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Abstract
Our study investigated how environmental factors affect the zooplankton community in different seasons. In 2017, we con-
ducted a spring (May) and summer (August) survey in Changli near shore area of Hebei province, China, to measure the 
abundance, biomass, and temporal and spatial distribution of the zooplankton community, and monitored 12 conventional 
environmental factors. The results showed that a total of 19 species (genus) of 6 groups of zooplankton were identified in 
2017, among which copepods were the most abundant with 9 species, accounting for 47.4% of the number of zooplankton 
species. There were 5 species of Pelagic larvae, accounting for 26.2% of the number of zooplankton species. Two species 
of coelenterates, accounting for 10.5% of the number of zooplankton species. In addition, there are 1 species of mysidae, 1 
species of chaetognathe and 1 species of tunicata, accounting for 5.3% of the number of zooplankton species. In spring, the 
total abundance of zooplankton was 43,463 ind./m3. In summer, the total abundance of zooplankton was 21,317 ind./m3. 
The spatial distribution of zooplankton in spring and summer is generally higher than the buffer zone near the shore and the 
buffer zone around the core zone. The evaluation of biological habitat quality by biodiversity index showed that the quality 
level of habitat is poor in spring and general in summer. Canonical correspondence analysis(CCA) indicated that the salinity, 
temperature, nutrient and Chl a were the main environmental factors which affected the zooplankton community structure. 
Finally, we compared our results with historical data and found that zooplankton abundance and biomass has declined in 
Changli near shore area, China, but the dominant species have remained relatively stable.
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Introduction

Zooplankton is a group of heterotrophic invertebrates and 
chordate larvae that often swim in water and cannot produce 
organic substances by themselves. There are many kinds of 
zooplankton and they are widely distributed in the ocean. 
They can be used as indicators of warm and cold currents 
(Andronikova 1996), as well as important baits for fish and 
other economic animals in the upper and middle waters 
(Warwick 1981; Ware and Thomson 2005). The environ-
mental factors of near shore area are complex and change-
able. The zooplankton community in the ocean is affected 

by many environmental factors (such as physics, chemistry 
and biology). The structure and dynamics of the zooplankton 
community are the result of the synthetical effect of many 
environmental factors on time and space scales (David et al. 
2005). Therefore, species diversity and community charac-
teristics of zooplankton are important indicators for evaluat-
ing the nutritional level, resource status, pollution status and 
stability of marine ecosystems.

Changli Golden Coast Nature Reserve was one of the first 
five national marine nature reserves approved by the State 
Council. It is located in the eastern coast of Hebei province, 
China. It is mainly divided into three parts: core zone, buffer 
zone and experimental zone. The protected area is not only 
the main habitat of amphioxus in the Bohai Sea, but also the 
typical coastal zone for studying ocean dynamic process and 
land-sea change. It has important ecological value, scientific 
research value and ornamental value. Previous studies on the 
species composition and quantity variation of zooplankton 
in the Bohai Sea focused mainly on the Bohai Bay and the 
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central part of the Bohai Sea (Wang et al. 2002, 2014; Gao 
et al. 2014; Wei et al. 2015; Xu et al. 2016; Zhang et al. 
2016; Wu et al. 2016). To date, there are few studies on the 
Changli Reserve. Even though lessons can be learned from 
the previous work of other part of the Bohai Sea, it is not 
always possible to extrapolate the zooplankton community 
structure in the near shore area of Changli Reserve, consid-
ering their differences in water temperature, transparency, 
chlorophyll a, pH, ammonia nitrogen, silicate and active 
phosphate, to mention a few.

The objective of this study was to analyze the seasonal 
succession of zooplankton community structure in Changli 
near shore area by investigating the characteristics of zoo-
plankton community structure and monitoring results of 
environmental factors, and to preliminarily explore the rela-
tionship between zooplankton and environmental factors, so 
as to provide basic data for amphioxus habitat protection in 
Changli near shore area. It also provides scientific basis for 
the rational development, utilization and control of biologi-
cal resources in this area.

Materials and Methods

Sample Collection and Method

Two surveys were conducted to investigate zooplankton 
and environmental factors in Changli Reserve, Hebei Prov-
ince(39°26′30″ N ~ 39°39′00″ N, 119°17′30″ E ~ 119°36′21″ 
E) in spring (May) and summer (August) in 2017. A total of 
14 sampling stations were set up in the area (Fig. 1). Among 
them, 1 ~ 3 and 11 ~ 14 stations are in buffer zones; 4 ~ 10 
stations are in core zones; buffer zones and core zones were 
prohibited from development, which were the most primitive 
and natural ecosystems and had important scientific research 
value.

The shallow water plankton network type II (net 
length:140 cm, net aperture area:0.08  m2, mesh size:160 μm) 
was selected. Samples were collected from the bottom to 
the surface by vertical trawls. They were fixed and stored 
in 5% neutral formalin solution and brought back to the 
laboratory for classification, identification and counting. 
The environmental factors such as water temperature(WT), 
salinity (S), transparency(T), dissolved oxygen(DO), 
chemical oxygen demand(CODMn), active phosphate(DIP), 
silicate(DISi), chlorophyll(Chl a) were investigated syn-
chronously at each monitoring station. All operating steps 
were strictly in accordance with the ‘Marine Monitoring 
Standard’(GB17378-2007) (General Administration of 
Quality Supervision and Inspection, National Standardiza-
tion Management Committee 2008).

Statistical Analysis

The abundance of zooplankton was the number of indi-
viduals per cubic meter of water, and the biomass was the 
wet weight of fixed samples. The dominant species of zoo-
plankton were determined according to the dominance value 
(Y) of each species, and the species with Y (> 0.02) were 
regarded as dominant species (Xu and Chen 1989).

The diversity index of zooplankton was expressed by 
Shannon–Weaver diversity index (H') and Margalef richness 
index (D). Shannon–Weaver diversity index and richness 
index were calculated by Primer 6. According to the refer-
ence index of biodiversity index provided by ‘Environmental 
Monitoring of Coastal Sea Area’(HJ442-2008) (Department 
of Science and Technology Standards, Ministry of Envi-
ronmental Protection 2009), the habitat quality grade of 
H' > 3.0 is excellent, that of 2.0 < H' < 3.0 is general, that of 
1.0 < H' < 2.0 is poor, and that of H' < 1.0 is extremely poor.

The correlation between abundance and biomass and 
environmental factors was analyzed by SPSS 17. The 

Fig. 1  Investigated area and the sampling stations
Fig. 2  Percentage of zooplankton species in Changli near shore area 
of Hebei province, China
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composition of zooplankton community was analyzed by 
DCA(Dedentred Correspondence Analysis). When the maxi-
mum lengths of gradient in four axes were less than 3, the 
abundance of zooplankton and environmental factors were 
analyzed by CCA(Canonical Correspondence Analysis) in 
CANOCO 4.5.

Results

Species Composition and Dominant Species

A total of 19 species (genera) of 6 groups of zooplankton 
were found in 2017. It can be seen intuitively that the pro-
portion of zooplankton groups to the total number of zoo-
plankton species (Fig. 2). Copepods were the most abun-
dant species, accounting for 47.4% of zooplankton species, 
followed by 5 species of zooplankton larvae, accounting 
for 26.2% of zooplankton species, 2 species of coelentera, 
accounting for 10.5% of zooplankton species, and 1 species 
of bran shrimp, 1 species of Chaetognatha and 1 species of 
capsule, accounting for 5.3% of zooplankton species.

Dominant species in spring included Calanus sinicus, 
Paracalanus parvus, Acartia bifilosa, Acartia Pacifica and 

Oithona similis. Dominant species in summer included Sag-
itta crassa, Oikopleura longicauda, Paracalanus parvus, 
Acartia bifilosa and Oithona similis, which were slightly 
different from those in spring (Table 1).

Zooplankton Abundance & Biomass Horizontal 
Distribution

The temporal and spatial distribution of zooplankton abun-
dance in Changli near shore area are shown in Fig. 3. In 
spring, the total abundance of zooplankton was 43,463 
ind./m3, and the range of abundance varied from 287 to 
19,188 ind./m3. The average abundance of zooplankton 
was 3105 ind./m3. The highest total abundance appeared at 
2 station(19,188 ind./m3), and the lowest total abundance 
appeared at 12 station(287 ind./m3). In summer, the total 
abundance of zooplankton was 21,317 ind/m3, and the range 
of abundance varied from 252 to 8288 ind./m3. The average 
abundance of zooplankton was 1522 ind./m3. The highest 
total abundance appeared at 2 station(8288 ind./m3), and the 
lowest was at 7 station (252 ind./m3).

The spatial distribution of dominant species in spring 
and summer are shown in Figs. 4 and 5, respectively. Gen-
erally, the distribution characteristics were consistent with 
the distribution characteristics of total abundance. In spring, 
the high value areas appeared in the buffer zone, while in 
summer, the high value areas appeared in the core zone and 
its surrounding buffer zone, but the abundance of dominant 
species in spring was higher than that in summer.

The horizontal distribution of zooplankton biomass are 
shown in Fig. 6. In spring, the total wet-weight biomass 
of zooplankton was 9470 mg/m3, the range of wet-weight 
biomass at each station ranged from 177.6 to 2573.8 mg/
m3, and the average wet-weight biomass of zooplankton was 
676.4 mg/m3. The highest wet weight biomass appeared at 2 
station (2573.8 mg/m3), and the lowest wet weight biomass 
appeared at 12 station (177.6 mg/m3). In summer, the total 
wet-weight biomass of zooplankton was 9299.9 mg/m3. The 
range of wet-weight biomass at each station ranged from 

Table 1  Seasonal variation of dominant species of zooplankton in 
Changli near shore area of Hebei province, China, during spring and 
summer

Species Dominance (Y > 0.02)

Spring Summer

Sagitta crassa - 0.024
Calanus sinicus 0.034 -
Oikopleura longicauda - 0.374
Paracalanus parvus 0.328 0.264
Acartia bifilosa 0.306 0.142
Acartia pacifica 0.024 -
Oithona similis 0.222 0.096

Fig. 3  Horizontal distribution 
of total zooplankton abundance 
(ind./m3) in Changli near shore 
area of Hebei province during 
spring and summer. a. spring; 
b. summer
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33.9 to 3907.8 mg/m3, and the average wet-weight biomass 
of zooplankton was 1378.6 mg/m3. The highest wet weight 
biomass appeared at 9 station(3907.8 mg/m3), and the low-
est wet weight biomass appeared at 7 station(33.9 mg/m3).

Biodiversity Index and its Change

In spring, the values of indices in the core and buffer zones 
of the sea area did not change significantly, except for the 
evenness index, the other diversity indices showed that the 
buffer zone was slightly higher than the core zone. This was 
similar to that of spring zooplankton abundance. In sum-
mer, the values of indices in the core and buffer zones of 
the sea area changed significantly, and the diversity indi-
ces in the core zone were higher than those in the buffer 
zone. According to the reference index of biodiversity index 

provided by "Environmental Monitoring of Coastal Sea 
Area"(HJ442-2008), the quality grade of habitats in spring 
was poor and that in summer was general.

Based on the average of diversity index in Table 2, the 
tendency of the index changes of zooplankton at different 
stations in spring and summer were drawn (Fig. 7). It is 
obvious that the maximum of zooplankton richness index 
(D) appears at station 6 and the minimum appears at sta-
tion 4 in spring. The maximum Shannon–Weaver biodi-
versity index (H') appeared at station 6 and the minimum 
appeared at station 8. The maximum of the evenness index 
(J) appears at station 4, and the minimum value appears at 
station 10. It can be seen that there is a similarity between 
zooplankton richness index (D) and Shannon–Weaver bio-
diversity index (H') in spring, and the maximum values 
appear at station 6 (which belongs to the core of sea area).

Fig. 4  Horizontal distribution of 
dominant zooplankton species 
abundance (ind./m3) in Changli 
near shore area of Hebei 
province in spring. a. Calanus 
sinicus, b. Paracalanus parvus, 
c. Acartia bifilosa, d. Acartia 
pacifica, e. Oithona similis
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In summer, the maximum of zooplankton rich-
ness index (D) appeared at station 9 and the minimum 
appeared at station 2. The maximum Shannon–Weaver 

biodiversity index (H') appeared at station 10 and the 
minimum appeared at station 2. The maximum of the 
evenness index (J) appears at station 10, and the minimum 

Fig. 5  Horizontal distribution of 
dominant zooplankton species 
abundance (ind./m3) in Changli 
near shore area of Hebei 
province in summer. a. Sagitta 
crassa, b. Oikopleura longi-
cauda, c. Paracalanus parvus, 
d. Acartia pacifica, e. Oithona 
similis

Fig. 6  Horizontal distribution 
of total zooplankton biomass 
(mg/m3) in Changli near shore 
area of Hebei province during 
spring and summer. a. spring; b. 
summer
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value appears at station 2. Similarly, the trends of zoo-
plankton richness index (D), Shannon–Weaver biodiver-
sity index (H') and evenness index (J) are similar in sum-
mer, and the maximum values of evenness index (J) and 
Shannon–Weaver biodiversity index (H') appear at station 
10 (which belongs to the core of sea area), and richness 
index (D). The minimum values of evenness index (J) 
and Shannon–Weaver biodiversity index (H') appeared 
at station 2 (which belongs to the sea buffer zone). The 
overall trend is that the highest value occurs in the core 
area, and the lowest value appears in the buffer zone. The 
results showed that the water body fluctuated frequently 
in the buffer zone, and the species, abundance and bio-
mass of zooplankton continued to succession, while the 
water body fluctuated slightly in the core zone, and the 
indexes tended to be stable.

On the whole, the Shannon–Weaver biodiversity index 
of zooplankton in summer was significantly higher than 
that in spring (P < 0.05), while the richness index and 
evenness index did not change significantly (P > 0.05).

Correlation Analysis Between Zooplankton 
Abundance and Environmental Factors

The correlation between the abundance of zooplankton and 
environmental factors, such as water temperature, salinity, 
nutrients and so on, was shown in Table 3. In spring, the 
abundance of zooplankton was negatively correlated with 
salinity, dissolved oxygen and nitrite nitrogen (P < 0.05), but 

not with water temperature, transparency, chlorophyll a, pH, 
ammonia nitrogen, silicate and active phosphate (P > 0.05). 
In summer, the abundance of zooplankton was positively 
correlated with water temperature and dissolved oxygen 
(P < 0.05), but not with salinity, transparency, chlorophyll 
a, ammonia nitrogen, silicate and nitrate nitrogen (P > 0.05).

CCA of zooplankton and environmental factors in Hebei 
Changli reserve area was carried out. The results of spring 
CCA analysis were shown in Table 4 and Fig. 8. According 
to Monte Carlo permutation test results, the ranking effect 
was ideal, showing significant levels (P < 0.005). The results 
showed that the first and second axes can explain most of the 
accumulated change information of zooplankton community, 
accounting for 55.81% of the total, and the eigenvalues were 
0.0957 and 0.0601, respectively. Axis 1 was negatively cor-
related with silicate and dissolved oxygen, while Axis 2 was 
positively correlated with water temperature, chlorophyll a 

Table 2  Diversity index of Zooplankton in the buffer and core area of 
Hebei province, China

Name Spring Summer
buffer core area buffer core area

Richness index (D) 1.08 1.02 1.17 1.29
Diversity index (H') 1.91 1.84 1.75 2.15
Evenness index (J) 0.60 0.63 0.54 0.67

Fig. 7  Variations of Shannon–
Wiener diversity index, Pielou 
evenness index and Margalef 
richness index of zooplank-
ton community at different 
sampling stations in spring and 
summer

Table 3  Regression analysis of physical–chemical parameters with 
density of zooplankton

P is dimensionless
*indicates P < 0.05

Factors Abundance in 
spring

Abundance in 
summer

R P R P

WT (°C) –0.052 0.859 0.739 0.035*

S (‰) –0.551 0.048* –0.023 0.937
T (m) –0.173 0.555 0.183 0.530
pH 0.269 0.372 0.154 0.598
DO (mg/L) –0.449 0.037* 0.557 0.043*

Chl-a (mg/m3) 0.147 0.568 –0.078 0.792
CODMn (mg/L) –0.362 0.204 –0.009 0.977
NO2-N (mg/L) –0.679 0.033* –0.040 0.892
NO3-N (mg/L) 0.029 0.922 –0.319 0.266
NH4-N (mg/L) 0.181 0.535 –0.166 0.572
SiO3-Si (mg/L) –0.236 0.416 0.145 0.620
PO4-P (mg/L) –0.004 0.988 –0.152 0.603
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and active phosphate, and negatively correlated with nitrite 
and pH.

The results of summer CCA analysis were shown in 
Table 5 and Fig. 9. According to Monte Carlo permuta-
tion test results, the ranking effect was ideal, showing 
significant levels (P < 0.005). The results showed that the 
first and second axes can explain most of the accumulated 
change information of zooplankton community, account-
ing for 54.78% of the total, and the eigenvalues are 0.1828 
and 0.0837, respectively. Axis 1 was positively correlated 
with pH, and Axis 2 was positively correlated with COD, 
negatively correlated with water temperature, active phos-
phate and nitrate nitrogen.

In conclusion, salinity, water temperature, chlorophyll a 
and nutrients were the main environmental factors affect-
ing the community structure of zooplankton in the coastal 
waters of Changli, and the influencing factors varied with 
seasons.

Discussion

Zooplankton Population Structure and its Dynamic 
Changes

Nineteen species of zooplankton were identified in two 
surveys. Among them, copepods were the main group in 
Changli Reserve, and larvae were the second largest group. 
Compared with previous surveys, zooplankton major com-
position groups were more consistent (Wang and Ma 2005; 
Liang 2018; Li et al. 2016). The number of zooplankton 
species was significantly lower than that in the previous 
studies, but the dominant species and constituent groups 
were similar to previous studies. The reason may be that 
the survey area was only in the small protected area, result-
ing in the small number of zooplankton species.

The seasonal variation of zooplankton was obvious. 
The total abundance of zooplankton was 43,463 ind./m3 
in spring and 21,317 ind./m3 in summer. The abundance 
distribution of zooplankton also showed obvious regional 
characteristics. The abundance of zooplankton in the core 
of sea area was significantly lower than that in the buffer 
area. In spring, the surface water temperature rose, the 
photometry increased, the nutrients were abundant and the 
phytoplankton multiplied rapidly. In summer, the rainfall 
increased, the runoff of land source increased and the feed-
ing of large amount of bait in the aquaculture area brought 
abundant nutrients, while zooplankton also multiplied in 
large quantities due to the suitable water temperature and 
rich food. However, the abundance of zooplankton in the 
core area was low, which may be due to the decrease of 
zooplankton species abundance caused by excessive nutri-
ents, or the decrease of zooplankton predation efficiency 
caused by wind and waves (Zhou and Qin 2018).

We also investigated the sea in spring and summer 
of 2016, and the results showed that the number of zoo-
plankton species in 2016 increased compared with that in 
2017, but the main groups were similar (Li et al. 2016). 
In addition, the biomass and abundance of zooplankton 
in 2016 were slightly lower than those in 2017, but they 
were higher in summer. The fluctuation of species number 
may be due to the contingency of field ecological survey, 
but compared with the data of other historical periods, the 
species number is basically stable.

Table 4  Correlation coefficient 
analysis of sorted axis 
correlation of sorted axis 
eigenvalues in spring in 2017

Statistic Axis 1 Axis 2 Axis 3 Axis 4

Eigenvalues 0.0957 0.0601 0.0403 0.0299
Explained variation (cumulative)% 34.27 55.81 70.25 80.96
Pseudo-canonical correlation 0.9815 0.9915 0.9992 0.9815
Explained fitted variation (cumulative)% 35.95 58.54 73.69 84.92

Fig. 8  CCA of the zooplankton community and associated environ-
mental factors in Changli near shore area of Hebei province in spring
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Biodiversity

Diversity index (biodiversity index, evenness index and 
richness index) is one of the indicators reflecting the char-
acteristics of community structure and indicating organic 
pollution. The average value of H' was 1.89 in spring and 
2.09 in summer. The results of 2016 survey are basically 
consistent with the results, and there is no significant dif-
ference. According to the reference index of biodiversity 
index, the quality grade of habitat in spring was poor, 
while that in summer was general. The main reason may 
be that the high-density raft culture in the coastal waters 
of Changli has changed the marine hydrodynamic environ-
ment, and the rapid development of tourism in the Golden 
Coast of Changli has influenced the habitat by human fac-
tors. In addition, in recent years, a large number of water 
storage projects have been constructed in the upper reaches 
of Luanhe River, which has reduced the area of the estu-
ary transition section and insufficient water exchange, thus 
affecting the succession of zooplankton communities and 
gradually reducing biodiversity (Shi et al. 2011).

Influence of Environmental Factors on Zooplankton

Water environment determined the characteristics of bio-
logical population or community structure. On the contrary, 
different zooplankton community structure had a certain 
feedback effect on the environment. Zooplankton was sen-
sitive to environmental changes. The changes of individual, 
population or community can objectively reflect the changes 
of water quality. Most studies had shown that zooplankton 
community structure was closely related to many abiotic 
factors. Among them, temperature and salinity were the 
most important factors affecting zooplankton distribution 
(Jiang et al. 2017; Luo et al. 2016; Marques et al. 2006). 
The survival and reproduction of zooplankton will also be 
limited by temperature and salinity (Devreker et al. 2005; 
Lenz et al. 2005).

Temperature was the key factor for individual growth, 
development and reproduction. Appropriate elevation 
will increase the intensity of zooplankton metabolism 
and accelerate zooplankton generation replacement so as 
to speed up reproduction. Because different zooplankton 
had different tolerance to temperature, their species 
composition and quantity distribution will vary with the 
change of temperature and salinity, and then the seasonal 
succession of zooplankton community structure appeared. 
At the same time, zooplankton also improved their resistance 
to environmental change through their own oxygen 
consumption and metabolic intensity. Salinity, as another 
important environmental factor affecting zooplankton 
community structure, mainly affected its osmotic pressure, 
and zooplankton adapted to it through the ion regulation 
mechanism of osmotic pressure. With the increase of salinity, 
the number of copepods increased gradually. In different 
salinity regions, the number distribution of copepods was 
different (Zervoudaki et al. 2009). From spring (May) to 
summer (August) in Changli Reserve, the temperature 
gradually increased from 13.54 to 28.18 °C to promote the 
rapid reproduction of zooplankton, which mainly fed on 
phytoplankton. There was no obvious gradient change of 
salinity in seasons, when the average salinity was 31.06 in 
spring and 30.52 in summer. The results showed that the 
protected area was suitable for large-scale reproduction of 
broad-temperature and wide-salt zooplankton.

Table 5  Correlation coefficient 
analysis of sorted axis 
correlation of sorted axis 
eigenvalues in summer

Statistic Axis 1 Axis 2 Axis 3 Axis 4

Eigenvalues 0.1828 0.0837 0.0617 0.0532
Explained variation (cumulative)% 37.57 54.78 67.46 78.39

Pseudo-canonical correlation 0.9975 0.9512 0.9994 0.9954
Explained fitted variation (cumulative)% 39.61 57.75 71.12 82.64

Fig. 9  CCA of the zooplankton community and associated environ-
mental factors in Changli near shore area of Hebei province in sum-
mer
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In addition to salinity and water temperature, chlorophyll 
a and nutrients were also correlated with zooplankton com-
munity distribution. Chlorophyll a content was an important 
indicator of the present biomass of phytoplankton in the sea 
area (Gao et al. 2017). Phytoplankton growth and standing 
biomass were especially affected by nutrient content (Wang 
et al. 2018). Chlorophyll a and nutrients were indirectly con-
trolled by phytoplankton in the community structure of zoo-
plankton. Overall, the cumulative contribution rate of envi-
ronmental factors to the explanation of zooplankton species 
variables was only 55.3%. It showed that besides environ-
mental factors, the distribution of zooplankton community 
was also affected by phytoplankton distribution, aquaculture 
activities, tourism activities and other aspects. To further 
explore the change mechanism of zooplankton community 
structure, it is necessary to conduct large-scale spatial and 
temporal surveys of zooplankton and to further analyze the 
endogenous dynamics and external environment that affect 
the changes of zooplankton community.

Since the investigated area is one of the important 
national nature reserves in China, there is no human devel-
opment activities, and there is no abnormal climate impact 
during the 2016 and 2017 investigation period, so the index 
of environmental factors is basically stable.

Conclusion

1. Nineteen species of zooplankton were identified in 2017, 
of which copepods accounted for the most, followed by 
five species of planktonic larvae, two species of coe-
lentera, and one species of bran shrimp, one species of 
maxilla and one species of capsule. In spring, the total 
abundance of zooplankton was 43,463 ind./m3, and the 
total abundance of zooplankton was 21,317 ind./m3 in 
summer.

2. The average value of H' in Changli Reserve was 1.89 in 
spring and 2.09 in summer. According to the reference 
index of biodiversity index, the quality grade of habitat 
was poor in spring and that was general in summer.

3. Canonical correspondence analysis showed that salin-
ity, water temperature, chlorophyll a and nutrients were 
the main environmental factors affecting the community 
structure of zooplankton in the coastal waters of Changli, 
and the influencing factors varied with seasons.
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