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Abstract
To investigate the impacts of nutrient concentrations and N:P:Si ratios on the ecosystem of the
Huanghai Sea (Yellow Sea), the current status and long-term variation of nutrients concentrations
and ratios as well as phytoplankton community structure in the Huanghai Sea were collected and
analyzed. The results reveal great annual and seasonal fluctuations in the nutrient concentrations
and N:P:Si ratios during 1998–2008 with no clear pattern observed in the whole region. Yet on
a seasonal scale of spring and in the coastal regions such as the Jiaozhou Bay and Sanggou Bay,
the increase of DIN concentration and N:P ratio as well as the decrease of phosphate and sili-
cate concentrations and Si:N ratios were relatively significant. Many pelagic ecosystem changes
have occurred concurrent with these changes of the nutrient regime, such as the recent increase of
primary production, changes of phytoplankton chlorophyll a biomass and abundance, an increase
of eutrophication, and occurrence of HABs. In addition, new trends in the variation of nutrients
seem to be developing in some particular transect such as 36◦N, which suggests that long-term and
systematic ecosystem monitoring in the Huanghai Sea is necessary.
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1 Introduction

The classical Redfield ratio of C106:N16:P1 is a
cornerstone of aquatic biogeochemistry (Sterner et al.,
2008; Geider and La Roche, 2002). This concept refers
to the relationship between the chemical composition
of organisms and of the water in which they grow and
decay. The Redfield ratio was later extended to in-
corporate also silica, i.e., C106:N16:P1:Si16 (Harrison
et al., 1977). Deviations in nutrient concentrations
from these proportions have been used as indicators
of the limitation of primary production in pelagic sys-
tems. The marine environment is often assumed nitro-
gen limited (Nixon et al., 1996), while freshwaters are
mainly thought as phosphorus limited (Correll, 1998;
Schindler, 1974).

Fertilizer and detergent usage, sewage discharge
and damming have significantly changed the nutri-
ent concentrations and their stoichiometric ratios in

the coastal areas through riverine input. The anthro-
pogenic input of N to riverine systems, and hence to
coastal waters from agricultural and domestic sources
have increased over recent decades possibly by a factor
of two to three globally (Jickells, 1998). The damming
of river systems for power generation, domestic con-
sumption or irrigation can lead to a net decrease in the
amount of silicate reaching the coast waters and recent
evidences suggests that silica has become a potential
limiting factor in some coastal waters (e.g., Conley
et al., 2000), including the Changjiang River Estuary
(Yangtze River Estuary) (Chai et al., 2009). This lim-
itation will affect the plankton composition, which in
a longer perspective may change the entire food web
(Humborg et al., 1997).

It was reported that changes in the proportions
of dissolved Si, N and P in riverine nutrient loads may
be important for coastal phytoplankton communities
(Justić et al., 1995). Officer and Ryther (1980) hypo-
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thesized that decreasing Si:N ratio may exacerbate
the effects of eutrophication by reducing the poten-
tial for diatom growth, in favour of noxious flagellates.
Smayda (1990) discussed the effect of change in Si:P
ratios on planktonic assemblages, in terms of a possi-
ble shift from diatom to flagellate dominance and also
with respect to changes in the species composition of
the diatom assemblage itself, and suggested that long-
term decline in Si:P ratios was associated with signif-
icant blooms of non-siliceous algae in coastal waters
worldwide. Turner et al. (1998) have proposed that
changes in the N:Si ratio of the Mississippi delta, po-
tentially shifting the diatom population from a state of
N to Si limitation, has markedly influenced the species
composition of the meso-zooplankton assemblage.

The Huanghai Sea is one of several regional seas
which are heavily influenced by human activities. Ac-
cording to previous studies, the Huanghai Sea ecosys-
tem has been experienced many unexpected changes
over the past several decades, including the changes of
nutrient concentrations and ratios in western coastal
waters and along particular transects (Lin et al., 2005;
Gao and Li, 2009); increased eutrophication and more
frequent occurrence of HABs, mainly on the Chi-
nese side (She, 1999); and changes in the composition
of both phytoplankton and zooplankton communities
(GEF/UNDP, 2007). In addition, two widespread and
ecologically notable abnormalities have been observed
in the Huanghai Sea–the significant increase in the jel-
lyfish blooms (Dong et al., 2010) and the recurrence
of massive blooms of macroalgal green tides since 2007
(Sun et al., 2008b).

Although some of the ecological changes are
strongly suggested to be linked with nutrient concen-
trations and stoichiometric ratios, relevant studies of
ecological relationships on large spatial and temporal
scale are fairly limited. The aims of the present study
were: (1) to study the variation of nutrient concentra-
tions and ratios in the Huanghai Sea, especially during
the last decade; (2) to study the changes in the ecosys-
tem, e.g., chlorophyll a, primary production, phyto-
plankton abundance, relative proportions of diatom
and dinoflagellates and the occurrence of HABs; and
(3) attempt to determine the impacts of changes in
nutrient levels and ratios on the phytoplankton com-
munity. The results are expected to serve well for
management policies in the Huanghai Sea based on
an improved understanding of how nutrients may have
influenced the observed ecosystem changes.

2 Material and methods

2.1 Study area

The Huanghai Sea is a semi-enclosed marginal
sea in northwestern Pacific that has an area of about
400 000 km2 with an average depth of 44 m and max-
imum depth about 100 m (Fig. 1). Being bounded by
China Mainland to the west and the Korean Peninsula
to the east, the Huanghai Sea is at the confluence of
warm and cold waters. Several tidal mixing fronts ex-
ist in the Huanghai Sea, including the front observed
around Shandong Peninsula, off Jiangsu Shoal, and off
two major bays west of the Korean Peninsula (Belkin
et al., 2009). A monsoon climate regime prevails in
this region. During the winter, a strong northerly
monsoon prevails over the area from late November to
early April. In the summer, a much weaker southerly
winds prevails. The Huanghe River, the Han River,
the Yalujiang River and the Changjiang River are
the main rivers discharge directly into the Huanghai
Sea. In addition to river runoff, other major potential
sources of nutrient inputs into the Huanghai Sea are
atmospheric deposition and intrusion of oceanic wa-
ter from the Kuroshio Current (Zhang et al., 1995).
It has also been widely recognized that the nutri-
ent concentrations of Huanghai Sea waters are very
high, and that the Yellow Sea Large Marine Ecosys-
tem (YSLME) is a Class I, highly productive ecosys-
tem (primary productivity greater than 300 g/(m2·a)
(Heileman and Jiang, 2009).

2.2 Data source

To achieve the aims of our study, the historic mon-
itoring data involving inorganic nutrient (DIN, PO3−

4 ,
SiO2−

3 ), phytoplankton biomass and community struc-
ture, etc. were collected from sources including the sci-
entific literature, YSLME national reports, published
atlases, related PhD and MS theses, and some pri-
mary data measured in the southern Huanghai Sea,
especially during four cruises conducted in 2006–2007.

The data were obtained from various important
projects conducted in the Huanghai Sea, including:
the China National Marine Integrated Investigation
(1959–1960); Marine Atlas (1984–1985); China-Korea
Joint Research on the Seawater Circulation Dynamics
in the Yellow Sea (1996–1998); China Coastal Inves-
tigation (1998–2000); Ecosystem Dynamics and Sus-
tainable Utilization of Marine Living Resources in the
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Fig.1. Topography of the Huanghai Sea and the location of transect 36◦N.

East China Sea and Yellow Sea (EYSEC, China
GLOBEC II) (1999–2004); China SOLAS (survey
conducted in the Huanghai Sea during 2005–2006);
China’s National Comprehensive Marine Investiga-
tion Project (908 project, 2006–2007); and the
UNDP/GEF YSLME winter and summer cruises
(2008).

3 Results

3.1 Long-term changes of nutrient concentra-

tions and element ratios in the Huanghai

Sea

The nutrient concentrations and element ratios
collected in the southern Huanghai Sea are summa-
rized in Table 1. The nutrient concentrations showed
great seasonal and annual variabilities. From 1998 to
2008, the average DIN concentrations in the southern
Huanghai Sea varied between 1.12 and 10.2 µmol/L.
Except in 2000 and 2001, the DIN concentrations were
all above 4 µmol/L. The average phosphate concen-
tration varied between 0.04 and 0.73 µmol/L; in most

years the value was below 0.3 µmol/L. Except in win-
ter of 2008, measured phosphate concentrations were
all lower than that in the spring of 1959. The average
silicate concentration varied between 2.75 µmol/L and
16.6 µmol/L with significantly high values recorded in
1959 and 2001. The range and mean value of N:P
ratios showed great annual and seasonal variations.
Due to the differences in the purposes for studies, the
sampling stations occupied were different among the
cruises. So comparison between nutrient concentra-
tions and element ratios should be made with caution.
Generally, no clear variation trend can be identified on
the basis of the data collected so far. However, the nu-
trient level in the southern Huanghai Sea showed sig-
nificant seasonality. Therefore, we extracted the data
recorded during spring and made a further comparison
for this particular season (Figs 2 and 3).

In spring, the DIN concentration seemed to show
a slight increasing trend in the past 10 a, while phos-
phate and silicate concentrations showed a decreasing
trend compared with 50 a ago. Correspondingly, the
N:P ratio showed an increasing trend and Si:N ratio
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Table 1. Nutrient concentration (µmol/L) and N:P:Si ratios in the southern Huanghai Sea
Date DIN PO3−

4 SiO2−
3 N:P Si:N Si:P Reference

Spring 1959 – (0.45) (16.6) – – – Gao and Li

(2009)

1998 (5.1) (0.28) (4.5) (18.2) – – Gao and Li

(2009)

May 1998 – – – 5.27–76.8 0.83–13.40 – Wang et al.

(2003)

Mar.–Apr. – – – (17.8) (3.3) (54.5) Gao et al.

2001 (2004)

May 2001 (1.16) (0.08) (13.1) 4.3–557.6 – – Gao et al.

(17) (2003)

Mar. 2005 (8.68) (0.75) (6.74) 1.30–50.8 0.06–3.13 0.77–65.0 Xu (2007)

(17.66) (0.98) (17.99)

May 2005 (6.18) (0.25) (2.75) 2.22–80.2 0.07–3.81 1.76–58.3 Xu (2007)

(25.1) (1.05) (24.9)

Apr. 2006 (4.11) (0.14) (6.42) 8.32–149.29 0.14–8.14 8.08–181.52 Xu (2007)

(39.41) (1.90) (55.81)

Apr. 2007 (6.36) (0.28) (4.5) 1.4–117.3 0.1–12.6 2.1–74.4 908 Project

(19.9) (1.7) (23.0)

Summer Jul.–Aug. – – – 3.66–19.5 0.85–10.54 – Wang et al.

1998 (2003)

Jun. 2000 (1.12) (0.04) – 4.8–812.5 – – Gao et al.

(237) (2003)

Jun. 2001 (1.82) (0.05) (14.1) 7.2–423.1 0.2–75.33 – Gao et al.

(66.6) (16.8) (2003)

Jun. 2004 (9.75) – (3.9) 18–88 – – Sun et al.

(2008a)

Jul.–Aug. 0.11–10.1 0–0.81 0–39.4 0.8–1832.6 0–21.7 0–579.1 908 Project

2006 (5.05) (0.15) (4.63) (104.8) (1.9) (41.1)

Aug. 2008 0.24–18.17 0.01–0.13 0.01–8.16 8.19–272.23 0–31.81 0.26–331.02 YSLME

(2.68) (0.05) (2.78) (64.45) (2.64) (80.30) summer cruise

Autumn Oct.–Nov. – – – 7.12–52.4 0.82–8.58 – Wang et al.

1997 (2003)

Oct.–Nov. – – – (30.7) (8.1) (163.6) Gao et al.

2000 (2004)

Nov. 2002 (10.2) – (4.5) 39–63 – – Sun et al.

(2008a)

Oct.–Nov. (8.78) (0.19) (7.16) 12.3–16130 0.2–3.1 17.5–5876.6 908 Project

2007 (676.5) (1.0) (648.7)

Winter Jan. 1999 – – – 6.56–28.8 1–2.97 – Wang et al.

(2003)

Jan. 2003 (8.55) – (6.3) 22–34 – – Sun et al.

(2008a)

Jan. 2007 (6.84) (0.32) (7.84) 4.1–177.6 0.3–8.2 4.6–68.2 908 Project

(23.2) (1.3) (25.8)

Jan. 2008 6.77–13.37 0.33–1.66 6.89–14.07 5.27–22.80 0.59–1.85 4.80–28.95 YSLME

(9.11) (0.73) (9.57) (14.91) (1.10) (16.35) winter

Notes: Means are denoted in parentheses; “–”: no data.

Fig.2. Variation of nutrient concentration in the southern Huanghai Sea during spring.
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Fig.3. Variation of nutrient ratios in the southern Huanghai Sea during spring.

Fig.4. Variation water-column averaged nutrient concentrations along the 36◦N transect [1976–2000: Lin

et al. (2005); 2007 (black dot): National Comprehensive Marine Investigation Project; 2008 (black dot):

YSLME joint-cruises].

showed a decreasing trend (Fig. 2).
A further comparison of nutrient variation trend

was made at the particular transect of 36◦N with the
results of Lin et al. (2005) for depth-averaged nu-
trient concentrations for the time period 1975–2000.
The DIN concentration showed an increasing trend,
and the concentrations in 2007 and 2008 were much
higher than the measurements before 2000 (Fig. 4).
But the concentration of phosphate and silicate mea-
sured in 2007 and 2008 did not conform to the decline
trend revealed before 2000, and both nutrients concen-
trations were significantly higher than the prediction
(Fig. 4). The positive trends of DIN in the Huang-
hai Sea during the observation period were consistent
with the rise of DIN observed throughout the global
marginal seas. The results hint that changes of envi-
ronmental parameters in the Huanghai Sea might de-
viate from the trends revealed by Lin et al. (2005). A
further evaluation of environmental changes and the
responses of the ecosystems of the Huanghai Sea is
necessary.

On the west coast of the Huanghai Sea, the envi-
ronmental changes in the Jiaozhou Bay and Sanggou

Bay have received much attention. Significant increase
of DIN and N:P ratio and sharp decrease of silicate and
Si:N ratios were reported in these two bays during the
past several decades (Zhao et al., 2005; Fu et al., 2012).
This might be seen as an enlarged ecological signal of
the Huanghai Sea ecosystem which means if this trend
continues, the Huanghai Sea ecosystem could be sim-
ilarly endangered.

3.2 Trends in variation of phytoplankton com-

munity in the Huanghai Sea

3.2.1 Chlorophyll a
The average Chl-a concentration in the surface

water of the southern Huanghai Sea varied between
0.11 mg/m3 and 1.62 mg/m3 during 1983–2008. The
Chl-a concentrations were lower during 1996–1998 as
compared with 1983–1986, followed by the suggestion
of an increasing trend through at least 2007, with
the highest values of the record during 2006–2007, all
higher than 1 mg/m3 (Fig. 5).
3.2.2 Cell abundance

Phytoplankton cell abundance (net samples) has
shown great fluctuations in the past 50 a, spanning at
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Fig.5. Variation of chlorophyll a concentrations in southern Huanghai Sea [1983–1986: Zhu et al. (1993);

1996–1998: Wang (2001, 2003); 1998–2001: FIO unpublished data and Huang et al. (2006); 2002: Li et al.

(2004); 2005: Zheng et al. (2006); 2006–2007: National Marine Comprehensive investigation; 2008: YSLME

winter and summer joint cruise].

least four orders of magnitudes over the record (Fig.
6). The highest abundance was recorded during sum-
mer 2006 (63 363×104 cell/m3) whereas the lowest
value was only 2.59×104 cell/m3, recorded during May
2005. At present, no clear trend can be discerned in

the historic dataset.
3.3.3 Primary production

The primary production varied between 7.6
mg/(m2·d) and 653.8 mg/(m2·d) recorded in winter
of 1996–1998 and summer of 2000 respectively. The

Fig.6. Variation of phytoplankton cell abundance in the southern Huanghai Sea [1959–1960: monthly

average, First Institute of Oceanography; 1984–1985: Marine Atlas Editorial Committee (1993); 1985–1986,

1998–2000: Wang (2001); 2001–2002: FIO unpublished data and Wang (2003); 2005: Xu (2007); 2006–2007:

National Marine Comprehensive Investigation; 2008: YSLME winter and summer joint cruise].
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seasonal variations of primary production were some-
what consistent, with highest value in either spring or
summer each year, and lowest values in winter (Fig.
7). Like the variation trend of chlorophyll a concen-
tration, primary production declined from 1983–1986
to 1996–1998 and obviously increased since the end

of the 1990s. The primary production measurements
during 1998–2000 were all higher than those obtained
during 2006–2007. A contributing factor may be that
the investigation conducted during 1998–2000 covered
the northern Huanghai Sea which normally has a rel-
atively higher primary production.

Fig.7. Variation of primary production in the southern Huanghai Sea (1983–1986, 1996: Zhu et al., 1993

and Lin et al., 2005; 1998–2000: FIO unpublished data; 2006–2007: National Marine Comprehensive inves-

tigation; 2008: YSLME winter and summer joint cruise).

3.3.4 Relative contributions of diatom and dinoflagel-
lates

In spring the percentage of diatoms in the to-
tal phytoplankton abundance dropped from 88.9% in
1986 to 69.5% in 1998, while that of dinoflagellates
increased from 11.1% to 30.5% in the same period in
the whole Huanghai Sea (Table 2). And in the south-
ern Huanghai Sea the contribution of diatoms further
decreased to 50.89% in May of 2005. Yet we have to
notice that the time of investigation is an important
influence in the assessment of the phytoplankton com-
munity, for example in March and April the diatoms
were still predominant (>98%) in the phytoplankton
community (Table 2). So from the viewpoint of sea-

sonal scale, the percentage of diatom might not de-
crease in spring (March to May).
3.3.5 Occurrence of HABs

A total of 138 HAB events were recorded since
1972 among which 95 occurred in the last 10 a. The
occurrence sites of HABs along the west coast of the
Huanghai Sea coincided with the most polluted and
eutrophicated area (Fig. 8).

In the 1990s, Smayda summarized the dataset
collected from all over the world and came to this
conclusion that the increase of HABs occurrence in
the coastal waters was the result of eutrophication
(Smayda, 1990). Since then, much evidence supports
the inferred linkage between the increase in nutrient

Table 2. Relative contribution of diatoms and dinoflagellates to total phytoplankton abundance in the Huanghai Sea

during spring (net sample)

Diatom (%) Dinoflagellate (%) Reference

May 1986 88.9 11.1 Wang (2001)

May 1998 69.5 30.5 Wang (2001)

Mar. 2005 99.72 0.28 Xu (2007)

May 2005 50.89 49.11 Xu (2007)

Apr. 2006 99.63 0.37 Xu (2007)

Apr. 2007 98.8 1.2 National Marine Comprehensive investigation
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Fig.8. Occurrence frequency of HABs in the Huanghai Sea during 1972-2008 (left: State Oceanic Adminis-

tration, China) and the occurrence sits of HABs in the west coast of the Huanghai Sea (right: courtesy of

Prof. Li Ruixiang).

loading and supply ratio with the development of some
HABs and changes in phytoplankton species composi-
tion, including that in the coastal region of the Huang-
hai Sea.

In the west coastal area of the Huanghai Sea, se-
rious eutrophication and higher N:P ratios have been
identified as the environmental conditions for the oc-
currence of HABs in the Haizhou Bay (Cheng et al.,
2009) and the Jiaozhou Bay (Han et al., 2004). This
could be seen as evidence of ecosystem response to the
changes of nutrient concentration and element ratios.

4 Discussion

With the process of industrialization and urban-
ization, massive and increasing quantities of industrial,
agricultural and sewage effluents with abundant nutri-
ents (nitrogen and phosphorus in particular) have been
discharged into the coastal waters through a variety of
pathways. Damming of the rivers has reduced the wa-
ter and silicate flux into the coastal regions. These
activities would largely alter the size and composition
of the nutrient pool of the marine environments which
caused eutrophication and many other negative eco-
logical consequences especially to the phytoplankton
community.

4.1 Possible causes of changes in nutrient con-

centrations and ratios in the Huanghai

Sea

Riverine transportation and atmospheric deposi-
tion are the major sources of nutrient to the Huang-
hai Sea ecosystem (Zhang and Liu, 1994; Bashkin et
al., 2002; Zhang et al., 2007). Influenced by the in-

creasing usage of fertilizer and domestic discharge, the
concentration and composition of nutrient sources to
the rivers have been significantly changed (Paerl, 2006;
Fan and Huang, 2008; Gao and Wang, 2008). For ex-
ample, in the Changjiang River watershed, the usage
of chemical fertilizer increased three times in the past
20 a from 3.02×106 t in 1980 to 9.37×106 t in 1996
(Cai and Chen, 1997). According to Yan and Zhang
(2003), the flux of nitrogen entering the Changjiang
River was 7.8×106 t in 1997 which was about three
times of 1968.

In addition, the N:P ratio in the river was much
higher than in the ocean, for instance, the N:P ratio in
the rivers entering the Huanghai Sea was about 106:1
(Zhang and Liu, 1994). Atmosphere deposition was
another source of nutrient input to the Huanghai Sea
by which the flux of DIN and phosphate was in the
same magnitude as from the river. And the N:P ra-
tio in the atmospheric deposit was about 84:1, which
was also significantly higher than in the ocean. So the
increase of DIN concentrations was mainly due to the
combined contributions of riverine nitrogen input and
atmosphere deposition.

The transportation of silicate by atmospheric de-
position was negligible compared with DIN and phos-
phate. The decrease of silicate in the Huanghai Sea
was attributed to the damming of river systems which
led to a net decrease in the amount of silicate reach-
ing the coast. However, for phosphate, no evidence
showed the input through the river transport de-
creased in the last several decades. Some researchers
suggested that the decrease of phosphate might be due
to the increasing load of DIN which increased the pri-
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mary production of phytoplankton thus enhanced the
consumption of phosphate (Gao and Li, 2009).

4.2 Relationships between nutrient change and

ecosystem responses

4.2.1 Recent general increasing trend of primary pro-
duction

Phytoplankton growth depends largely on the
availability of inorganic nutrients. Thus, one of the
nutrient enrichment effects may increase the phyto-
plankton productivity (Hodgkiss and Lu, 2004). This
has been evidenced by the high primary production
distribution along the nutrient-rich coastal region and
upwelling area. In the Huanghai Sea, the phytoplank-
ton primary production obviously increased since the
end of the 1990s (Fig. 5) which was coincident with
the increase of DIN concentrations during the last 10
a (Fig. 2 and Table 1).

Besides the nutrient increase caused by anthro-
pogenic activities, during the last century, the winter
monsoon has enhanced and this would increase the
material transportation to the Huanghai Sea through
coastal currents and atmospheric deposition (Lin et
al., 2005; Xing et al., 2009). At the same time, the en-
hanced winter monsoon would increase the mixing ex-
tent of water column which would bring more nutrients
from the deep waters to the euphotic zone. In addi-
tion, the N:P ratio in the river and atmospheric deposi-
tion entering the Huanghai Sea were both much higher
than in the ocean as mentioned in Section 4.1. This
would help to relax the N-limitation of the ocean en-
vironment and enhance the primary production (Gao
and Wang, 2008). The observations in the Changjiang
River Estuary have verified the enhancement of bio-
logical production due to the material flux change of
Changjiang River (Gao and Wang, 2008; Zhou et al.,
2008). So the change of primary production in the
Huanghai Sea was caused by the changes of nutrient
concentrations and composition induced by both hu-
man activity and climate change.
4.2.2 Nutrient ratio and phytoplankton community

structure
The nutrient supply and its ratios have a decisive

effect on the species composition of the phytoplankton
since different algal species have different nutrient re-
quirements (Hodgkiss and Lu, 2004). Diatoms are in
general fast growing species under non-limiting condi-
tions and demonstrate a higher growth rate than flag-
ellates at similar volumes (Banse, 1982). Given suffi-
cient nutrients and silicate concentration higher than

a threshold concentration of approximately 2 µmol/L
silicate (Egge and Aksnes, 1992), diatoms have been
observed to dominate the phytoplankton community.
In addition, the mesocosm experiment conducted in
the North Sea suggests that diatoms are poor competi-
tors at low phosphate concentrations (on the average
0.1 µmol/L) (Egge, 1998).

In the Huanghai Sea, the seasonal succession of
the phytoplankton community during spring of 2005
showed a similar trend (Table 2). Based on the obser-
vational data, from March to May, the nutrient con-
centrations decreased due to the consumption by phy-
toplankton. Because nitrogen was generally in excess,
the N:P ratio tended to increase and P-limitation was
likely to occur as nutrients were drawn down. At the
same time, the contribution of diatoms declined from
99.72% to 50.89%, possibly caused by the changes of
N:P ratios.

Another reason might be the possible change of
silicate concentration and the Si:N ratio. According
to the literature, long time series analysis of phyto-
plankton abundance and composition in coastal areas
indicates that flagellates have become more abundant
compared with diatoms (Smayda, 1990) and the de-
crease in the Si:N ratio has probably been responsi-
ble for this tendency (Officer and Ryther, 1980; Egge
and Aksnes, 1992). The influence of Si:N ratio on the
phytoplankton species composition was verified in the
Changjiang River Estuary through oceanographic in-
vestigations conducted during 1998–2004 (Gong et al.,
2006). Diatoms used to be the most abundant phy-
toplankton species in the Changjiang Diluted Water
influenced area, yet after the construction of Three
Gorges Dam, the Si:N ratio declined from 1.5 to
0.4 and the flagellates (e.g., prymnesiophytes, crypto-
phytes and chryophytes) became the dominant species
in 2003. The authors proposed that the phytoplankton
community changes because of Si limitation (Gong et
al., 2006). In the Huanghai Sea, although the change
of Si:N ratio was not obvious, the source of silicate
was believed to be reduced due to the damming of
the rivers. Thus, although the data collected so far
cannot support a clear variation trend of phytoplank-
ton species composition, a declining ratio of diatoms
might be predicted due to the deficiency of phosphate
and silicate of the Huanghai Sea.
4.2.3 Nutrient ratio and occurrence of HABs

In the past few decades there has been accu-
mulating evidence from around the world to suggest
that coastal marine phytoplankton blooms have in-
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creased in frequency, intensity and geographic distri-
bution (Hodgkiss and Ho, 1997). Undoubtedly, a po-
tential relationship exists between red tides and the N
and P load of coastal waters, and the linkage between
HAB occurrence and accelerated eutrophication have
been noted within the past three decades. However,
more and more studies suggest that compared with the
absolute nutrient concentrations, nutrient ratios (such
as N:P and Si:P) are far more important regulators in
the bloom forming and species compositions of HABs
(Hodgkiss and Ho, 1997; Anderson et al., 2002).

As mentioned above, human activities have
largely altered the size and composition of nutrient
pools in coastal areas, which might create a more fa-
vorable nutrient environment for certain HAB species.
And several toxic flagellate blooms have occurred in
water masses characterized by high N:P ratios and
phosphate deficiency (Maestrini and Granéli, 1991;
Kaartvedt et al., 1991).

HABs in Tolo Harbor in Hong Kong showed a
distinct relationship with nutrient ratios. Hodgkiss
and Ho (1997) demonstrated that the number of di-
noflagellate red tides increased as the annually aver-
aged N:P ratio fell from 20:1 to 11:1 between 1982
and 1989. Another example is in the coastal area
of the North Sea. A 23-a time series of survey data
off the German coast showed a 4-fold increase in the
N:Si and P:Si ratios which was accompanied by a de-
crease in the diatom community and an increase in
the occurrence of foam-producing Phaeocystis blooms
(Radach et al., 1990). On the west coast of the Huang-
hai Sea, the occurrence of HABs increased substan-
tially during the last 10 a (Fig. 8) and more non-
diatom species blooms were recorded such as Alaxan-
drium tamarence, Gymnodinium catenatum, Noctiluca
scintillans, Alaxandrium affine, and Gonyaulax poly-
gramma. This process was accompanied by the accel-
erated eutrophication and alteration of nutrient ratios
(Han et al., 2004; Cheng et al., 2009). This could
be seen as the evidence of ecosystem response to the
changes of nutrient concentration and element ratios.

5 Conclusions

Changes in nutrient concentrations and ratios,
and their possible ecological consequences in the
Huanghai Sea were studied in this work. Although
in the whole region, the nutrient concentrations and
N:P:Si ratios revealed great annual and seasonal fluc-
tuations and no clear pattern were observed—perhaps

due to the scarcity of dada—an increase of DIN con-
centration and N:P ratio as well as the decrease of
phosphate and silicate concentrations and Si:N ratios
were displayed on seasonal scale and in coastal regions.
Many pelagic ecosystem changes have been strongly
related to the changes of the inorganic nutrient sup-
plies, such as the recent increase of primary produc-
tion, changes of phytoplankton biomass and abun-
dance, increase of eutrophication, and occurrence of
HABs. In addition, a fairly clear temporal trend in
nutrient conditions has been detected on the transect
at 36◦N, which suggests that long-term and system-
atic ecosystem monitoring in the Huanghai Sea is nec-
essary.
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