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Abstract

Liuxihe Reservoir is a large canyon-type water supply reservoir situated on the
Tropic of Cancer. From 2013 to 2014, observations were conducted on the
rotifer community and its environmental factors in the pelagic zone of this
reservoir to analyze the diversity and community dynamics characteristics of
rotifers in the pelagic zone. Liuxihe Reservoir ranges between oligotrophic and
mesotrophic levels. Total phosphorus and transparency during the wet season
(May-September) were both higher than during the dry season (October-April).
The two-year average of total phosphorus was 0.019 mg/L, and transparency
was 2.55 m. A total of 40 rotifer species were identified over the two years.
The number of species detected per month fluctuated between 8-19, with an
average of 13 rotifer species detected monthly. Keratella cochlearis, Polyarthra
euryptera, Pompholyx sulcata, and Collotheca spp. were the dominant rotifer
species. The annual mean total abundance of rotifers was 68.9 and 66.9 indi-
viduals/L in 2013 and 2014, respectively. Species richness was greater during
the wet season than the dry season in both years, but the Simpson diversity
index of the rotifer community was greater during the dry season than the wet
season. Using Bray-Curtis distance to measure dissimilarity between communi-
ties, calculations showed that the average distance between rotifer communities
during the dry season was greater than that during the wet season in both years,
indicating higher similarity among rotifer communities during the wet season
and greater variation during the dry season. The relatively stable changes in
water temperature and water quality parameters during the wet season, along
with more pronounced species dominance, resulted in greater similarity among
communities during this period. Principal component analysis indicated that
the major species of the genera Floscularia, Collotheca, Polyarthra, Trichocerca,
Pompholyx, Asplanchna, and Ploesoma showed substantial differences in their
annual distribution, while most other rotifer species showed minor differences
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in their annual distribution, reflecting that the small annual temperature vari-
ation in the subtropical region of southern China can maintain the coexistence
of many perennial species. Variance partitioning and RDA analysis of the com-
munity indicated that, relative to biological and chemical variables, physical
environmental variables dominated the variation in the rotifer community in
the pelagic zone of Liuxihe Reservoir. In terms of individual variables, water
temperature and food were important factors affecting the structure of the ro-
tifer community in the pelagic zone of Liuxihe Reservoir, while rainfall was a
macroscale factor influencing variation in rotifer community structure. The vast
majority of rotifers are filter-feeding, occupy the bottom of the food chain, are
small in size, and have short life cycles. Rotifer communities exhibit similarities
to phytoplankton in their response to changes in environmental factors.
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Abstract

The Liuxihe Reservoir is a large canyon-type drinking water reservoir located
on the Tropic of Cancer in Guangdong Province. We investigated rotifer com-
munity dynamics and environmental variables monthly in the pelagic zone from
2013 to 2014. Using the R language platform (MASS, vegan, and packfor pack-
ages), we analyzed species diversity and community structure. The reservoir is
an oligotrophic to mesotrophic water body, with annual average total phospho-
rus of 0.019 mg/L and water transparency of 2.55 m. Both total phosphorus
and transparency were slightly higher in wet seasons (May to September) than
in dry seasons (October to April). During the two-year investigation, 40 species
were observed, with monthly species richness ranging from 8 to 19 (average
13). Dominant species included Keratella cochlearis, Polyarthra euryptera, Pom-
pholyx sulcata, and Collotheca sp. Species richness was higher in wet seasons,
while the Simpson diversity index showed the opposite pattern. Average total
abundance was 68.9 and 66.9 individuals/L in 2013 and 2014, respectively. The
average Bray-Curtis community distance was higher in dry seasons, indicating
greater community similarity in wet seasons. Water temperature and other wa-
ter quality variables were more stable during wet seasons, resulting in stronger
species dominance and more similar rotifer communities. Principal component
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analysis revealed that Ascomorpha, Asplanchna, Trichocerca, Pompholyx, Pol-
yarthra, Collotheca, and Ploesoma showed significant temporal variation. This
rotifer community structure is representative of tropical and subtropical China,
where smaller water temperature fluctuations allow more species to persist year-
round. Variation partitioning and redundancy analysis (RDA) demonstrated
that physical environmental variables (temperature, dissolved oxygen, Secchi
depth, precipitation, and water retention time) explained community variance.
Among all measured variables, water temperature and food availability were the
two key factors explaining community structure variation, while precipitation
was a macroscopic indirect factor affecting rotifer community variation. Most
rotifer species are filter feeders at low trophic levels with small body sizes and
short life spans, and their communities responded to environmental variation
similarly to phytoplankton communities.

Keywords: rotifer community; species diversity; dynamic characteristics; com-
munity structure; Liuxihe Reservoir

Introduction

Rotifers are an important group of freshwater zooplankton that serve as a critical
link in aquatic food webs and contribute significantly to secondary productivity.
They play a vital role in connecting microbial loops to higher trophic levels
[1-2]. Rotifer communities respond rapidly to environmental changes, making
them valuable indicator species for water quality assessment [3-4]. Environmen-
tal factors including temperature, nutrient status, dissolved oxygen, and food
availability are recognized as important influences on rotifer communities [5-7].

Reservoirs are semi-artificial water bodies formed by damming rivers in water-
sheds. Compared to natural water bodies such as rivers and lakes, reservoirs
have unique characteristics in morphology, flow velocity, and depth, represent-
ing a special ecosystem type intermediate between rivers and lakes [8-9]. Canyon-
type reservoirs, built in canyon regions, are primarily influenced by inflow from
rainfall and water discharge regulation. For reservoirs, integrated environmen-
tal factors and relatively short hydraulic retention time are important influences
on rotifer communities [10-11]. In China’ s tropical and subtropical transition
zones, wind has weak influence on water flow fields, while reservoir hydrody-
namics and hydrological processes are significantly affected by seasonal rainfall
patterns under monsoon climate influence. Rainfall-driven hydrological changes
are considered macroscopic factors affecting reservoir rotifer community compo-
sition and dynamics [12-13].

Based on rainfall amount, the year is typically divided into two hydrological
phases: wet season and dry season [14]. In southern China, the wet season
begins in May. Increased rainfall raises water levels and brings inorganic and
organic materials from the watershed into the reservoir via inflowing rivers,
increasing suspended solids and decreasing transparency during early wet season,
which reduces primary productivity and drives periodic ecosystem succession.
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Canyon-type reservoirs show distinct habitat zonation from inflow rivers to the
dam, with typical riverine, transition, and lacustrine zones. The lacustrine zone
constitutes the main component of the pelagic zone, which refers to the open
water area and represents the primary habitat type in tropical and subtropical
reservoirs influenced by summer monsoons [13]. The pelagic zone has relatively
stable water conditions, higher transparency than other areas, and nutrient
cycling strongly influenced by biological communities themselves. Biological
interactions such as interspecific competition among zooplankton and visually-
guided predation pressure play more important roles in regulating community
structure and dynamics.

Among zooplankton, rotifers are the smallest group. Most rotifers are herbivo-
rous and sensitive to changes in phytoplankton communities driven by nutrient
dynamics, so rotifer community changes largely reflect their responses to en-
vironmental conditions. The Liuxihe Reservoir (23°45 N, 113°46 E) is located
in the tropical-subtropical transition zone and has a relatively stable pelagic
zone, making it an ideal site for studying seasonal succession and patterns
in zooplankton communities [15]. This study uses the Liuxihe Reservoir as
a case study to investigate rotifer diversity and community dynamics in the
pelagic zone of a large canyon-type reservoir under subtropical monsoon influ-
ence through monthly sampling and environmental monitoring from 2013-2014.
The objectives are to analyze rotifer community structure characteristics and
identify the main factors influencing rotifer diversity and community dynamics
in large canyon-type reservoirs, providing a basis for ecological monitoring and
water quality management in tropical and subtropical reservoirs.

1. Materials and Methods
1.1 Study Reservoir and Sampling

The Liuxihe Reservoir is an important drinking water source for Guangzhou
City, formed by the confluence of two inflow rivers. It is a typical canyon-type
reservoir under subtropical monsoon climate control with distinct dry (October-
December) and wet seasons. The reservoir is currently in an oligotrophic to
mesotrophic state, with phytoplankton dominated by dinoflagellates and di-
atoms, and fish populations dominated by silver carp and bighead carp [12,
16-17].

The sampling site was established at the reservoir dam in the pelagic zone
(DB), which can well represent conditions in the reservoir’ s open water area.
Monthly sampling was conducted at the pelagic zone site from 2013 to 2014,
with regular sampling except during strong typhoons. According to weather
forecasts, sampling was completed before strong typhoons or heavy rains.

Qualitative zooplankton samples were collected by oblique tows using a plank-
ton net with 64 m mesh size. Quantitative samples were collected using a water
sampler at uniform intervals from surface to bottom according to field depth,
then filtered through a 64 m plankton net with a filtered volume of 20 L. Zoo-
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plankton quantitative samples were fixed with formalin on site. Samples were
identified and counted under a microscope following the classification system of
Koste [18]. The March 2013 sample was missing.

During field sampling, environmental parameters including water temperature
(Temp) and dissolved oxygen (DO) were recorded using a YSI multiparameter
water quality meter. Water transparency (SD) was measured using a Secchi
disk. Water samples were collected to measure total nitrogen (TN), nitrate
nitrogen (NO3-N), nitrite nitrogen (NO2-N), ammonium nitrogen (NH4-N), to-
tal phosphorus (TP), phosphate phosphorus (PO4-P), and chlorophyll a (Chla).
Chlorophyll a was extracted using repeated freeze-thaw methods [18]. Precipi-
tation data were provided by the Liuxihe Power Generation Company. Water
retention time (WRT) was approximated as the ratio of monthly reservoir ca-
pacity to monthly discharge volume.

1.2 Data Processing and Analysis

Data processing was performed using the R language platform and Excel. The
Simpson diversity index was used to represent rotifer community species diver-
sity. Community data analysis used the vegan package in R. Rotifer abundance
data were preprocessed using Hellinger transformation before analysis.

Forward selection was used to remove autocorrelated variables and screen for
environmental variables with significant effects on rotifer community structure.
Variation partitioning analysis was applied to separate biological/chemical vari-
ables (dissolved inorganic nitrogen, chlorophyll a) from physical variables (tem-
perature, precipitation, water retention time). Nonmetric multidimensional scal-
ing (NMDS) was performed using Bray-Curtis distance. Stepwise regression was
used to screen environmental variables with significant effects on total rotifer
abundance.

2. Results
2.1 Physicochemical Indicators

In 2013 and 2014, total phosphorus and transparency in the Liuxihe Reservoir
pelagic zone were higher in wet seasons than dry seasons. Total nitrogen and
chlorophyll a concentrations showed random patterns between wet and dry sea-
sons, with 2013 wet season values greater than dry season, while 2014 showed
the opposite pattern (Figure 2).

2.2 Community Composition and Diversity

A total of 40 rotifer species were detected during the two-year study period. The
main dominant species were Keratella cochlearis, Polyarthra euryptera, Pom-
pholyz sulcata, and Collotheca sp. Monthly species richness ranged from 8 to 19,
with higher richness in wet seasons than dry seasons in both years. However,
the Simpson diversity index showed the opposite pattern, with higher values in
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dry seasons (0.71 and 0.56 in 2013 and 2014 dry seasons, respectively) compared
to wet seasons (0.61 and 0.53, respectively) (Figure 3).

Stepwise regression of rotifer species richness indicated that richness was signifi-
cantly related to total nitrogen, dissolved inorganic nitrogen, water temperature,
and precipitation (Table 2).

2.3 Total Abundance and Dominant Species Dynamics

Average total rotifer abundance was 68.9 individuals/L in 2013 and 66.9 indi-
viduals/L in 2014. The timing of maximum abundance differed between years.
Stepwise regression analysis showed that 2013 total abundance was related to all
environmental factors except chlorophyll a concentration, while 2014 abundance
was related to total nitrogen, dissolved inorganic nitrogen, dissolved oxygen, and
transparency. Combined two-year abundance was related to total phosphorus
and precipitation. Wet season abundance was related to total phosphorus, dis-
solved inorganic nitrogen, dissolved oxygen, and transparency (Table 3).

Dominant species showed seasonal distribution patterns, though peak timing
varied between years. Keratella cochlearis was the absolute dominant species
from January to March, declined rapidly in April, and showed no clear dom-
inance from May to August. In 2013, Pompholyz sulcata and Polyarthra eu-
ryptera became dominant in May, while in September-October, Pompholyz sul-
cata and Keratella cochlearis were dominant. In 2014, Polyarthra euryptera
peaked in January and became dominant, while Pompholyz sulcata dominated
from March to May (Figures 4 and 5).

2.4 Community Structure Variation

Principal component analysis showed that Trichocerca, Pompholyz, Ascomorpha,
Asplanchna, Collotheca, Polyarthra, and Ploesoma had large annual distribution
differences, while most other species clustered near the origin, indicating smaller
annual variation. The two principal axes explained 35.8% of community struc-
ture variation (cumulative eigenvalue). Among dominant species, only Keratella
cochlearis showed relatively small annual variation, while other dominant species
showed clear seasonal patterns.

NMDS analysis had a stress value of 0.198, indicating that community structure
could not be well represented by few dimensions. Wet season sampling points
distributed along axis 1, while dry season points distributed along axis 2, reflect-
ing hydrological seasonality. Average Bray-Curtis distances within wet and dry
seasons were 0.47 and 0.65 in 2013, and 0.55 and 0.66 in 2014, respectively. Dry
season average distances were greater than wet season, indicating higher com-
munity similarity during wet seasons and greater variation during dry seasons
(Figure 7).

Redundancy analysis with forward selection retained 8 significant variables
from 12 environmental factors: precipitation, water retention time, tempera-
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ture, dissolved oxygen, total nitrogen, dissolved inorganic nitrogen, phosphate,
and chlorophyll a. The first two RDA axes explained 26.4% of community
variation. Variation partitioning showed that physical variables (temperature,
precipitation, water retention time) explained more community variation than
biological/chemical variables. Physical variables dominated rotifer community
structure variation in the Liuxihe Reservoir pelagic zone (Figure 8).

3. Discussion

Under subtropical monsoon climate influence, total phosphorus and trans-
parency were higher in wet seasons than dry seasons. In southern China,
increased rainfall during wet seasons brings abundant nitrogen and phosphorus
from watershed soils into reservoirs. Water level changes directly affect trans-
parency and chlorophyll a concentration, causing periodic ecosystem succession.
From a physicochemical perspective, total nitrogen and chlorophyll a showed
random patterns between seasons. Zooplankton abundance is generally low in
the Liuxihe Reservoir pelagic zone, with rotifers being one of the dominant
groups [19]. Rotifer community abundance and species composition respond to
water quality changes, with species composition shifting when nutrient levels
increase [20-22].

The Simpson diversity index and species richness showed different patterns be-
tween wet and dry seasons, as did average community distance, demonstrating
rotifer community responses to these two hydrological phases. Precipitation
and chlorophyll a were important factors influencing community structure. In
southern China reservoirs, predation pressure typically affects rotifer commu-
nities, with filter-feeding fish exerting important top-down effects on zooplank-
ton [23-25]. Water temperature can indirectly regulate fish predation intensity
on rotifers and affect phytoplankton growth and density, thereby influencing
food supply. Temperature also directly affects rotifer growth and reproduction.
Thus, temperature is a key factor structuring rotifer communities in the Liuxihe
Reservoir pelagic zone.

Food availability is another important factor [26-28]. Chlorophyll a reflects
food levels to some extent. Variation partitioning showed food was a key factor,
consistent with RDA results where forward selection retained more physical
than biological/chemical variables. In natural waters, rotifer communities are
strongly affected by physical disturbances such as rainfall and water exchange,
which can cause community structure changes. Rainfall-driven hydrological
changes are considered important factors affecting spatiotemporal variation in
zooplankton diversity and community structure [13, 29-30].

Ascomorpha and Ploesoma showed large annual distribution differences, while
other species showed smaller differences. Among dominant species, Pompholyx
sulcata, Collotheca sp., and Polyarthra euryptera showed large annual variation,
appearing mainly in wet seasons for the former two and dry seasons for the
latter. This indicates rainfall has different effects on different rotifer species,
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serving as a macroscopic variable affecting community variation.

In summary, the Liuxihe Reservoir pelagic zone rotifer community shows dis-
tinct characteristics in Simpson diversity index, species richness, and average
community distance between wet and dry seasons, reflecting responses to these
hydrological phases. Physical environmental variables dominate community
structure variation, with water temperature and food being key factors, while
precipitation is a macroscopic variable affecting community variation.
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