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Abstract
Seagrass ecosystem is a potential bank for carbon sink. In the paper, we compared the distribution
of bacterioplankton, picoeukaryotes and Synechococcus in seagrass ecosystem in Xincun Bay and
coral ecosystem in Sanya Bay and found that quantity of bacterioplankton was higher in seagrass
ecosystem, and picoeukaryotes had similar distribution pattern with that of bacterioplankton.
However, quantity of Synechococcus distribution was higher in coral ecosystem and higher in
Sanya Bay. Comparing the unit of quantity of bacterioplankton, picoeukaryotes and Synechococcus
in Xincun Bay with that of Sanya Bay, open sea of the South China Sea and Indian Ocean, results
showed that the highest quantity of bacterioplankton was in Xincun Bay, and the lowest was in
open sea of the South China Sea. The quantity of picoeukaryotes had the similar pattern with that
of bacterioplankton. Pattern of Synechococcus quantity was different, which was the highest in
Sanya Bay. These results indicated that seagrass ecosystem was more suitable for bacterioplankton and picoeukaryotes growth.
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1. Introduction

Knowledge of the distribution of multiple species in time and space within a shared habitat is valuable for understanding how an ecosystem functions [1] and judging whether it is carbon sources or sinks. Seagrass ecosystem is very important component of coastal carbon cycle, and also very important for keeping coastal carbon
balance and buffering regional ocean acidity. Globally, seagrass ecosystems could store as much as 19.9 Pg organic carbon [2]; however present rates of seagrass loss could result in the release of up to 299 Tg carbon per
year [2]. Studying pico-species distribution in seagrass ecosystem can provide firsthand data for calculating
ocean carbon flux and providing trail clues thread for searching unkown carbon sinks.
Except for seagrass itself, carbon in seagrass ecosystem also include phytoplankton, bacteria, fish and benthos,
etc. On the leaves of seagrass, there are many kinds of periphyton growing on it. Some researches reported that
about 150 species of microalgae on seagrass [3] and primary production of these algae occupied about 20% - 60%
of total seagrass primary production [4]. Moncreiff [5] studied seagrass primary production in Mississippi Sound
and found that primary production of periphyton, benthic diatom, phytoplankton occupied by 87% of the whole
seagrass bed. Some researches regarded that benthic algae occupied 33% - 42% of the seagrass ecological primary production [6].
Planktons (bacterioplankton, picoeukaryotes, Synechococcus) can be affected by seagrass for the particular
environment, such as hydrodynamics and concentrations of dissolved organic matters and nutrients. Seagrass
can affect bacterioplankton distribution to a great extent. Some researchers reported that the presence of seagrass
significantly affected the overlying water column, especially microbial activity were also significantly higher
over areas of dying seagrass than over healthy or dead areas [7]. Some researchers reported that number of bacteria in seagrass bed was about ten times more than that without [8]. In the process of seagrass growing, seagrass
secrets DOC into water and which can be utilized by algae and bacteria, which facilitate dissolved carbon transferred to particle carbon [9]. Diurnal variation of bacterioplankton was also great, cell production rates increased
by 5- to 10-fold during the morning and decreased during the afternoon [10].
Among Cyanobacteria, the genus Synechococcus dominates the prokaryotic component of the picophytoplankton in the oceans, contributing to a significant portion of total marine primary production. Some reported
that Synechococcus can contribute an important fraction (>50%) of the biomass and total production of phytoplankton [11]. Some researchers studied the effects of seagrass on Synechococcus-like cells and found that Synechococcus-like cells (SYN) decreased after 3 days when contacted with seagrass ecosystem, most likely due to
grazing control [12].
However, little attention had been paid on pico-particles in seagrass ecosystem in Xincun Bay, Hainan, China.
The paper mainly study bacterioplankton, picoeukaryotes and Synechococcus associated with seagrass with in
situ observations. Based on measurement of quantity of bacterioplankton, picoeukaryotes and Synechococcus,
unit of number of pico-particles were compared in coastal and ocean open waters and we tried to find to what
extent pico-particles (bacterioplankton, picoeukaryotes and Synechococcus) associated with seagrass is.

2. Material and Methods
2.1. Sites Description
Xincun Bay, where seagrass grows luxuriantly, was chosen as main study sites. In order to compare unit quantity of pico-plankton (bacterioplankton, picoeukaryotes and Synechococcus), Sanya Bay, Daya Bay, open sea of
South China Sea and Indian Ocean was selected as comparison sites.
Samples of bacterioplankton, picoeukaryotes and Synechococcus in Xincun Bay and Sanya Bay were gathered from September 24 to October 1, 2012. Xincun Bay (Figure 1), an almost closed bay with only one narrow tunnel connected with the open sea to the southwest, with an area of more than 13.1 Km2 and an aqua-cultural area of more than 52,500 m2 [13]. Four species of seagrass (Enhalus acoroides, Thalassia hemperichii,
Cymodocea rotundata and Halodule uninervis) were found distributed in Xinchun Bay, with Enhalus acoroides
and Thalassia hemperichii being the dominant species [14].
Sanya Bay, located in the south of Hainan Province, to the west of Xincun Bay, with location of 109˚20'E 109˚30'E, 18˚11'N - 18˚18'N and an area of 120 Km2. According to the results of Yang’s study [14], seagrass
distributed with high density along the coast of Sanya Bay in 1970s. However, seagrass is distributed sparsely at
present due to the frequent anthropogenic activities (Yang, 2008) and now the area of seagrass distribution
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Figure 1. Sampling sites in Xincun and Sanya Bay, Hainan Province, China.

is very small.
Latitude and longitude of sampling sites in Sanya Bay were showed as following: SY1 (109.4761, 18.21306);
SY2 (109.4733, 18.2125); SY3 (109.4719, 18.21167); SY4 (109.4711, 18.20528); SY5 (109.4833, 18.21639);
SY6 (109.4844, 18.21722); SY7 (109.4872, 18.22056); Sampling sites were in in Xincun Bay were as following:
XC1 (109.9747, 18.41); XC2 (109.9744, 18.40944); XC3 (109.9431, 18.40778); XC4 (109.9775, 18.40833);
XC5 (109.9803, 18.40611); XC6 (109.985, 18.40222); XC7 (109.9881, 18.40167); XC8 (109.995, 18.40139);
XC9 (109.9994, 18.40028); XC10 (110.0111, 18.41083).
Samples of bacterioplankton, picoeukaryotes and Synechococcus in Daya Bay and open sea of South China
Sea were gathered in 2012, and in Indian Ocean were from 12 April to 4 May 2011. These samples were only
used as comparison with unit of quantity of pico-plankton in seagrass ecosystem.

2.2. In Situ Sampling
Samplings were conducted in coastal waters in Xincun Bay and Sanya Bay, in September, 2012 and offshore
water in South China Sea and Indian Ocean in May, 2012. Sample sites were chosen as seagrass and coral and
none of these substrates. Water samples were taken using bottles at 0.5 m depths near the surface. Onboard the
ship, water samples were processed immediately after collection. Certain volume of water (30 mL) was filtered
onto the nylon filter, about 3 mL of filtered water was input in small plastic tube and formaldehyde was added in
the sample, finally the samples were preserved in liquid nitrogen and were brought back for laboratory analyzing.
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2.3. Laboratory Analyzing

In laboratory, the autofluorescent properties of photosynthetic plankton can be exploited by flow cytometry in
order to characterize abundance and community structure, bacterium, Synechococcus and picoeukaryotes were
detected. EXCEL software was used for calculating number and carbon of these constituents.

3. Results
3.1. Comparison of Bacterioplankton, Picoeukaryotes and Synechococcus in
Seagrass Dominant and Not Dominant Ecosystem
3.1.1. Bacterioplankton Distribution in Seagrass Dominant and Not Dominant Ecosystem
Bacteria are the very important components in seagrass ecosystem. Epiphytic bacteria, benthic bacteria and bacterioplankton are all very important for carbon cycle of seagrass and coral ecosystem. In the paper, bacterioplankton in seagrass ecosystem in Xincun Bay and coral system in Sanya Bay was studied, Figure 2 showed
that unit of number of bacterioplankton in seagrass ecosystem in Xincun bay ranged from 1.82 × 106 (at sample
site 5) to 1.82 × 107 (at sample site 9), and 5.90 × 106 on average; however, in coral ecosystem in Sanya Bay,
quantity of bacteria only ranged from 2.49 × 105 to 1.39 × 106, and 5.85 × 105 on average. Unit of quantity of
bacterioplankton was about one order of magnitude differences between seagrass and coral ecosystem and Unit
of quantity of bacterioplankton in seagrass ecosystem was relatively greater.
3.1.2. Synechococcus Distribution in Seagrass Dominant and Not Dominant Ecosystem
Synechococcus is the main component of picophytoplankton in the ocean. Figure 3 showed that unit of number
of Synechococcus in seagrass ecosystem in Xincun bay ranged from 3.52 × 103 to 2.34 × 104, and 8.77 × 103 on
average; however, in coral ecosystem in Sanya Bay, quantity of Synechococcus ranged from 2.46 × 104 to 5.77
× 104, and 4.19 × 104 on average. Unit of quantity of Synechococcus was also about one order of magnitude differences between seagrass and coral ecosystem. By comparison of Synechococcus in Sanya Bay and Xincun

XC.9

XC.10

XC.8

XC.7

XC.6

XC.5

Sampling sites

XC.4

XC.3

XC.2

XC.1

SY.7

SY.6

SY.5

SY.4

SY.3

SY.2

SY.1

Number of Bacterioplankton

2.00E+07
1.80E+07
1.60E+07
1.40E+07
1.20E+07
1.00E+07
8.00E+06
6.00E+06
4.00E+06
2.00E+06
0.00E+00

Figure 2. Bacterioplankton in Xincun Bay and Sanya Bay.
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Bay, and found that the trend was in the opposite way with that of bacterioplankton.
3.1.3. Picoeukaryotes Distribution in Seagrass Dominant and Not Dominant Ecosystem
Microbial, single-celled eukaryotes play a wide range of ecological roles in marine environments.
Figure 4 showed that picoeukaryotes in coral and seagrass ecosystem. Unit of number of picoeukaryotes in
seagrass ecosystem in Xincun bay ranged from 5.08 × 102 to 5.6 × 103, and 2.35 × 103 on average; however, in
coral ecosystem in Sanya Bay, quantity of bacteria ranged from 4.08 × 102 to 1.24 × 103, and 5.57 × 102 on average. Unit of quantity of picoeukaryotes was about one order of magnitude differences between seagrass and
coral ecosystem. By comparison of picoeukaryotes in Sanya Bay and Xincun Bay, and found that the trend was
in the similar way with that of bacterioplankton.

3.2. Relationship between Bacterioplankton and Picoeukaryotes, Synechococcus
Number of bacterioplankton and picoeukaryotes and Synechococcus in Sanya Bay and Xincun Bay was measured and the relationship between them was obtained.
Figure 5 showed the relationship between Synechococcus and bacterioplankton with increasing number of
Synechococcus, the number of bacterioplankton decreased, and relationship between them was in the relationship of negative exponential.
Relationship between picoeukaryotes and bacterioplankton were also studied. However, the relationship between picoeukaryotes and bacterioplankton was different with that of Synechococcus and bacterioplankton. As
Figure 6 indicates, with increasing number of picoeukaryotes, the number of bacterioplankton increased correspondently, and relationship between them was in the relationship of positively linear.
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4. Discussions

In the paper, study sites were all chosen at tropical area where temperature variation was not great. Among the
three groups, bacterioplanktons are heterotrophic, bacterial activity in seagrass meadows is dependent on seagrass growth and availability of organic nutrients. The difference in these areas may be related to different organic matter composition and availability.
Synechococcus are autotrophic, which compete with seagrass for inorganic nutrients and light. Compared
with other ecosystem, unit of number of Synechococcus in seagrass was relatively lower. Still, some researchers
reported that a total of 19 different cyanobacteria taxa were encountered in seagrass [15].
Regional bacterioplankton distributions in Xincun Bay, Sanya Bay, open water of South China Sea and Indian
Ocean were compared in the paper (Figure 7). Unit of quantity of bacterioplankton was the highest in Xincun
Bay, the lowest in open water of South China Sea. The sequence of unit of quantity of bacterioplankton from the
highest to the lowest is Xincun Bay > Sanya Bay > Indian Ocean > South China Sea. Unit of quantity of bacterioplankton on average was from 5.90 × 10 6 to 1.52 × 104.
Synechococcus distributions in Xincun Bay, Sanya Bay, Daya Bay and open water of South China Sea and
Indian Ocean were compared in the paper (Figure 8). Unit of quantity of Synechococcus was different with that
of bacterioplankton. The highest was in Xincun Bay, the lowest was in Indian Ocean. The sequence from the
highest to the lowest is Sanya Bay > Daya Bay > Xincun Bay > South China Sea > Indian Ocean. Unit of quantity of Synechococcus on average was from 2.93 × 104 to 2.47 × 103.
Picoeukaryotes distributions in Xincun Bay, Sanya Bay, Daya Bay and open water of South China Sea and
Indian Ocean were compared in the paper (Figure 9). Unit of quantity of Picoeukaryotes was similar with that
2.00E+07

Number of Bacterioplankton

y = 960.6x + 2E+06
R 2 = 0.1328

1.80E+07
1.60E+07
1.40E+07
1.20E+07
1.00E+07
8.00E+06
6.00E+06
4.00E+06
2.00E+06

0.00E+00
0.E+00 1.E+03 2.E+03 3.E+03 4.E+03 5.E+03 6.E+03

Number of picoeukaryotes

Figure 6. Relationship between bacterioplankton and
picoeukaryotes.
7.00E+06

Number of Bacterioplankton

6.00E+06
5.00E+06
4.00E+06
3.00E+06
2.00E+06
1.00E+06
0.00E+00
SYB

XCB

SCS

IOC

Studying area
Figure 7. Comparison of numbers of bacterioplankton on
average in Xincun Bay, Sanya Bay, open water of South
China Sea and Indian Ocean.

459

D. T. Yang et al.

of bacterioplankton. The highest was in Xincun Bay, the lowest was in open water of South China Sea. The sequence from the highest to the lowest is Xincun Bay > Daya Bay > Sanya Bay > Indian Ocean > South China
Sea. Unit of quantity of picoeukaryotes was from 2.35 × 103 to 2.75 × 102 on average.
By comparison of bacterioplankton, picoeukaryotes and Synechococcus between coastal and open ocean water and found that coastal water had high concentrations of the three pico-particles. The unit of quantity of these
pico-particles was more than one order magnitude between coastal and open ocean water on average. These results indicated that unit of primary production of coastal water was about ten times than that of open ocean water.
High primary production in seagrass produced high concentration of dissolved organic carbon, which provided nutrients for bacterioplankton growth in seagrass ecosystem. Perhaps these were the main reason of high
concentration of bacterioplankton in seagrass ecosystem.

5. Conclusions
Bacterioplankton, picoeukaryotes and Synechococcus in Xincun Bay, Sanya Bay, Daya Bay and open water of
South China Sea and Indian Ocean were studied and results showed:
1) Bacterioplankton in seagrass bed range from 1.82 × 106 (at sample site 5) to 1.82 × 107 (at sample site 9),
and 5.90 × 106 on average; Unit of quantity of bacterioplankton was more than one order of magnitude differences than other ecosystems.
2) Unit of quantity of Synechococcus is the highest in coral system in Sanya Bay, which was different with
that of bacterioplankton.
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3) Unit of quantity of bacterioplankton had negative exponential relationship with that of Synechococcus.
4) The sequence of unit of quantity of bacterioplankton from the highest to the lowest is Xincun Bay > Sanya
Bay > Indian Ocean > South China Sea. Synechococcus is Sanya Bay > Daya Bay > Xincun Bay > South China
Sea > Indian Ocean. Picoeukaryotes is Xincun Bay > Daya Bay > Sanya Bay > Indian Ocean > South China
Sea.
5) These results indicated that the environment of seagrass was more suitable for bacterioplankton and picoeukaryotes growth.
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