (Xiao et al., 2020a and b, 2021b).
Extensive studies have been conducted in the YS and revealed

consistent genesis and development process of the green tides
(Liu et al., 2010; Cui et al., 2012; Fan et al., 2015; Song et al.,
2015a, b; Wang et al., 2015; Xing et al., 2018; Xiao et al., 2020a).
However, little is known about the formation and development of
golden tides in the YS and East China Sea (ECS).

The golden tides along the eastern Chinese coasts are com-
prised almost exclusively of S. horneri (Liu et al., 2018; Xing et al.,
2018). S. horneri is an introduced regional species naturally dis-
tributing along the northwestern Pacific coast and has invaded
the coasts of southern California and Mexico along the eastern
Pacific in early 2000s (Tseng, 1983; Sun et al., 2008; Marks et al.,
2015; Darling and Carlton, 2018). The gas-filled bladder-like ves-
icles on the thalli of S. horneri provide buoyancy to float in water
(Yoshida, 1963; Xu et al., 2016). Free-floating S. horneri is com-
mon in the coastal waters of northwestern Pacific (Komatsu et al.,  
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2007, 2008) and has increased substantially in the last two dec-
ades. Before 2010, the floating S. horneri was only reported in the
oceanic front between the Kuroshio Current and continental
shelf of ECS (Komatsu et al., 2007). Unusual expansion was de-
tected in 2012 when the drifting S. horneri rafts were stranded in
the northern coast of Taiwan Island and even crossed the Kur-
oshio Current reaching Tarama Island in the Ryukyu Ar-
chipelago (Komatsu et al., 2014). Research using drifting buoys
and model simulation suggested that the floating S. horneri was
originated from the Chinese coasts, presumably from the coasts
of Fujian, Zhejiang and Shandong provinces in the YS and ECS
(Komatsu et al., 2007; Filippi et al., 2010; Mizuno et al., 2014; Qi et
al., 2017). Inundation and stranding events are increasing along
the coasts of China and Korea as well (Hu et al., 2011; Liu et al.,
2018, 2021; Byeon et al., 2019; Xiao et al., 2020b). In 2015, large
amount of floating Sargassum stranded and piled up along the
southern coastline of Korea (Byeon et al., 2019). In the end of
2016, golden tide in the Subei Shoal at the western coast of south-
ern YS caused over 0.5 billion CNY loss of Pyropia cultivation in-
dustry. In the following spring and summer 2017, the drifting S.
horneri rafts were widespread in the western YS and co-occurred
with the green tide (Xiao et al., 2020b). Xing et al. (2017) and Qi et
al. (2017) traced the floating S. horneri back to the coasts of east-
ern Shandong Peninsula and Zhejiang Province. Although dis-
crete benthic populations were recorded along the eastern coasts
of China (Tseng, 1983; Hu et al., 2011; Li et al., 2020), the exact
origin of the drifting S. horneri in the ECS and YS hasn’t been
identified and bloom mechanism remains unclear.

Until now, there is no report that floating S. horneri can com-
plete their life cycle in the YS and ECS. Previous studies sugges-
ted that floating Sargassum rafts existed from October to the fol-

lowing July in the YS and ECS and the drifting paths varied in dif-
ferent seasons (Komatsu et al., 2014; Qi et al., 2017; Liu et al.,
2018; Su et al., 2018; Xing et al., 2018; Xiao et al., 2020b). To bet-
ter understand the development and drifting of the golden tide,
time series of high-resolution satellite images were used to ex-
tract the spatiotemporal distribution of floating S. horneri in the
YS and ECS throughout a full year period 2019−2020. The pattern
of S. horneri blooms was characterized and the impacts from
temperature and wind field were explored.

2  Data and methods

2.1  Satellite imageries
The study area covers waters in the YS and northern ECS,

26°−40°N, 119°−128°E (Fig. 1a). Multi-spectral satellite sensors of
Sentinel-2, Gaofen-1/6 (GF-1/6) and Haiyang-1C (H1C) were
used in this study (Fig. 2, Table 1). The Sentinel-2 images are
provided by European Space Agency; GF-1 and GF-6 images are
provided by China Centre for Resources Satellite Data and Ap-
plication; H1C images are provided by China National Satellite
Ocean Application Service. Because thick clouds greatly influ-
ence the detection of floating macroalgae from optical images, it
is necessary to acquire multi-source images. Sentinel-2 from
European Space Agency has a swath width of 290 km, regular re-
visit frequency of 5 d and high spatial resolution (10 m). Because
one time visit of Sentinel-2 cannot fully cover the study area, im-
ages obtained 2 d before and after are also included. In this study,
we mainly used Sentinel-2 images to quantify the coverage of
floating Sargassum mats. The only exception was on June 7, 2020,
when both Sentinel-2 and GF-1 images was used to gain a whole
view of golden tide in the YS and ECS. The wide-field-view (WFV)
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Fig. 1.   The bi-macroalgal bloom in the Yellow Sea on June 7, 2020. a. Area covered by the satellite image analysis in the current study.
★ records natural distribution of benthic Sargassum horneri in Chinese and Korean waters (Tseng, 1983; Hu et al., 2011; Byeon et al.,
2019), □ denotes location of panels b and c; b and c are RED-GREEN-BLUE and NIR-RED-GREEN images from Sentinel-2 satellite; d
and e,  field validation of green tide caused by Ulva prolifera  and bloom caused by Sargassum horneri  from June 7 to 10,  2020,
respectively; f and g, reflectance spectrum of Ulva prolifera and Sargassum horneri from Sentinel-2 MultiSpectral Instrument (solid
line with dots) and laboratory measurements (dashed line).
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cameras of GF-1 (and GF-6) have a spatial resolution of 16 m and
swath width of 800 km. H1C is launched in September 2018. H1C
Coastal Zone Imager (CZI) has a spatial resolution of 50 m and
revisits frequency of 3 d. Images from GF-6, GF-1 and H1C were
used qualitatively to gain a time-series Sargassum distribution
patterns in the studied area.

2.2  Data processing
The Sentinel-2 Level-2A main output is an orthoimage bot-

tom-of-atmosphere corrected reflectance product (https://sen-
tinels.copernicus.eu/), thus can be directly used for further pro-
cessing. For GF-6 and GF-1 WFV images, the digital numbers are
first converted to radiance according to the calibration coeffi-
cients of gain and offsets. The radiance is then transferred to
ground reflectance using Fast Line of Sight Atmospheric Analysis
of Spectral Hypercubes atmospheric correction.

Sargassum has red-edge spectral characteristics similar to ter-
restrial vegetation and floating U. prolifera. The difference veget-
ation index (DVI) is used to detect the floating macroalgal rafts. A
previous study showed that DVI performed better in reducing the
impact of sun glint and thin cloud than normalized DVI (Xing

and Hu, 2016). DVI is calculated as

DVI = RNIR − RRED, (1)

where RNIR and RRED are the surface reflectance of near-infrared
and red bands at the ground level, respectively. A threshold of
DVI is set to extract the macroalgal pixels, e.g., DVI> −0.008 to 0
for Sentinel-2 images and DVI>−0.010 or −0.015 for GF-6 or GF-1
images. The threshold may be arbitrarily changed slightly de-
pending on surface water optical condition. The coverage area of
floating Sargassum was calculated from pixels with DVI above the
threshold and visual inspection based on RED-GREEN-BLUE
(RGB) color composite image (see below for details). The distri-
bution area is manually outlined on each date. The centroids
were extracted by the weighted mean centers of positive Sargas-
sum pixels’ values and connected to gain a general drifting path.

The blooms of S. horneri and U. prolifera overlapped from
May to July. Field samples of S. horneri and U. prolifera were
transported into laboratory. Their reflectance spectra were de-
termined in a blackened tank filled with seawater using an ASD
FieldSpec Hand-Held 2 spectrometer. As shown in Fig. 1, both
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Fig. 2.   High resolution images from Sentinel-2 (red), Gaofen-1/6 (yellow) and Haiyang-1C (green) used from September 2019 to
August 2020.

Table 1.   Sensor characteristics of Sentinel-2, Gaofen-1/6 and Haiyang 1C

Satellite sensor
Sentinel-2 multispectral

instrument
Gaofen-1/6 Wide-Field-View Haiyang 1C Coastal Zone Imager

Blue-Green-Red-Near
Infrared Band

2-3-4-8 1-2-3-4 1-2-3-4

Resolution/m 10 16 50

Swath/km 290 800 950

Revisit cycle/d 5 4 3

Data provider European Space Agency China Centre for Resources Satellite Data
and Application

China National Satellite Ocean
Application Service

80 Yuan Chao et al. Acta Oceanol. Sin., 2022, Vol. 41, No. 6, P. 78–87  

https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/
https://sentinels.copernicus.eu/


macroalgae show red color in NIR-RED-GREEN color composite
image (Fig. 1c), while S. horneri shows (dark) brown and U. pro-
lifera is in green color in RGB color composite image, respect-
ively (Fig. 1b). To be more specific, the reflectance spectrum of U.
prolifera has a peak in green band (~550 nm) while S. horneri not
(Figs 1f, g). Therefore, we differentiated the distribution of S.
horneri and U. prolifera by their high DVI values together with
the RGB color composite images by visual inspection (Xiao et al.,
2021a).

ACCM

ACCM

The floating S. horneri rafts usually have a smaller size than
the spatial resolution of pixels (10 m of Sentinel-2 and 16 m of
GF-1 and GF-6). For high resolution images, it is reasonable to
assume the existence of pixel that was completely covered by
macroalgae and its corresponding DVI value was the highest. To
solve this subpixel mixing issue, area completely covered by
floating Sargassum rafts ( ) was estimated using a simplified
linear-mixing reflectance model from Xing et al. (2017). This
model assumed that the portion of macroalgae (POM) in each
pixel was linear to the corresponding DVI values normalized to
the upper (100%) and lower threshold of DVI values (1%),
[01DVI], using Eq. (1). Then, we summed up the POM to calcu-
late  on each date using Eq. (2).

POM = × [01DVI] + , (2)

ACCM =

n∑
i=

POMi × PSi, (3)

where [01DVI] is the normalized DVI for estimating the ACCM. n is
the number of pixels containing floating Sargassum; PS is the
spatial resolution of satellite images, e.g., 10 m×10 m for Sentinel-2
and 16 m×16 m for GF-1/6.

2.3  Environmental data
The 9 km Optimal Interpolation Sea Surface Temperature

(SST) and Cross-Calibrated Multi-Platform (CCMP) Surface
Wind Vectors (0.25°) daily data were obtained from the website of
Remote Sensing Systems (www.remss.com). Both data were pro-
duced combining multiple satellite sensors, moored buoy and
model data. The CCMP daily data were then monthly averaged to
obtain the prevailing wind direction. The SST in the Sargassum
bloom area was extracted and averaged as SSTSarg.

3  Results

3.1  The development of Sargassum bloom in the Yellow Sea and
East China Sea
In September 2019, no macroalgal raft was found from Sen-

tinel-2 images. From October 2019 to January 2020, macroalgal
rafts were found every month and generally drifted southwards
along Chinese coastal waters (Fig. 3a). Floating macroalgae was
initially found near the eastern end of Shandong Peninsula on
October 21, 2019. In the following month, floating macroalgae
moved southwesterly and reached north of Subei Shoal on
November 15. On December 10, the floating Sargassum rafts ar-
rived at the north edge of Pyropia aquaculture area. On January
4, 2020, large amount of Sargassum aggregated along the sand
grooves and severely damaged the Pyropia aquaculture industry.
The floating Sargassum rafts continued to drift southwards and
reached the Changjiang Estuary on January 20.

As shown in Figs 3b and c, another Sargassum bloom oc-

curred between the eastern end of Shandong Peninsula and
Korean Peninsula on January 20. This bloom was larger in scale
than the previous one and mainly distributed in the central YS
and northern ECS. The Sargassum rafts generally drifted south-
wards and expanded from January to April, and moved north-
wards then after until decay in late June. On February 20, floating
Sargassum rafts were mainly located near the southwest Korean
coast and then expanded southwesterly to the central YS and
ECS. On March 21, the coverage area of floating Sargassum rafts
was about 130 km2 and the southern boundary reached 32°N.
One month later, a large area of Sargassum could be found in the
offshore Zhejiang coast with the southern boundary of 29°N on
April 25.

The drifting direction turned northwards from April to May
(Fig. 3c). On May 20, golden tide caused by S. horneri and green
tide caused by U. prolifera cooccurred in the YS (Fig. 3c). The
Sentinel-2 images indicated that these two macroalgae could be
differentiated based on the morphologies and locations of mac-
roalgal rafts. The macroalgal rafts of S. horneri tended to scatter
separately while U. prolifera converged into large patches. On the
other hand, the former was mainly distributed in the central YS
while the later in coastal waters. From June 7, the coverage area
sharply reduced and floating Sargassum rafts were mainly dis-
tributed in waters west of Jeju Island. On June 22, no obvious sig-
nal of floating Sargassum rafts was observed in the studied area,
indicating the decay of golden tide.

3.2  Distribution and coverage areas of Sargassum blooms
In the first drifting path, signals of floating Sargassum were

weak and clouds always existed over the study area, making it dif-
ficult to accurately assess their coverage area. Figure 4 revealed
an increase of distribution area from October 2019 to January
2020 in the first drifting path. It should be noted that the distribu-
tion area might be underestimated in early January, due to thick
clouds persisted between Pyropia aquaculture area and Changji-
ang River Estuary. The timing of highest bloom distribution area
arrived earlier than that of peak bloom coverage area. From Janu-
ary to March, in the second drifting path, the distribution area
maintained at about 23 000 km2 while the coverage area in-
creased nearly 40 times (from 3.1 km2 to 128 km2). From March
to May, the distribution area increased nearly 4 times, while the
coverage area decreased slowly to 70 km2. The maximum distri-
bution area reached 87 500 km2 on May 20. Linear unmixing
models estimated that ACCM were 10.8 km2, 9.7 km2 and 7.5 km2

on March 21, April 25 and May 20, respectively. In June, both dis-
tribution and coverage areas of golden tides rapidly declined. No
more Sargassum bloom were detected in July and August, 2020.

3.3  Field validation
Field validation identified the floating brown macroalgae was

S. horneri (Fig. 5). On January 13, 2020, large amount of S. horneri
was stranding on the ropes, severely damaging the Pyropia
aquaculture rafts in the Subei Shoal. From May 17 to 19, visual
inspection along the cruise revealed that the floating Sargassum
rafts scattered in the central YS. The color of S. horneri was dark
brown in January yet pale yellow in May.

3.4  Changes of wind field and sea surface temperature (SST)
We examined the impacts of wind vectors and SST on the de-

velopment and drifting of floating Sargassum in the YS and ECS.
Northerly wind prevailed in the floating Sargassum bloom areas
from late October 2019 to April 2020. From May 2020 to August
2020, the wind direction turned northwards (vectors in Fig. 6). In
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the first drifting path, mean SST for the floating Sargassum distri-
bution area (SSTSarg) maintained above 18°C in October and
November (contours in Figs 6 and 7). SSTSarg decreased to 14.6°C
in December and to 8°C in January, respectively. In the second
path, SSTSarg was about 9°C in January, maintained 10−14°C from
February to April, increased to 16−17°C on May 20 and reached
nearly 20°C on June 7 (contours in Figs 6 and 7).

4  Discussion
Following the green tide caused by U. prolifera in the YS, S.

horneri has been the second macroalgal species forming trans-
regional blooms and affecting coastal aquaculture and economy
on both sides of the YS and ECS (Komatsu et al., 2007, 2008; Xing
et al., 2017; Liu et al., 2018; Byeon et al., 2019; Xiao et al., 2020a).
In this study, we investigated the development, distribution and
drifting of the Sargassum blooms in the YS and ECS throughout
the year from September 2019 to August 2020. Two successive
blooms were detected in the studied region, one small-scale
bloom proceeded in the western YS from October 2019 to Janu-

ary 2020, the other was widely distributed in offshore waters of
the South YS and North ECS during January to June 2020. And the
drifting and bloom development were found closely associated
with the wind trajectory and sea surface temperature. Hereafter,
we discussed the characters of Sargassum blooms from this
study, the differences with previous studies and the possible
reasons for these differences, which would assist our understand-
ing the bloom mechanism and future managements of the
golden tides in the YS and ECS.

4.1  Two successive drifting paths of Sargassum blooms
In the first drifting path, Sargassum bloom was detected from

late October 2019 to late January 2020. The bloom was onset near
the eastern tip of Shandong Peninsula, and expanded through
drifting southwards in the following 3 months. This drifting path
was consistent with previous results in 2016 (Xing et al., 2017), in-
dicating that the floating Sargassum that severely damaged the
seaweed aquaculture in Subei Shoal was not from local popula-
tion, but that originated near the eastern tip of Shandong Penin-
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Fig. 3.   The distribution area of floating Sargassum from October 2019 to January 2020 (a), from January 2020 to April 2020 (b) and
from April 2020 to June 2020 (c); two drifting paths of floating Sargassum in the Yellow Sea and East China Sea (d). The distribution
area on October 21, 2019 is indicated by black arrow in a. Red and black dots indicate the centroids of distribution area on each date
(in YYYYMMDD format). The distribution of green tide caused by Ulva prolifera was also included in c.
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sula or north (Fig. 4). In fact, the accumulation of S. horneri in the
Pyropia aquaculture areas has become a normal in recent years
(Xiao et al., 2020a; Liu et al., 2021).

The second drifting path lasted 6 months from January to
June 2020 and spanned larger spatial scale than the first one. The
Sargassum blooms were mainly distributed in the central YS and
northern ECS and co-occurred with U. prolifera green tide in the
western YS. The southward drifting path from January to April
differed from previous studies based on MODIS and numerical
particles simulations. Qi et al. (2017) reported a spring Sargas-
sum bloom originated from the offshore Zhejiang coast, trans-
ported to the northeast to reach South Korea (Jeju Island) and Ja-
pan coastal waters, and then to the northwest to enter the YS by
the end of April. This drifting pathway described by Qi et al.
(2017) was congruent with the hypotheses from Komatsu et al.
(2007, 2008). The southward drifting and expansion in this study

suggested that there could be another origin in the YS for the
spring blooms beside the one from Zhejiang offshore (Qi et al.,
2017). In May, floating Sargassum rafts were widely distributed in
the central YS and ECS, consistent with previous findings in 2017
(Qi et al., 2017). However, no transportation of floating Sargas-
sum from Zhejiang offshore was detected by Sentinel-2 of 10 m
spatial resolution in this study.

Tracing back to the origin of Sargassum bloom in the YS and
ECS is complicated by the wide geographic distribution and huge
genetic variation of both floating and benthic S. horneri (Hu et
al., 2011; Liu et al., 2018; Su et al., 2018; Li et al., 2020). Until now,
there is no report that floating S. horneri can complete its life
cycle in our studies area. Detached Sargassum thalli are still con-
sidered to be the main source of golden tide (Liu et al., 2018).
Due to the scattering characteristics and relatively small scales, it
is nearly impossible to identify the source of floating Sargassum
at its very early stage merely by high resolution images. Neverthe-
less, our results evidenced that the floating Sargassum was
mostly likely originated from the north instead of the south of the
YS-ECS. Recent years have seen huge amount of S. horneri
tangling along the Saccharina cultivation in Rongcheng at the
eastern end of Shandong Peninsula or even in Dalian and Chang-
dao in the northern YS (Liu et al., 2018; Su et al., 2018); Chao
Yuan’s personal observation). It was possible that these bio-
masses was manually discarded into the sea due to the serious
negative impacts on kelp farming and fisheries. Rafts of floating
S. horneri might be transported to the south under prevailing
wind and current systems. In the southwestern coastline of
Korean Peninsula, including Jeju Island, detached biomass of
benthic S. horneri reached maximum load of 1.6 kg wet weight
per square meter from January to March (Choi et al., 2020). Fur-
ther studies are needed to validate these potential sources’ con-
tribution.

4.2  Development and drifting of Sargassum blooms in relation to
environmental factors
Temperature significantly influences the growth and life cycle

of S. horneri (Wu et al., 2019), hence the occurrence and decay of
S. horneri floating blooms. Previous studies reported that S.

0

30

60

90

120

150

0

20 000

40 000

60 000

80 000

100 000

C
o
v
er

ag
e 

ar
ea

/k
m

2

Date

distribution area

coverage area

D
is

tr
ib

u
ti

o
n
 a

re
a/

k
m

2

20190823

20190922

20191022

20191121

20191221

20200120

20200219

20200320

20200419

20200519

20200618

20200718

20200817

 

Fig. 4.   The distribution and coverage areas of floating Sargassum in the Yellow Sea and East China Sea from October 2019 to June
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Fig. 5.   Field validation of Sargassum bloom in the Subei Shoal
on January 14 (a) and in the Yellow Sea on May 19, 2020 (b and c).
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horneri can grow over a wide range of temperatures (10−25°C).
The optimal growth temperature of S. horneri germlings is gener-
ally higher than that of adults (25°C vs 15°C) (Mikami et al., 2006;
Choi et al., 2009; Pang et al., 2009; Lin et al., 2017). In summer, S.
horneri germlings or vegetative parts remains are still short (Sun
et al., 2008) and the gas vesicles started to emerge in September
(Wu et al., 2020). As it takes time for S. horneri to gain enough gas
vesicles buoyancy to overcome the holdfast，this probably ex-
plained that floating bloom was not observed until October (Figs
3 and 4). The SSTSarg from October to December might benefit
growth of S. horneri. In the second path, the coverage area of Sar-
gassum bloom started with 3.1 km2 then increased from Febru-
ary to March by 40 times, likely coincident with the increase of
SSTSarg  from 9.3°C in January to 12.6°C in March (Fig. 7).

Sargassum horneri presents peak sexual reproduction at
16−18°C, after which the germlings sink to the bottom for benthic
life stage. On the other hand, more receptacles (Liu et al., 2018)

and fewer gas vesicles (Wu et al., 2020) during peak reproduction
might make S. horneri heavier and sink; even if not sink during
reproduction, the adult algae after reproduction will decay (Sun
et al., 2008), shed gas vesicles (Xu et al., 2016), lost buoyancy and
sink too. Although some floating adult S. horneri keep vegetative
growth instead of reproduction (Liu et al., 2018), they will cease
growth or senesce and lose buoyancy when sea temperature ex-
ceeds 20°C (Choi et al., 2009, 2020; Lin et al., 2017). The warming
of YS and ECS during June to August 2020 (Fig. 6) matched the
above conditions for sinking of S. horneri, either adults or
germlings. Once sank to waters deeper than 30 m in the central
YS and ECS, well below photic zone, S. horneri cannot grow or
survive to float again. This probably explained the fast decline of
floating S. horneri in June and vanish during late June to August
(Figs 3 and 4). Therefore, floating S. horneri is unable to com-
plete life cycle in the YS and ECS. It only blooms in seasons other
than summer in the YS and ECS, thus not holopelagic as S. fluit-
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ans and S. natans is in the North Atlantic (Brooks et al., 2018).
Wind vectors and surface currents are two important factors

influencing the drifting of floating seaweeds (Liu et al., 2013; Ko-
matsu et al., 2014; Wang et al., 2015, 2019). In 2012, floating Sar-
gassum rafts crossed the traditional boundary of Kuroshio Front,
and Komatsu et al. (2014) speculated that continuous strong
wind and anticyclonic eddy were two important causing factors.
In this study, the drifting directions of floating Sargassum rafts
were generally consistent with the prevailing wind vectors (Fig. 6).
The drifting directions of a surface layer generally went at a 45°
angle to the wind, indicating the importance of Ekman transport.
The drifting directions of floating Sargassum rafts seemed to be a
balance between the Coriolis force and the drags generated by
the winds. When wind directions turned northwards from April
2020, floating Sargassum rafts moved into the central YS from the
south. Naturally, most part of floating Sargassum is submerged
below the sea surface, indicating the importance of surface cur-
rent on their drifting. As observed in the first drifting path (Fig. 3),
the drifting directions agreed well with Chinese coastal currents
(Xu et al., 2009; Tak et al., 2016). However, the directions were
opposite to the northward Yellow Sea Warm Current in the
second path, suggesting that winds or wind-driven currents
provided stronger drag force.

Our field observations (Fig. 5) confirmed the existence of
floating Sargassum in our studied area. The changes in pigment-
ation of Sargassum might result from differences in light expos-
ure, physiological states or life stages (Wang et al., 2018). Re-
duced pigment contents were a common strategy for photosyn-
thetic organisms under high light and floating Sargassum were in
decay stage in late May, 2020. This also indicated that floating S.
horneri on different date might have different reflectance. We ad-
opted the normalization of [01DVI] to estimate the ACCM, which
could reduce the impact of reflectance changes on different date
and was suitable for comparison (Xing et al., 2017).

Management efforts are necessary to mitigate the potential
damages of macroalgal blooms. First, high resolution remote
sensing is suggested to monitor Sargassum blooms and provides
information to forecast their development and drifting trend, in
order to guide actions before their stranding. Second, strategies

are called to remove huge Sargassum biomass during the bloom.
Assuming a conserved data of 2 kg wet weight Sargassum of each
square meter bloom area (Mizuno et al., 2014), Sargassum bio-
mass was estimated to be 21 600 t during the bloom of peak cov-
erage area. Third, management strategies and actions need to be
adapted to the seasonality of S. horneri blooms in the YS and
ECS, in order to optimize efforts input and maximize effects out-
put.

5  Conclusions
In this study, we found that the seasonal cycle of SST con-

fined the seasonal occurrence of two Sargassum blooms in the YS
and ECS, one during October−next January and another from
January to June. The two Sargassum blooms’ drifting paths both
initiated from around 37°N, firstly moved southwards and corres-
ponded well with prevailing wind field until declined. Floating S.
horneri cannot complete its life cycle and only blooms in the YS
and ECS during seasons other than summer because of warmer
SST. The Sargassum bloom pattern reported in this study repres-
ented a one-year process in the YS and ECS. More extensive stud-
ies are needed to validate whether similar pattern exists in other
years and to examine the source of these Sargassum blooms.
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