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Abstract

To investigate the water environmental quality status of upstream reservoirs in
the Ili River Valley of Xinjiang, zooplankton and physicochemical indicators of
the water environment in Qiapuqihai Reservoir were surveyed and analyzed in
June 2019 (high-water period), September 2019 (normal-water period), and De-
cember 2019 (low-water period) based on methods including biodiversity index,
comprehensive trophic state index, and redundancy analysis (RDA). The results
showed that: (1) A total of 37 zooplankton species were identified in Qiapuqihai,
including 17 protozoa, 10 rotifers, 4 cladocerans, and 6 copepods; the dominant
species mainly included Strobilidium sp., Centropyxis sp., Tintinnopsis wangi,
Synchaeta sp., and Polyarthra vulgaris, totaling 5 species; the abundance of
zooplankton in the high-water, normal-water, and low-water periods was 580.40
ind + L-1, 152.68 ind - L-1, and 137.01 ind - L-1, respectively, and the biomass
was 0.550 mg + L-1, 0.018 mg - -1, and 0.007 mg + L-1, respectively, with both
maximum abundance and biomass occurring in the high-water period. (2) The
zooplankton diversity indices exhibited typical spatiotemporal distribution char-
acteristics; the Shannon-Wiener index (H ) and Margalef index (D) showed an
increasing trend from the reservoir tail to the dam front during the high-water
period, while being highest in the middle of the reservoir during the normal-
water and low-water periods, with mean values of H and D being 1.19 and 0.82,
respectively. (3) RDA results indicated that water temperature (WT), chemical
oxygen demand (CODMn), and nutrient concentrations such as total nitrogen
(TN), total phosphorus (TP), nitrate nitrogen (NO-3 -N), nitrite nitrogen (NO-2
-N), ammonium nitrogen (NH+4 -N), and orthophosphate (PO34- -P) were the
main environmental factors influencing the variation in zooplankton community
structure. The integrated results of the biodiversity index and comprehensive
trophic state index indicated that the water quality of Qiapuqgihai Reservoir
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was in an oligotrophic-mesotrophic state with good environmental quality, and
could serve as overwintering, spawning, and feeding grounds for fish.
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Abstract

To investigate the water environmental quality of upstream reservoirs in the
Ili River Valley, Xinjiang, we conducted a survey of zooplankton and physico-
chemical water environment indicators in Qapchy Lake during July (wet season),
September (normal season), and December (dry season) in 2019. Biodiversity in-
dices, comprehensive trophic state index, and redundancy analysis (RDA) were
employed to assess the aquatic environment. The results showed: (1) A total
of 37 zooplankton species were identified, including 17 protozoa, 10 rotifers, 4
cladocerans, and 6 copepods. The dominant species included Strobilidium sp.,
Centropyxis sp., Tintinnopsis wangi, Synchaeta sp., and Polyarthra vulgaris.
Zooplankton abundance was 580.40 ind - L~! in the wet season, 152.68 ind -
L~! in the normal season, and 137.01 ind - L™! in the dry season. Biomass was
0.550 mg - L™!, 0.018 mg - L™!, and 0.007 mg - L™! respectively, with maximum
values occurring in the wet season. (2) Diversity indices exhibited typical spatial-
temporal distribution patterns. The Shannon-Wiener index (H ) increased from
the reservoir tail to the dam during the wet season, while it was highest in
the middle section during normal and dry seasons. (3) RDA analysis indicated
that water temperature, CODMn, and nutrient concentrations (TN, TP, NO; -
N, NO,-N, NH,*-N, PO,3"-P) were the main environmental factors affecting
zooplankton community structure. Based on biodiversity and trophic state in-
dices, Qapchy Lake was in an oligotrophic to mesotrophic state with good water
quality, suitable as a habitat for fish overwintering, spawning, and feeding.

Keywords: zooplankton; distribution characteristics; comprehensive trophic
state index; redundancy analysis; Qapchy Lake
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1. Introduction

Zooplankton serve as a critical “middle link” in aquatic food webs, playing a
key role in energy flow, material cycling, and information transfer in aquatic
ecosystems. In natural lakes and reservoirs, zooplankton not only contribute to
ecosystem productivity but also serve as sensitive indicators of environmental
conditions due to their rapid response to water quality changes. Understanding
the relationship between zooplankton community structure and water environ-
mental factors helps to grasp the environmental status and functional character-
istics of lake and reservoir ecosystems, providing guidance for the development
and utilization of fishery resources.

The Ili River Valley is located in the mid-latitude inland region, characterized
by a continental temperate semi-arid climate. The valley is surrounded by
three mountain ranges that gradually converge from west to east, forming a
westward-opening triangle. This unique topography makes it the region with the
highest rainfall in Xinjiang and the area with the highest winter temperatures
in northern Xinjiang. The annual average temperature ranges from 3.5-9.5 °C,
with annual precipitation averaging 215-505 mm in valley areas and 505-800 mm
in mountainous regions. The abundant water resources and high terrain provide
favorable conditions for hydropower development, making reservoir construction
the primary mode of water resource utilization in the Ili River.

Indigenous fish species in Ili River Valley reservoirs have formed substantial
populations. For example, the annual catch of Perca schrenkii in Qapchy Lake
reached 20.87 t in 2018, accounting for 69.57% of the total annual catch, making
the reservoir an important habitat for indigenous fish proliferation and conser-
vation. Therefore, comprehensive understanding of the ecological environment
of fish habitats is essential for protecting indigenous fish resources. Currently,
research on zooplankton and water environment in Ili River Valley reservoirs is
limited, with only a few studies reporting on plankton and water quality. Partic-
ularly after the construction of numerous reservoirs in the region in recent years,
research on reservoir water ecology in the Ili River area is lacking. Consequently,
this study was conducted in 2019 to investigate zooplankton distribution and
water environment characteristics in Ili River Valley reservoirs, aiming to under-
stand the dynamics of zooplankton and water quality, comprehensively assess
water quality status, and provide baseline data for indigenous fish conservation
and reservoir fisheries development.

2. Materials and Methods

2.1 Sampling Sites and Sampling Time Qapchy Lake is located on the
Tekes River in the Ili River Valley, Xinjiang, and is a typical valley-type reser-
voir formed by water conservancy construction. The reservoir was constructed in
1961, began impoundment in 2005, and became operational in 2006. The reser-
voir runs west-east, with high mountains to the north and farmland/grassland
forming the drawdown zone after impoundment. The region has an average an-
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nual temperature of 8.8 °C, extreme maximum temperature of 38 °C, extreme
minimum temperature of -32 °C, average annual precipitation of 334.02 mm,
and average annual evaporation of 1,276 mm. The runoff is significantly regu-
lated by glaciers, with gentle interannual variation favorable for water resource
utilization.

Sampling was conducted in July (wet season), September (normal season), and
December (dry season) in 2019. Due to ice cover during the dry season, only
three regions (dam front, middle, and tail) were sampled. In July and September,
10 sampling sites were established across the reservoir (Figure 1 [Figure 1: see
original paper]). In July, stratified sampling points were set at the reservoir
center with depths of 0.5 m, 5 m, 10 m, 15 m, 20 m, 25 m, and 30 m.

2.2 Sample Collection, Processing, and Identification Sample collec-
tion and processing followed the methods described in “Research Methods for
Freshwater Plankton in China.” Both qualitative and quantitative samples were
collected.

Qualitative samples: A No. 25 plankton net (64 m mesh) was used to col-
lect samples from the surface water in an “co” pattern for 3-5 minutes. The
concentrated sample was placed in plastic bottles and fixed with 2-3 mL of
formaldehyde solution.

Quantitative samples: Two types of quantitative samples were collected. One
type involved collecting 10 L of surface water with a water sampler, filtering
through a No. 25 plankton net (64 m mesh), and preserving the concentrate in
2-3 mL formaldehyde solution. The other type involved collecting 1 L of surface
mixed water in plastic bottles, fixing with Lugol’ s solution, and bringing back
to the laboratory for sedimentation for 48 hours before concentration to 30 mL.

During sampling, water transparency was measured using a Secchi disk. A
Hach HQ40d portable multi-parameter water quality meter was used to measure
water temperature (WT), pH, dissolved oxygen (DO), and conductivity at 0.5
m depth.

2.3 Physicochemical Factor Analysis Methods Quantitative and qualita-
tive samples were thoroughly mixed and examined under a microscope (Olympus
BX53). Samples collected with the plankton net were used to detect Cladocera
and Copepoda, while concentrated samples were used to detect Rotifera and Pro-
tozoa. Species identification followed “Freshwater Rotifers in China,” “Fauna
Sinica: Freshwater Cladocera,”“Fauna Sinica: Freshwater Copepoda,”and “Mod-
ern Biomonitoring Techniques Using Freshwater Microbiota.”

Total nitrogen (TN), total phosphorus (TP), nitrate nitrogen (NO5 -N), ni-
trite nitrogen (NO, -N), ammonium nitrogen (NH,"-N), permanganate index
(CODMn), and orthophosphate (PO,?-P) were measured according to “Mon-
itoring and Analysis Methods for Water and Wastewater.” Chlorophyll a (Chl
a) was determined using the acetone extraction method.
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2.4 Data Processing and Analysis Methods Zooplankton abundance was
calculated using the formula:

_Vixn
_V2><V3

where N is the number of individuals per liter of water (ind - L™1), V; is the
concentrated volume (mL), n is the counted number of individuals, V, is the
sampling volume (L), and Vj is the counting volume (mL).

Biomass was calculated based on fresh weight: 0.00005 mg per protozoan, 0.003
mg per rotifer, 0.02 mg per cladoceran, 0.0012 mg per copepodid, and 0.003 mg
per adult copepod.

Diversity indices were calculated using the Shannon-Wiener index (H ) and Mar-
galef index (D):

S
H =-Y P1log, P,
i=1

51
_logQN

where P is the proportion of individuals of species ¢ (N /N), N is the total
number of individuals, and § is the number of species.

Student’ s t-test was used to analyze differences in environmental factors. Surfer
18.0 software was used to map spatial distributions of zooplankton standing
stock. Redundancy analysis (RDA) was performed using Canoco 4.5 software to
analyze relationships between dominant species abundance and environmental
factors. Origin 2019b was used for graphing.

Dominant species were determined using the dominance index (Y):
n.
Y = NZ X f;

where n is the number of individuals of species 4, N is the total number of
individuals, and f is the frequency of occurrence across sampling sites. Species
with Y > 0.02 were considered dominant.

The comprehensive trophic state index was calculated as:

TLI(S) = i W, x TLI(j)
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where TLI(X) is the comprehensive trophic state index, W is the weight of
parameter j, m is the number of parameters, and TLI(j) is the trophic state
index of parameter j.

3. Results

3.1 Environmental Factors Seasonal variations in physicochemical factors
are shown in Table 1 . During the dry season, Qapchy Lake was ice-covered with
water temperature at 1.87 °C. The wet season had the highest temperature,
ranging 19.70-21.46 °C, while the normal season was around 8.14 °C. Chl a
concentration was highest in the wet season (1.611-4.667 g-L™!), followed by
the normal season (0.813-1.094 g- L™ 1), and lowest in the dry season (0.135-
2.519 g-L7!). CODMn values ranged 1.081-1.607 mg - L™ during the study
period. pH varied from 7.89 to 8.44, indicating slightly alkaline conditions
overall. The water environmental quality generally met surface water standards.

3.2 Species Composition and Seasonal Changes of Dominant Species
A total of 37 zooplankton species were identified across the three hydrologi-
cal periods, including 17 protozoa (45.95%), 10 rotifers (27.03%), 4 cladocerans
(10.81%), and 6 copepods (16.21%). Species composition varied among hydrolog-
ical periods, but protozoa dominated in both abundance and dominant species,
followed by rotifers, with cladocerans and copepods being less abundant. The
dry season had the fewest species (17), the wet season had 29 species, and the
normal season had 32 species (copepod larvae not included).

Dominant species and their dominance values are shown in Table 3 . The
common dominant species were Strobilidium sp., Centropyzis sp., Tintinnop-
sis wangi, Synchaeta sp., and Polyarthra vulgaris. The number of dominant
species varied significantly by season, with more dominant species in the wet
season than in normal and dry seasons. In the wet season, dominant species
included Strobilidium sp., Centropyxis sp., Tintinnopsis wangi, Synchaeta sp.,
and Polyarthra vulgaris, with Centropyxis sp., Synchaeta sp., and Polyarthra
vulgaris being the main dominants (dominance values: 0.035, 0.034, and 0.032
respectively). In the normal season, dominant species were Strobilidium sp. and
Centropyxis sp. In the dry season, only Tintinnopsis wangi was dominant (dom-
inance value: 0.026). The absolute dominant species throughout the year were
Strobilidium sp., Centropyzis sp., and Polyarthra vulgaris.

3.3 Spatial and Temporal Distribution of Zooplankton Abundance
and Biomass Average zooplankton abundance in Qapchy Lake was 580.40
ind - L' in the wet season, 152.68 ind - L™! in the normal season, and 137.01
ind - L' in the dry season. Biomass was 0.550 mg - L=!, 0.018 mg-L™!, and
0.007 mg + L' respectively, showing significant seasonal differences with wet
season > normal season > dry season (Figure 2 [Figure 2: see original paper]).

Spatial distribution patterns varied by hydrological period. In the wet sea-
son, zooplankton biomass was highest at the dam front (1.350 mg+L™!) and
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decreased gradually toward the reservoir tail (0.060 mg-L™!). In the normal
season, biomass was highest at the right bank of the middle section (0.730 mg -
L~!) and lower at sites farther from the right bank. In the dry season, the pat-
tern was similar to the wet season, showing a gradual increase from reservoir tail
to dam front. The spatial distribution of abundance matched that of biomass
(Figure 3 [Figure 3: see original paper]).

Vertical distribution in the wet and normal seasons showed that both abundance
and biomass increased with depth, reaching maximum values at 10 m depth (wet
season: 979.56 ind + L™!; normal season: 712.81 ind - L™!), then decreased with
further depth increase. Biomass peaked at 0.730 mg+L~! in the wet season and
0.120 mg - L' in the normal season at 10 m depth. All depth layers showed
higher values in the wet season than in the normal season.

3.4 Spatial and Temporal Distribution Characteristics of Diversity In-
dices The Shannon-Wiener index (H ) and Margalef index (D) showed typical
spatial-temporal patterns (Figure 4 [Figure 4: see original paper]). In the wet
season, H ranged 1.25-2.51 (mean: 1.94), increasing from reservoir tail to dam
front. In the normal season, H ranged 0.46-1.77 (mean: 1.19), with the lowest
values in the middle section. In the dry season, H ranged 0.24-1.48 (mean:
0.82), with the highest values in the middle section. The D index showed sim-
ilar patterns, with mean values of 0.97, 0.48, and 0.34 in wet, normal, and dry
seasons respectively.

3.5 Comprehensive Trophic State Index Using Chl a, TP, TN, SD,
and CODMn as evaluation parameters, the comprehensive trophic state index
(TLI(X)) was calculated for each season. The classification standard defines
TLI(X) < 30 as oligotrophic, 30 < TLI(X) < 50 as mesotrophic, and TLI(X)
> 50 as eutrophic. Results showed TLI(X) values of 28.78 (wet season), 29.32
(normal season), and 30.12 (dry season), indicating that Qapchy Lake is in an
oligotrophic to mesotrophic state with low eutrophication risk (Figure 5 [Figure
5: see original paper]).

3.6 Relationship Between Zooplankton Community Structure and En-
vironmental Factors Based on dominant species and occurrence frequency,
15 common zooplankton species and total zooplankton abundance were selected
for RDA analysis. Detrended correspondence analysis (DCA) showed a maxi-
mum gradient length of 2.67, indicating linear response and suitability for RDA.
The first two axes explained 58.7% of the variation in zooplankton abundance,
with environmental factors clearly separating the three hydrological periods
(Figure 6 [Figure 6: see original paper]).

Tintinnopsis wangi was positively correlated with pH and negatively correlated
with transparency. Synchaeta sp. and Polyarthra vulgaris were positively corre-
lated with CODMn and negatively correlated with transparency. Centropyxis
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sp. was negatively correlated with CODMn. Water temperature was the pri-
mary factor affecting seasonal changes in zooplankton abundance.

4. Discussion

4.1 Characteristics of Zooplankton Community and Changes in Dom-
inant Species in Qapchy Lake Qapchy Lake has a continental temperate
semi-arid climate, and its zooplankton species are typical of continental tem-
perate water bodies. The community was dominated by small species—rotifers
(Synchaeta sp., Polyarthra vulgaris) and protozoa (Strobilidium sp., Tintinnop-
sis wangi, Centropyxis sp.)—with fewer cladocerans and copepods. This pattern
is consistent with other valley-type reservoirs such as Shuifeng Reservoir and
Xiangshui Reservoir. Although dominant species varied among hydrological pe-
riods, the annual dominant species appeared in all periods, differing from results
for Hongshan Reservoir in Xinjiang. This may be related to water level fluctu-
ations: Hongshan Reservoir has limited water resources and no perennial river
input, resulting in large water level fluctuations, whereas Qapchy Lake receives
abundant upstream inflow year-round with relatively stable water levels.

Zooplankton biomass and abundance showed a consistent pattern of wet season
> normal season > dry season, aligning with seasonal patterns in most valley-
type reservoirs. This is likely because zooplankton reproduction and growth are
temperature-dependent, with faster growth in warmer seasons. Most valley-type
reservoirs have higher water temperatures in summer (wet season) and lower
temperatures in winter (dry season). The average biomass of 0.550 mg + L1 in
the wet season was much lower than the 2006 summer survey result, possibly
due to reservoir operation time and fish stocking activities. The reservoir had
only been operating for 4 months by summer 2006, and the ecosystem may not
have stabilized. Additionally, various fishery activities (stocking of silver carp,
bighead carp, and indigenous fish) have altered the aquatic environment.

Spatial distribution patterns varied by season. In the wet season, zooplankton
abundance increased from reservoir tail to dam front, likely because upstream
snowmelt floods enter through the reservoir tail, slowing down and creating fa-
vorable conditions such as sediment settlement, reduced scouring, and increased
transparency. In the normal season, the highest biomass occurred at the right
bank of the middle section, possibly due to abundant detritus food resources.
Field observations revealed that the right bank is relatively flat, consisting of
submerged farmland and grassland that becomes inundated during wet and
normal seasons, providing rich organic matter.

Vertical distribution showed that both abundance and biomass increased with
depth, peaking at 10 m before decreasing. This pattern, similar to that in
Sanbanxi and Aha reservoirs, may be related to thermal stratification and the
distribution of phytoplankton and bacteria.

chinarxiv.org/items/chinaxiv-202204.00094 Machine Translation


https://chinarxiv.org/items/chinaxiv-202204.00094

ChinaRxiv [$X]

4.2 Indication of Zooplankton on Water Environment in Qapchy Lake
Diversity indices are important indicators of community succession status, re-
flecting water pollution conditions. H wvalues indicated moderate pollution in
the wet and normal seasons and severe pollution in the dry season. D values
indicated severe pollution across all seasons, reflecting low zooplankton richness.
This may be because Qapchy Lake is located in the upper reaches of the Tekes
River with snowmelt inflow and inherently low temperatures, resulting in nat-
urally low zooplankton richness. Therefore, using diversity indices alone may
overestimate the trophic status.

The comprehensive trophic state index, based on Chl a, showed that Qapchy
Lake is in an oligotrophic to mesotrophic state with low eutrophication risk.
Environmental factors clearly separated zooplankton abundance among hydro-
logical periods, indicating that zooplankton in Qapchy Lake are significantly
influenced by seasonal water quality changes. Dominant species abundance
was correlated with water temperature, nutrients, and CODMn, demonstrating
strong responses to water quality.

Water temperature not only affects zooplankton growth and reproduction but
also influences feeding. Different zooplankton populations have different optimal
pH requirements. Tintinnopsis wangi and Centropyxis sp. showed opposite pH
preferences, with the former favoring lower pH and the latter favoring higher
pH. Within suitable pH ranges, protozoan population growth rates are positively
correlated with pH.

Nitrogen and phosphorus concentrations are key environmental factors affecting
zooplankton species composition and abundance. Zooplankton serve as bioindi-
cators of water status, with generally higher abundance in eutrophic than in
oligotrophic waters. In this study, the protozoan dominant species Tintinnopsis
wangi was positively correlated with TP and PO,3 -P, while Centropyzis sp.
was negatively correlated with TN and NO,;™-N, consistent with findings from
Tangpu Reservoir.

5. Conclusion

1. A total of 37 zooplankton species were identified across 10 monitoring
sections, including 17 protozoa, 10 rotifers, 4 cladocerans, and 6 copepods.
Dominant species included Strobilidium sp., Centropyzis sp., Tintinnopsis
wangt, Synchaeta sp., and Polyarthra vulgaris.

2. RDA analysis revealed that water temperature, CODMn, and nutrient
salts (NO;~-N, NO,~-N, NH,™-N, PO,3-P) significantly influenced zoo-
plankton community structure changes in Qapchy Lake.

3. Both biodiversity indices and comprehensive trophic state index indicated
that Qapchy Lake is in an oligotrophic to mesotrophic state with low eu-
trophication risk. The water environment of this upper Ili River reservoir
is minimally disturbed by human activities such as grazing and cultiva-
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tion, maintaining relatively good conditions suitable as a habitat for fish
spawning and reproduction.
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