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Abstract
Phytoplankton productivity and community structure in marginal seas have been altered significantly dur-
ing the past three decades, but it is still a challenge to distinguish the forcing mechanisms between climate 
change and anthropogenic activities. High time-resolution biomarker records of two 210Pb-dated sediment 
cores (#34: 28.5°N, 122.272°E; CJ12-1269: 28.861 9°N, 122.515 3°E) from the Min-Zhe coastal mud area were 
compared to reveal changes of phytoplankton productivity and community structure over the past 100 
years. Phytoplankton productivity started to increase gradually from the 1970s and increased rapidly after 
the late 1990s at Site #34; and it started to increase gradually from the middle 1960s and increased rapidly 
after the late 1980s at Site CJ12-1269. Productivity of Core CJ12-1269 was higher than that of Core #34. Phy-
toplankton community structure variations displayed opposite patterns in the two cores. The decreasing 
D/B (dinosterol/brassicasterol) ratio of Core #34 since the 1960s revealed increased diatom contribution 
to total productivity. In contrast, the increasing D/B ratio of Core CJ12-1269 since the 1950s indicated in-
creased dinoflagellate contribution to total productivity. Both the productivity increase and the increased 
dinoflagellate contribution in Core CJ12-1269 since the 1950–1960s were mainly caused by anthropogenic 
activities, as the location was closer to the Changjiang River Estuary with higher nutrient concentration and 
decreasing Si/N ratios. However, increased diatom contribution in Core #34 is proposed to be caused by 
increased coastal upwelling, with higher nutrient concentration and higher Si/N ratios.
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1 Introduction
Due to enhanced human activity, the Changjiang River (CR) 

drainage basin has experienced significant changes during the 
past century, and these changes have affected both the envi-
ronments and ecosystem of the Changjiang River Estuary (CRE) 
(Liu et al., 2002; Wang 2006) and the East China Sea (ECS) shelf 
region (Zhou et al., 2003; Zhu et al., 2011). For example, it has 
been shown that increases of DIN concentration in the CR have 
been the main causes of productivity increases in the CRE over 
the last few decades (Wang, 2006; Zhou et al., 2008), and eutro-
phication is one of the main drivers of hypoxia area expansion 
near the CRE from 1959 to 2006 (Zhou et al., 2009). For the eco-
system, the most noticeable changes have been characterized 
by decreased biodiversity (Wang et al., 2004) and the increased 
frequency of harmful algal blooms (HABs) in the coastal areas 
since the 1970s (Zhou et al., 2008; Glibert et al., 2011). The in-
creases in dinoflagellate blooms since the 1990s (Zhou et al., 
2001) are correlated with decreased Si/N in the CRE. However, 

field survey and historic data both lack the resolution to evalu-
ate the spatial and temporal extent of anthropogenic influences 
on the ECS environment and ecosystem. For example, Kim et 
al. (2011) showed that only the very recent (since around 2000) 
nutrient and ecosystem changes in the Cheju Island area of the 
ECS have been significantly affected by anthropogenic activi-
ties, mostly by atmospheric deposition of DIN.

Sediment reconstruction offers an alternative approach to 
expand the records of environmental and ecosystem changes 
to periods driven mostly by natural processes. Recently, recon-
structions based on phytoplankton lipid biomarker contents 
and pigments have been successfully applied to estimate eco-
system changes in the marginal seas of China, including the 
Yellow Sea (YS), the ECS and the South China Sea (SCS) (Jeng 
and Huh, 2004; Hu et al., 2008; Zhang et al., 2008; Xing et al., 
2009；Zhao et al., 2009; Li et al., 2011; Zhao et al., 2012). Most 
of these records revealed enhanced productivity and hypoxia 
since the 1960s (Li et al., 2011; Zhao et al., 2012) in the CRE ar-
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eas. However, there are very few reports on the application of 
phytoplankton lipid biomarkers for the reconstruction of coast-
al productivity and community structure changes around Chi-
na (Ding et al., 2010), even though these areas have been altered 
significantly by human activities since the 1950s.

Sediment cores from the CRE mud area and the Min-Zhe 
coastal mud area have been used for the reconstruction of en-
vironmental changes (Guo et al., 2003, 2006; Feng et al., 2008). 
The Min-Zhe coastal mud area, with water depth shallower than 
60 m, is located south of the CRE. The source materials in this 
region are mostly from Changjiang River inputs, and they were 
typically from re-suspended CRE materials during the winter 
season when the coastal current is much stronger, driven by the 
EAWM (Fig. 1). However, significant biogenic materials are also 
deposited during the summer and upwelling seasons when pro-
ductivity is high. 

The aims of this study are (1) to generate molecular re-
cords of phytoplankton productivity and community structure 
changes in the Zhejiang coastal region using Core #34, and (2) to 
compare records from Core #34 with similar records from Core 
CJ12-1269 from this area to evaluate the spatial extent of an-
thropogenic influences on the coastal environment and ecology. 
For this preliminary study, three biomarker results are reported: 
brassicasterol (B) for diatoms, dinosterol (D) for dinoflagellates, 
C37 alkenones (A) for haptophytes. The biomarker approach is 
especially suited for this study for several reasons. First of all, 
previous studies have demonstrated that dinosterol is a specific 
biomarker for coastal regions while the preservation of dinofla-
gellate cysts are very limited; Secondly, alkenones are detectable 
and useful biomarkers for haptophytes in the ECS shelf while 
the rare occurrence of coccoliths in sediments of the ECS made 
them very limited use for coccolithophorid reconstruction. Fi-
nally, biomarker ratios have been proven to be a useful proxy for 
phytoplankton community structure as this ratio is mainly con-
trolled by photic zone production rather than preservation, due 
to the similar diagenetic properties of the biomarkers.

2 Materials and methods

2.1 Materials
Core #34 (28.5°N, 122.272°E; water depth 51 m) from the 

Min-Zhe coastal mud area (Fig. 1) was collected using a boxcore 
in July 2011, with a total core length of 57.5 cm. Sediments of the 
core were sampled at 1 cm intervals. Core CJ12-1269 (28.86°N, 
122.52°E; water depth 58 m) was collected using a gravity corer 
in June 2006, with a total core length of 290 cm. Samples were 
split at 2 cm or 4 cm intervals in the top 62 cm of the core, 10 cm 
intervals from 62 cm to 282 cm and 3 cm intervals for the last 
three samples.

2.2 Methods

2.2.1 Age model
The age model for Core #34 is established using the excess 

210Pb profile, which reveals a sedimentation rate of 0.48 cm/a 
and a core bottom (57.5 cm) age of 1892. The sedimentation 
rate is near the lower value of the rate range for this region (Shi 
et al., 2010). The age model of Core CJ12-1269 has been reported 
by Feng et al. (2013) and is also plotted in Fig. 2, which results in 
a sedimentation rate of 2.13 cm/a. 

Overall, the main material source for the Min-Zhe coastal 
mud area is the resuspended particles from the Changjiang 
River Estuary, which are moved by the Zhejiang Coastal Cur-
rent (ZJCC) and deposited along the coastal area. Average sedi-
ment rate is 1.97 cm/a (Shi et al., 2010), but it can vary signifi-
cantly based on hydrodynamics. Core CJ12-1269 is closer to the 
Changjiang River Estuary and can receive more material sup-
ply, which could be one reason for the higher sediment rate of 
Core CJ12-1269. On the other hand, Core #34 is more affected by 
the northward Taiwan Warm Current (TWC) which can prevent 
Changjiang River Estuary material deposition, resulted in lower 
sedimentation rate.
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Fig.1. A map of the core sites (●) and the surface water current system in the southern Yellow Sea and the northern East China Sea. 
The shaded areas  represent mud depositions in the East China Sea. SBCC represents Su Bei Coastal Current, YSWC Yellow Sea 
Warm Current, CDW Changjiang Diluted Water, ZJCC Zhejiang Coastal Current, and TWC Taiwan Warm Current.
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2.2.2 Analysis of biomarkers
Lipid biomarker analysis is carried out using widely-used 

procedures (Zhao et al., 2006), and is described here briefly. 
Freeze-dried samples were extracted four times with a mixture 
of dichloromethane and methanol (3:1, v/v) by ultrasonication, 
using C24 deuterium-substituted n-alkane and C19 n-alkanol as 
internal standards (IS). The extracts were hydrolyzed in a KOH-
CH3OH solution and separated into three fractions based on 
polarity by silica gel chromatography. The neutral lipid fraction 
containing alkenones and sterols, was dried and derivatized for 
gas chromatography (GC) analyses. Quantification of the bio-
markers was done by the ratio of the target compound peak 
area and the internal standard peak area, with standard devia-
tion of less than 10%. Figure 3 shows a typical GC trace for the 
neutral lipid fraction.

The following biomarkers are used as productivity proxies: 
brassicasterol for diatoms, dinosterol for dinoflagellates and C37 
alkenones for coccolithophorids (Volkman et al., 1998; Werne et 
al., 2000; Zhao et al., 2006). The total content of the three marine 
phytoplankton biomarkers of brassicasterol, dinosterol and al-
kenones (∑MB) is used as a total productivity proxy. 

2.2.3 TOC determination
Sediment samples were freeze-dried, homogenized and 

powdered, decalcified by reaction with 4 mol/L HCl at room 
temperature for ca. 24 h. After rinsed with deionized water sev-
eral times and dried in an oven at 55°C, the carbonate-free sam-
ples were measured for TOC in duplicates using a Thermo Flash 
2000 Elemental Analyzer, with a standard deviation of ±0.02% 
(wt%) (n=6). The standard used in the EA analysis is Soil Refer-
ence (C=3.50%, N=0.37%, Säntis Analytical AG).
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Fig.2. Profiles of 137Cs activities for Core CJ12-1269 (a), excess 210Pb activities for Core CJ12-1269 (b) (Feng et al., 2013) and excess 
210Pb activities for Core #34 (c).
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3 Results

3.1 Contents of biomarkers
Plotted in Fig. 4 are the biomarker contents and TOC content 

for Core #34. The content of brassicasterol (B) ranges from 86 
ng/g to 464 ng/g with an average value of 201 ng/g; the content 
of dinosterol (D) ranges from 129 ng/g to 824 ng/g with an av-
erage value of 400 ng/g; and the content of C37 alkenones (A) 
ranges from 8 ng/g to 61 ng/g with an average value of 28 ng/g. 
Thus, dinosterol content is higher than brassicasterol content, 
and both are much higher than alkenone content. The contents 
of brassicasterol and dinosterol varied with a slightly increas-
ing trend before the 1970s, while they both started to increase 
more noticeably near the 1970s and rose rapidly after the late 
1990s. The alkenone content varied with a slightly decreasing 
trend from the 1890s to the 1940s, and stayed low till the late 
1960s, followed by a significant increase since the late 1970s. 
The total content of the three marine phytoplankton biomark-
ers (∑MB=∑(A+B+D)) ranges from 264 ng/g to 1 330 ng/g with 
an average value of 628 ng/g in Core #34. The total content ∑MB 

varied similarly with the temporal trends of dinosterol and 
brassicasterol, it started to increase more noticeably near the 
1970s and rose rapidly after the late 1990s.

TOC values range from 0.50% to 0.83% with an average value 
of 0.64% in Core #34. TOC value was lower before the 1940s, it 
revealed an overall increasing trend since the 1940s, with two 
periods of lower values centered around the 1980s and the 
2000s.

The variations of TOC-normalized biomarker contents in 
Core #34 (Fig. 5) were similar to those of the corresponding bio-
marker contents (Fig. 4). 

The biomarker content records for Core CJ12-1269 have 
been reported (Feng et al., 2013), but they are also plotted in 
Fig. 6 for comparison with Core #34 records (Fig. 4). For Core 
CJ12-1269, the content of brassicasterol ranges from 121 ng/g 
to 710 ng/g with an average value of 277 ng/g; the content of 
dinosterol ranges from 162 ng/g to 1 451 ng/g, with an aver-
age value of 561 ng/g; and the content of C37 alkenones ranges 
from 46 ng/g to 158 ng/g with an average value of 94 ng/g. The 
contents of brassicasterol and dinosterol varied with no signifi-
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cant trend before the 1960s, while they started to increase very 
gradually from the middle 1960s and rapidly increased after the 
late 1980s. Overall, the C37 alkenones content was low during 
the past 120 years. However, values were higher near the middle 
1920s and for a 20-year period from the 1980s to the 2000s. The 
∑MB content ranges from 391 ng/g to 2 222 ng/g with an aver-
age value of 932 ng/g in Core CJ12-1269. The ∑MB content also 
varied similarly to those of brassicasterol and dinosterol, which 
started to increase very gradually in the middle 1960s and in-
creased rapidly since the middle 1980s.

TOC values range from 0.55% to 0.85% with an average value 
of 0.68% in Core CJ12-1269. TOC value was low before the 1900s 
and it increased quickly from the 1900s to the 1910s, followed 
by a slightly increasing trend the 1920s to the late 1980s. TOC 
values then increased rapidly from the late 1980s to the middle 
2000s.

The variations of TOC-normalized biomarker contents (Fig. 
7) in Core CJ12-1269 were similar to those of the corresponding 
biomarker contents (Fig. 6). 

The content of all three biomarkers and ∑MB in Core CJ12-

1269 was higher than the corresponding value in Core #34.

3.2 Biomarker ratios
Biomarker ratios for Cores #34 and CJ12-1269 are plotted in 

Fig. 8 and Fig. 9, respectively.
In Core #34 (Fig. 8), the B/∑MB ratio was low at the core bot-

tom, but increased quickly and reached a maximum value of 
0.44 in the early 1910s; this ratio then decreased to reach the 
minimum value of 0.25 in the late 1950s, followed by an increas-
ing trend since. The D/∑MB ratio revealed an opposite trend, 
with high values at the core bottom, decreasing quickly and 
reaching a minimum value of 0.48 in the middle 1910s; this ratio 
then increased quickly and was followed by gradual increases, 
to reach the maximum value of 0.71 in the late 1950s, followed 
by a decreasing trend since. The D/B ratio varied similarly to the 
D/∑MB ratio, with an increasing trend from the middle 1910s to 
the late 1950s, followed by a slightly decreasing trend from the 
1960s to the top.

In Core CJ12-1269 (Fig. 9), the B/∑MB and D/∑MB ratios 
also showed an opposite trends. The B/∑MB ratio was higher 
from the bottom to the 1950s, and was lower from the 1950s to 
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the top. The D/∑MB ratio increased from the core bottom to in 
the early 1910s, followed by decreases to the minimum values 
of 0.38 in the early 1930s. This ratio then was on an increasing 
trend from the 1930s, reaching a maximum value of 0.75 near 
the early 1990s. From the early 1990s to the middle 2000s, this 
ratio remained near maximum values. The D/B ratio varied 
similarly to the D/∑MB ratio, with an increasing trend from the 
1950s, reaching a maximum value of 4.17 near the early 1990s.

4 Discussion

4.1 Changes of phytoplankton productivity
Following previous applications, we use sediment biomarker 

contents as phytoplankton productivity proxies: brassicasterol 
for diatoms, dinosterol for dinoflagellates and C37 alkenones 
for coccolithophorids (Volkman et al., 1998; Werne et al., 2000; 
Zhao et al., 2006), ∑MB for total productivity. The applications 
are based on the observations that these phytoplankton groups 
were the main producers of the corresponding biomarkers, 
with some restrictions. For examples, although brassicasterol 
can also be produced by a few other algae (e.g., haptophytes), 
diatoms are its major source (Volkman et al., 1998; Wakeham et 
al., 2002). Dinosterol, on the other hand, is almost exclusively 
produced by dinoflagellates (Robinson et al., 1984; Volkman et 
al., 1998; Zhao et al., 2006). C37 alkenones are also exclusively 
produced by certain coccolithophorids, most noticeably by 
haptophytes (Volkman et al., 1998; Wakeham et al., 2002). 

The individual and total biomarker records, as well as the 
TOC records, all indicate a trend of increased productivity for 
Core #34, especially since the 1970s. The productivity records 

for Core CJ12-1269 are different, with a noticeable increase 
from the middle 1960s, but the trend accelerated since the mid-
dle 1980s. One of the problems with using biomarker content 
as productivity proxies is that both water column and sediment 
diagenesis can affect temporal variations even if surface water 
productivity remained relatively constant. TOC-normalized 
biomarker contents is a common approach to evaluate the ef-
fect of diagenesis and sedimentation rate on biomarker content 
as they can indicate the relative enrichments or depletions of 
any specific biomarker in comparison with bulk sediment TOC. 
Zimmerman and Canuel (2000, 2002) have used such normal-
ization of lipid biomarkers in the Chesapeake Bay to estimate 
productivity changes, and TOC-normalized pigment contents 
have also been used to reconstruct productivity and eutrophica-
tion in the CRE (Li et al., 2011; Zhao et al., 2012). The TOC-nor-
malized biomarker contents of Cores #34 and CJ12-1269 (Fig. 5 
and Fig. 7) all reveal similar temporal variations compared with 
those for the corresponding biomarker contents (Fig. 4 and Fig. 
6). These comparisons suggest that sedimentation rates or pres-
ervation changes were not the main causes of the temporal vari-
ations of biomarker contents in both cores. Instead, biomarker 
content changes were mostly caused by surface productivity 
changes, which revealed productivity increases during the last 
few decades in the Zhejiang coastal area.

Previous studies have attributed environmental and eco-
system changes near the CRE to enhanced anthropogenic ac-
tivities (Liu et al., 2002; Wang et al., 2004; Wang, 2006; Zhou et 
al., 2008; Gao and Wang, 2008; Glibert et al., 2011). Increased 
fertilization and industrial development caused significant in-
creases of DIN concentrations in the Changjiang River and the 
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increases of DIN discharges to the ECS since the 1950s (Wang, 
2006; Zhou et al., 2008; Gao and Wang, 2008). As a result of in-
creased nutrient inputs, the chlorophyll a concentration in the 
CRE also increased dramatically since the 1980s (Wang, 2006). 
Increased frequency of HABs in coastal waters of China since 
the 1980s was related to elevated use of nitrogen-based fertil-
izer which caused productivity increases (Glibert et al., 2011). 
Significant increases in fishery catch in the ECS since the 1980s 
(Gao et al., 2008) was also used as an indirect evidence of pro-
ductivity increases. These conclusions are in agreement with 
our reconstructed records from the Zhejiang costal area.

Our records suggest that the Changiang River influence on 
shelf sea productivity could have well extended to the Min-Zhe 
coastal mud area. Hence, the enhanced productivity increases 
in both cores during the last 50 years were at least partially a 
response to anthropogenic activities. In Core #34, the gradual 
increase of productivity before the 1950s was unlikely caused 
by the influence of anthropogenic activities, but rather it more 
likely reflected natural process-driven changes, such as by 
coastal upwelling (Sun et al., 2012). The more noticeable in-
crease since the 1970s was consistent with Changjiang nutrient 
inputs. Compared with Core #34, Core CJ12-1269 was closer to 
the Changjiang River Estuary where the ecosystem has been 
more affected by the nutrient inputs from the Changjiang River, 
which might have resulted in higher phytoplankton productiv-
ity in Core CJ12-1269. In addition, the timing of the significant 
increases of productivity since the middle 1960s in Core CJ12-
1269 is also consistent with more influences from the Changji-
ang-supplied nutrients.

Our Min-Zhe mud area records are consistent with similar 
records from the CRE and Zhujiang River Estuary area, all in-
dicating increased productivity and eutrophication, since ca. 
the 1960s (Jia and Peng, 2003; Hu et al., 2008; Li et al., 2011). 
For example, enhanced eutrophication and hypoxia in the CRE 
were revealed by multi-proxies, including phytoplankton pig-
ments and benthic foraminiferal microfossils (Li et al., 2011); 
while phytoplankton productivity increases in the Zhujiang 
River Estuary and the northern SCS were demonstrated by lipid 
biomarkers (Jia and Peng, 2003; Hu et al., 2008). 

4.2 Changes of phytoplankton community structure
We use the B/∑MB ratio and D/∑MB ratio to indicate the 

relative contribution of diatoms and dinoflagellates to phyto-
plankton productivity, respectively. D/B ratio is used as a proxy 
for dinoflagellate/diatom ratio, indicating phytoplankton com-
munity structure variations as a response to environmental and 
productivity changes. The phytoplankton community structure 
changed obviously in both cores, but the temporal trends were 
different in the two cores. In Core CJ12-1269, the D/∑MB ratio 
and the D/B ratio indicate an increasing dinoflagellate contri-
bution since the 1930s and especially the 1960s as productiv-
ity began to increase. However, in Core #34, the D/∑MB ratio 
and the D/B ratio indicate a gradual decrease of dinoflagellate 
contribution since the 1960s as productivity began the gradual 
increase. Thus, phytoplankton community structure reveal op-
posite trends since the 1960s in the two cores, with increased 
dinoflagellate contribution in Core CJ12-1269 but decreased di-
noflagellate contribution in Core #34, even though productivity 
increased in both locations. 

The opposite trends of phytoplankton community structure 
changes of these two cores since the 1960s could be related to 

different forcing. Among other factors, phytoplankton commu-
nity structure is influenced by both productivity and nutrient 
composition (Justić et al., 1995). Generally speaking, relative 
diatom contribution would increase as productivity increases. 
Thus, productivity increases in both cores since the 1960s were 
not likely the common factor for the different dinoflagellate/di-
atom ratio trends in the two cores. Nutrient composition change 
in the Changjiang River and in the CRE was likely the cause of 
dinoflagellate/diatom ratio increase in Core CJ12-1269, as it was 
closer to the CRE. The extensive use of fertilizers for agriculture, 
combined with urban sewage releases and dam construction, 
reduced the Si/N ratio of the CDW since the 1950s (Wang, 2006). 
Modern survey showed that the Si/N ratio dropped from 1.5 to 
0.4 in the CRE due to enhanced dam construction from 1998 
to 2004 (Gong et al., 2006; Tsai et al., 2010), which would favor 
dinoflagellate growth rather than diatom growth (Falkowski and 
Oliver, 2007), even as total productivity increased. As a result, 
the dinoflagellate/diatom ratio increased in the adjacent area 
of the Changjiang River Estuary since the 1960s (Wang et al., 
2012; Feng et al., 2013), and our result shows that this increase 
extended to the Zhejiang coastal region. Few studies have used 
D/B ratio to reconstruct phytoplankton community structure 
changes, but the temporal trend in Core CJ12-1269 is consistent 
with the results from the northern South China Sea (Hu et al., 
2008) and the Chesapeake Bay (Zimmerman and Canuel, 2002), 
both also revealed increased dinoflagellate contribution with 
increasing anthropogenic activities. 

The decreasing trend of dinoflagellate/diatom ratio in Core 
#34 (Fig. 8) indicates that nutrient concentration and composi-
tion have been favoring more increasing diatom growth since 
the 1960s. One possible reason is that, by being farther away 
from Changjiang River Estuary, Core #34 was less influenced 
by the Changjiang River nutrient, which has a lower Si/N ratio. 
Another possible reason could be related to the forcing of the 
Min-Zhe coastal upwelling on the variations of the regional eco-
system. Previous studies have revealed strong upwelling centers 
at the depth of 10–40 m along the Zhejiang coast throughout 
the year (Pan et al., 1982; Jing et al., 2007), with the intensity 
stronger in the summer but weaker in the winter. These narrow 
coastal upwelling areas were mainly distributed in Zhoushan Is-
lands and Yushan Islands offshore in the winter, and a westward 
migration in the summer (Jing et al., 2007). Strong upwelling 
can bring up more nutrients to increase total productivity; and 
the deep water is usually silicate-rich, so that diatom growth 
is favored. In both coastal and open ocean upwelling environ-
ments, diatom is normally dominant due to the combination of 
high nutrient content and higher Si/N ratio (Egge and Aksnes, 
1992; Allen et al., 2005), both mainly sourced from deep water. 
Along the Min-Zhe coast, high silicate concentration occurred 
in a narrow coastal upwelling area (Chen, 2009), closer to Core 
#34 location than to Core CJ12-1269. Nutrient evidence is also 
partially supported by preliminary analysis of average tempera-
ture and salinity data for this region (Wei Hao, personal commu-
nication). The location of Core #34 is constantly influenced by 
the upwelling of the subsurface Kuroshio water as indicated by 
higher surface salinity, while Core CJ12-1269 is only influenced 
sometimes by upwelling as it is located near the northern end 
of the upwelled Kuroshio water. Thus comparatively, diatom 
growth has been favored for Core #34 since the 1960s, due to 
the combination of more influence from upwelling water with 
higher Si/N ration and less influence of the Changjiang River 
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water with lower Si/N ratio. On the other hand, dinoflagellate 
growth has been favored for Core CJ12-1296 since the 1950s, 
due to the combination of more influence of the Changjiang 
water with lower Si/N ratio but less influence from upwelling 
water with higher Si/N ratio. This conclusion could have much 
wider implications for evaluating the influences of anthropo-
genic versus natural processes on ecosystem changes.

5 Conclusions 
(1) Phytoplankton productivity in Core #34 and Core CJ12-

1269 increased since the 1970s and the middle 1960s respective-
ly. The phytoplankton productivity of Core CJ12-1269 was high-
er than that of Core #34, reflecting more anthropogenic forcing.

(2) The D/B ratio records indicate different temporal trends 
of phytoplankton community structure changes in the two 
cores. The D/B ratio of Core #34 decreased since the 1960s, 
revealing increased diatom contribution to total productivity 
since the 1960s. In contrast, the D/B ratio of Core CJ12-1269 
showed an increasing trend since the 1960s, indicating in-
creased dinoflagellate contribution to total productivity.

(3) The opposite trends of phytoplankton community 
structure of the two cores were likely caused by different forc-
ing. Core CJ12-1269 was closer to and more influenced by the 
Changjiang River water, and thus the decreased Si/N ratio of the 
Changjiang River during the past 50 years has been more favor-
able for dinoflagellate growth. In contrast, Core #34 was away 
from Changjiang River and was also significantly influenced by 
coastal upwelling, which supplied nutrients with higher Si/N 
ratios to favor diatom growth. This preliminary conclusion can 
be better constrained in future research by comparing more re-
cords with better spatial and temporal resolution.
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