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Abstract Phytoplankton community structures of water
environmental were monitored from July to August 2010 in
Zhalong Wetland in northeast China. Phytoplankton com-
munity was obtained from samples taken from 341 stations
with different environmental conditions. Physicochemical
parameters (chemical oxygen demand, the total nitrogen,
the total phosphorus, chlorophyll a (Chl-a)) were measured
simultaneously for comparison with phytoplankton sam-
ples. A total of 410 phytoplankton taxa belonging to 7
phyla, 9 classes, 20 orders, 29 families, 79 genera were
obtained. The mean value of trophic state index (TSI) was
49.87 and ranged from 34.89 to 69.12. The dominant
species in the study area included Anabaena azotica, Se-
lenastrum minutum, Chlorella vulgaris, Trachelomonas
volvocina, Navicula radiosa, and indicator species sug-
gesting that most of the Zhalong Wetland is mesotrophic.
The TSI, phytoplankton density, Shannon—Wiener index,
Margalef index also indicated that the water quality was a
mesotrophic state in Zhalong Wetland.
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Introduction

Wetland is such a unique ecological system that forms an
important protective barrier for pollutant control and pro-
tection between water and land. It plays an essential role in
keeping the natural ecological balance, improving the
condition of natural resources, and providing ecosystem
services. Compared with other ecological systems, wetland
has many functions, such as special ecological niche, cri-
tical water resource and raw material provision, environ-
ment purification, and bio-diversity conservation (Lu 1990;
Costanza et al. 1997).

Based on the matrix—microorganism—plant, the wet-
land can utilize its own composite ecological system co-
ordination interior physical, chemical, and biological
processes, it can remove the suspended solids, organisms,
N, P, and heavy metals in the wastewater to purify the
wastewater efficiently by means of filtration, absorption,
precipitation, ion exchange, microbial assimilation and
decomposition, and plant uptake (Edward 1997).

Despite so many functions of wetland, the rate of eu-
trophication in the natural water surface of China has been
more than 30 % (Zhang and Yang 2001). Eutrophication
generally refers to increased aquatic productivity due to
increased availability of nutrients, with an array of cas-
cading consequences within the system (Vollenweider
1989; Vetrimurugan et al. 2013; Tanik et al. 2013; Parmar
and Bhardwai 2013; Shao et al. 2013; Chow et al. 2012;
Rizvi et al. 2012). Nutrient loading to freshwater and
coastal ecosystems can be a result of fossil fuel combus-
tion, human waste disposal, urbanization, and agricultural
activity. Human activities have roughly doubled the annual
global rates of nitrogen fixation, whereas the phosphorus
accumulation within terrestrial soils and aquatic sediments
has increased at least by 75 % over pre-industrial levels
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(Bennett et al. 2001; Vitousek et al. 1997). The elevated
nutrient loading to rivers and coastal waters leads to
harmful algal blooms and regional hypoxia (Diaz and
Rosenberg 2008).

Phytoplankton, as primary producers in hydrosphere
ecosystem, is characterized by strong vitality, rapid re-
production and sensitive reaction to the environment
changes (Liu et al. 2003). Furthermore, it is also food
sources for underwater organisms, and its distribution has a
very close relationship with water environment. Its species
composition and community structure are one of the most
important factors reflecting water quality (Comin et al.
1990). The use of algae as bioindicator has been discussed
for most 100 years, and the first indicator system was
published by Kolkwiz and Marsson (1908). Algae are
typically aquatic organisms able to record all the envi-
ronmental evens that occur in a water body. The sensitivity
of algae to environmental condition and changes is com-
monly used in different ecological and paleoecological
investigations (Stoermer and Smol 1999; Acs et al. 2003).

The objectives of the current study were to: (1) measure
the physiochemical parameters of water quality in the
Zhalong Wetland, (2) identify the phytoplankton species,
community structure and phytoplankton biodiversity, and
(3) assessment the water quality by analysis the physio-
chemical parameters, TSI, phytoplankton dominant species
and Shannon—Wiener index, Margalef index, and phyto-
plankton density in Zhalong Wetland.

Materials and methods
Study area

The Zhalong Wetland is located on Songnen Plain of the
Songhua River Basin, lower reaches of Wuyu’er River, in
the west Heilongjiang Province, China. It is approximately
2,100 km? located within latitudes 46°52'N to 47°32'N and
longitudes 123°47'E to 124°37'E and is in a temperate
continental monsoon climate zone. The average altitude is
approximate 144 m, the mean annual temperature is
3.9 °C, and the mean annual precipitation is approximate
402.7 mm. Marshes, lakes, and rice paddy fields are the
main habitat types in the wetland, and reed marsh covers
80-90 % of the area.

In 1992, the Zhalong Wetland was listed as a Wetland of
International Importance. In order to better manage the
Zhalong Wetland in 2001, it was divided into the core
zone, the buffer zone, and the experimental zone. In ac-
cordance with the variation of the physiochemical pa-
rameters in Zhalong Wetland, 341 sampling stations using
GPS were divided into three study areas (Fig. 1): the core
zone (included mainly core zone); the buffer zone
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(included the buffer zone and experimental zone); and the
sewage zone (included the outlet of sewage in Lindian
Town).

Phytoplankton qualitative and quantitative samples

From July to August 2010, 341 phytoplankton samples
were collected in Zhalong Wetland. These samples were
collected twice from the same sites. The collection was
conducted from the surface water to a depth of
0.5-1.0 m using plankton net (26 pm mesh size) and
then preserved in 4 % formaldehyde. Collected samples
were transported to the Geography Laboratory at Harbin
Normal University, Harbin, China, and transferred to
1000 mL bottles. After fixing with 10 mL Lugol’s iodine
solution and sedimentation for 48 h, the phytoplankton
samples were concentrated to 30 mL and mixed, and
0.1 mL concentrated samples were counted using an
Olympus optical microscope at 400x. Phytoplankton was
identified to genus or species, and at least 300 phyto-
plankton cells were counted per sample. Classification
and identification of phytoplankton species were based
on Krammer and Lange-Bertalot (1999-2000) and
Krammer (2002).

Physical and chemical analysis

During each sample collection, water temperature, pH, and
Chl-a were measured using a hand-held Manta 2 (Eureka,
USA), and a water sample was collected simultaneously
with each phytoplankton sample. The water samples were
stored in 500 mL bottles, kept in a cooler (4 °C) and
transferred to laboratory for analyzed.

TP was measured following the Molybdate Spec-
trophotometric Method (SEPA 2002), TN was measured
following the Alkaline Potassium Persulfate Digestion-UV
Spectrophotometric Method (SEPA 2002), and Chemical
Oxygen Demand (COD,y,) was measured following the
Sodium Oxalate Method (SEPA 2002).

Biological diversity index

Biological diversity index was evaluated using the Shan-
non—Wiener diversity index and the Margalef index (Li and
Yu 2003).

Shannon—Wiener index:

Ny n;
H=— (—’1 —’) 1
; N ngN (1)
Margalef index:
_S5—1
~log, N
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Fig. 1 The distribution of sampling sites in this study in Zhalong Wetland, Heilongjiang Province, China, 2010

where N is the total number of all species in the sample; S
is the total species in the sample; n; is the total individual
numbers in species i.

Comprehensive trophic state index

The comprehensive trophic state index (TSI) was chosen to
assess the trophic state of the Zhalong Wetland (Wang
et al. 2002), the equations for TSI are as follows:

TSI(Chla) = 10(2.5 + 1.086 In Chla) (3)
TSI(TP) = 10(9.436 + 1.624In TP) (4)
TSI(TN) = 10(5.453 + 1.694In TN) (5)
TSI(CODyp,) = 10(0.109 + 2.66 In CODyyy ) (6)

where Chl-a is surface algal chlorophyll a (ug L™"); TP is the
total phosphorus (mg L™"); TN is the total nitrogen (mg L™);
CODyy, is the chemical oxygen demand (mg L_l).

Statistical analysis

Statistical analyses were performed using Excel for Win-
dows 11.0 software. Spatial distribution mapping of phy-
toplankton density, Shannon index, and Margalef index
using ordinary Kriging was performed with the ArcGIS
9.3, commercial geographic information system software
developed by ESRI Co, Redlands, USA.

Results and discussion

Environmental parameters and comprehensive
trophic state index

Mean concentrations (ranges) of TN, TP, Chl-a, and CODy,,
were 026mgL™' (0.05-144) mgL~', 0.13mgL™!
(0.02-0.48) mg L™",9.79 pg L' (1.13-52.46) pg L', and
13.1 mg L' (3.83-29.25) mg L™, respectively, in Zhalong
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Wetland (Fig. 2). There were differences in TN, TP, Chl-a,
and CODy,, concentrations among the three study area. In the
core zone, mean concentrations of Chl-a, TN, TP, and
CODy;, were 7.41 pg L™, 0.21, 0.08 and 11.20 mg L™,
respectively; in the buffer zone, mean concentrations of Chl-
a, TN, TP, and CODyy, were 9.44 ug L', 0.21, 0.1 and
13.32 mg L respectively; in the sewage zone, mean con-
centrations of Chl-a, TN, TP, and CODy, were 15.7 g L_l,
0.46, 0.3 and 17.5 mg L™, respectively.

The mean value of TSI for the Zhalong Wetland was
49.87 and ranged from 34.89 to 69.12. The minimum value
of TSI (TP), TSI (TN), TSI (CODy;,), and TSI (Chl-a) was
28.38, 3.8, 36.85, and 26.33, respectively. The maximum
value of TSI (TP), TSI (TN), TSI (CODy,,), and TSI (Chl-
a) was 82.44, 60.68, 90.92, and 48.12, respectively. The
mean value of TSI (TP), TSI (TN), TSI (CODyy,), and TSI
(Chl-a) was 56.03, 30.86, 67.47, and 48.12, respectively, in
Zhalong Wetland. In the core zone, mean value of TSI
(TP), TSI (CODpyy), TSI (TN), TSI (Chl-a) was 49.7, 63.7,
26.9, 45.2, respectively; in the buffer zone, mean value of
TSI (TP), TSI (CODyy,), TSI (TN), TSI (Chl-a) was 53.8,
68.6, 26.2, 47.1, respectively; in the sewage zone, mean
value of TSI (TP), TSI (CODy,), TSI (TN), TSI (Chl-a)
was 73.6, 76.7, 39.3, 50.4, respectively (Fig. 3).

In the current study, the mean concentrations of the
physiochemical parameters (Chl-a, TP, TN, CODy,) and
TSI were different among the three regions studied in
Zhalong Wetland. From the core zone to the sewage zone,

Fig. 2 Spatial distribution of

the concentrations of physiochemical parameters increased
progressively. In the core zone, the water quality was
relatively pristine. The broad rich mass of wetland plants in
the core area, especially reeds, can be effective in purify
water quality; the physiochemical parameters in this zone
were relatively low (mean concentrations of Chl-a, TN, TP,
and CODy, were 7.41pugL~' 021, 0.08 and
11.20 mg L_l, respectively), and the TSI (mean value of
TSI was 46.4) indicates mesotrophic conditions.

In the buffer zone, water quality has deteriorated.
Rubbish, feces, chemical fertilizers, and pesticides, which
flow into this region through rainfall and irrigation, have
been increasing (Zhou et al. 2007). In addition, with de-
velopment of the upstream town, pollutant load have been
increasing, amounts to 20.459 million tons of industrial
sewage and 9.68 million tons of domestic sewage (Wang
and Zhang 2006; Zhou et al. 2007). However, the physio-
chemical parameters were relatively high (mean concen-
trations of Chl-a, TN, TP, and CODy, were 9.44 pg L_l,
0.21, 0.1 and 13.32 mg Lfl, respectively), and the TSI
(mean value of TSI was 49) indicated that the water quality
was mesotrophic, but very close to eutrophic.

In the sewage zone, TSI (mean value of TSI was 60)
indicates that the water quality is eutrophic. Industrial and
agricultural sewage (190 m> day~") discharged directly
into the wetland from the town of Lindian (Guo et al.
2003), which gives rise to a serious nutrient gradient ef-
fecting water quality. Physical-chemical parameters at the
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Fig. 3 The comprehensive trophic state index in the three study area
of Zhalong Wetland, Heilongjiang Province, China, 2010

sewage discharge outlet were high (mean concentrations of
TP, TN, CODyy,,, Chl-a were 0.33, 0.54, 18.14 mg L~ "and
22.13 pg L™, respectively) relative to the parameters
(mean concentrations of TP, TN, CODy,,, Chl-a were 0.27,
0.43, 159 mg L™, and 12.13 pg L™", respectively) at the
inlet to the Zhalong Wetland (about 12 km downstream).
The water quality changed from eutrophic to mesotrophic
state during the distant to the close along the 8 km flowed
into the wetland.

Phytoplankton analysis

A total of 410 species of algae were identified in samples
collected from 341 sites at the Zhalong Wetland (Table 1).
The phytoplankton compositions at sampling sites were
typical of mesotrophic wetland. The dominant species in
the study area included Anabaena azotica (Cyanophyta),
Selenastrum minutum (Chlorophyta), Chlorella vulgaris

Table 1 The 410 species of algae were identified in samples col-
lected from 341 sites at the Zhalong Wetland, Heilongjiang Province,
China, 2010

P C O F G S  Average density (ind L™"
Chlorophyta 2 6 9 36 167 3.99 x 10°
Bacillariophyta 2 6 9 24 137 6.01 x 10°
Cyanophyta 1 5 6 11 50 206 x 10°
Cryptophyta 11 1 1 0.40 x 10*
Dinophyta 11 2 2 0.30 x 10°
Chrysophyta 1 1 1 1 0.20 x 10°
Euglenophyta 1 1 1 4 48 096 x 10°

Where P is the phyla, C is the classes, O is the orders, F is the
families, G is the genera, S is species

(Chlorophyta), Trachelomonas volvocina (Euglenophyta),
Navicula radiosa (Bacillariophyta), Cyclotella meneghini-
ana (Bacillariophyta), Rhopalodia gibba (Bacillariophyta),
Nitzschia sigm (Bacillariophyta), Anabaena cylindrical
(Cyanophyta), Spirogyra communis (Chlorophyta), Oscil-
latoria subbrevis (Cyanophyta), Scenedesmus arcuatus
(Chlorophyta) (Table 2).

Plant community composition both affects and is af-
fected by ecosystem structure and function, for example
species composition and diversity strongly influence
ecosystem processes, such as nutrient cycling, productivity,
decomposition rate, and trophic dynamics, particularly if
the traits of one or a few species have strong ecosystem
effects (Robert 1977). In general, the dominant plant spe-
cies account for most of these ecosystem effects because
they account for most of the biotic pools and fluxes (Hol-
lingsworth et al. 2008). These results (Table 2) are con-
sistent with previously published data that indicate that
dominant species composition can serve as indicator spe-
cies that reflect the condition of the water environment
(Huszar and Reynolds 1997, Reynolds 1998, Hall et al.
2004). Although different phytoplankton species were ob-
served in the three study areas, in general, the majority

Table 2 The dominant species and indictors in the three study area of Zhalong Wetland, Heilongjiang Province, China, 2010

The core zone

The buffer zone

The sewage zone

The Oscillatoria subbrevis, Chlorella
dominant vulgaris, Trachelomonas volvocina,
species Rhopalodia gibba, Oscillatoria princes,

Navicula radiosa, Spirogyra communis,
Nitzschia sigm.
Indicators Closteriopsis longissima, Micractinium

pusillum, Pediastrum boryanum,
Selenastrum gracile, Scenedesmus
guadricauda, Cocconeis placentula

Nitzschia sigma, Scenedesmus arcuatus,
Trachelomonas volvocina, Chlorella
vulgaris, Melosira varians, Navicula
radiosa, Spirogyra communis,
Anabaena azotica, Melosira granulata

Asterionella formosa, Cyclotella
meneghiniana, Gomphonema sp.,
Melosira granulate, Navicula minima,
Nitzschia sigma, Ankistrodesmus
falcatus, Ankistrodesmus angustus,
Oscillatoria princes

Selenastrum minutum, Merismopedia
minima, Navicula minima, Cyclotella
meneghiniana, Chlorella vulgaris,
Gomphonema parvulum, Nitzschia
sigma, Anabaena cylindrical

Chlorella vulgaris, Chodatella
quadriseta, Kirchneriella lunaris,
Anabaena flos-aquae, Chroococcus
tenax, Merismopedia minima,
Microcystis aeruginosa, Ceratium
hirundinella
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were mesotrophic indicator species suggesting that most of
the Zhalong Wetland was mesotrophic.

Phytoplankton density and diversity

The total average density of the phytoplankton was
13.18 x 10°ind L' (Fig. 4). Bacillariophyta was domi-
nant, with an average density of 6.07 x 10° ind L™, rep-
resenting 46 % of the total population, followed by
Chlorophyta, average density was 4.02 x 10°ind L™!
(30.5 % of total density) and Cyanophyta, average density
was 2.08 x 10°ind L™' (15.7 % of total density). Cryp-
tophyta was least represented with an average density of
0.4 x 10*ind L™'. Among the three study regions, the
mean density ranged from 11.1 x 10° ind L™" (in the core
zone) to 16.4 x 10° ind L7! (in the sewage zone). Green

algae and diatoms represented 52 and 32 %, and 42 and
34 % of the densities in the core zone and buffer zone,
respectively, while the densities of diatoms (34.3 %) and
green algae (33.9 %) were similar in the sewage zone.

The mean value of Shannon—Wiener Index was 2.24 and
ranged from 1.26 to 2.96 in the Zhalong Wetland (Fig. 4),
and the indexes were 2.45, 2.3, and 1.98 in the core zone,
buffer zone, and sewage zone, respectively. The mean
value of Margalef Index was 1.81 and ranged from 0.57 to
3.47 in the Zhalong Wetland (Fig. 4), and the indexes were
2.25, 1.89, and 1.29 in the core zone, buffer zone, and
sewage zone, respectively.

The phytoplankton diversity is a used index for water
quality assessment based on changes in phytoplankton
density and community structure (Kuang et al. 2005, Zhang
et al. 2010). When the community structure got simpler, it

phyloplankion density
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Fig. 4 The distribution of phytoplankton density, Shannon index, and Margalef index in Zhalong Wetland, Heilongjiang Province, China, 2010

Table 3 The water quality Evaluation index

Evaluation standard

evaluation standard with species

diversity and comprehensive LO 0 MO M ME E HE
trophic state index
Chl-a/(ng L™ <0.5 <1.0 <5.0 <25.0 <50 <500 >500
Cell density/(x10° L™")  <0.5 <1.0 1-9 1040 41-80 81-99 >100
Margalef index 5 (cleanness), >4 (oligotrophic), >3 (B-mesotrophic), <3 (a-mesotrophic)

Shannon index
TSI

>3 (oligotrophic), 2-3 (B-mesotrophic), 1-2 (a-mesotrophic), 0-1 (eutrophic)
<30 (0), 30-50 (M), >50 (E), 50-60 (LE), 60-70 (ME), >70 (HE)

Where LO is the light oligotrophic, O is the oligotrophic, MO is the middle oligotrophic, M is the
mesotrophic, ME is the middle eutrophic, E is the eutrophic; LE is the light eutrophic, HE is the high
eutrophic, TSI is the comprehensive trophic state index
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became more unstable and the water quality was reduced
(Guo et al. 2008). In the current study, the Shannon—
Wiener Index (2.25), the Margalef Index (1.82), and the
phytoplankton density (13.08 x 10°ind L") also indi-
cated a mesotrophic state in the Zhalong Wetland.

Environmental changes and the nutrient status of water
quality can be reflected by community structure and com-
position of phytoplankton (Chattopadhyay et al. 2003),
ammonium/ammonia oxidizing prokaryotes (Cao et al.
2011, 2012, 2013; Li et al. 2011) and infauna (Shen et al.
2010). The structures of the dominant species and the
variations of indicator species for pollution can reflect
environmental quality (Cardinale et al. 2002; Cao et al.
2013). Based on physiochemical parameters, phytoplank-
ton dominant species, phytoplankton diversity index, phy-
toplankton density, and the comprehensive trophic state
index, the water quality of Zhalong Wetland was me-
sotrophic (Table 3).

Despite the fact that water quality in Zhalong Wetland
was in a mesotrophic state, water quality in the sewage
zone was eutrophic and in the buffer zone water quality
will a trend from mesotrophic to eutrophic. Regulations
should be directed toward reducing sewage sources near
the town of Lindian that directly impact the water quality
of the wetland. This work provided theoretic basis data for
spatial grading of service functional values of ecology and
wetland ecosystem conservation and utilization in Zhalong
Wetland.

Conclusion

The Zhalong Wetland is located in the west Heilongjiang
Province, China. The environmental parameters and
phytoplankton were collected from samples taken from
341 stations. A total of 410 phytoplankton taxa belonging
to 7 phyla, 29 families, 79 genera were obtained. The
mean concentrations of the physiochemical parameters
(Chl-a, TP, TN, CODy,,) were different among the three
regions studied. From the core zone to the sewage zone,
the concentrations of physiochemical parameters in-
creased progressively. The mean value of TSI was 49.87,
indicated that the water quality was mesotrophic state.
And phytoplankton indicator species, the Shannon-
Wiener Index (2.25), the Margalef Index (1.82), and the
phytoplankton density (13.08 x 10°ind L™") also indi-
cated a mesotrophic state. So managers need effective
management approaches to conservation the Zhalong
Wetland, it is the internationally important wetland
ecosystem.
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