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ABSTRACT
In this study, the concept of functional traits was used to classify
zooplankton into functional groups and their seasonal dynamics
were determined in relation to physico-chemical factors in a
highly turbid and nutrient-rich wetland. This study revealed a sea-
sonal variation of both physico-chemical factors and biomass of
zooplankton functional groups. Water temperature (TEP), total
phosphorus (TP), ferrous ion (Fe2þ) and total carbon (TC) were
significantly higher in summer while water transparency (SD) was
notably higher in spring. Zooplankton functional group biomass
was higher in summer (5.11 mg/L) followed by winter, autumn
and spring (0.91, 0.72 and 0.28 mg/L, respectively). Large cope-
pods and cladoceran carnivore (LCC) was the dominant functional
group in spring accounting for about 86.7% of the total biomass.
In summer, MCF (Middle copepods and cladocerans filter feeders)
was the dominant group probably because of the optimal tem-
perature and availability of nutrients. Pearson correlation and RDA
analysis results suggested that Fe2þ, TP and TEP were the major
factors influencing zooplankton functional groups. Notably, tur-
bidity was not the main factor despite the fact that Small Xingkai
Wetland Lake is a very turbid lake. The variation of zooplankton
functional groups among seasons highlights the role of physico-
chemical factors in structuring zooplankton composition.
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Introduction

Wetlands are dynamic and highly productive ecosystems providing habitat for primary
organisms such as zooplankton and phytoplankton which plays a critical role in aquatic
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systems. Zooplankton are highly diverse organisms that play a critical role as grazers in
wetland foodwebs, acting as a link of energy transfer from primary producers to the ter-
tiary consumers such as birds and fish. Ruhl and Smith (2004) noted that zooplankton
not only support the higher trophic levels in wetlands but also sustain the benthic and
microbial communities. More importantly, zooplankton play essential roles in shaping cli-
mate change phenomena (Richardson 2008). The ability of wetlands to act as sink of
greenhouse gas species to some extent depend on the biological interactions. By grazing
on phytoplankton, zooplankton enhances carbon cycle that could be fixed or locked up in
the wetland sediments. Recently, scientists have been trying to understand the biological,
chemical and physical interactions in wetlands ecosystems (Ma and Yu 2013; Huszar et al.
2015). Several hypotheses have been proposed by these scientists and among them is that
there exists spatial-temporal variation in physico-chemical parameters as well as biological
community structure (flora and fauna) in wetland ecosystems (Declerck et al. 2007; Dube
et al. 2017). And according to Sun et al. (2010), Shi et al. (2015) and Kagalou et al.
(2010), zooplankton functional groups are very sensitive to changes in physico-chemical
variables in aquatic systems.

The Small Xingkai Wetland Lake is part of larger Xingkai Lake National Nature
Reserve which is the biggest freshwater lake in Northeast Asia. The reserve was designated
as a RAMSAR site in 2001 and in 2007 it was recognized by UNESCO as a Man and
Biosphere reserve. Small Xingkai Wetland Lake provides protection to rare Lake Forest
wetlands and it is endowed with rich biodiversity of both flora and fauna. In addition, the
lake is an important hub for agricultural products, fisheries and water resources for the
local people (Haiqian 2011). As a result of economic and human population growth,
Small Xingkai Wetland Lake is experiencing immense pressure, such as reclamation of its
wetland into agricultural farms, loss of biodiversity and pollution (Xiangcan and Pingyang
2006). The water quality of the lake has deteriorated dramatically with turbidity and
eutrophication steadily raising (Kang et al. 2009).

The impacts of water quality change in aquatic systems can be mirrored in disruption
of organisms such as zooplankton (�Spoljar et al. 2011). Due to their functional feeding
behavior, zooplankton species are regarded as good indicators of water quality. However,
studies of zooplankton species have been given less attention in Small Xingkai Wetland
Lake despite the fact that they form an important component of aquatic food webs. The
objectives of this study are: (1) to identify and classify zooplankton of Small Xingkai
Wetland Lake into functional groups and (2) to highlight the seasonal dynamics of zoo-
plankton functional groups and their relationship to physico-chemical factors. We
hypothesized that seasonal changes in zooplankton functional groups could be explained
by physico-chemical factors. The findings of this present study will help fill the lacunae in
understanding ecological community structure of the highly turbid, nutrient-rich Small
Xingkai Wetland Lake which represents a RAMSAR protected area with few studies con-
ducted so far (Kang et al. 2009; Wang et al. 2013). Also this is the first study on zoo-
plankton functional groups in the Lake.

Materials and methods

Study area

The study was conducted in Small Xingkai Wetland Lake located at 45�N 132 �W in
Heilongjiang Province, Northeast China (Figure 1). The Small Xingkai Wetland Lake is
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separated from the Large Xingkai Lake by a natural sand mound which is 35 km long,
5–6 m above the mean lake level with trees growing on it. The total area of Small Xingkai
Wetland Lake is 140 km2 with an average water depth of 3 m and maximum water stor-
age 5.05 � 108m3 (Haiqian 2011). Flood-diversion sluices were constructed between
Small Xingkai Wetland Lake and Large Xingkai Lake to allow the flow of Muling River
into the larger lake. The main sources of water to the Small Xingkai Wetland Lake are
river discharge, diversion from canals and direct precipitation. The study area is a typical
monsoonal climate region with a mean annual precipitation and temperature of 750 mm
and 3.1 �C, respectively (Wang et al. 2006; Haiqian 2011). The lake is the main source of
livelihoods for the local communities and its catchment is used for agricultural activities.
Small Xingkai Wetland Lake is also important as habitat for flora and fauna including
rare and endangered plants species, birds such as white-neped crane (Grus vipio) and
Red-crowned cranes (Grus japonensis) and freshwater species of fish (Xiangcan 1999;
Xiangcan and Pingyang 2006; Haiqian 2011). Twelve sites (1#–12#) were selected for this
study and sampled during spring, summer, autumn and winter. Sites 1#, 2#, 3#, 4# and
6# are located on the northern side of the lake near rivers. In the northern part of the
lake there is Jixi city, human settlements and farming activities. Sites 7# and 12# are
located at the center of the lake while 8#, 9#, 10# and 11# are on the southern side of the

Figure 1. Location of the study area and the location of sampling sites (1#–12#) in the Small Xingkai Wetland Lake.
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lake. Tourism is the main activity on the southern part of the Small Xingkai
Wetland Lake.

Sampling collection and laboratory analysis

Water temperature (TEP), conductivity (COND), ammonium (NH4
þ) and chloride ions

(Cl�) were measured in situ using a portable multi-probe (YSI 6600, YSI Inc., USA) while
water transparency (SD) and turbidity (TURBID) were determined using Secchi disk and
turbidimeter, respectively. Triplicate water samples for nutrients analysis were collected
on a monthly basis, placed in ice box and transported to laboratory for analysis. Total
phosphorus (TP), total nitrogen (TN), chemical oxygen demand (CODcr), biological oxy-
gen demand (BOD5), ferrous ion (Fe2þ) and ferric ion (Fe3þ) were determined using the
standard methods for China (MEP 2002). For the zooplankton samples, 20 L of lake water
from water surface and 0.5 m above the bottom were collected using a Schindler sampler
and filtered through plankton net (64 mm mesh size). The concentration samples were
then fixed using formaldehyde solution (4% final concentration). Protozoa and rotifer
samples were obtained by taking 1-L subsamples to form the 20-L pooled sample. The
samples were preserved with Lugol’s iodine and formaldehyde and allowed to sediment in
1-L jar for more than 48 hours. The supernatant water was carefully removed and the
residue was then collected and made to a known volume of 30 mL according to Huang
(1981). Zooplankton specimen identification and counting was carried using a light
microscope according to specialized species keys (Yeatman 1959; Chen et al. 1974; Chiang
and Du 1979; Kotov et al. 2013). Dry weight (mg) obtained from length–weight relation-
ship was used to compute biomass by dividing by the volume of water (L) filtered (Zuo
et al. 2003; Sun et al. 2010).

Description and classification of zooplankton functional group

According to the researchers, zooplankton functional traits are the morphological, behav-
ioral or phonological characteristics that shape its ecological role and fitness in their living
environment (Sun et al. 2010; Benedetti et al. 2015; Shi et al. 2015). Reproduction, mode
of feeding, trophic level and interaction among organisms have been used to categorize
zooplankton (Shi et al. 2015), however, size has been considered as the basic principle for
classification of zooplankton functional group. The sampled zooplankton in the Small
Xingkai Wetland Lake were classified into six functional groups: protozoa filter feeders
(PF), rotifer filter feeders (RF), small copepods and cladocerans filter feeders (SCF), mid-
dle copepods and cladocerans filter feeders (MCF), middle copepods and cladocerans car-
nivore (MCC) and large copepods and cladocerans carnivore (LCC). The PF and RF are
passive filter feeders feeding on bacteria, algae and organic detritus. SCF group included
those species with body size <0.7 mm and were mainly dominated by small copepods
and cladocerans (Microcyclops javanus and Bosmina coregoni). The MCF group consists of
zooplankton individuals with body length in the range of 0.7–1.5 mm and was mainly
dominated by Moina chankensis, and Epischura chankensis species. The MCF group plays
a key role in aquatic food web of being a source of food for fish and also they filter feed
algae hence controlling algal blooms. Similarly, the body length of MCC functional group
ranges between 0.7–1.5 mm just like MCF, however, MCCs are carnivores feeding on
other zooplankton. By feeding on other zooplankton, MCF competes with fish for food
resources in the lake. Species in this group included Moina chankensis, Epischura chan-
kensis and Diaphanosoma chankensis. The LCC group included those zooplankton species
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with body length >1.5 mm and were dominated by Cyclops strenuous. This group preys
on other zooplankton and it forms an important food source for fish (Table 1). Previous
studies have shown that biomass is an important factor when modeling and evaluating
spatial and seasonal variation of zooplankton functional groups (Pitois and Fox 2006; Shi
et al. 2015). For this study, biomass computed in mg/L was used in the analysis.

Data analysis

To determine the seasonal variation of physico-chemical variables, one-way ANOVA with
SPSS version 15.0 statistical package for windows was used. A multivariate of ordination
method was performed (software CANOCO 4.5) to identify the effect of physico-chemical
variables on the biomass of zooplankton functional group. Detrended correspondence
analysis (DCA) was used to see whether the species data was linear or unimodal prior to
employing redundancy analysis (RDA). From the DCA results, the maximum gradient
length of the axis did not exceed three standard deviations hence prompting the use of
RDA. All continuous environmental variables were log10 transformed. Zooplankton func-
tional groups biomass was log(1 þ x) transformed before analysis in order to normalize
the data. During the RDA analysis, Monte Carlo simulation was employed to test the sig-
nificance of physico-chemical variable in explaining the zooplankton functional groups
under unrestricted model of 999 permutations.

Results

Seasonal variation of physico-chemical factors

The mean values of physico-chemical variables obtained in Small Xingkai Wetland Lake
are presented in Table 2. Mean water temperature (TEP) differed significantly seasonally
(F(3, 44) ¼ 1932, p < 0.001) with higher significant values in summer than in winter (p <
0.001), autumn (p < 0.001) and spring (p < 0.001). Water transparency (SD) values also

Table 1. Description and classification of zooplankton functional group of the Small Xingkai freshwater lake.

Functional group Description Feeding habits

Functional role
as food source

for fish

Functional role
for control of
phytoplankton

LCC (large copepods and
cladocerans carnivore)

>1.5 mm Carnivorous- feeding, feeding
on rotifer, cladoceran,
dipster (chironomidae
larvae) and oligochaeta

þþ �

MCC (middle copepods and
cladocerans carnivora)

0.7–1.5 mm Carnivorous-feeding, feeding
on rotifer, cladoceran,
dipster (chironomidae
larvae) and oligochaeta

þ �

MCF (middle copepods and
cladocerans filter feeders)

0.7–1.5 mm Filter-feeding, feeding on
bacteria, algae,organic
detritus and protozoa

þþ þþ

SCF (small copepods and
cladocerans filter feeders

<0.7 mm Filter-feeding, feeding on
bacteria, algae, organic
detritus and protozoa

þ þ

RF (rotifers filter feeders) Filter-feeding, feeding on
bacteria, algae and
organic detritus

� þ

PF (protozoa filter feeders) Filter-feeding, feeding on
bacteria, algae and
organic detritus

� �
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varied seasonally (F(3, 44) ¼ 9.78 p < 0.001) with spring recording the highest values.
Mean Conductivity (COND) in the Small Xingkai Wetland Lake were similar in all sea-
sons (F(3, 44) ¼ 0.53 p ¼ 0.67). The turbidity (TURBID) of the lake was very high as
shown in Table 3, however, its mean values did not vary seasonally but relative high value
was recorded in autumn (99.62 NTU) while spring had the lowest value (63.84 NTU). It
is quite clear from the results that the nutrients of the lake were enriched. Conversely no
seasonal variations were observed for TN (p ¼ 0.68) and TP (p ¼ 0.20). Values of total
organic carbon (TOC), total carbon (TC) and inorganic carbon (IC) showed significant
seasonal variation (p < 0.001) with summer having high mean values. Post hoc analysis
further indicated that TOC values for autumn differ significantly with spring, summer
and winter while IC mean values differed between spring and summer, spring and
autumn; and autumn and winter. Ferrous ion (Fe2þ) and Fe3þ were significantly high in
summer than in spring, autumn and winter (p < 0.001). On the other hand, BOD5 and
CODCr were significantly higher in spring and relatively lower in summer.

Seasonal variation of zooplankton community

In total, 23 zooplankton species belonging to four taxonomic categories were identified
during the study conducted in spring, summer, autumn and winter 2014 in the Small
Xingkai Wetland Lake (Table 3). Out of this 8 were copepods (34.78%), 6 rotifers
(26.09%), 5 protozoa (21.74%) and 4 cladocerans (17.39). Summer recorded the highest
number of species 13 followed by spring with 12, autumn and winter had 11 and 9 spe-
cies, respectively. Zooplankton functional group biomass exhibited seasonal and spatial
variability (Figures 2 and 3) and the values were higher in summer at 5.11 mg/L followed
by winter, autumn and spring (0.91, 0.72 and 0.28 mg/l, respectively). In spring, approxi-
mately 86.67% of the total biomass contribution was of LCC while in summer, autumn
and winter MCF functional group had the highest biomass contribution of about 82.71%,
67.93% and 56.83%, respectively (Figure 3). LCC and SCF were the second and third
most contributors of the total biomass in both autumn and winter, respectively. Protozoa
filter feeders (PF) and RF were seldom collected during the study period. The relatively
highest contribution by PF to the total biomass was in spring of about 1.34% and no PF
was collected in summer and winter.

Table 2. Physico-chemical variables recorded in Small Xingkai Wetland Lake based on season, values are expressed
as means ± standard error.

Environmental variables Spring Summer Autumn Winter p value

Water temperature TEP (�C) 15.68 ± 0.58 22.97±0.65 15.87 ± 0.47 7.41 ± 0.18 .00
SD (cm) 0.46 ± 0.24 0.21 ± 0.12 0.21 ± 0.05 0.20 ± 0.05 .00
COND (ms/m) 0.25 ± 0.29 0.18 ± 0.05 0.19 ± 0.02 0.18 ± 0.03 .67
Cl� (mg/L) 49.71 ± 20.06 28.99 ± 4.75 76.07 ± 15.62 129.77 ± 58.19 .00
TURBID (NTU) 63.84 ± 55.71 97.33 ± 36.99 99.62 ± 28.15 77.95 ± 42.10 .13
TN (mg/L) 1.81 ± 0.82 1.65 ± 0.43 1.39 ± 1.32 1.57 ± 0.60 .68
TP (mg/L) 0.16 ± 0.30 0.29 ± 0.41 0.09 ± 0.04 0.09 ± 0.04 .20
TOC (mg/L) 15.08 ± 2.08 16.00 ± 1.69 7.21 ± 1.11 15.36 ± 4.45 .00
TC (mg/L) 28.38 ± 1.64 32.86 ± 1.82 25.92 ± 3.16 29.13 ± 5.03 .00
IC (mg/L) 13.30 ± 2.81 16.85 ± 0.94 18.71 ± 2.77 13.77 ± 2.55 .00
BOD5 (mg/L) 2.72 ± 0.94 1.06 ± 0.49 1.51 ± 0.63 2.76 ± 4.09 .00
CODCr (mg/L) 69.27 ± 22.79 32.67 ± 7.41 43.18 ± 21.00 42.82 ± 13.77 .00
Fe2þ (mg/L) 0.28 ± 0.24 1.52 ± 0.60 0.20 ± 0.12 0.22 ± 0.09 .00
Fe3þ (mg/L) 0.37 ± 0.48 0.77 ± 0.83 0.10 ± 0.06 0.14 ± 0.06 .01

Note: All the physico-chemical variables except conductivity (COND), turbidity (NTU), total nitrogen (TN) and total
phosphorus (TP) revealed significant seasonal variation according to one-way ANOVA test.
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Table 3. Zooplankton species listed according to their functional groups and their percentage contribution to their
total biomass in Small Xingkai Wetland Lake.

Taxonomic group Species Functional groups Percentage of total biomass (%)

Protozoa Didinium balbianii nanum PF 0.01
Didinium nasutum PF 0.01
Askena siavolvox PF 0.01
Strombidium viride PF 0.02
Vorticella microstoma PF 0.01

Rotifera Keratella quadrate RF 0.09
Keratella valga RF 0.09
Keratella cochlearis RF 0.002
Polyarthra trigla RF 0.09
Lecane buna RF 0.04
Brachionus calyciflorus RF 0.08

Cladoceran Moina chankensis MCF 47.48
Diaphanosoma Chankensis MCF 1.84
Leptodora kindti LCC 3.40
Bosmina coregoni SCF 3.03

Copepoda Cyclops strenuus LCC 9.04
Thermocyclops taihokuensis MCC 8.93
Thermocyclops dybowskii MCC 0.025
Thermocyclops brevifurcatus MCC 0.008
Thermocyclops vermifer MCC 2.93
Microcyclops javanus SCF 2.10
Mesocyclops leuckarti MCC 0.17
Epischura chankensis MCF 21.05

Figure 2. Distribution of phytoplankton functional groups biomass.
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Correlation analysis between functional groups and water environment factors

Correlation coefficient between physico-chemical variables and biomass of zooplankton
functional groups were listed in Table 4. From the results most of the water environmen-
tal factors were correlated with MCF and MCC functional groups. Ferrous ion (Fe2þ), TP
and TEP significantly influenced MCF and MCC groups positively while SD, Cl� and
BOD5 had a negative influence. Turbidity showed a weak influence on MCF and MCC
functional group. On the other hand, PF group was very sensitive to turbidity and SD but
weakly influenced by TP, CODCr and NH4

þ
. LCC which formed the largest proportion of

the total biomass in spring and RF group showed no sensitivity with the environmental
factors. Similarly, correlation analysis between zooplankton functional groups revealed
that SCF, MCF and MCC were significantly positive correlation to each other while PF,
RF and LCC groups showed no correlation with other functional groups (Table 5).

RDA analysis of zooplankton functional group with physico-chemical variables

RDA was carried out to determine the relationship between zooplankton functional
groups and environmental factors. The Monte Carlo test was significant for the first axis
and all canonical axes (p < 0.001), suggesting that these environmental variables are
important factors in explaining the group compositions. The eigenvalue for RDA axis 1
(0.687) and axis 2 (0.002) together explained 68.9% of the species variance out of which
68.7% of the total variability was of axis 1 (Table 6). Axis 1 was positively related with
Fe2þ (0.760), TP (0.738) and TEM (0.558) while axis 2 was positively related with NH4

þ-
N (0.454) and Cl� (0.286) (Figure 4). SCF, MCF and MCC groups were positively related
with Fe2þ, TP, TEM and TC, and negatively related with Cl� and NH4

þ-N. On the con-
trary, LCC group was negatively related with Fe2þ, TP, TEM and TC and positively
related with Cl� and NH4

þ-N. All the zooplankton functional groups were positively and
negatively related with SD and TURBID, respectively.

Discussion

Classification of organisms into their functional groups has been proposed to be the best
way of understanding the linkage of community structure in aquatic systems (H�ebert

Figure 3. Relative mean biomass of main phytoplankton functional groups in Small Xingkai Wetland Lake.
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et al. 2016). Previous studies have demonstrated over time that zooplankton functional
groups can be used in biogeochemical models in marine ecosystems (Sun et al. 2010).
And as a result, scientists have classified zooplankton into functional groups based on the
specific question to be addressed. Unfortunately, there are no existing studies on zoo-
plankton in order to compare with in the highly turbid and nutrient-rich Small Xingkai
Wetland Lake. Through the mode of feeding and size determination, the zooplankton
were grouped into six functional groups PF, RF, SCF, MCF, MCC and LCC as indicated
in our methods. Although the identification and characterization of the zooplankton func-
tional groups can address the question at hand, there is need to consider biotic interac-
tions, reproduction and biogeochemical roles in the future.

Seasonal variation of zooplankton functional groups biomass

Spatial and temporal variation in zooplankton biomass, species composition and diversity
have been well studied in aquatic ecosystems (Sun et al. 2010; Benedetti et al. 2017; Dube

Table 5. Correlation coefficients between the biomass of zooplankton functional groups (n ¼ 45).

PF RF SCF MCF MCC LCC

PF 1 0.046 �0.165 �0.172 �0.122 �0.093
RF 0.046 1 0.078 0.115 0.043 �0.1
SCF �0.165 0.078 1 .667�� .567�� 0.252
MCF �0.172 0.115 .667�� 1 .859�� 0.094
MCC �0.122 0.043 .567�� .859�� 1 0.05
LCC �0.093 �0.1 0.252 0.094 0.05 1

Table 6. Redundancy analysis results for zooplankton functional groups.

Eigenvalues

Species-
environment
correlations Species

Species-
environment

relation

Sum of all
canonical
eigenvalues

Axis 1 0.687 0.834 68.7 99.5 0.690
Axis 2 0.002 0.556 68.9 99.8
Axis 3 0.001 0.626 69.0 100.0
Axis 4 0.000 0.266 69.0 100.0

Figure 4. RDA ordination diagram of the main functional groups and physico-chemical variables.
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et al. 2017) with little attention in highly turbid and nutrient-rich wetlands (Dorak and
Temel 2015). Compared to oligotrophic systems, zooplankton biomass has been found to
be higher in turbid and nutrients-rich ecosystems probably because of the absence of sub-
merged plants, poor visibility of predators or availability of food (Muylaert et al. 2003;
�Spoljar et al. 2011; Lu et al. 2012). In the present study, zooplankton functional groups
biomass showed seasonal variation. In spring, LCC was the dominant zooplankton func-
tional group contributing about 86.67% of the total biomass while in summer MCF was
the dominant group composed mainly by Moina chankensis and Epischura chankensis spe-
cies. LCCs are carnivores feeding on other zooplankters while MCF groups are filter-
feeders feeding on bacteria, algae, organic detritus and protozoa. The change in group
dominance of LCC in spring to MCF in summer could be due to optimum conditions
created by summer temperature and nutrients which support the growth of food resource
in the form of algae. Previous studies have indicated that in the presence of algal bloom,
zooplankton composition changes regularly with large copepods and cladocerans being
replaced by other zooplankton who can filter feed small particles (Blancher 1984; Srifa
2010). On the other hand, low biomass contribution by the other functional groups in
spring can be explained by the relative high water transparency (SD), enabling LCC to
visualize its prey (i.e. smaller zooplankton). Protozoa and rotifers, which were main con-
tributors of PF and RF functional groups, showed no obvious variations with seasons and
their contribution to the total biomass was very minimal. This observation can be
explained by the following arguments; first, RF and PF are filter feeders just like MCF
feeding on algae, organic detritus, nano-flagellates and therefore they are depressed
through exploitative competition. Second, RFs are preyed upon by LCC and MCC in
agreement with previous studies which revealed some cyclopoid copepods are good preda-
tors on rotifers hence constraining their population (Brandl 2005; Wang et al. 2010). The
last possible reason could be environmental factors. Studies have shown that change in
physico-chemical factors such as nutrients, pH, turbidity and temperature can affect roti-
fer community structure (Armengol et al. 1998; Duggan et al. 2002; Wen et al. 2017).
Changes in rotifer community structure could in turn lead to wavering of foodwebs and
stability of the wetland lake.

Zooplankton functional groups driving factors in high turbid and nutrient-
rich wetland

Researchers have noted that water temperature, nutrient, pH, bottom-up effect of phyto-
plankton, top-down effect of predators, turbidity, hydrology and species interaction are
essential factors in shaping zooplankton community composition (Srifa 2010, Shi et al.
2015, Sharma et al. 2017). Similarly, our analysis also showed that zooplankton functional
groups were influenced by environmental factors that vary with season. Being a highly
turbid lake, the authors hypothesized that turbidity could play a crucial role in influencing
the biomass of zooplankton functional groups. Although turbidity was found to be higher
in the lake, our results did not indicate turbidity as the main driving factor of zooplank-
ton functional group biomass. Our results revealed that ferrous ion (Fe2þ) and total phos-
phorus (TP) were the main factor responsible for zooplankton functional groups biomass
dynamics. Nutrients can indirectly impact the biomass of zooplankton functional groups
through their influence on phytoplankton productivity. Iron (Fe) which is not the com-
mon nutrient specie has been demonstrated as important nutrient affecting the growth of
phytoplankton in marine ecosystem (Alderkamp et al. 2015). However, its impact on
freshwater wetlands is still unclear but some scientists suspect that it might increase the
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biomass of phytoplankton (Zou et al. 2011). Since most of the functional groups were
positively correlated with physico-chemical factors indicative of nutrient status in our
study, then we deduce that bottom-up controlled by nutrients could be the driving force
influencing zooplankton function groups.

Moreover, our analysis has shown that temperature is still a main factor influencing
zooplankton in the highly turbid and nutrient-rich wetland. Water temperature is a factor
that can positively or negatively directly affect the growth of some zooplankton species
(Srifa 2010). A study by Kagalou et al. (2010) shows that copepods and cladocerans are
affected by water temperature and nutrient enrichments in wetlands. This is reflected in
our study during summer where the biomass contribution by Moina chankensis,
Diaphanosoma Chankensis and Epischura chankensis species was higher and gradually
reduced in autumn and winter. Probably the higher temperature and nutrients recorded
in summer attributed to this finding. Note, however, we should be cautious in agreeing
with these findings since the physico-chemical variables were measured on monthly basis.

Water transparence (SD) and chloride ion (Cl�) were negatively correlated with MCF
and MCC groups while turbidity (TURBID) was positively correlated with most of the
groups. Turbidity is an essential factor that influences predator–prey relationship in
aquatic system (Van der Gucht et al. 2003). Reid et al. (1999) demonstrated that turbidity
may reduce prey detection distance and hence predation rate by predators such as fish.
Therefore, the positive correlation revealed in this study could imply, but does not prove,
that turbidity may lead to low predation pressure on zooplankton (top-down effect) in
the highly turbid and nutrient-rich wetland lake. Pearson correlation further revealed a
positive relationship between SCF, MCF and MCC groups while PF, RF and LCC showed
no relationship with any group. This further shows that zooplankton functional group
species in the Small Xingkai Wetland Lake are not influenced by predation or competition
but by the availability of food resources (bottom-up effect of phytoplankton). As depicted
by RDA results the first two axes explained 68.9% of zooplankton functional groups
changes meaning that environmental factors are critical in shaping zooplankton compos-
ition in Small Xingkai Wetland Lake.

Conclusion

In this study, the concept of functional traits was used to classify zooplankton into func-
tional groups and their seasonal dynamics in relation with physico-chemical factors were
determined in the highly turbid and nutrient-rich wetland. The major findings of our
study can be summarized as follows:

1. A total of 23 zooplankton species belonging to four taxonomic categories were identi-
fied and classified into six functional groups: protozoa filter feeders (PF), rotifer filter
feeders (RF), small copepods and cladocerans filter feeders (SCF), middle copepods
and cladocerans filter feeders (MCF), middle copepods and cladocerans carnivore
(MCC) and large copepods and cladocerans carnivore (LCC).

2. Both physico-chemical variables and zooplankton functional groups in the highly tur-
bid nutrient-rich wetland lake vary seasonally. Water temperature (TEP), total phos-
phorus (TP), ferrous ion (Fe2þ) and total carbon (TC) were significant higher in
summer than in any other season.

3. Zooplankton functional group biomass was higher in summer by 5.11 mg/L followed
by winter, autumn and spring (0.91, 0.72 and 0.28 mg/L, respectively). Large cope-
pods and cladocerans carnivore (LCC) was the dominant functional group in spring
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accounting for about 86.67% of the total biomass associated with water transparent
(SD). Biomass contribution by the other group was very minimal during spring prob-
ably because of the predation by LCC. In summer, middle copepods and cladocerans
filter feeders (MCF) was dominant group probably because of the optimal tempera-
ture and availability of the nutrients.

4. Fe2þ, TP and TEP are the major factors influencing zooplankton functional groups in
the Small Xingkai Wetland Lake.

The variation of zooplankton functional groups among seasons highlights the role of
physico-chemical factors in structuring zooplankton composition.
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