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Land cover alteration shifts ecological assembly processes in floodplain
lakes: Consequences for fish community dynamics
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• The normalized stochasticity ratio (NST)
is significantly higher in natural sites
than in poplar plantations.

• Fish communities have distinct tempo-
ral dynamics in modified and natural
habitats.

• Dispersal constraints and stable envi-
ronment may be the main drivers of
the lower temporal β-diversity inmodi-
fied habitats.

• Conservation strategy should focus on
restoring landscape elements to pro-
mote the natural assembly processes.
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Populus nigra plantation reduces hydrological connectivity and alters hydrography of aquatic habitat for the
whole hydrological cycle, exerting low fish temporal β-diversity.
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Habitat degradation is expected to alter community structure and consequently, ecosystem functions including
themaintenance of biodiversity. Understanding the underlying abiotic and biotic assemblymechanisms control-
ling temporal and spatial community structure and patterns is a central issue in biodiversity conservation. In this
study, using monthly time series of fish abundance data collected over a three-year period, we compared the
temporal community dynamics in natural habitats and poplar plantations in one of the largest river-lake flood-
plain ecosystems in China, the Dongting Lake. We found a prevailing strong positive species covariance, i.e. spe-
cies abundance changes in the sameway, in all communities thatwas significantly negatively impacted by higher
water nutrient levels. In contrast to species covariance, community stability, whichwasmeasured by the average
of aggregated abundance divided by temporal standard deviation, was significantly higher in poplar plantations
than in natural habitats. The positive species covariance, which was consistent for both wet and dry years and
among habitat types, had significantly negative effects on community stability. Furthermore, our results demon-
strated that the ecological stochasticity (i.e. community assembly processes generating diversity patterns that are
indistinguishable from random chance) was significantly higher in natural sites than in poplar plantations, sug-
gesting that deterministic processes might control the community composition (richness and abundance) at the
modified habitat through reducing species synchrony and positive species covariance observed in the natural
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habitats, leading to significantly lower temporal β-diversity. When combined, our results suggest that habitat
modification created environmental conditions for the development of stable fish community in the highly dy-
namic floodplains, leading to niche-based community with lower temporal β-diversity.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Globally, freshwater ecosystems have undergone massive changes
and the increasing loss of freshwater biodiversity is widespread
(Palmer and Ruhi, 2019; Reid et al., 2019). Floodplain ecosystems of
large rivers are some of the most valued but heavily exploited ecosys-
tems, which endured modified and degraded (Bayley, 1995;
Vörösmarty et al., 2010; Castello and Macedo, 2016). Human modifica-
tions such as river regulation and land cover alteration have greatly
changed the inundation regimes including extent, duration, timing
and frequency of inundation (Poff et al., 1997, 2006; Olden and
Naiman, 2010; Lu et al., 2018); and have diminished the benefits of hy-
drological connectivity for vegetation (Guan et al., 2016), fishes
(Fontenot et al., 2001; Li et al., 2020), waterbirds (Xia et al., 2017),
and many other aquatic organisms (e.g. Kupferberg et al., 2012). Thus,
floodplain system restoration programs, such as environmental water
allocation (Stewart and Harper, 2002), reconnecting floodplains with
rivers (Pander et al., 2015) and returning croplands to wetland (Xu
et al., 2018), remain a focus of regional biodiversity conservation.

Understanding the underlying abiotic and biotic assembly mecha-
nisms controlling temporal and spatial community structure is not only
a central issue in ecology (Cottenie, 2005; Leibold et al., 2004; Magurran
et al., 2018, 2019; McGill, 2003; Ning et al., 2019), but also has practical
implications for biodiversity conservation (Economo, 2011; McGill et al.,
2015; Yurkonis et al., 2005). Many mechanisms have been hypothesized
to explain the spatial and temporal variations in community structure,
i.e. the number of taxa (richness) and their relative abundance
(composition). The current advances inmetacommunity theory generally
suggest that the two broad types of processes, i.e. deterministic and
stochastic, work simultaneously in shaping ecological communities
(Chase and Myers, 2011; Gaston and Chown, 2005; Gravel et al., 2006;
Daniel et al., 2019). The deterministic assembly generally refers to ecolog-
ical niche-based mechanisms, including environmental filtering (also
referred as species-sorting, e.g., climate, pH, nutrients, and salinity gradi-
ents) and biological interactions (e.g., competition and facilitation) (Levi
et al., 2019; Silvertown, 2004). Note that “patch dynamics” and “mass
effect” (Leibold et al., 2004) can be considered as special cases of species
sorting (Bortolini et al., 2017). Considering that all species are ecologically
equivalent in theprobabilistic sense (i.e. individuals have equal chances of
reproduction or death, Hubbell, 2001; Rosindell et al., 2012), the stochas-
tic processes (analogous toneutral processes or ecological drift), however,
concern ecological processes that generate community patterns indistin-
guishable from neutral simulations through random birth – death events,
probabilistic dispersal, and ecological drift (randomwalk, either to extinc-
tion or monodominance) (Hubbell, 2001; Gravel et al., 2006; Ning et al.,
2019; Zhou et al., 2014).

Research on the temporal dimensions of community ecology is be-
coming increasingly urgent in the face of accelerating loss of biodiversity
in the Anthropocene (Dirzo et al., 2014; Garcia-Moreno et al., 2014;
McGill et al., 2015). The study of temporal dynamics can help to enhance
our predictions on the responses of communities to natural environmen-
tal fluctuations and anthropogenic disruptions (Collins et al., 2000; Kéfi
et al., 2019; Rosset et al., 2017) by revealing how species respond to
community-level constraints (Musters et al., 2019) and how species in-
teractions change over time (Gonzalez and Loreau, 2009; Hallett et al.,
2014). This knowledge has strong conservation implications. For exam-
ple, identifying keystone communities that disproportionally contribute
to the maintenance of regional diversity is critical to conservation
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planning (Ruhí et al., 2017). Many statistical metrics and analytical
tools, such as community stability (Tilman, 1999), species turnover and
community change rate (Collins et al., 2000, 2008), synchrony (Hallett
et al., 2016) and temporal beta-diversity index (Legendre, 2019) have
been developed to quantify and compare the temporal dynamics.

Over the last two decades, studies on spatial variation in community
structure (i.e. spatial β-diversity) have played a central role in under-
standing how communities are organized along environmental gradients,
and how stochastic and deterministic processes influence the functioning
of ecosystems (Jia et al., 2020; Heino et al., 2015; Mori et al., 2018). In
comparison, far fewer studies have investigated the temporal dynamics
of communities (seeKorhonen et al., 2010 and Jones et al., 2017 for exam-
ples), limiting our understanding on how communities respond to the
widespread and rapid changes in the Anthropocene (Dirzo et al., 2014;
Ruhí et al., 2017), which may lead to contradictory predictions (see
Gonzalez et al., 2016; Vellend et al., 2017). This limitation is particularly
significant for the highly variable ecosystems, such as floodplains,
where communities exhibit high intra- and inter- annual variability in
community assembly processes (Heino et al., 2015).

Despite decades of study, quantifying effects of human disturbance
on ecological community assembly processes remains a key challenge
to ecologists (Dini-Andreote et al., 2015; Tucker et al., 2016), especially
in dynamic species-rich landscapes such as floodplain wetlands (Ruhí
et al., 2017). Under natural conditions, river floodplains are hydrologi-
cally and structurally complex, subject to variable rainfall and run-off
regimes, and consisting of an ever-shifting mosaic of terrestrial and
aquatic vegetation (Bouska et al., 2020). Modifications to these habitats
are often in the direction of an imposed uniformity, through the impo-
sition and operation of hydrological control structures. Habitat modifi-
cation may also be imposed by alternate land use, through the
removal of natural aquatic vegetation and the conversion of floodplains
to monocultures or low diversity assemblages of introduced species
(Suding and Hobbs, 2009), an alternative regime that may be self-
reinforcing (Gaertner et al., 2014). The trajectory of modification is
therefore towards habitat stability, which profoundly influences assem-
bly processes such as recruitment, food availability, competition, and
dispersal andmortality. Loss of hydrological complexity has been an im-
portant cause of decline in native fish recruitment in modified rivers
(Aarts et al., 2004).

In this study, we collected monthly samples of fish communities in
12 sites, of which six are located at highly modified Populus nigra plan-
tations and six are from natural Carex sedges and open waters, over
three consecutive years in a large floodplain with high intra-annual
water levelfluctuations. Ourmain purpose is to quantify the relative im-
portance of deterministic and stochastic processes on the temporal dy-
namics of fish community, and to investigate if these processes differ
between the modified and natural habitats. The working hypothesis is
that the ecological stochastic processes will prevail in the natural sites
and the deterministic processes will dominate the human modified
sites. This hypothesis assumes that a variety of processes, both
deterministic and stochastic, operate concurrently on fish communities
at various spatial and temporal scales (Chase and Myers, 2011). The
relative importance of these processes on community dynamics de-
pends on the interplay of dispersal constraint, environmental heteroge-
neity, and biotic interaction (Cottenie, 2005; Daniel et al., 2019). In
natural habitats, the high dispersal capacity of our studies species
is not constrained and the environment is relatively homogeneous
(i.e. undisrupted hydrological connectivity). Moreover, environmental
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stochasticity rising from unpredictable climatic and environmental
events, such as fluctuations of water level, pH, dissolved oxygen (DO)
and nutrients, is relatively higher in comparisonwith themodified hab-
itat (Fig. A1). This could contributemore randomness to ecological com-
munity. Therefore, we expected the effect of deterministic processes
diminishes. In contrast, habitatmodification is likely to create stable en-
vironment and dispersal barriers (Li et al., 2020), promoting environ-
mental filtering.

2. Materials and methods

2.1. Study site

Dongting Lake (111°40′–113°10′ E, 28°38′–29°45′ N) is China's sec-
ond largest freshwater lake. Due to land cover alteration, thewhole lake
has been divided into three sub-lakes (East, South, and West Dongting
Lake), which are hydrologically connected throughmain river channels.
Our study site, the West Dongting Lake (111°57′ - 112°17′ E, 28°47′ -
29°07′ N) is the most upstream section (Fig. 1). Water from the Yuan
River, the Li River and three escaping channels of Yangtze River flows
through West Dongting into South Dongting, and then into East
Dongting, finally discharging into the Yangtze (Fig. 1). The prevailing
climate in the area is continental subtropical monsoon, with four dis-
tinct seasons featuring a warm and humid summer and a cold and dry
winter. The annual rainfall ranges from 1200 to 1700 mm, of which up
to 60% occurs in summer (Guan et al., 2016).

The West Dongting Lake (WDTL) is a seasonally dynamic system,
with large inter- and intra-annual variations in both lake area and
water level. In a typical year, the water level increases from the end of
March and reaches the highest level in July or August. The water level
begins to decrease in September and the lowest level occurs from
Fig. 1. Aerial photo of the study site (Sources: Esri, DigitalGlobe, GeoEye, Earthstar Geographics
indicate the approximate flow direction. Inset shows the location of Dongting Lake in relation w
pretation of the references to colour in this figure legend, the reader is referred to the web ver
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December to March in the next year (Fig. A2). During the summer wet
season, water level reaches an average level of 34.30 m (long-term
mean, based 1965–2014 records) at Nanzue hydrological station, and
the majority of the wetland area is under water. During the winter dry
season, the lake water level decreases to 28.03 m (long-term mean,
based 1965–2014 records). As water levels recede, the Lake divides
into five broad habitat types: open water, mudflats, Carex sedge, Phrag-
mites communismarsh, and Populus nigra plantation.While the first two
types of habitat are in relatively natural condition, the other two, espe-
cially the Populus nigra plantation, are subjected to a high degree of hy-
drological and structural modification (Fig. 2).

From late 1980s, plantation of Populus nigra, an introduced fast-
growing tree forwoodpulp, started inWDTL. To ensure young trees sur-
vive the summer flooding, elevated ridges were built with sediments
excavated from the nearby lakebed, leaving a network of artificial
ditches with depth varies from 1.0 to 2.5 m (Li et al., 2020). The planta-
tion creates a novel habitat, which has reduced lateral hydrological con-
nectivity, flattened hydrography (i.e. the average peak water level is
greatly reduced), and stabilized water level during the low water pe-
riod. In addition, the artificial ridges present a significant barrier for
fish movement even during high-water seasons. Another notable
change is that the excavation has destroyed submerged plants and
sedges, resulting in a habitat with less structural complexity.

2.2. Fish survey

During the period of 2017–2019, we sampled fishes at 12 locations
across theWDTL, of which 6 were from ditches at Populus nigra planta-
tions, 3 were from Carex sedges and 3 were from open waters (Figs. 1,
2). The year 2017 is considered as a flood year with maximum water
level reaching 36.57 m at Xiaohezuo, nearly 3 m higher than the long-
, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community). Blue arrows
ith the Yangtze River in China. The red triangle represents Three Gorges Dam. (For inter-

sion of this article.)



A: Open Water B: Carex

C: Populus nigra

Fig. 2. Scenes of habitat types: A) open water, B) Carex sedges, and C) Populus nigra Plantation.
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termmeanmaximumwater level. The years 2018 and 2019 were close
to the long-term average of 34.30 m, with maximum water level of
32.14m and 33.63m, respectively (Fig. A2). For each year, we collected
monthly samples fromApril to October, which covers a completed cycle
of water level rise and recession. In April, the water level is normally
high enough to inundate most of the Carex sedges and Phragmites
communis marshes. Fish move to the newly flooded areas to breed and
forage, taking average of the abundant food sources (King et al., 2003).
October is near the end of water recession phase, and water level is
high enough tomaintain the hydrological connection between channels
and Carex sedges.

Fish samples were collected using 12 long fyke nets (length: 30 m,
width: 45 cm, height:33 cm, mesh size: 10 mm). The net is designed
by local fisherman and is efficient for fish sampling in areas with com-
plex habitat structure (Fig. A3). For each sampling events, one net was
set at 9:00–10:00 am and the catch was collected at 9:00–10:00 the
next day. All fish were transferred to laboratory and euthanatized for
identification (to species level) and counting.

2.3. Environmental variables

Before setting the net, temperature, pH and conductivity (SPC)were
measured in situ using a YSI multiprobe (YSI, Yellow Springs, Ohio,
USA), water clarity was also measured using a 20 cm white Secchi
disc. We also collected instantaneous water grab samples to measure
total phosphorus (TP), total nitrogen (TN), total suspended solids
(TSS), and chlorophyll a (chl-a). Vertically integrated water samples
(sub-samples were taken from the surface, 0.5 m, 1 m and 1.5
m) were collected and preserved following USEPA methods (Kopp
et al., 1983). Water samples were analyzed in laboratory pursuant to
APHA protocols (APHA, 1998).

2.4. Assessing ecological stochasticity

A range of methods have been used to quantify the relative impor-
tance of deterministic and stochastic processes in community assembly
4

(Anderson et al., 2011; Baselga, 2010), of which the null model approach
is the most widely used (Mori et al., 2013, 2015). Through randomizing
the empirical community matrix (Gotelli, 2000), null models can detect
if and by how much the observed variation in community structure (i.e.
β-diversity) deviates from the null expectation given a regional species
pool (i.e. gamma diversity) (Chase et al., 2011). Large deviations are sug-
gestive of deterministic processes driving community assembly while
close to zero deviations are interpreted as neutral community (Gotelli,
2000; Tucker et al., 2016).

We calculated both spatial and temporal ecological stochasticity to ex-
plore the mechanisms shaping β-diversity. We used spatial ecological
stochasticity to compare the deterministic and stochastic processes shap-
ing fish communities at different habitat types. To quantify the spatial
ecological stochasticity,we aggregated all sample sites for each survey oc-
casionwithin a habitat type to formametacommunity, assuming thatfish
can move freely between sampling locations within a habitat type. We
used temporal stochasticity to assess the relative importance of determin-
istic and stochastic processes on community dynamics (see below). To
calculate temporal stochasticity, for each site, the monthly community
matrices in every sampling year were considered as a metacommunity.
Following Chase et al. (2009), we used null models to determine the eco-
logical stochasticity. Briefly, the community dissimilarity (we used the
abundance-weightedBray-Curtis index) is comparedwith the null expec-
tations to quantify ecological stochasticity under different situations
(Zhou et al., 2014). In this study, the null communities were generated
by randomizing the observed community structure 1000 times based
on the SIM2 algorithm in Gotelli (2000), i.e. species occurrence totals
are fixed but all sites within a habitat type are equiprobable. The normal-
ized stochasticity ratio (NST),was then developedwith 50% as the thresh-
old between more deterministic (<50%) and more stochastic (>50%)
assembly (Ning et al., 2019). NST ranges from 0 to 1, where theminimum
value is 0 when extremely deterministic assembly drives communities
completely the same or totally different, and the maximum value is 1
when completely stochastic assembly makes communities the same as
null expectation. The detailed mathematic formulas can be found in
Ning et al. (2019).
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2.5. Quantify the magnitude and variability of temporal fish community
dynamics

Wecalculate fourmetrics to describe patterns of thefish community
change: total temporal β-diversity, stability, variation ratio and syn-
chrony. These metrics were calculated for each year at every sampling
site using the abundance-based community matrix.

2.5.1. Temporal β-diversity
We calculated the total β-diversity (BDTotal) as the total variance in

the community matrix (Legendre and De Cáceres, 2013) using the
abundance based Sørensen index with the beta.div function in the
“adespatial” package (Dray et al., 2016) in R (R Core Team, 2019).

2.5.2. Stability
Community temporal stability was calculated as μ/σ, using the time

series of fish catch data collected for each sampling sites, where μ is the
average aggregate abundances of a site across all months and σ is the
temporal standard deviation in the fish catch of a site (Tilman, 1999).

2.5.3. Variance ratio
Variance ratio (VR) characterizes species covariance patterns in a

community (Schluter, 1984), which compares the variance of the com-
munity (C) as awhole relative to the sumof the individual species abun-
dance (Si) variances:

VR ¼ σ2 Cð Þ
∑N

i¼1σ2 Sið Þ
ð1Þ

and
σ2(C)=∑i=1

N σ2(Si)+2×∑j < i
N σ2(Si,Sj),N is the number of species

in a community.
If species vary independently (i.e. they do not covary), the variance

ratio will be close to 1. A variance ratio < 1 indicates predominately
negative species covariance, whereas a variance ratio > 1 indicates
that species generally positively covary (Schluter, 1984; Hallett
et al., 2014). We tested if the observed variation ratio significantly
differs from 1 using null model approach. By randomly selecting
different starting points of time series for each species, we generated
10,000 null communities in which species abundances vary indepen-
dently but within-species auto correlation is maintained (Hallett
et al., 2014). The significance is confirmed if the observed variation
ratio falls out of the 1st and 3rd quantile of the null distribution.
The calculation of community stability and variation ratio, and
significance tests were conducted using the R package “codyn”
(Hallett et al., 2016).

2.5.4. Synchrony
Community synchrony provides another measure of species co-

variance. We defined community synchrony as the degree to which
the abundance of fish species in a community rise and fall together
through time. Using the community time series of abundance, we
calculated community synchrony using the metric of Loreau and De
Mazancourt (2008):

φ ¼
δ2 ∑N

i¼1Si tð Þ
h i

∑N
i¼1δ Si tð Þ½ �

� �2 ð2Þ

where δ2 is the variation operator; and Si(t) is the abundance of
species i at sampling time t. The numerator represents the temporal
variance of the aggregate community-level abundance; and denom-
inator is the sum of the population variances squared. φ ranges from
0 (perfect asynchrony) to 1 (perfect synchrony) (Loreau and De
Mazancourt, 2008).
5

We tested the significance of the observed community synchrony by
comparing it with the distribution of synchrony of 10,000 random com-
munities. The random communities were generated using a Monte
Carlo randomization procedure, which shuffles the columns of the com-
munity matrix independently. Community synchrony calculation and
test were conducted using the “synchrony” package (Gouhier and
Guichard, 2014).

As trends in abundance (i.e. autocorrelation in population time series)
can lead to bias in estimates of species synchrony (Lepš et al., 2019;
Valencia et al., 2020), we also calculated the modified φ proposed by
(Lepš et al., 2019), which uses the three-term variance to filter out long-
term trend in themonthly abundance time series. The twomeasurements
are highly correlated with the Pearson's r = 0.840, and the difference is
not significant (pairwise t-test, p = 0.084). The high similarity between
the two might be due to the short-term nature of our data.

2.6. Statistical analysis

We first determined the significance in composition difference of
fish community among habitat types across sampling months for each
year, using PERMANOVA (Permutational Multivariate Analysis of Vari-
ance) based on Bray distance matrices. The statistical inferences were
based on 1000 permutations. We further quantified the degree of com-
position difference among habitat types for each sampling month in
every year and the contribution of individual species using SIMPER
(similarity percentages) analysis. R package vegan (Oksanen et al.,
2017) was used for all the multivariate analyses.

To determine if and how community temporal dynamics is affected
by environmental factors, we use generalized linear mixture models
(GLMM) or generalized additive mixed models (GAMM) to count the
possible non-linear relationship (Wood, 2006). Starting from the sim-
plest null model with no explanatory variable, we increased the model
complexity by adding sequentially independent variables (i.e. TP, TN,
TN:TP, Depth, habitat type and sampling year) as either simple or
smooth terms. Because the relatively small sample size (n=36), we re-
stricted the number of independent variables to three in any single
model. For each community dynamic metric, a total of 126 models
werefitted. Habitat type and sampling yearwere specified as either ran-
dom or fixed effects. We selected and reported the best model using
leave-one-out cross-validation (loo), which is a fully Bayesian model
selection procedure, similar to the widely applicable weighted Akaike's
information criterion (Vehtari et al., 2017). Moreover, we also investi-
gated the relationships between stability and diversity, VR and
synchrony in the same way to explore the effects of biological interac-
tions on community stability (Hallett et al., 2014). To explore the effects
of species diversity on community stability, we aggregated all monthly
fish catches for each site and calculated the inverse Simpson's diversity
index as community diversity.

The posterior distributions of model parameters were estimated
using Markov chain Monte Carlo (MCMC) methods with NUTS sampler
implemented in the R package “brms” (version 2.1.0, Bürkner, 2018) by
constructing four chains of 100,000 steps, including 50,000-step warm-
up periods, so a total of 200,000 post-warm up draws (i.e. (100,000 −
50,000) × 4=200,000) are retained to estimate posterior distributions.
All modelling procedures are conducted in a Bayesian framework using
the programme Stan (Carpenter et al., 2017) implemented in the
R package “brms” (Bürkner, 2018).

We used the same Bayesian approach to explore the temporal and
spatial patterns of NST, and to link NST with environmental factors.

3. Results

3.1. Overall fish diversity

We recorded a total of 29 species during 252 surveys over the three-
year study. Raw sample species richness at sites ranged from0 to 13 and



Table 1
Summary of Bray-distance based PERMANOVA (permutational multivariate analysis of
variance) of the fish community.

Year Factor Partial R2 Pseudo-F Significance2

2017 Habitat 0.058 2.337 ⁎⁎

Month 0.203 2.710 ⁎⁎⁎

Habitat:Month1 0.206 1.690 ⁎⁎⁎

2018 Habitat 0.100 4.510 ⁎⁎⁎

Month 0.150 2.287 ⁎⁎⁎

Habitat:Month 0.188 1.581 ⁎⁎

2019 Habitat 0.102 4.188 ⁎⁎⁎

Month 0.171 2.352 ⁎⁎⁎

Habitat:Month 0.122 1.304 ⁎

1. The interaction between habitat type and sampling month.
2. Significant levels: p < 0.001, ⁎⁎⁎; p < 0.01 ⁎⁎; p < 0.05, ⁎.
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the averagewas 4.44 (4.14 and 4.90 atmodified andnatural habitats, re-
spectively). There were two occasions that we recorded no fish and
these eventswere discarded in further analysis. The inter- and intra- an-
nual differences in richness were not significant (p = 0.411 and 0.542
for monthly and annually richness, t-test), however, the richness differ-
ence between habitat types was significant with more species recorded
at natural sites than at plantation sites (t-test, p=0.002 and< 0.001 for
Carex sedges and open waters, respectively). For abundance, although
there was no significant inter-annual difference (p = 0.452, t-test),
the catch was significantly higher in May than other months (p =
0.028, t-test), coincident with the breeding season. In contrast to rich-
ness, fish abundance at Carex sedge sites was significantly higher than
that at plantation sites (p < 0.001, t-test) and open water sites (p =
0.044, t-test), which had comparable abundance (p = 0.200, t-test).

The PERMANOVA tests showed that the structure of fish community
differed significantly among habitat types and across sampling months
(Table 1). Habitat type and sampling month jointly accounted for
39.5% to 46.7% of the total difference in community structure. In general,
samplingmonth had higher contribution to community variability than
habitat type. Moreover, the difference in community composition
among habitat types in high-water (i.e. 2017) was much smaller than
that in the normal years of 2018 and 2019 (partial R2 was 0.058 in
2017 vs. 0.100 and 0.102 in 2018 and 2019, Table 1). In contrast, the dif-
ference among sampling months was higher in high-water year.

The community structure difference was large between habitat types
for eachmonth (the average difference varied from67% to 85%, Table A1).
While the species contributingmost to structure difference varied among
sampling months and between habitat types, the goldfish (Carassius
auratus), a generalist with high fecundity, was featured in each compari-
son pairs and everymonth (Table A1). In addition, the abundance of gold-
fish was generally higher in the modified plantation habitats than in
sedge and open water. Species from the Acheilognathinae subfamily of
the family Cyprinidae, such as Acanthorhodeus tonkinensis, Rhodeus
sinensis, and Acheilognathus macropterus also had high contribution to
community structural differences. These species were generally more
abundant in sedge lands and open waters than in plantations.
Table 2
Summary of the best models for community temporal variation. Values are mean w
warmup draws.

Metric Model Link function

β-Diversity ~TP + Habitat Lognormal

Synchrony ~TN lognormal
Stability ~TN lognormal

TN, total nitrogen, and TP, total phosphorus.
a Bayesian version of R2 for regression models (Gelman et al., 2019).
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3.2. Temporal community variation and its drivers

Synchrony, variance ratio, and stability varied greatly across hab-
itat types and between sampling years (Table A2). The total β-
diversity also showed great spatial and temporal variations
(Table A2). Specifically, the temporal variation of fish communities
was significantly lower in the flooding year (i.e. 2017) than in nor-
mal years (i.e. 2018 and 2019) (p < 0.01, t-test). In the plantations,
the total temporal β-diversity was significantly lower than that in
open waters and Carex sedges (p < 0.01, t-test). Although the differ-
ence in temporal β-diversity was significant (p = 0.04, t-test) in the
flooding year, it became non-significant in normal years. The best
model fitted for temporal β-diversity included water TP and habitat
type. This model explained 68% of the variations of β-diversity across
the sampling sites (Table 2). The estimated model coefficient indi-
cated that temporal β-diversity decreased significantly among the
TP gradients, and was significantly lower in plantations than in the
natural habitat of Carex sedges and open waters.

As the high similarity between the original (Loreau and De
Mazancourt, 2008) and the modified φ (Lepš et al., 2019), we only re-
ported the formermeasurement of synchrony. The observed synchrony
of fish abundance ranged from 0.09 to 0.90, and in 10 out of the total of
36 occasions, the synchronywas significantly greater than null expecta-
tions. These results suggested that most taxa abundances were chang-
ing in the same direction, especially in the modified habitat (Table A2).

We did not detect any spatial or temporal patterns in synchrony var-
iations (Table 2). The best model describing the synchrony variation in-
cluded a single environmental variable (i.e. TN, Table 2), which
explained 38% of the variation in the spatial and temporal variation of
community synchrony. Total nitrogen had a significantly (at 0.05
level) negative effect on synchrony (the lower 2.5% and upper 97.5% in-
tervals do not include zero, Table 2). Other tested environmental vari-
ables such as water depth, TP, and water clearance had no statistically
significant relationship to species synchrony.

The calculated VR ranged from 0.30–2.83 with the majority cases
greater than one (Table A2), of which seven were significantly higher
than the null VR. Similar to species synchrony, these results indicated
that the fish community largely positively covaried, especially at the
plantation sites. There were no clear spatial or temporal patterns for
VR. In addition, no model with environmental variables was better
than the null based on the loo model selection procedure.

Community stability had a weakly negative relationship with TN.
The relationship was not significantly at the 0.05 level (Table 2), but
was at the 0.1 level (the lower 5% and upper 95% interval of the coeffi-
cient for TN was −0.12 to −0.01, data not shown). As with synchrony
and VR, other tested environmental variables had no significant impacts
on community stability.

3.3. Biotic mechanisms of community temporal dynamics

Species synchrony and the variance ratio were significant predictors
for community stability (53% and 66% of the total variation was ex-
plained by the VR and synchrony model, respectively, Table 3). In
ith the intervals of lower 2.5% and upper 97.5% based on the 2,000,000 post-

Coefficient Bayes-R2a

TP: −4.97 (−6.75, −3.18) 0.68 (0.54, 0.73)
Habitat: sedge: 1.20 (0.60, 1.81)
Habitat: open water: 1.33 (0.69, 1.98)
−0.30 (−0.45, −0.14) 0.38 (0.10, 0.57)
−0.06 (−0.13, 0.01) 0.12 (0.01, 0.32)



Table 3
Summary of models for community stability in relation to biotic mechanisms. Values are
mean with the lower 2.5% and upper 97.5% intervals in brackets based on the 200,000
post-warmup draws.

Model Coefficient Bayes-R2a

~VR + Habitat VR −0.42 (−0.63, −0.21) 0.53 (0.24,
0.71)Habitat: sedge −0.30 (−0.58, −0.02)

Habitat: open water −0.24 (−0.53, 0.05)
~s(synchrony)b +
Habitat

synchrony −2.82 (−8.59, −0.51) 0.66 (0.44,
0.76)Habitat: sedge −0.23 (−0.46, −0.02)

Habitat: open water −0.31 (−0.54, 0.10)
~β-diversity +
Habitat

β-Diversity 1.42 (0.10, 2.74) 0.23 (0.06,
0.40)Habitat: sedge −0.46 (−0.82, −0.11)

Habitat: open water −0.39 (−0.75, −0.04)
~s(α-diversity)b

+ Habitat
α-Diversity 0.30 (−1.78, 2.31) 0.33 (0.30,

0.54)Habitat: sedge −0.38 (−0.50, −0.02)
Habitat: open water −0.09 (−0.61, 0.15)

a Bayesian version of R2 for regression models (Gelman et al., 2019).
b s, a smoothing term is fitted, suggesting non-linear relationship.
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comparison, both α and β diversity models had considerably lower ex-
planatory power with a mean Bayes-R2 of 0.33 (0.30–0.54) and 0.23
(0.06–0.40) (Table 3). This lower performance was also reflected in
the relatively larger confidence interval of the response curve, especially
when abundance stability was high (Fig. A4). While the modelled rela-
tionship with VR and β diversity was linear, stability had non-linear re-
lationships with synchrony and α diversity (Table 3 and Fig. A4).
Community stability decreased with both VR and synchrony, however,
the marginal effect curve of the stability – α diversity was hump-
shaped unimodal, suggesting lower stability at both the extreme ends.
In contrast, the relationshipwith β-diversity was linear and community
abundance stability increased significantly with β-diversity (Table 3,
Fig. A4).

Habitat type was also included in these models. The estimated
model coefficients suggested that the plantation sites had significantly
higher community stability than the sedge sites (the 95% interval did
not include zero for all models, Table 3). Moreover, community stability
was significantly lower in the flooding year of 2017 than in the normal
water years of 2018 and 2019 (Table 4). However, the difference be-
tween plantation and open water was not significant when the effects
Table 4
Summary of models for the effects of stochasticity on community temporal dynamics.
Values are mean with the lower 2.5% and upper 97.5% intervals in brackets based on the
200,000 post-warmup draws.

Metrics Coefficient Bayes-R2a

Total β-diversity s(NST)b 10.67 (−1.63, 31.48) 0.67 (0.55, 076)
Habitat: sedge 1.33 (0.68, 1.99)
Habitat: open water 0.89 (0.19, 1.58)
Year: 2018 1.11 (0.48, 1.76)
Year: 2019 1.28 (0.59, 1.98)

Stability NST −1.24 (−1.96, −0.51) 0.53 (0.24, 0.71)
Habitat: sedge −0.35 (−0.61, −0.09)
Habitat: open water −0.25 (−0.51, 0.02)
Year: 2018 0.35 (0.09, 0.60)
Year: 2019 0.34 (0.08, 0.61)

Synchrony NST 0.50 (0.20, 0.90) 0.59 (0.42, 0.69)
Habitat: sedge 0.09 (−0.05, 0.23)
Habitat: open water −0.06 (−0.21, 0.08)
Year: 2018 −0.32 (−0.46, −0.19)
Year: 2019 −0.40 (−0.54, −0.26)

Variance rate NST 0.89 (0.17, 1.56) 0.30 (0.08, 0.50)
Year: 2018 −0.18 (−0.56, 0.02)
Year: 2019 −0.08 (−0.32, 0.15)

a Bayesian version of R2 for regression models (Gelman et al., 2019).
b s, a smoothing term is fitted, suggesting non-linear relationship. NST, normalized

ecological stochasticity ratio.
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of species variance rate, synchrony or α-diversity were accounted for
(zero was within the bracket of the 95% confidence interval, Table 3).
Regarding the yearly variation, species synchrony was significantly
lower in flooding year of 2017, and the between-year difference for spe-
cies variance rate was not significant (Table 4).

3.4. Ecological stochasticity and its effects on community dynamics

There were no directional inter- and intra- annual patterns in spatial
ecological stochasticity in fish community. However, there were strong
spatial patterns: the modified sites had significantly lower stochasticity
than themore natural sites (Fig. 3). Themodel coefficient indicated that
ecological stochasticity was the predominant process at natural sites
(mean ecological stochasticity was 0.51 and 0.63 for sedges and open
waters, respectively, both greater than 0.50, Fig. 3), whereas determin-
istic processes were prevailing at the modified sites (mean ecological
stochasticity was 0.37, Fig. 3). In addition, none of the tested environ-
mental variables had a significant effect on ecological stochasticity and
the best regression model included only habitat types as explanation
variable. The model had a relatively high Bayse-R2 of 0.42 (95% confi-
dence interval was 0.20–0.57).

The temporal ecological stochasticitywas a strong predictor of all in-
vestigated metrics of community temporal dynamics with the mean
Bayes-R2 and the 95% confidence intervals were 0.53 (0.24–0.71), 0.30
(0.08–0.50), 0.59 (0.42–0.69) and 0.67 (0.55–076) for stability, variance
rate, synchrony, and total temporal β-diversity, respectively (Table 4).
While NST had significantly positive effects on species variance rate
and synchrony, it had significantly negative effects on community sta-
bility (Fig. 4). The effects of stochasticity on temporal β-diversity was
highly non-linear: the β-diversity increased with stochasticity at low
level but stayed more or less stationary when the NST reached ~0.4.

4. Discussion

Despite decades of study, the effects of human disturbances on eco-
logical community remains unclear to ecologists (Dini-Andreote et al.,
2015; Tucker et al., 2016), especially in dynamic species-rich landscapes
(Ruhí et al., 2017). In this study, we investigated the temporal dynamics
of the fish communities in two habitat types (i.e. natural vs modified)
within a large river-floodplain system over a water level rising-and-
Fig. 3. Ecological stochasticity was significantly higher at the natural habitats, i.e. open
waters (W) and sedges (S), than at the modified habitat (P = plantation). Dots are
mean; the vertical bars are the 95% confidence interval based on the post-warmup draws.



Fig. 4. The effects of ecological stochasticity on community temporal dynamicsmodelled using GAM (generalized additivemodelling). Blue lines are themean conditional effects and grey
shades are 95% confidence interval based on the post-warmupdraws. Dots are rawdata aggregatedwith habitat type and sampling year (if included in thefinalmodel). (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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drawdown cycle for three consecutive years. We found distinct assem-
bly processes operating between habitat types, contributing to the var-
iation in observed community dynamics, such as temporal β-diversity,
community stability, species variance, and community synchrony.
Moreover, our results suggested that the nutrient gradients strongly
mediate the community assembly processes (Donohue et al., 2009),
exhibiting significant effects on temporal community dynamics.

4.1. Distinct normalized ecological stochasticity in natural and modified
habitats

Nullmodels have become a valuable tool to infer assembly processes
from spatial variations in community structure (Chase et al., 2011;Mori
et al., 2015). However, few studies have applied null models to explore
the temporal dimension of community turnover. Here, we used the NST
based on a null modelling approach (Ning et al., 2019) to quantify the
ecological stochasticity using monthly samples of fish community. NST
reflects the contribution of stochastic assembly relative to deterministic
assembly, providing a better quantitative measure of stochasticity than
other randomization-based measurements such as standardized effect
size (Ning et al., 2019). While the mean NST was much less than 0.50
in the modified sites, it was greater than 0.50 at the natural sites.
These results suggested that deterministic processes, either
environmental filtering or biotic interactions or both (De Bernardi,
1981; Dini-Andreote et al., 2015) were the main mechanisms underly-
ing the temporal variation in fish community structure in the modified
8

habitat. In contrast, in the natural sites especially in open waters, sto-
chastic processes, i.e. demographic (e.g. probabilistic dispersal and ran-
dombirth - death events) and environmental stochasticity (e.g. changes
in water level, pH and water clearance) (Chase and Myers, 2011;
Shoemaker et al., 2020) could be the prevailing processes driving the
temporal structural changes in fish communities.

The lower stochasticity (thus, higher deterministic forcing) in
modified habitats could be attributed to many interconnected abiotic
and biotic factors. First, habitat modification reduced hydrological con-
nectivity (Li et al., 2020), which depresses temporal variation and
creates relatively stable environmental conditions. Subsequentially,
the stable conditions might trigger environmental filtering and biotic
interaction, such as competition. For instance, the generalist goldfish,
which had large contribution to both temporal and spatial β-diversity
and was generally more abundant in plantations, may have advantages
over other fish species when competing for food and space in such en-
vironment (Yadrenkina, 2020). The proliferation of this species has
been noted in the floodplain wetlands of large river systems subject to
reduced hydrological variability, such as the Murray-Darling Basin,
Australia (King et al., 2003; Stuart and Jones, 2006; Kelleway et al.,
2010). Second, habitat modification cleared the submergedmacrophytes
through excavation of sediment, leading to further environmental ho-
mogenization in terms of structural complexity, which could reducemac-
roinvertebrate abundance. For example, the small cyprinid bitterlings of
the subfamily Acheilognathinae lay their eggs in the gills of freshwater
mussels (Unionidae) (Liu et al., 2006; Reichard et al., 2007). Freshwater
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mussel abundance was lower in plantations compared with other habi-
tats (Authors' unpublished data), explaining the substantially low abun-
dance of Acheilognathinae. Third, habitat modification could impose
dispersal limitation through habitat isolation. Dispersal (e.g., random
chance for colonization) can be considered as a more stochastic process
that induces deviations from expectations based solely on niche theory
(Chase andMyers, 2011). Studies have shown that ecological connectivity
and dispersal play a central role in structuring communities (Cadotte
et al., 2006; Vellend et al., 2014). Our findings demonstrated the impor-
tance of considering the ensemble of local communities as an integrated
metacommunity, and approach which improves our understanding of
the processes maintaining biodiversity in complex dynamic landscapes.

4.2. Stochasticity is positively related with temporal β-diversity, synchrony
and positive covariation

Previous studies have demonstrated that human disruption, such as
habitatmodification, could cause biotic homogenization (Iacarella et al.,
2018), leading to reduced spatial β-diversity in fish communities in
floodplain environments (Li et al., 2020). In this study, we found signif-
icantly lower temporal β-diversity of fish communities in the modified
plantations than in the more natural Carex sedges and open waters.
Moreover, a significantly positive relationship between ecological
stochasticity and total temporal β-diversity was confirmed.

Although the difference in species variance rate between habitat
types was not significant, species synchrony in communities was
Fig. 5. The effects of nutrient levels on temporal dynamics of fish community modelled with G
effects and grey shades are 95% confidence interval based on the post-warmup draws. (For inte
version of this article.)
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generally higher in natural habitats than in the modified sites. In addi-
tion, both species synchrony and variance rate were significantly posi-
tively related to NST. The higher synchrony in natural habitats can be
partially explained by life history theory (Mims and Olden, 2012). Na-
tive fish have developed life history strategies adapted to the natural
inter- and intra- variations in hydrology (McManamay and Frimpong,
2015). Therefore, the life cycles of native fish, such as reproduction, lar-
val and juvenile survival, migration and movement of young and ma-
ture fish, are synchronized with long-term hydrological regime (King
et al., 2003). In the plantation, to ensure the survival of young trees,
the natural hydrological regimewas greatly modified, especially during
low water periods (Li et al., 2020), leading to interruption to how
native biota respond to environmental cues and lower community
synchrony.

The community stability, measured by the time series of a univariate
index (the sum of fish abundance), was significantly higher in themod-
ified habitat than in natural habitats. It had significantly negative rela-
tionships with NST, species synchrony, and variance rate. As we have
shown that ecological stochasticity could lead to high synchrony and
positive covarying (i.e. abundance changes in the same direction)
among fish species in river-floodplain system, these negative relation-
ships suggested that temporal asynchrony (i.e. compensatory dynamics,
as in Gonzalez and Loreau, 2009) helps to stabilize abundance fluctua-
tions in the modified habitats. Thus, the persistence of the generalists
such as goldfish was higher at the modified plantation sites, where en-
vironmental conditions are relative stable. As the use of a single
AM (generalized additive modelling). Dots are raw data; blue lines are the mean marginal
rpretation of the references to colour in this figure legend, the reader is referred to the web
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univariate index can potentially givemisleading impression of the over-
all picture of community stability (Death andWinterbourn, 1994), time
lag analysis using community distance (Collins et al., 2000, 2008; Hallett
et al., 2016) can provide insights into community stability (Jones et al.,
2017). However, the duration of our dataset is not long enough to
have a meaningful analysis using this approach.

4.3. Nutrient gradients mediate community temporal dynamics

Nutrient enrichment affects temporal dynamics of biotic communi-
ties (Cook et al., 2018; Avolio et al., 2014), and many studies docu-
mented that elevated nutrient levels cause biotic homogenization,
reducing the temporal β-diversity of biotic communities, such as plants
(Zhou et al., 2020) and macroinvertebrates (Huttunen et al., 2020). We
found significant relationships between nutrient level (TN or TP) and
community temporal dynamics (Fig. 5). Species synchrony and variance
rate had negative relationship with TN whereas the temporal β-
diversity decreased significantly with TP. Note that TP and TN were
highly correlated (Pearson's r = 0.73), and we used the variable with
the closer relationship in all models. Johnson and Angeler (2014) also
found the negative relationship between TP and temporal β-diversity
in a meta-analyses of European fish community diversity. The low phy-
logenetic diversity and loss of functional diversity in high nutrient con-
ditions might be mediated by periodically hypoxic conditions in
floodplain settings (King et al., 2012) or the responses of food sources
such as benthic diatoms (Allan, 2004; Johnson and Angeler, 2014).
However, with the small difference in nutrient variations betweenmod-
ified and natural sites (Fig. 1A) and both habitats can be classified as
“mesoeutrophic”, our results could not confirm the causality link be-
tween nutrient and fish community dynamics.

5. Conclusion and conservation implications

There is a paradigm shift from pattern-based (i.e. focus on biodiver-
sity hotspots such as restocking) management to process-based ap-
proach (i.e. restore landscape elements such as habitat connectivity to
reinforce the processes sustaining reginal biodiversity) in biodiversity
conservation strategy. The sustenance of goods and services provided
by ecosystems requires not only the investigation of biodiversity pat-
terns but also the identification of processes that produce and preserve
regional and local biodiversity. Although community ecologists gener-
Fig. A1. Coefficient of variation (CV) of the monthly environmental variables in modified and
higher in natural areas than in modified plantations, especially in high water years (i.e. 2017 a
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ally agree that ecological metacommunity is structured simultaneously
by stochastic and deterministic rules, one assembly rule may be pre-
dominant in a given landscape. In this study, we showed that ecological
stochasticity prevails in natural habitat whereas deterministic processes
dominate inmodified environment in a highly dynamic river-floodplain
system. In addition, there is a close relationship between community
temporal dynamics and ecological stochasticity, suggesting a shift in
community assembly rules. This shift is the likely outcomes of human
disturbances such as interruption to hydrological connectivity and to-
pographic modification.

Managing for a more diverse floodplain fish community in modified
habitats of Dongting Lake could be achieved through the restoration of
elements of natural variability in hydrology and habitat structure. For
example, removing the artificial ridges to relax the dispersal limitations
could restore the connectivity between habitat patches. Also, the resto-
ration of an aquatic understory in poplar plantations would provide
habitat for freshwater mussels, encouraging the recruitment of
Acheilognathinae.
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Fig. A2. Lake water level of West Dongting Lake at Xiaohezuo. Line shows the 5-day moving average of daily water level (m). Missing data were interpolated using linear regression.

Fig. A3. The long fyke net used for fish survey.
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Fig. A4. The relationships between community stability and species synchrony (top left), variance ratio (top right), and community diversity (lower right), and temporal beta-diversity
(lower right) revealed by GAMs. Blue lines are the mean marginal effect and grey shades are 95% confidence interval based on the post-warmup draws.
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Table A1

Summary of SIMPER analysis for fish community in three habitat types for each samplingmonth in 2018. The top four species, which have cumulative contribution of more than 70%, are
listed.
Month
A

M

Ju

Ju

A

S

Mean difference
 Plantation vs sedge
 Plantation vs open water
12
Sedge vs open water
Species
 Contribution
 Species
 Contribution
 Species
 Contribution
pr
 0.78
 Acanthorhodeus tonkinensis
 0.22
 Acanthorhodeus tonkinensis
 0.28
 Acanthorhodeus tonkinensis
 0.31

Rhodeus sinensis
 0.14
 Carassius auratus
 0.12
 Rhodeus sinensis
 0.10

Carassius auratus
 0.07
 Hemiculter leucisculus
 0.10
 Carassius auratus
 0.06

Hemiculter bleekeri
 0.07
 Pseudobagrus vachellii
 0.06
 Hemiculter bleekeri
 0.04
ay
 0.85
 Hemiculter bleekeri
 0.36
 Carassius auratus
 0.36
 Carassius auratus
 0.36

Carassius auratus
 0.33
 Acheilognathus macropterus
 0.16
 Hemiculter bleekeri
 0.34

Rhodeus sinensis
 0.05
 Pseudobagrus vachellii
 0.16
 Acheilognathus macropterus
 0.05

Culter alburnus
 0.05
 Culter alburnus
 0.04
 Rhodeus sinensis
 0.05
n
 0.67
 Carassius auratus
 0.55
 Carassius auratus
 0.20
 Carassius auratus
 0.54

Channa argus
 0.07
 Rhodeus sinensis
 0.08
 Channa argus
 0.07

Hemiculter leucisculus
 0.02
 Hemiculter bleekeri
 0.04
 Rhodeus sinensis
 0.02

Rhodeus sinensis
 0.02
 Channa argus
 0.04
 Hemiculter leucisculus
 0.02
l
 0.72
 Carassius auratus
 0.23
 Carassius auratus
 0.43
 Carassius auratus
 0.41

Acheilognathus macropterus
 0.18
 Pseudobagrus vachellii
 0.11
 Acheilognathus macropterus
 0.17

Channa argus
 0.03
 Acheilognathus macropterus
 0.05
 Pseudobagrus vachellii
 0.07

Hemiculterella sauvagei
 0.03
 Channa argus
 0.05
 Silurus asotus
 0.03
ug
 0.79
 Carassius auratus
 0.45
 Carassius auratus
 0.48
 Carassius auratus
 0.27

Rhodeus sinensis
 0.12
 Pelteobagrus eupogon
 0.07
 Rhodeus sinensis
 0.13

Acanthorhodeus tonkinensis
 0.06
 Channa argus
 0.04
 Acanthorhodeus tonkinensis
 0.07

Pseudorasbora parva
 0.06
 Pseudorasbora parva
 0.04
 Pseudorasbora parva
 0.06
ep
 0.82
 Carassius auratus
 0.20
 Carassius auratus
 0.41
 Carassius auratus
 0.27

Rhodeus sinensis
 0.18
 Pelteobagrus eupogon
 0.14
 Rhodeus sinensis
 0.13
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able A1 (continued)Table A1 (contiuned)
Month
O

2

2

2

Mean difference
 Plantation vs sedge
 Plantation vs open water
13
Sedge vs open water
Species
 Contribution
 Species
 Contribution
 Species
 Contribution
Acanthorhodeus tonkinensis
 0.10
 Channa argus
 0.08
 Acanthorhodeus tonkinensis
 0.07

Pseudorasbora parva
 0.09
 Pseudorasbora parva
 0.06
 Pseudorasbora parva
 0.06
ct
 0.85
 Carassius auratus
 0.19
 Carassius auratus
 0.41
 Carassius auratus
 0.30

Silurus asotus
 0.18
 Cyprinus carpio
 0.20
 Silurus asotus
 0.18

Culter alburnus
 0.11
 Abbottina rivularis
 0.15
 Channa argus
 0.11

Channa argus
 0.11
 Pseudobagrus vachellii
 0.14
 Culter alburnus
 0.11
Table A2

Summary of community temporal changes (1st quartile, median, and 3rd quartile) over a water level rising-withdraw cycle in three habitat types in West Dongting Lake.
Year
 Habitat
 Total β-diversity
 Synchrony
 Variation rate
 Stability
Q1
 Median
 Q3
 Q1
 Median
 Q3
 Q1
 Median
 Q3
 Q1
 Median
 Q3
017
 Plantation
 0.02
 0.02
 0.03
 0.52
 0.69
 0.78
 1.09
 1.45
 1.65
 1.01
 1.55
 2.02

Sedge
 0.12
 0.18
 0.20
 0.27
 0.38
 0.44
 0.57
 0.80
 1.22
 1.31
 1.52
 1.84
018
 Open water
 0.04
 0.07
 0.08
 0.36
 0.41
 0.47
 0.98
 1.41
 1.78
 1.18
 1.54
 1.86

Plantation
 0.07
 0.09
 0.10
 0.79
 0.83
 0.86
 1.22
 1.45
 1.57
 0.67
 0.70
 0.79

Sedge
 0.17
 0.22
 0.25
 0.40
 0.60
 0.71
 0.93
 1.13
 1.24
 1.28
 1.61
 1.73

Open water
 0.20
 0.33
 0.35
 0.16
 0.17
 0.24
 1.15
 1.30
 1.67
 1.56
 1.67
 1.68
019
 Plantation
 0.05
 0.11
 0.14
 0.49
 0.65
 0.70
 1.40
 2.06
 2.11
 0.89
 0.90
 1.14

Sedge
 0.27
 0.34
 0.34
 0.26
 0.43
 0.46
 1.10
 1.49
 1.69
 1.09
 1.26
 1.81

Open water
 0.33
 0.35
 0.37
 0.16
 0.24
 0.32
 0.79
 0.83
 0.88
 1.03
 1.45
 1.86
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