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Abstract

The shells of testate amoebae are decay-resistant and well preserved in lake sediments,
making them excellent biological indicators of climate change. In this study, the iden-
tification method for testate amoebae was initially optimized based on the collection of
surface sediments from Dali Lake, and statistical analyses were conducted to investigate the
community distribution characteristics and key environmental factors driving the testate
amoeba species composition. According to the results, the testate amoeba species diversity
in the surface sediments of Dali Lake was relatively low. A total of eight species belonging
to five genera were identified, and the dominant species were Arcella discoides (35.64% of
the total abundance), Phryganella acropodia (24.75%), and Arcella gibbosa (11.39%). All the
identified testate amoeba taxa are common in global freshwater sediments, and no new
species was discovered in this study. The testate amoeba community composition exhib-
ited strong correlations with the total organic carbon, total nitrogen, dissolved inorganic
phosphorus, and total phosphorus and weak correlations with the electrical conductivity
and Chlorophyll-a.
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1. Introduction
Species diversity research is one of the three major components of biodiversity re-

search and serves as the foundation for human survival and development. The Dalinuoer
National Nature Reserve is located on the eastern Inner Mongolia Plateau and encompasses
grasslands, wetlands, forestlands, and sandy lands, forming a complete ecosystem together
with the surrounding environment. Over the past few decades, changes in the natural
conditions and intensified human activities have severely disturbed the reserve’s ecosystem,
substantially threatening the diversity and abundance of species resources in the region
and posing severe challenges to biodiversity conservation. Therefore, understanding the
climate change impacts on the aquatic biodiversity and ecological management in depth
has become an important research topic.

Testate amoebae are widely distributed in various humid environments, such as moist
peatland, lake, and freshwater habitats from the tropics to the polar regions, and their tests
are well resistant to decay, remain basically well preserved in sediments, and are easy to
extract, with stable morphological features that allow for identification down to the genus
and species levels. Therefore, they have been widely applied in the biostratigraphy of

Water 2026, 18, 1521 https://doi.org/10.3390/w18121521

https://crossmark.crossref.org/dialog?doi=10.3390/w18121521&domain=pdf&date_stamp=2026-06-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0002-9494-4875
https://doi.org/10.3390/w18121521


Water 2026, 18, 1521 2 of 14

Quaternary sediments [1]. Testate amoebae are highly sensitive to environmental changes, and
their community structure exhibits corresponding variations under the influence of aquatic
environmental factors. In Europe, America, New Zealand, and other regions [2,3], regional
transfer functions between peatland testate amoebae and water table depths have been
established [4,5]. Moreover, such transfer functions have been extensively employed in the
quantitative reconstruction of regional environmental changes and peatland palaeohydrology.
In recent years, ecological surveys of testate amoebae have been successively carried out in the
Lower Devonian of China [6], in the peatland of the Greater Khingan Mountains [7], and in
the Changbai Mountain areas in China [8]. Several new and newly recorded species of testate
amoebae have been discovered and described, and over the past three decades, freshwater
testate amoeba assemblages have been successfully used as environmental indicators [9,10].
Nevertheless, relevant studies on testate amoebae in the lakes of northern China remain scarce.

Dali Lake is a terminal lake and the second largest lake in Inner Mongolia. Moreover,
it is an important migration corridor for migratory birds in northern China and is extremely
sensitive to climatic and environmental changes. In this study, surface sediment samples
were collected and analyzed to clarify the distribution and functional traits of testate
amoebae in Dali Lake and to identify the key environmental factors affecting the functional
traits and species composition.

2. Materials and Methods
2.1. Study Area

Dali Lake is located in the western part of Hexigten Banner, Chifeng City, Inner
Mongolia Autonomous Region, at the southwestern foot of the Greater Hinggan Mountains,
and it is the largest lake in Chifeng City, with an altitude of about 1200 m (Figure 1). Situated
on the margin of the East Asian monsoon, it is a closed lake in the arid region of the Inner
Mongolia Plateau and features a temperate continental climate. The lake water salinity
ranges from 4322 to 5287 mg/L, with a pH value of approximately 9, classifying it as a
soda-type brackish lake. To the south of Dali Lake lies the Hunshandake Sandy Land, and
to the west is the Xilinhot volcanic field [11]. Dali Lake is the second largest freshwater lake
in Inner Mongolia, it serves as a crucial water resource in eastern Inner Mongolia, and it
has been listed as an Important Wetland in Asia. The regional landscape comprises lakes,
grasslands, wetlands, woodlands, and sandy lands, and the wetland system is composed
of plateau inland rivers and lakes centered around Dali Lake, which has weakly alkaline
water. The lake bottom gradually decreases in depth from west to east, with an average
water depth of approximately 7 m. The maximum depth reaches 9 m in the western part,
while the shallowest part of the eastern shore is less than 1 m, making ship navigation
difficult. The multi-year average precipitation is about 280 mm, and the evaporation reaches
1900 mm, approximately 7 times the precipitation amount [12], an imbalance that has led
to the long-term reduction in the lake area. The multi-year average temperature is −1.5 ◦C.

2.2. Sample Collection

Surface sediment samples were collected from the Dalinuoer National Nature Reserve in
July 2024 to explore the characteristics of the testate amoeba community composition and the
influencing factors in Dali Lake. The Global Positioning System (GPS) was used for positioning,
and the latitude and longitude of each sampling site were recorded (Table 1). A total of 12 sam-
pling sites were set up across the whole lake area (Figure 1). Surface sediment samples were
retrieved with a Petersen grab sampler. At sites DL2, DL3, DL6, DL8, DL9, and DL12, samples
were taken from the top 0–2 cm layer. Strong riverine input resulted in high sedimentation rates
at DL1, DL5, and DL11 near the river inlet, and the sampling depth was set to 0–10 cm. The
sample size was insufficient for standard testate amoeba analysis at sampling sites DL4, DL7,
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and DL10 owing to predominantly sandy-bottom substrates; thus, these three samples were
excluded from further analysis. The remaining nine sampling sites were evenly distributed
across the eastern, central, and western regions and adequately represented the overall spatial
distribution patterns across the whole lake. The collected surface sediment samples were placed
in polyethylene self-sealing bags, numbered, kept away from light, and transported back to
the laboratory for cryopreservation at −4◦C for further treatments. Meanwhile, water samples
were collected at a depth of 10 cm below the water surface for the subsequent determination
of the following aquatic environmental factors: the pH, total nitrogen (TN), total phosphorus
(TP), dissolved inorganic phosphorus (DIP), Chlorophyll a (Chl-a), total organic carbon (TOC),
electrical conductivity (EC), and chemical oxygen demand (COD). Our prior research indicated
that the pH and TDS had no depth-dependent variation in the lake, as complete vertical mixing
prevented halocline formation [13]. Hence, sampling at 10 cm beneath the water surface was
representative of the entire water body.

Figure 1. The location of Dali Lake. (a) Dali Lake in China. (b) The terrain around Dali Lake. (c) The
surface sediment sampling sites. (d) A real-scene field sampling photo.

Table 1. Coordinates and water depths of sampling sites.

Sampling Site Longitude (E) Latitude (N) Depth (m)

DL1 116◦41′44.2′′ 43◦22′11.5′′ 5.8
DL2 116◦31′59.2′′ 43◦20′59.7′′ 5.95
DL3 116◦35′53.4′′ 43◦19′54.7′′ 6.4
DL4 116◦37′51.9′′ 43◦17′55.7′′ 6.5
DL5 116◦40′37.9′′ 43◦18′48.8′′ 7.3
DL6 116◦33′58.1′′ 43◦16′59.4′′ 6.3
DL7 116◦33′40.2′′ 43◦15′35.9′′ 9.09
DL8 116◦39′57.8′′ 43◦15′56.8′′ 6.3
DL9 116◦35′20.6′′ 43◦14′59.9′′ 8.59

DL10 116◦30′4.3′′ 43◦14′16.9′′ 7.4
DL11 116◦30′58.6′′ 43◦14′17.5′′ 6.82
DL12 116◦37′59.6′′ 43◦14′5.1′′ 8.59
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2.3. Research Methods
2.3.1. Determination of Nutrients in Lake Water

The TN was determined via the alkaline potassium persulfate–ultraviolet spectropho-
tometric method; the TP and DIP were measured using the ammonium molybdate spec-
trophotometric method; the Chl-a was determined via the acetone spectrophotometric
method; the COD was analyzed via the sealed catalytic digestion method; the TOC was de-
termined using an elemental analyzer (multi N/C 3300, Analytik Jena, Jena, Germany); and
the pH and EC values were measured and recorded in situ with a water quality analyzer
(DZB-718L, Leici, Shanghai, China) during sampling.

2.3.2. Extraction of Testate Amoebae

The testate amoeba extraction was mainly based on the method described by
Booth et al. (2010) [14]. However, preliminary experiments revealed that this proto-
col, originally developed for peatland testate amoebae, was not fully applicable to Dali
Lake sediments. Thus, the method was continuously optimized and modified through
pre-experiments, and a set of extraction and identification procedures suitable for testate
amoebae in Dali Lake was finally established. The detailed steps are as follows (Figure 2):

1. Approximately 5 g of sediment sample was weighed into a 200 mL beaker, rinsed with
distilled water, and gently stirred with a distilled-water-rinsed glass rod for 10 min to
separate testate amoebae from the sediment matrix.

2. The stirred suspension was sequentially sieved through 300 µm and 20 µm meshes to
remove coarse particles and mineral detritus, with the 20–300 µm sediment fraction
retained for microscopic observation.

3. The residue on the sieves was rinsed back into a 200 mL beaker with distilled water,
adjusted to a constant volume of 200 mL, and then ultrasonicated for 5 min. Ultra-
sonication dispersed aggregated sediment particles and improved the testate amoeba
separation efficiency. A 5-min treatment did not cause obvious damage to the tests.

4. The ultrasonicated suspension was re-sieved through 300 µm and 20 µm meshes in
sequence, and the 20–300 µm fraction was retained as the observation sample.

5. The processed sample was transferred into a 50 mL centrifuge tube and allowed to
stand for 24 h.

6. Microscopic observation and identification: After standing, the supernatant was
completely removed using a disposable pipette. The remaining suspension was gently
shaken, and an aliquot of 50 µL of the suspension was pipetted onto a glass slide and
covered with a coverslip. Identification and quantitative counting were performed
under an Olympus BX53 optical microscope, using 10× eyepieces combined with a
20× objective (total magnification: 200×) for routine observation and a 40× objective
(total magnification: 400×) for verifying tiny tests. At least 150 tests were identified
per sample. For samples with low testate amoeba abundance, no fewer than 6 slides
were examined. Pre-experimental results indicated that at least 8 slides needed to
be identified per sampling site. In total, 72 slides were analyzed for the surface
sediment samples.

2.3.3. Analysis of Testate Amoeba Species Indices in Surface Sediments of Dali Lake

The testate amoeba species data from different sampling sites were analyzed and
calculated using the Shannon–Wiener diversity, Pielou evenness, maximum diversity, and
Simpson dominance indices.
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Figure 2. Real photos taken during the processing of testate amoeba samples.

The calculation formula of the Shannon–Wiener diversity index is as follows [15]:

H′ = −∑ Pi × log2 Pi (1)

where Pi is the proportion of the individual number of the i-th species to the total number
of individuals.

The calculation formula of the Pielou evenness index is as follows [16]:

J = H′/ln S (2)

where S is the number of species; H′ is the Shannon–Wiener diversity index.
The calculation formula of the maximum diversity index is as follows [16]:

Hmax = ln S (3)

where S is the number of species; Hmax is the species diversity value under the condition of
maximum evenness.

The calculation formula of the Simpson dominance index is as follows [17]:

Sp = ∑ P2
i (4)

where Pi is the proportion of the individual number of the i-th species to the total number
of individuals. The Gini–Simpson index was calculated synchronously when computing
the Simpson dominance index.

2.3.4. Statistical Analysis

Spearman’s rank correlation analysis was performed using Origin Pro 2024 (OriginLab
Corporation, Northampton, MA, USA) to evaluate the correlations among species and
between species and environmental factors. Detrended correspondence analysis (DCA)
was conducted on the testate amoeba species table and environmental factor set using
CANOCO 5 (Microcomputer Power, Ithaca, NY, USA), followed by redundancy analysis
(RDA) to explore the relationships between the community/functional traits and environ-
mental factors.

3. Results
3.1. Distribution Characteristics of Testate Amoebae in Dali Lake Surface Sediments

A total of eight species of testate amoebae belonging to five genera were identified in
the remaining nine sediment samples (Table 2). All testate amoebae identified are common
taxa in freshwater sediments worldwide, and no new species was found. The species num-
ber and shell abundance of testate amoebae in the sediments of Dali Lake were relatively
poor compared with those of testate amoebae in peatlands and marshes. In terms of the rel-
ative abundance, the dominant species were Arcella discoides (35.64%), Phryganella acropodia
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(24.75%), and Arcella gibbosa (11.39%), while Centropyxis ecornis, Centropyxis aerophila type,
and Arcella vulgaris showed relatively lower abundances. Testate amoebae that occurred in
more than half of the samples included Phryganella acropodia, Arcella discoides, Hyalosphenia
subflava, Trinema complanatum, and Arcella gibbosa. Among them, Phryganella acropodia was
present in all sediment samples.

Table 2. Species, codes, relative abundances, and frequencies of testate amoeba taxa.

Number Species Name Code Relative Abundance (%) Frequency

1 Phryganella acropodia PHRACR 24.75 9
2 Arcella discoides ARCDIS 35.64 7
3 Hyalosphenia subflava HYASUB 10.89 6
4 Centropyxis ecornis CENECO 1.49 2
5 Trinema complanatum TRICOM 8.42 5
6 Centropyxis aerophila type CENAER 4.46 4
7 Arcella gibbosa ARCGIB 11.39 5
8 Arcella vulgaris ARCVUL 2.97 2

The spatial distributions of the dominant testate amoeba species at each sampling site
and their microscopic images are presented in Figure 3. Arcella discoides dominated at sites
DL1, DL2, DL5, DL6, DL9, and DL12, with the proportions varying from 50% to 56.0%.
Hyalosphenia subflava and Phryganella acropodia were the dominant taxa at site DL3, reaching
proportions of 30.7% and 61.5%, respectively. Trinema complanatum exclusively dominated
at site DL8, accounting for 33.3% of the total community, and Arcella gibbosa prevailed
solely at site DL11, with a proportion of 40.0%. Centropyxis ecornis was only found at DL2
and DL6, with proportions of 6.3% and 4.8%, respectively, while Arcella vulgaris was only
detected at DL2 and DL11, with proportions of 12.5% and 13.3%, respectively.

Figure 3. Cont.
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Figure 3. Relative abundance of each species. The red arrow indicates the target taxon.

3.2. Analysis of Species Indices of Testate Amoebae in Dali Lake Surface Sediments

The Shannon–Wiener diversity indices of testate amoeba communities at different sam-
pling sites ranged from 1.05 to 1.57 (Figure 4). Among all sites, DL1 had the lowest diversity
index at 1.05, while DL8 had the highest value at 1.57. The diversity indices of testate amoeba
communities varied between 2.07 at DL1 and 3.74 at DL9, and the Simpson dominance indices
ranged from 0.22 at DL8 to 0.42 at DL3. DL3 had the lowest Gini–Simpson index (0.58),
whereas DL8 had the highest value (0.78). The Pielou evenness indices of testate amoeba
communities were distributed between 0.34 at DL9 and 0.56 at DL5.
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Figure 4. Various indices of testate amoebae at different sites in Dali Lake.
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3.3. Environmental Factors at Different Sampling Sites in Dali Lake

The water pH ranged from 8.34 to 9.5, indicating that the lake is mesohaline. The TP
concentration was between 2.41 and 3.21 mg/L, which was higher than the TN. The DIP was
approximately 1.0 mg/L and, in general, the trophic level of Dali Lake remained relatively
low. The COD and TOC were measured at 21.55–73.64 mg/L and 75.46–98.23 mg/L,
respectively (Table 3).

Table 3. Environmental factor distributions at different sites in Dali Lake.

Site pH TN
(mg/L) TP (mg/L) COD

(mg/L)
TOC

(mg/L)
Chl-a

(mg/m3)
EC

(ms/cm)
DIP

(mg/L)

DL1 9.5 0.91 2.41 73.64 81.29 0.93 1826 1.31
DL2 8.34 0.82 2.68 39.53 75.46 0.82 1652 1.35
DL3 9.46 0.98 2.97 23.09 96.34 0.71 1801 0.95
DL5 8.48 0.82 2.83 39.65 86.39 0.83 1650 1.28
DL6 8.47 0.83 3.07 21.55 93.25 0.69 1102 1.24
DL8 9.5 0.9 2.85 31.23 90.26 0.71 1455 1.61
DL9 8.57 0.83 2.9 57.23 85.68 0.64 1850 1.59
DL11 9.47 0.86 3.21 22.44 98.23 0.71 1830 1.01
DL12 8.46 0.78 2.92 31.44 87.41 0.32 1647 1.33

3.4. Correlation Analysis Between Testate Amoeba Communities and Environmental Factors

There was a strong negative correlation between Phryganella acropodia and the Centropy-
xis aerophila type, as well as between Arcella discoides and Trinema complanatum (Figure 5).
Arcella discoides was significantly negatively correlated with Hyalosphenia subflava and Arcella
gibbosa, and there was a significant positive correlation between Hyalosphenia subflava and
Centropyxis aerophila. Centropyxis ecornis was strongly negatively correlated with Trinema
complanatum and the Centropyxis aerophila type and strongly positively correlated with Arcella
vulgaris. Trinema complanatum was strongly negatively correlated with Arcella vulgaris and
strongly positively correlated with the Centropyxis aerophila type. The Centropyxis aerophila
type was strongly negatively correlated with Arcella vulgaris, while Arcella gibbosa displayed
a strong positive correlation with Arcella vulgaris.

Phryganella acropodia was strongly positively correlated with the EC and TP and
strongly negatively correlated with the DIP. Arcella discoides was significantly negatively
correlated with the TN and pH. Hyalosphenia subflava was strongly positively correlated
with the TOC and TN and strongly negatively correlated with the COD. Centropyxis ecornis
was strongly negatively correlated with the pH, and Trinema complanatum was strongly
positively correlated with the COD, pH, and DIP. The Centropyxis aerophila type was strongly
positively correlated with the TP and strongly negatively correlated with the EC. Arcella
gibbosa was strongly negatively correlated with the COD and TP, and Arcella vulgaris was
strongly negatively correlated with the TP.

3.5. Ordination Analysis of Testate Amoeba Communities and Environmental Factors

The RDA ordination results indicated that the TOC, TN, DIP, and TP had long vector
lines and small angles with the ordination axes (Figure 6), suggesting that these environ-
mental factors were strongly correlated with the testate amoeba community composition,
while the EC and Chl-a presented weak correlations. Overall, the TOC and TN were the
dominant environmental factors affecting the testate amoeba community composition in
Dali Lake.
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Figure 5. Spearman rank correlation coefficients between environment factors and testate amoeba
species.

Figure 6. Ordination plot of RDA between testate amoeba species and environment factors.

4. Discussion
Species diversity has long been recognized as one of the critical components in biodi-

versity research, as it not only reflects the complex interrelationships among organisms and
environmental factors but also characterizes the richness of biological resources. As a key
indicator of ecosystem health, species diversity serves as the fundamental basis for human
survival and development, playing an irreplaceable role in maintaining ecosystem stability,
facilitating biological evolution, and mitigating the impacts of climate change. According to

https://doi.org/10.3390/w18121521

https://doi.org/10.3390/w18121521


Water 2026, 18, 1521 11 of 14

previous studies, more than 2000 testate amoeba species have been described globally [18],
and a considerable number of these species inhabit freshwater ecosystems and are thus
widely used as reliable biological indicators [19,20]. In China, approximately 300 testate
amoeba species have been recorded [21], including four newly discovered species. These
taxa are of profound significance for the reconstruction of paleoclimates.

A total of eight species belonging to five genera of testate amoebae were identified
in Dali Lake in this study—Phryganella acropodia, Arcella discoides, Hyalosphenia subflava,
Centropyxis ecornis, Trinema complanatum, Centropyxis aerophila type, Arcella gibbosa, and
Arcella vulgaris—which are common taxa in freshwater sediments worldwide. The testate
amoeba species resources in Dali Lake were relatively poor, likely due to the following
reasons: First, the number of samples collected in this study was smaller and the spatial
coverage was insufficient compared with peatland investigations. Although the sampling
sites in this study covered the main water area of Dali Lake, the spatial density was
insufficient compared with that of global-scale surveys. Second, the species composition
was closely related to the lake’s latitude and longitude, type, and trophic status, and the
distributions of testate amoebae were mutually regulated by the habitat conditions. Testate
amoebae are rarely found in oligotrophic lakes, and their highest abundance is reached
in mesotrophic and eutrophic environments [22]. Moreover, excessive nutrient loading is
not conducive to testate amoeba growth and reproduction. As aerobic organisms, testate
amoebae are restricted by the low oxygen content in sediments, especially in deep sediment
layers [23,24]. In addition, a large number of microorganisms, such as bacteria and fungi,
inhabit sediments and compete with testate amoebae for living resources, and in lakes
affected by agricultural or industrial pollution, contaminants could inhibit testate amoeba
abundance through toxic effects. Although most testate amoebae exhibited cosmopolitan
distributions, a few species were still restricted by geographical environments, resulting in
distinct species assemblages among different regions and certain endemic characteristics of
some taxa. Some species commonly found in peatlands or specific regions (e.g., the genera
Amphitrema, Heleopera, Hyalosphenia, and Netzelia) were not recorded in this study [25–30],
further illustrating the distinct alkaline habitat of Dali Lake.

Univariate and multivariate statistical methods have been widely applied to explore
the relationships between testate amoeba community structures and environmental fac-
tors [31,32]. Paleoecological investigations of peatlands and swamps have indicated that
the primary environmental factors controlling the testate amoeba community structure
are the pH and water table depth. The dominant environmental regulating factors also
vary across different regions. For example, studies conducted in the wetland systems on
the Upper Peninsula of Michigan, USA [33], and in the Changbai Mountain wetlands of
Northeast China [34] revealed that the wetland humidity ranked second only to the water
table depth as a key controlling factor. Nevertheless, due to the different habitat types in the
study area, the environmental factors governing the testate amoeba community structure
in this study differed significantly from those governing the testate amoeba community
structures in peatlands and swamps. Redundancy analysis of testate amoeba communities
and environmental variables showed that the TOC and TN are the critical environmental
factors shaping the testate amoeba community structure.

In addition, differences in temperature across seasons may affect species composition,
and variations in body sizes among species lead to different degrees of water tolerance,
which further causes seasonal variations in species composition [35]. Smaller species are
more dominant in dry seasons, as they can survive in thinner water films. For example,
Phryganella acropodia, an indicator species of arid environments, has an average shell size
of approximately 20 µm, while the average shell diameter of testate amoebae in Dali Lake
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ranges from 20 to 60 µm, with Phryganella acropodia (approximately 20 µm) and Arcella dis-
coides (approximately 45 µm) representing the smallest and largest diameters, respectively.

The significant correlations between the relative abundance of testate amoebae and
environmental factors revealed in this study also provides an important modern analog for
lake palaeohydrological and palaeoecological reconstruction. The decay-resistant tests of
testate amoebae are well preserved in sediments; thus, the species–environment relationships
established from surface sediments can be quantitatively applied to palaeoenvironmental
reconstruction using sediment cores. According to our results, TOC, TN, DIP, and TP were the
key environmental factors shaping the testate amoeba community composition in Dali Lake,
and different species exhibited distinct response patterns to these factors (Figures 5 and 6),
implying that future research on sediment cores from this lake or similar closed plateau lakes
can use testate amoeba assemblages to semi-quantitatively or quantitatively reconstruct the
evolutionary history of the lake trophic status and water level fluctuations, thereby providing
higher-resolution information on the lake ecosystem evolution.

5. Conclusions
In this study, the procedure for the extraction and identification of testate amoebae

was optimized for testate amoebae in the surface sediments of Dali Lake, and a total of eight
species belonging to five genera common in global freshwater sediments were identified
via identification and statistical analyses. Arcella discoides dominated at sites DL1, DL2, DL5,
DL6, DL9, and DL12; Hyalosphenia subflava and Phryganella acropodia were the dominant
taxa at site DL3; Trinema complanatum exclusively dominated at site DL8; Arcella gibbosa
prevailed solely at site DL11; Centropyxis ecornis was only found at DL2 and DL6; and
Arcella vulgaris was only found at DL2 and DL11. Dali Lake is mesohaline; the lake water is
thoroughly mixed from top to bottom; and according to the results of the RDA ordination,
TOC, TN, DIP, and TP are the key environmental factors affecting the testate amoeba
community composition.
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