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The study investigated the spatial and temporal variations of harmful algal bloom (HAB) species in 
the western South China Sea (SCS) for the period 1993–2007, using in situ HAB and remotely sensed 
datasets. A significant change in the dominant bloom species occurred during the study period. 
Trichodesmium erythraeum (Cyanophyta) was the dominant species from 1993 to 1999, usually 
occurring between March and July in the coastal waters of Binh Thuan Province, South Vietnam. 
Phaeocystis globosa (Haptophyta) dominated blooms from 2002 to 2007, usually occurring between 
June and September in the coastal waters of Ninh Thuan Province. Furthermore, most HAB species 
observed in the earlier period (1993–1999) were absent in latter period (2002–2007). These changes are 
attributable to environmental influences. Warm oligotrophic conditions likely favoured T. erythraeum 
whereas cooler eutrophic conditions favoured P. globosa. 
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Introduction

Harmful algal blooms (HABs) in both fresh and marine 
water bodies impact negatively on other organisms, ecosys-
tems, human health, recreation and/or fisheries (Smayda 
1997), and have therefore become an important global issue 
(Veldhuis and Wassmann 2005). Several of the HAB-forming 
species produce toxins, while others are considered harmful 
only because of the exceptionally high cell abundances that 
they may attain (Hallegraeff 1993). The prymnesiophyte, 
Phaeocystis globosa, is an example of a HAB species with 
the potential to generate a very high biomass, to dominate 
the phytoplankton community for extended periods and to 
affect fisheries, the tourist industry and local ecosystems 
(Lancelot et al. 1994, Brussaard et al. 1996, 2005). A better 
understanding of changes in bloom-forming algal species is 
important in addressing aquatic ecosystem health.

Owing to their damaging effects, toxic algal species of 
the South China Sea (SCS) have been widely studied in 
order to improve detection and monitoring (Qi et al. 1992, 
2004, Hodgkiss and Ho 1997, Tang et al. 1998, 1999, 
Nguyen and Doan 1996, Nguyen 1999). Some researchers 
have focused on algal species identification (Hodgkiss 
and Lu 2004, Azanza et al. 2005, Masuda et al. 2001) 
whereas others have reported on environmental factors 
influencing the development of HABs (Tang et al. 2003a, 
2003b, Usup et al. 2002). The harmful species, Phaeocystis 

globosa, was observed for the first time in the northern 
SCS in 1997 (Chen et al. 1999). However, the absence 
of previous records may merely be a consequence of the 
lack of long-term records. Assessment variations in algal 
species requires long-term records and the studies referred 
to above provide a good base for further investigation of the 
frequency and magnitude of specific algal bloom species 
over longer periods of time. 

The purpose of this study was to examine the algal bloom 
species in the coastal waters of the western SCS for the 
period 1993–2007 to establish: (1) which bloom species 
were present; (2) how these bloom species changed with 
time; and (3) the probable causes for these changes. The 
results of this study may be of use to better ascertain the 
potential threat that algal blooms pose to coastal foodwebs 
and human health.

Study area and data

The SCS is a marginal sea of the western Pacific Ocean, 
located in the tropical monsoon zone between the equator 
and the Tropic of Cancer (Figure 1a). The study area 
(Figure 1b) was located in the western SCS along the 
eastern Vietnamese coast, into which the Mekong River 
discharges. The region experiences seasonally reversed 
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tropical monsoons: a south-westerly monsoon first appears 
in May and expands to cover the entire basin of the SCS 
during July and August, whereas a north-easterly monsoon 
appears in late September (Shaw and Chao 1994). The 
region is complex in physical, chemical and ecological 
characteristics, and several newly recorded algal species 
have caused massive fish and marine mammal kills in 
addition to posing a threat to human health.

HAB data were collected and compiled from various 
sources, including government statistical reports from China 
and Vietnam, reliable websites, research journals, confer-
ence proceedings, newspapers, etc. A single HAB event 
was regarded as a reported observation that was separated 
both temporally and spatially from other events. There 
were no HAB records available for the study area prior to 
1990, so our effort was focused on HAB events reported or 
recorded during the period 1993–2007. Our study analysed 
the regional distribution and monthly incidences of algal 
bloom species, with particular attention to changes in the 
dominant algal bloom species.

Chlorophyll a (Chl a) images of 1 km × 1 km spatial 
resolution were derived from the Sea-viewing Wide 
Field-of-view Sensor (SeaWiFS) and processed through 
the SeaWiFS Data Analysis System (SeaDAS) using 
the Ocean Color 4-band algorithm (OC4, 4) (O’Reilly et 
al. 1998). Sea surface temperature (SST) data from the 
Advanced Very-High Resolution Radiometer (AVHRR) 
Pathfinder Version 5 SST Project (resolution 4 km, monthly 
averaged daytime data) were obtained from the website 
of the Physical Oceanography Distributed Active Archive 

Center (PODAAC) of the Jet Propulsion Laboratory (JPL), 
NASA (http://www.podaac.jpl.nasa.gov/sst). Wind speed 
and direction over the ocean surface were sourced from the 
NASA satellite Quick Scatterometer (QuikScat) measure-
ments of backscattered power (Wentz et al. 2001). Monthly 
averaged QuikScat wind vector images were produced by 
remote sensing systems sponsored by the NASA Ocean 
Vector Winds Science Team (http://www.ssmi.com/qscat/
qscat_description.html).

Results 

Spatial and temporal distribution of algal species
A total of 22 confirmed HAB events were recorded from 
1993 to 2007 in the western SCS (Table 1), the first of 
which was attributed to the cyanophyte T. erythraeum in 
1993 in the coastal waters of Binh Thuan Province (BTP) 
(Nguyen and Doan 1996). However, the actual number of 
HAB events is likely to be considerably higher, taking into 
account the number of unconfirmed observations of HABs 
by local fishers (Nguyen et al. 2003). 

Of the 22 HAB events, nine were located in the coastal 
waters of BTP and seven in the waters of Ninh Thuan 
Province (NTP) (Figure 2). Of the nine HABs occurring in the 
coastal waters of BTP, eight were caused by T. erythraeum 
during the period 1993–1999. In contrast, only one bloom of 
T. erythraeum was recorded in the coastal waters of NTP, 
which occurred in 1999. Most blooms off this province 
occurred after 2002 and were dominated by the haptophyte 
Phaeocystis globosa. 
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Figure 1: Map of the location of the study area in the western South China Sea, showing the Khanh Hoa Province (KHP), Ninh Thuan 
Province (NTP), Binh Thuan Province (BTP) and Kien Giang Province (KGP)  
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HABs caused by species occurring less often, such as 
those of Noctiluca scintillans, Trichodesmium thiebautii and 
Heterosigma sp., were observed mainly between February 
and July, with the exception of two blooms of Microcystis sp. 

in August and December in the coastal waters of Kien Giang 
Province (KGP). All blooms of T. erythraeum occurred between 
March and July (Figure 3a), whereas those of P. globosa were 
observed between June and September (Figure 3b). The 

Event Year Month Location (Province) Dominant species Phylum
1 1993 March Binh Thuan Trichodesmium erythraeum Cyanophyta
2 1995 February Khanh Hoa Noctiluca scintillans Dinophyta
3 1995 February Khanh Hoa Noctiluca scintillans Dinophyta
4 1995 May Binh Thuan Trichodesmium erythraeum Cyanophyta
5 1996 March Binh Thuan Trichodesmium erythraeum Cyanophyta
6 1996 March Khanh Hoa Noctiluca scintillans Dinophyta
7 1996 April Binh Thuan Trichodesmium erythraeum Cyanophyta
8 1996 May Binh Thuan Trichodesmium erythraeum Cyanophyta
9 1996 June Binh Thuan Trichodesmium erythraeum Cyanophyta

10 1996 July Binh Thuan Trichodesmium erythraeum Cyanophyta

11 1999 March Binh Thuan 
Trichodesmium erythraeum;
Trichodesmium thiebautii Cyanophyta

12 1999 March Ninh Thuan Trichodesmium erythraeum;
Trichodesmium thiebautii

Cyanophyta

13 2002 June Ninh Thuan Phaeocystis globosa Haptophyta
14 2002 July Binh Thuan Phaeocystis globosa Haptophyta
15 2002 July Khanh Hoa Heterosigma sp. Xanthophyta
16 2002 July Ninh Thuan Phaeocystis globosa Haptophyta
17 2002 July Ninh Thuan Phaeocystis globosa Haptophyta
18 2002 December Kien Giang Microcystis sp. Cyanophyta
19 2003 August Kien Giang Microcystis sp. Cyanophyta
20 2005 August Ninh Thuan Phaeocystis globosa Haptophyta
21 2006 August Ninh Thuan Phaeocystis globosa Haptophyta
22 2007 September Ninh Thuan Phaeocystis globosa Haptophyta
Sources: Nguyen and Doan (1996), Nguyen (1999), Nguyen et al. (2003), Tang et al. (2004a, 2004c), Wang et al. (2008)

Table 1: Harmful algal bloom events reported between 1993 and 2007 in the study area

Figure 2: Distribution of HABs by species and monthly occurrence 
by region from 1993 to 2007 in the western coastal waters of the 
South China Sea. Abbreviations as in Figure 1

(a) 

N
U

M
B

E
R

 O
F 

O
C

C
U

R
R

E
N

C
E

S

1

2

3

4

1

2

3

4

J J JF M A A S N DOM
MONTH

(b)

Trichodesmium erythraeum

 Phaeocystis globosa

Figure 3: Comparative numbers of occurrences of (a) Tricho-
desmium erythraeum and (b) Phaeocystis globosa by month during 
1993–2007

KGP

KHP

NTP

BTP

Noctiluca scintillans

Trichodesmium thiebautii
Trichodesmium erythraeum

Phaeocystis globosa

Heterosigma sp.

Microcystis sp.

N
U

M
B

E
R

 O
F 

H
A

B
s

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

J J JF M A A S N DOM
MONTH

South China Sea
KHP

NTP

BTP

KGP



Liu, Tang, Wang and Nguyen-Ngoc376

decay of blooms of P. globosa can cause excessive produc-
tion of foam, which can be detrimental to activities related to 
tourism and fisheries (Orton 1923).

Variation of algal species 
The HAB events recorded during this study were attributed 
to six species (Table 1, Figure 4a). The six blooms of 2002 
were attributed to three previously unrecorded algal species, 
P. globosa, Heterosigma sp. and Microcystis sp. (Box B 
in Figure 4a). In contrast, there were few new records of 
previously unrecorded species in other years (Table 1 and 
Figure 4a). It is therefore noteworthy that there was no 
overlap in those HAB species that dominated from 1993 to 
1999 with those that dominated from 2002 to 2007.

In all, 12 HAB events were observed between 1993 and 
1999 (Figure 4b, Table 1), with T. erythraeum responsible 
for nine of these events (Box C in Figure 4a). There were 
no observed HAB events in 2000 and 2001. However, 
these years were succeeded by another eventful year in 
2002, in which six blooms were recorded, of which four 
were dominated by P. globosa (Box B in Figure 4a). Two 
P. globosa blooms appeared in July of 2002 causing an 
estimated mortality of 90% of the animal and plant species 
around the tidal reefs of NTP. Since 2002, P. globosa has 
been the dominant HAB species responsible for seven of 
the blooms between 2002 and 2007 (Box D in Figure 4a).

Chl a, SST and wind in March 1999 and July 2002
During the period of study, the incidence of blooms was 
recorded in March 1999 and July 2002. Most of these 
blooms were dominated by species previously unknown to 
cause blooms within the region (Figure 4a and Table 1). 
Satellite data was used to characterise the environmental 
conditions of March 1999 and July 2002.

In 2002, a widespread algal bloom, depicted by high 
Chl a concentrations (red arrow in Figure 5d), was evident 
near the coasts of NTP and BTP. Moreover, a band of 
high Chl a, extending offshore from the NTP coastline to 
116° E, was formed in association with a cold plume of 
water. These satellite-observed blooms are considered to 
correspond to the reported P. globosa blooms during July 
2002 (Table 1). However, SeaWiFS images for March 
1999 (Figure 5a) indicated an absence of high Chl a in the 
coastal waters off NTP where Trichodesmium sp. had been 
reported to bloom at that time (Table 1). QuikScat data 
showed that the prevailing winds for July 2002 (Figure 5b) 
were strong south-westerly winds blowing parallel to the 
South Vietnamese coastline (red oval inset in Figure 5e). 
In contrast, in March 1999, the prevailing winds were weak 
north-easterly winds (Figure 5b). SST imagery implicated 
upwelling as an important mechanism in the development 
of HAB events. The image for July 2002 showed distinctly 
low-temperature waters (24–26 °C) on the coasts of the 

Figure 4: (a) Annual HAB species occurrence in the western South China Sea, 1993–2007. Trichodesmium erythraeum was the dominant 
bloom in most years during 1993–1999 (Box C); Phaeocystis globosa bloomed in most years during 2002–2007 (Box D). More species were 
found in both 1999 and 2002 (Boxes A and B); (b) annual HAB and algal species occurrences in the study area
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Figure 5: Remotely sensed images for Chl a, wind and SST for the study area in March 1999 (a, b, c) and July 2002 (d, e, f)

BTP and NTP (red arrow in Figure 5f) coincident with the 
location, shape, and timing of algal blooms (Table 1 and 
Figures 2, 5d).

Discussion

Comparsion of the T. erythraeum and P. globosa blooms
Our data revealed a distinct change in the species responsible 

for HABs during the study period. Trichodesmium erythraeum 
dominated from 1993 to 1999 in the coastal waters of BTP 
(Table 1, Figure 2) and in March 1999, and blooms of this 
species extended into the coastal waters of NTP (Table 1, 
and depicted by an arrow in Figure 2). However, from 2002, 
P. globosa dominated blooms in these waters (Tables 1, 2, 
Figure 4a). Ecologically, several factors contribute to a bloom 
of one or another species, specifically the combination of the 
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physiological characteristics of the phytoplankton and the 
temporary habitat conditions (Yamamoto and Okai 2000). 

Comparing T. erythraeum and P. globosa in terms of 
physiological characteristics and environmental prefer-
ences (Table 2), it is evident that the former species 
occurs and is more abundant in oligotrophic tropical and 
subtropical surface waters such as the Red Sea (Karl et 
al. 1997, Lugomela et al. 2002). In contrast, P. globosa is 
more common in coastal and oceanic temperate waters, 
such as the North Sea, and tends to bloom under eutrophic 
conditions (Baumann et al. 1994). Phaeocystis globosa 
also differs from T. erythraeum in that it has a polymorphic 
life cycle with a flagellated unicellular form, which favours 
eutrophic surface waters associated with upwelling. The 
flagellated unicellular form of P. globosa is able to swim 
to depth to obtain dissolved nutrients. Therefore, in 2002, 
when nutrients were distributed throughout the surface 
layers as a result of intense upwelling, P. globosa could 
obtain more nutrients than T. erythraeum, which lacks the 
ability to obtain nutrients at depth, enabling P. globosa 
to dominate the HAB. In contrast, due to the influence of 
the post-1998 El Niño event, upwelling was weak in the 
western SCS in 1998/1999 (Zhao and Tang 2007), which 
resulted in relatively lower levels of nutrients in the surface 
waters, and these oligotrophic conditions favoured T. 
erythraeum in 1999 (Yamamoto et al. 2002). 

Another possible factor accounting for the absence 
of reported T. erythraeum blooms in the latter part of the 
time-series may be the more turbulent mixing of surface 
waters, generated by the greater wind speeds occurring 
in 2002 (Figure 5e). Bloom formation of T. erythraeum is 
inhibited by turbulence (Table 2) as it is relatively fragile and 
is found in abundance only in surface waters during calm 
periods (Karl et al. 1992), whereas P. globosa readily thrives 
in well mixed waters.

Nutrient enrichment and other environmental factors
Apart from the physiological characteristics of phytoplankton, 
many others factors influence phytoplankton composition 

(Yamamoto et al. 2002). There is considerable evidence 
that certain phytoplankton tend to dominate during periods 
of relative nutrient enrichment and associated environmental 
regimes (Paerl 1988, Lomas and Glibert 1999, Smayda 
2000). 

In this study, the T. erythraeum blooms were observed 
many times between March and July in the coastal waters 
of BTP, where the Mekong River is the major source of 
freshwater. The high nutrient discharge associated with this 
river results in increased nitrate and ammonium concen-
trations along the coast (Zhu et al. 2003) and enhanced 
biological activity. As a consequence, BTP coastal waters 
frequently experienced spring and summer phytoplankton 
blooms, when these nutrient increases were at their highest 
levels as a result of increased river flow rates.

In contrast, wind-induced upwelling forced by the south-
westerly monsoon may be responsible for the different 
algal blooms frequently observed in the coastal waters of 
NTP from June to September (Corrales and Crisostomo 
1996, Lim et al. 2005). In that region, upwelling enriches 
the surface water layers of both the coast and open sea, 
favouring increased phytoplankton biomass and the high 
frequency of HABs (Tang et al. 2004b).

Other complex interactions between nutrient levels and 
oceanic environmental factors are likely to affect HAB 
occurrence, especially during El Niño and La Niña events, 
as well as during the transitional periods between them. 
However, the processes involved are not easily identi-
fied and explained without further in-depth research into 
the nature of the environmental conditions associated with 
measured nutrient levels and types.

Summary

Our investigations have shown a significant change of 
the dominant bloom-forming algae during the period 
1993–2007. From 1993 to 1999, T. erythraeum dominated 
blooms, typically between March and July. Subsequently, 
P. globosa dominated during the period 2002–2007 and 

Previous study Trichodesmium erythraeum Phaeocystis globosa

Biological features

Phylum Cyanophyta Haptophyta
Colour of cell Grey or brown Yellow-brown
Shape of cell Filamentous Spherical motile cell
Flagellate No Two flagella and a short haptonema
Toxin Release sulphureted hydrogen after death Release sulphureted hydrogen when bloom

Environmental
 factors

Temperature range Tropical and subtropical waters Temperate waters
Nutrient Oligotrophic surface waters Eutrophic surface waters
Physical factors Stable water mass Upwelling

Distribution and
occurrence

Distribution in the world Tanzania coastal waters, Australia Denmark, Norway, Arabian Bay
Typical distribution Red Sea The North Sea
Distribution in China Fujian Province, East Sea, Northern SCS East Sea, South China Sea
First occurrence in China Fujian Province in 1962 Guangdong Province in 1997

Present study

Year of occurrence 1993, 1995, 1996, 1999 2002, 2005, 2006, 2007
Month of occurrence March, April, May, June, July June, July, August, September
Distribution region Binh Thuan Province, Ninh Thuan Province Ninh Thuan Province
Environmental factors Meikong River discharge Wind-induced upwelling

Sources: Baudoux and Brussaard (2005), Chang et al. (2000), Lugomela et al. (2002), Karl et al. (1992)

Table 2: Comparison between two algal species Trichodesmium erythraeum and Phaeocystis globosa
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usually between June and September. In 2002, multiple 
blooms were observed and were dominated by species 
atypical to the region.

Regionally, from 1993 to 1997, the HAB blooms occurred 
mainly in the BTP coastal waters, where nutrient inputs from 
the Mekong River are considered to have favoured blooms 
of T. erythraeum. The only observation of T. erythraeum 
outside of the BTP was in NTP coastal waters in March 
1999. P. globosa dominated HAB events, where upwelling 
may have been a major factor from 2002 onwards and 
these occurred mainly in NTP coastal waters. The reason 
for the shift in algal blooms from the coastal waters of BTP 
to those of NTP requires further investigation. 
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