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Figure 1 Distribution of Netzelia tuberspinifera population in 88 lakes and reservoirs from China. (a) The significant differences of latitude, elevation
and temperature between waterbodies without (n=50) and with (n=38) N. tuberspinifera. (b) The scanning electron microscope and light microscope
photographs of N. tuberspinifera showing the aperture, bottom, side and pseudopodia, respectively. Scale bar, 50 um. The information of 88 lakes and

reservoirs is presented in Table S1
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Table 1 Basic information of sampling reservoirs and specimen number of N. tuberspinifera in southern China
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Figure 2 Spatial-temporal dynamics of N. tuberspinifera population from subtropical or tropical reservoirs of China. (a) Temporal dynamics of N.
tuberspinifera population in Tingxi Reservoir of Xiamen City (2016-2019). (b) Spatial distributions of N. tuberspinifera from 28 subtropical or tropical

reservoirs, southern China. For reservoir information see Table 1
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Figure 3 Random forest regression analysis showing the relationship between environmental factors and N. tuberspinifera population density across
space and time. (a) N. tuberspinifera in Tingxi Reservoir over four years (2016-2019); (b) N. tuberspinifera in 28 reservoirs of southern China. The red
columns represent significant factors (P < 0.05). The higher value of MSE indicates greater importance in explaining the density of N. tuberspinifera
population. Circular pie chart based on hierarchical partitioning analysis showing the independent effects of each of significant factors for density of N.
tuberspinifera population. Lon: Longitude; Lat: Latitude; WD: Water depth; Trans: Transparency; WT: Water temperature; DO: Dissolved oxygen; Chl-
a: Total chlorophyll-a; EC: Electrical conductivity; Sal: Salinity; ORP: Oxidation-reduction potential; TC: Total carbon; TOC: Total organic carbon;
TN: Total nitrogen, NH,-N: Ammonium nitrogen; NOs-N: Nitrate nitrogen; NO,-N: Nitrite nitrogen; TP: Total phosphorus; PO,-P: Phosphate
phosphorus; SS: Suspended solid; Gr: Chlorophyta; Bl: Cyanophyta; Br: Bacillariophyta
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Figure 4 The direct and indirect effects of water temperature or geographical factors, physico-chemical factors, nutrients, and phytoplankton on
N. tuberspinifera population density. The blue and red lines represent positive and negative effects, respectively. The thickness of the line represents the
value of the path coefficient. Goodness of fit index was 0.397 and 0.441 for Tingxi Reservoir (a) and 28 reservoirs (b), respectively. WT: Water
temperature; Phys: Water depth, transparency; Nut: Total nitrogen, ammonium nitrogen, nitrate nitrogen, total phosphorus; Phyt: Chlorophyll-a of
Bacillariophyta and chlorophyll-a of Chlorophyta; NT: The density of N. tuberspinifera population. Geo: Longitude, latitude; Phys: Water depth,
suspended solid, transparency, turbidity, electrical conductivity, salinity; Nut: Total carbon, total organic carbon, ammonium nitrogen, total phosphorus;
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Figure 5 Spatial-temporal distribution of morphometric characteristics of N. tuberspinifera. Principal component analysis (PCA) of N. tuberspinifera
morphometric characteristics from different seasons in Tingxi Reservoir (a) and from 11 watersheds (24 reservoirs) (b), respectively. (c) The
contributions of morphometric characteristics to temporal difference from different seasons in Tingxi Reservoir. (d) The contributions of morphometric
characteristics to spatial difference from 11 watersheds. AD: Aperture diameter; SD: Shell diameter; SH: Shell height; SN: Spine number; SL: Spine length
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Figure 6 Random forest regression analysis showing the relationship between environmental factors and aperture diameter variation of N.
tuberspinifera population across space and time. (a) N. tuberspinifera in Tingxi Reservoir over four years (2016-2019); (b) N. tuberspinifera in 24
reservoirs of southern China. The red columns represent significant factors (P < 0.05). The higher value of MSE indicates greater importance in
explaining the aperture diameter variation of N. tuberspinifera population. Hierarchical partitioning analysis showing the independent effects of each of
significant environmental factors for aperture diameter variation of N. tuberspinifera in Tingxi Reservoir from different seasons (donut chart in (a)) and
from 11 watersheds (24 reservoirs) (donut chart in (b)), respectively. Lon: Longitude; Lat: Latitude; WD: Water depth; Trans: Transparency; WT: Water
temperature; DO: Dissolved oxygen; Chl-a: Chlorophyll-a; EC: Electrical conductivity; Sal: Salinity; ORP: Oxidation-reduction potential;, TC: Total
carbon; TOC: Total organic carbon; TN: Total nitrogen; NH,-N: Ammonium nitrogen; NO;-N: Nitrate nitrogen; NO,-N: Nitrite nitrogen; TP: Total
phosphorus; PO4-P: Phosphate phosphorus; SS: Suspended solid; Gr: Chlorophyta; Bl: Cyanophyta; Br: Bacillariophyta
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Table 3 Analysis of similarity (ANOSIM) statistics testing the difference in morphometric characteristics of N. tuberspinifera population from 11

watersheds, China
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Figure 7 The direct and indirect effects of water temperature or geographical factors, physico-chemical factors, nutrients, phytoplankton on the
aperture diameter of N. tuberspinifera. The blue and red lines represent positive and negative effects, respectively. The thickness of the line represents
the value of the path coefficient. Goodness of fit index was 0.469 and 0.646 for Tingxi Reservoir (a) and 11 watersheds (24 reservoirs) (b), respectively.
WT: Water temperature; Phys: Water depth, electrical conductivity, pH; Nut: Total carbon, total organic carbon, nitrate nitrogen, nitrite nitrogen; Phyt:
Bacillariophyta, total chlorophyll-a; AD: The aperture diameter of N. tuberspinifera. Geo: Longitude, latitude; Phys: Water depth, suspended solid,
transparency, turbidity; Nut: Total carbon, total organic carbon, total phosphorus; Phyt: Total chlorophyll-a; AD: The aperture diameter of N.

tuberspinifera from 24 reservoirs
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Testate amoebae are a diverse polyphyletic group of single-celled amoeboid protists in which the cytoplasm is enclosed
within an external shell. They are widely distributed in various habitats including freshwater, brackish water, soil and moss.
They play an important role in the biogeochemical cycles and energy flow of both aquatic and terrestrial ecosystems. They
can provide a good record or proxy of past environmental change due to their environmental sensitivity and high diversity.
Recent research on these microorganisms suggests they have been increasingly used as a biotic proxy of environmental and
climatic reconstruction, water quality and pollution. Many testate amoeba species have a cosmopolitan distribution at least
at the morphological level, but others have restricted geographical distribution. In China, we found there are abundant and
diverse testate amoebae in reservoirs and lakes, including some endemic species. In recent years, however, the local species
diversity of testate amoebae has been decreasing due to rapid increases in the level of reservoir or lake eutrophication.
Currently, the conservation and sustainable use of biodiversity has become an important topic, so it is necessary and urgent
to conduct systematic ecology research for endemic testate amoeba population in China. Netzelia tuberspinifera (basionym
Difflugia tuberspinifera) is an endemic sensitive species of East Asia and widely distributed in southern China. We found
that the distribution of N. tuberspinifera was significantly related to latitude, elevation and temperature based on the
datasets of 88 lakes and reservoirs in China, and this microorganism was mainly distributed in subtropical and tropical
lakes and reservoirs characterized by low latitude, low elevation and high water temperature. Our study investigated the
spatial-temporal distribution of N. tuberspinifera based on a high-frequency time series, sampled over four years from
Tingxi Reservoir (Xiamen, China) combined with spatial samples from 28 reservoirs in 14 watersheds in southern China,
and to reveal the ecological factors and processes that shape its distributions. The results showed that water temperature and
foods (phytoplankton) exhibited significant effects on seasonal patterns of N. tuberspinifera population density (0—10.7
ind/L), with a higher correlation coefficient for water temperature than for food. In the Tingxi Reservoir, surface water
temperature ranged from 14.3 to 32.1°C over four years from 2016 to 2019. When water temperature was above 30°C, N.
tuberspinifera displayed better growth and reproduction, so its population density was higher in summer and autumn than
in other seasons. On the spatial scale, the population density of N. tuberspinifera was 0—19.2 ind/L, which was mainly
limited by geographical factors and decreased with an increase in latitude and longitude, respectively. Meanwhile, foods
(phytoplankton), electrical conductivity and nitrate nitrogen also had significant effects on N. tuberspinifera population
density. Interestingly, the variation in aperture diameter (33.5-68.2 um in Tingxi Reservoir; 33.5-73.6 um in 11
watersheds) of N. tuberspinifera was the major contributing factor in explaining the temporal-spatial differences of
population morphological characteristics. Furthermore, we found that foods (phytoplankton) play a key role in the
difference of aperture diameter between different seasons in Tingxi Reservoir. The difference in aperture diameter between
the Yangtze River and other watersheds was mainly affected by foods (phytoplankton), total carbon and water turbidity.
Based on the spatial-temporal difference of the N. tuberspinifera metapopulation, our work improves the understanding of
geographical distribution and diversity of testate amoebae, and provides important references for ecological evaluation and
biodiversity conservation in subtropical and tropical reservoirs.

testate amoebae, Netzelia tuberspinifera, geographical distribution, temporal variation, population density,
morphometric characteristics
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