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Introduction

Understanding the effects of natural water-level fluctuations (WLFs) on ecological communities is necessary to inform management strategies that support biodiversity in dynamic freshwater ecosystems [START_REF] Bayley | The flood pulse advantage and the restoration of river-floodplain systems[END_REF][START_REF] Coops | Water-level management as a tool for the restoration of shallow lakes in the Netherlands[END_REF]. Natural WLFs, caused by interacting factors including precipitation, evaporation and groundwater fluctuations, play an essential role in shaping the spatial and temporal dynamics of aquatic assemblages in lake-floodplain systems [START_REF] Wantzen | An extension of the floodpulse concept (FPC) for lakes[END_REF][START_REF] Gathman | A Great Lakes coastal wetland invertebrate community gradient: Relative influence of flooding regime and vegetation zonation[END_REF] by regulating lateral connectivity [START_REF] Ward | Biodiversity of floodplain river ecosystems: Ecotones and connectivity[END_REF][START_REF] Gallardo | Response of benthic macroinvertebrates to gradients in hydrological connectivity: A comparison of temperate, subtropical, Mediterranean and semiarid river floodplains[END_REF], habitat diversity [START_REF] Baumgärtner | Effects of water-depth and water-level fluctuations on the macroinvertebrate community structure in the littoral zone of Lake Constance[END_REF][START_REF] Brauns | Potential effects of water-level fluctuations on littoral invertebrates in lowland lakes[END_REF]) and trophic resources [START_REF] Wantzen | Seasonal isotopic shifts in fish of the Pantanal wetland, Brazil[END_REF][START_REF] Wantzen | Aquatic-terrestrial linkages from streams to rivers: Biotic hot spots and hot moments[END_REF][START_REF] Pabst | Leaf litter degradation in the wave impact zone of a pre-alpine lake[END_REF][START_REF] Gownaris | Water level fluctuations and the ecosystem functioning of lakes[END_REF].

Lakes experiencing unregulated WLFs with typical amplitudes of up to 1.5-2 m can support greater taxa richness and higher densities of benthic macroinvertebrates in periodically inundated habitats compared to permanently inundated habitats (e.g. [START_REF] Aroviita | The impact of water-level regulation on littoral macroinvertebrate assemblages in boreal lakes[END_REF][START_REF] White | Natural lake level fluctuation and associated concordance with water quality and aquatic communities within small lakes of the Laurentian Great Lakes region[END_REF]).

Larger annual WLFs (i.e. greater than 2 m) may have different effects on lake macroinvertebrates, because such WLFs create extensive floodplains with high habitat diversity and provide greater nutrient inputs that support higher productivity [START_REF] Bayley | Understanding large river: Floodplain ecosystems[END_REF][START_REF] Junk | The flood pulse concept of large rivers: Learning from the tropics[END_REF]. However, how large, unregulated WLFs affect macroinvertebrates in lake-floodplain systems remains unclear.

Understanding such effects on aquatic biodiversity is important to inform effective lake-floodplain management strategies that support diverse communities, especially as lakes with large WLFs become increasingly rare due to intensive regulation, flood control, and human demands for water [START_REF] Coops | The role of water-level fluctuations in shallow lake ecosystemsworkshop conclusions[END_REF][START_REF] Wantzen | Urban stream and wetland restoration in the global south-a DPSIR analysis[END_REF].

Pronounced annual WLFs may affect lake-floodplain biodiversity in two ways. Firstly, they provide extra trophic resources for aquatic animals: as water levels decline, extensive wetland plant communities colonize the floodplain, and this vegetation subsequently provides additional resources for aquatic animals during the flood season [START_REF] Wantzen | Seasonal isotopic shifts in fish of the Pantanal wetland, Brazil[END_REF][START_REF] Wantzen | Aquatic-terrestrial linkages from streams to rivers: Biotic hot spots and hot moments[END_REF]. Secondly, the habitat heterogeneity generated by inundation leads to communities that vary in composition both within floodplains and lake channels, and between these two habitat types during different hydrological seasons [START_REF] Ward | Biodiversity of floodplain river ecosystems: Ecotones and connectivity[END_REF]. For example, variability in community composition (i.e. β diversity) in floodplains may be lower during high-water season (HWS) than low-water season (LWS), because inundation increases hydrological connectivity among different floodplain habitats [START_REF] Thomaz | Floods increase similarity among aquatic habitats in river-floodplain systems[END_REF]), enabling species dispersal among habitats [START_REF] Fernandes | Spatiotemporal dynamics in a seasonal metacommunity structure is predictable: The case of floodplain-fish communities[END_REF]. In contrast to floodplains, connectivity is high in lake channels during all seasons, and β diversity may therefore be higher during HWS despite high dispersal, due to the greater habitat heterogeneity created by spatial variability in current velocities [START_REF] Ward | Biodiversity of floodplain river ecosystems: Ecotones and connectivity[END_REF]. Accordingly, WLFs can be a key driver of spatial and temporal diversity patterns in large fluctuating lake-floodplain ecosystems.

Poyang Lake, the largest freshwater lake in China, has pronounced WLFs with an annual amplitude greater than 4 m that causes periodic inundation of extensive floodplains. This substantial hydrological fluctuation creates a hotspot of wetland biodiversity [START_REF] Harris | Poyang Lake, Yangtze River Basin, China[END_REF]) that makes a considerable contribution to the local and regional species pool [START_REF] Wang | Drivers and changes of the Poyang Lake wetland ecosystem[END_REF]; for example, more than 200 benthic macroinvertebrate taxa occur in Poyang Lake Basin [START_REF] Xu | Species diversity of freshwater mussels in Poyang Lake and five rivers of Jiangxi Province and its response to changing water level[END_REF][START_REF] Tan | The influences of water level fluctuations on diversity patterns of benthic macroinvertebrates in lake and rivers in Poyang Lake Watershed[END_REF]. WLFs control the community structure of water birds (Li et al. 2019a) and the spatial distribution of macrophytes [START_REF] Dai | Responses of wetland vegetation in Poyang Lake, China to waterlevel fluctuations[END_REF] in the Poyang lake-floodplain ecosystem. However, it remains unclear how annual WLFs influence benthic macroinvertebrate communities in both the lake channel and its associated floodplains during different hydrological seasons, with research to date focusing exclusively on either the channel [START_REF] Wang | Macrozoobenthic community of Poyang Lake, the largest freshwater lake of China, in the Yangtze floodplain[END_REF][START_REF] Cai | Community structure and decadal changes in macrozoobenthic assemblages in Lake Poyang, the largest freshwater lake in China[END_REF][START_REF] Cai | Composition, diversity, and environmental correlates of benthic macroinvertebrate communities in the five largest freshwater lakes of China[END_REF][START_REF] Li | Temporal and spatial changes in macrozoobenthos diversity in Poyang Lake Basin, China[END_REF] or floodplain [START_REF] Pan | Macrozoobenthos in Yangtze floodplain lakes: Patterns of density, biomass and production in relation to river connectivity[END_REF]).

This study explores spatial and temporal variability in the taxonomic α and β diversity of macroinvertebrate communities in Poyang lake-floodplain system, and identifies potential drivers of diversity patterns. We compared variability in the composition of lake channel communities (i.e. β diversity) between the two main hydrological seasons, HWS and LWS. We also explored spatial differences in community taxa richness (i.e. α diversity) between the two main habitat types, floodplain and lake channel habitats, during the HWS. We hypothesized that: (1) β diversity in the lake channel is higher during HWS than LWS, due to greater hydrological habitat heterogeneity (and despite higher dispersal) during HWS, and (2) α diversity is higher in the floodplain than in the lake channel during HWS, due to greater availability of trophic resources.

Materials and Methods

Poyang Lake

Poyang Lake (28°22´-29°45´ N and 115°47´-116°45´ E) is located in Jiangxi Province, downstream of the Yangtze River (Fig. 1). It is composed of five large inlet tributaries: the Ganjiang River, Fuhe River, Xiuhe River, Xinjiang River and Raohe River (Fig. 1a). Water flows into the lake through the narrow south channel and crosses a wide central plain. For most of the year, lake water then freely discharges into the Lower Yangtze River through its north channel (Fig. 1). Conversely, the lake receives inflow from the Yangtze River each year in late summer, when the Yangtze has higher water levels [START_REF] Harris | Poyang Lake, Yangtze River Basin, China[END_REF]. Affected by a monsoon climate, seasonal WLFs in the lake are largely driven by interactions between precipitation, temperature and evaporation [START_REF] Wang | Little impact of the Three Gorges Dam on recent decadal lake decline across China's Yangtze Plain[END_REF]. The lake can reach 19.4 m asl in summer (i.e. HWS), when its total surface area can be > 3,000 km 2 (Fig. 1b). Water levels decline to approximately 7.9 m asl in winter (LWS; [START_REF] Zhang | Hydrological alterations as the major driver on environmental change in a floodplain Lake Poyang (China): Evidence from monitoring and sediment records[END_REF], causing the surface area to shrink to < 700 km 2 , leaving a meandering lotic channel that extends > 173 km through the centre of Poyang Lake (Fig. 1a; [START_REF] Feng | Assessment of inundation changes of Poyang Lake using MODIS observations between 2000 and 2010[END_REF].

Habitats in Poyang Lake are intensively affected by human activities including fishing, sand mining, navigation (Fig. S1) and water pollution, causing severe impacts on benthic macroinvertebrate communities [START_REF] Li | Temporal and spatial changes in macrozoobenthos diversity in Poyang Lake Basin, China[END_REF], including endemic molluscs of conservation concern [START_REF] Cai | Community structure and decadal changes in macrozoobenthic assemblages in Lake Poyang, the largest freshwater lake in China[END_REF].

However, habitat heterogeneity resulting from seasonal variability in hydrological conditions enables Poyang Lake to support higher macroinvertebrate diversity compared to other large lakes in the region [START_REF] Cai | Composition, diversity, and environmental correlates of benthic macroinvertebrate communities in the five largest freshwater lakes of China[END_REF].

Sampling sites

We sampled the lake channel and floodplain from 26-28 October 2017, five months into the nearsix-month (early June to late November) HWS, and also sampled lake channel in LWS (January and April 2018; Fig. 1). We only sampled sites with a water depth > 2 m, which were accessible by boat.

As such, we did not sample the floodplain during LWS, and a substantial reduction in water levels meant that some sites in the north and south channel were not sampled during LWS (Fig. 1a). We sampled a total of 34 sites, including 21 channel sites and 11 floodplain sites during HWS, as well as 18 channel sites in January (12 sites) and April (16 sites) during LWS.

Field sampling

We recorded the geographical coordinates of each site using a portable global positioning system.

We measured current velocity using a Flowatch Flowmeter (JDC Electronics), and water depth using portable depth meter (Speedtech Instruments SM-5). We measured electrical conductivity (EC), dissolved oxygen concentrations (DO) and pH in situ using a Mettler Toledo (SevenGo™ SG9, SG3 and SG98, respectively). We collected a 500-ml water sample at each site and stored bottled samples in cool, dark conditions before transport to the laboratory for measurement of total nitrogen (TN), nitrate (NO3-N), total phosphorus (TP), and potassium permanganate index (CODMn), following standard methods (EPBC 2007).

We collected three Ekman-Birge grabs (total area 0.12 m 2 ) to sample macroinvertebrates at each site, sieved them through a 425-μm mesh size to create a composite sample, and preserved it in 10% formalin. Due to concerns about declining mollusc populations in Poyang Lake [START_REF] Cai | Community structure and decadal changes in macrozoobenthic assemblages in Lake Poyang, the largest freshwater lake in China[END_REF]), we took one additional sample to collect molluscs at each channel site in January and April 2018 (i.e. LWS): a triangle drag net (0.6 m width, 0.6 m height, 2 cm mesh size) was dropped to the channel bed and dragged approximately 100 m. Molluscs from these drag samples were added to the grab samples collected at each site. In the laboratory, macroinvertebrates were identified to species level or lowest taxon level possible and counted.

Data analysis

We used taxa richness at each site to represent α diversity, and an abundance-based Chao dissimilarity index between each pair of samples as a proxy for β diversity [START_REF] Chao | A new statistical approach for assessing similarity of species composition with incidence and abundance data[END_REF]. This measure of β diversity is useful in reducing the bias of unseen species according to the ratio of singleton and doubleton species [START_REF] Chao | A new statistical approach for assessing similarity of species composition with incidence and abundance data[END_REF]. Invertebrate abundance data were log transformed prior to index calculation. We used Mann-Whitney U tests to compare the α diversity of the floodplain and channel during HWS, and the β diversity of the channel during HWS and LWS. Due to a bias towards Mollusca captured during LWS, we only used non-mollusc macroinvertebrates to calculate β diversity.

We created three matrices of Euclidean distances between sample pairs to represent one of each of three environmental distances. First, we used geographical coordinates to calculate the geographical distance (GEO-dis) between sample pairs as a proxy for dispersal-related factors, such as dispersal limitation [START_REF] Cai | Composition, diversity, and environmental correlates of benthic macroinvertebrate communities in the five largest freshwater lakes of China[END_REF]. Second, water physicochemical (i.e. CODMn, DO, EC, NO3-N, pH, TN and TP) and hydrological variables (current velocity and depth) were Z-score transformed (mean = 0, SD = 1) then used to calculate habitat distance (HAB-dis) and hydrological distance (HYDRO-dis), respectively, as measures of habitat heterogeneity [START_REF] Cañedo-Argüelles | Dispersal strength determines meta-community structure in a dendritic riverine network[END_REF]. To assess variability in habitat heterogeneity and dispersal-related factors between seasons and habitats, we used Mann-Whitney U tests to identify differences the GEO-dis, HAB-dis, and HYDRO-dis in the channel between HWS and LWS, and between the floodplain and channel during HWS. To examine the effects of habitat heterogeneity and dispersal-related factors on β diversity, after determining the distribution of the response variables, we used Generalized Additive Models for Location Scale and Shape (GAMLSS) with zero-or-one-inflated beta distribution to model relationships between β diversity (response variable) and GEO-dis, HAB-dis and HYDRO-dis matrices (predictor variables).

GAMLSS extends generalised linear models and generalised additive models to accommodate complex datasets, and can model up to four distribution parameters: µ (location, i.e. mean), σ (scale, i.e. variance), ν (shape, e.g. skewness) and τ (shape, e.g. kurtosis), therefore relaxing the assumption of linearity [START_REF] Stasinopoulos | Flexible regression and smoothing: Using GAMLSS in R[END_REF]. To fit the GAMLSS, we converted the environmental distance matrices and community dissimilarity (β diversity) matrix into vectors [START_REF] Cañedo-Argüelles | Dispersal strength determines meta-community structure in a dendritic riverine network[END_REF].

We then validated the models using diagnostic plots to assess the spread of quantile residuals along the fitted values and the normality of the quantile residuals (Fig. S2 andS3).

To identify the key variables affecting macroinvertebrate assemblages, we used canonical correspondence analysis (CCA) between nine environmental (hydrological and physicochemical) variables and non-mollusc assemblages (i.e. Insecta, Oligochaeta, Hirudinae, Malacostraca and Polychaeta) in the channel during HWS and LWS, and in the floodplain during HWS. Mollusca were excluded due to the bias towards their collection during LWS. We used variance inflation factor (VIF) analysis to identify variables with high collinearity and sequentially removed those with VIF > 8 [START_REF] Feld | Analysing the impact of multiple stressors in aquatic biomonitoring data: A 'cookbook' with applications in R[END_REF]). We ran ANOVA-like tests with 1000 random permutations to identify the significant environmental variables structuring macroinvertebrate assemblages and the significance of the overall solution.

We used the functions scale, vegdist, vif.cca, cca and anova.cca in the package vegan [START_REF] Oksanen | Vegan: Community ecology package. R package version 2[END_REF], gamlss in the package gamlss [START_REF] Rigby | Generalized additive models for location, scale and shape[END_REF], and as.vector to convert each distance matrix into vector. All analyses were conducted in R version 3.6.0 (R Core Team 2019).

Results

Current velocities were higher in the channel than in the floodplain during HWS (Mann-Whitney U test, p < 0.01) but were comparable during LWS and HWS in the channel (p = 0.21). This statistical comparability reflected more variable velocities in LWS compared to HWS (Table 1), with velocities of > 0.60 m s -1 and < 0.20 m s -1 recorded at nine and eight sites in the central and north channel, respectively, during LWS, whereas velocities at 17 sites fell within the range 0.20-0.60 m s -1 during HWS. Depths were higher in the channel compared to floodplain during HWS (p < 0.001), and were higher during HWS than LWS in the channel (p = 0.04). Of the physicochemical variables, NO3-N was lower, and CODMn, pH and DO were higher in the floodplain than in the channel during HWS (p < 0.03), whereas TP, TN and EC were comparable in the two habitats (p > 0.39; Table 1). In the channel, TN, CODMn and pH were lower, and NO3-N was higher during HWS than LWS (p < 0.01), whereas TP, DO and EC were comparable between seasons (p > 0.25).

HYDRO-dis in the channel was comparable between HWS (mean ± SE 1.80 ± 0.06) and LWS (1.79 ± 0.05, Mann-Whitney U test, p = 0.92; Fig. 3a). Channel HAB-dis was also comparable between HWS (3.48 ± 0.10) and LWS (3.51 ± 0.08, p = 0.41; Fig. 3b), whereas channel GEO-dis was greater during HWS (0.36 ± 0.01) than LWS (0.29 ± 0.01, p < 0.001; Fig. 3c). During HWS, HYDRO-dis and HAB-dis were comparable in the floodplain and channel (p = 0.09; Fig. 3a-b), whereas GEO-dis was greater in the channel than in the floodplain (p = 0.03; Fig. 3c).

A total of 74 macroinvertebrate taxa were recorded in the two habitats across the two hydrological seasons, including 28 molluscs from both grab and drag samples. Of the molluscs, 20 taxa were recorded only in the channel, whereas none occurred exclusively in the floodplain. Of the nonmolluscs, 46 taxa were found in both the channel and floodplain, with 25 and three taxa recorded only in the channel and floodplain, respectively. Alpha diversity was comparable in the floodplain (5.64 ± 1.70 taxa sample -1 ) and channel (4.86 ± 1.06 taxa sample -1 ) during HWS (Mann-Whitney U test, p = 0.46; Fig. 2a). Beta diversity in the channel was greater in HWS (0.92 ± 0.01) than in LWS (0.77 ± 0.02, p < 0.001; Fig. 2b), and increased with HYDRO-dis during LWS and with GEO-dis during HWS, but did not change in relation to HAB-dis in either season (Table 2).

CCA identified the environmental variables shaping channel macroinvertebrate assemblages as TN, NO3-N, pH and EC during HWS (ANOVA-like test, p < 0.03; Fig. 4b) and depth during LWS (p = 0.02, Fig. 4c). Oligochaeta had a strong, positive relationship with EC, and richness of Insecta (which were mainly chironomids) tracked TN concentrations during HWS in the channel (Fig. 4b). DO was the main influence on macroinvertebrate assemblages in the floodplain (p = 0.04; Fig. 4a), and Oligochaeta and Insecta were associated positively with TN and TP, but negatively with depth (Fig. 4a).

Discussion

Our comparison of macroinvertebrate assemblages in channel and floodplain habitats of the Poyang lake-floodplain system during two hydrological seasons identified lower spatial β diversity in the lake channel during the LWS than the HWS. Although substrate parameters were not quantified in this study, our field observations suggest that this seasonal difference in β diversity was likely related to the lower substrate heterogeneity created by locally high velocities, as well as the reduced spatial extent of aquatic habitats, during LWS. In contrast to these temporal changes in community variability, α diversity was comparable in lake channel and floodplain habitats during HWS, which may reflect community homogenization caused by dispersal in hydrologically connected habitats and declining availability of trophic resources during the near-six-month inundation period. Collectively, our results indicate that water level fluctuations (WLFs) strongly altered macroinvertebrate community biodiversity among hydrological seasons by extending water into the floodplain during HWS and reducing substrate heterogeneity in the associated channel during LWS.

Beta diversity patterns

We found higher β diversity in the lake channel during the HWS than the LWS, supporting our first hypothesis. However, our hypothesis was based on greater hydrological habitat heterogeneity during HWS, whereas we observed more variable current velocities during LWS. We thus suggest that lower LWS β diversity was caused by locally higher current velocities in a reduced aquatic habitat area after water levels declined from HWS to LWS. Some habitats nearly dried out in the north channel, whereas others became faster-flowing in the central channel as water levels dramatically decreased during the LWS. The six additional sites sampled in the northern and southernmost areas during HWS (which were too shallow to reach by boat during LWS) decreased geographical distances between sites during LWS compared to HWS, which may also have contributed to lower channel β diversity during LWS [START_REF] Li | Temporal and spatial changes in macrozoobenthos diversity in Poyang Lake Basin, China[END_REF][START_REF] Cai | Composition, diversity, and environmental correlates of benthic macroinvertebrate communities in the five largest freshwater lakes of China[END_REF]. The changing, sometimes increasingly rapid current velocities may also have triggered the drift of some macroinvertebrates [START_REF] Poff | Drift responses of benthic invertebrates to experimental streamflow variation in a hydrologically stable stream[END_REF], causing organisms to disperse to sites not meeting their optimal environmental preferences. Such mass effects reduce the effects of local environment filtering and increase community homogenization [START_REF] Heino | Metacommunity organisation, spatial extent and dispersal in aquatic systems: Patterns, processes and prospects[END_REF]), which we observed as lower spatial β diversity. Substrate characteristics are a key influence on macroinvertebrates in running waters [START_REF] Culp | Relative importance of substrate particle size and detritus to stream benthic macroinvertebrate microdistribution[END_REF]) and locally higher velocities may have decreased substrate stability and transported particles during LWS [START_REF] Blettler | Linking hydro-morphology with invertebrate ecology in diverse morphological units of a large riverfloodplain system[END_REF]. In Poyang Lake, sand-dominated substrates support macroinvertebrate communities with lower taxa richness compared to finer-grained sandy mud and mud-dominated substrates [START_REF] Cai | Community structure and decadal changes in macrozoobenthic assemblages in Lake Poyang, the largest freshwater lake in China[END_REF]. By removing finer particles, increased current velocities may have decreased substrate heterogeneity and homogenized communities to a subset of sandassociated taxa, reducing β diversity during LWS. Our characterization of habitat heterogeneity based on water physicochemical and hydrological variables, but not substrate characteristics, may explain why habitat heterogeneity (as HAB-dis and HYDRO-dis) was comparable in the channel during LWS and HWS.

Our observation of greater β diversity during HWS compared to LWS contradicts the flood pulse homogenization effect [START_REF] Thomaz | Floods increase similarity among aquatic habitats in river-floodplain systems[END_REF], which predicts that by connecting isolated water bodies, inundation homogenizes both water physicochemistry and enables dispersal of organisms among local biological communities, thus reducing community dissimilarity among sites (i.e. spatial β diversity). Channel habitats in Poyang Lake are highly connected even during LWS [START_REF] Li | Assessment of water storage response to surface hydrological connectivity in a large floodplain system (Poyang Lake, China) using hydrodynamic and geostatistical analysis[END_REF], which may explain why we did not observe lower macroinvertebrate β diversity in the channel during HWS than LWS.

Alpha diversity patterns

Contrary to our second hypothesis, we observed comparable macroinvertebrate α diversity in the floodplain and lake channel during HWS. Our hypothesis was based on previous research showing that floodplain habitats experiencing periodic inundation can support greater aquatic macroinvertebrate α diversity than associated permanent water bodies [START_REF] Aroviita | The impact of water-level regulation on littoral macroinvertebrate assemblages in boreal lakes[END_REF][START_REF] White | Natural lake level fluctuation and associated concordance with water quality and aquatic communities within small lakes of the Laurentian Great Lakes region[END_REF], due to the greater inputs of trophic resources provided by inundation [START_REF] Junk | The flood pulse concept in river-floodplain systems[END_REF][START_REF] Wantzen | Aquatic-terrestrial linkages from streams to rivers: Biotic hot spots and hot moments[END_REF]. During LWS, the Poyang Lake floodplain is colonized by wetland plants including bulrushes, sedges and other sparse emergent vegetation [START_REF] Dai | Responses of wetland vegetation in Poyang Lake, China to waterlevel fluctuations[END_REF], which attracts terrestrial animals including spiders, insects and water birds that inhabit and feed on these resources.

As water levels rise during HWS, inundation of the floodplain provides aquatic invertebrates with extensive habitats [START_REF] Wantzen | Aquatic-terrestrial linkages from streams to rivers: Biotic hot spots and hot moments[END_REF]) that include considerable organic matter and nutrients, such as submerged macrophytes [START_REF] Wantzen | Seasonal isotopic shifts in fish of the Pantanal wetland, Brazil[END_REF][START_REF] Pan | Macrozoobenthos in Yangtze floodplain lakes: Patterns of density, biomass and production in relation to river connectivity[END_REF], leaf litter [START_REF] Pabst | Leaf litter degradation in the wave impact zone of a pre-alpine lake[END_REF] and the faeces deposited by terrestrial organisms during LWS [START_REF] Wantzen | Aquatic-terrestrial linkages from streams to rivers: Biotic hot spots and hot moments[END_REF]) -resources which typically enhance floodplain biodiversity [START_REF] Aroviita | The impact of water-level regulation on littoral macroinvertebrate assemblages in boreal lakes[END_REF][START_REF] White | Natural lake level fluctuation and associated concordance with water quality and aquatic communities within small lakes of the Laurentian Great Lakes region[END_REF]. For example, [START_REF] Turić | Flood pulses drive the temporal dynamics of assemblages of aquatic insects (Heteroptera and Coleoptera) in a temperate floodplain[END_REF] recorded higher aquatic insect abundance and richness in highly connected floodplains during high water seasons, and van de [START_REF] Van De Wolfshaar | Linking flow regime, floodplain lake connectivity and fish catch in a large river-floodplain system, the Volga-Akhtuba floodplain (Russian Federation)[END_REF] observed high fish biomass in riverine floodplains during HWS, suggesting increased secondary production at lower trophic levels by groups including macroinvertebrates [START_REF] Bayley | The flood pulse advantage and the restoration of river-floodplain systems[END_REF].

However, floodplain α diversity can change over time following inundation, first increasing then decreasing, and peaking at intermediate connectivity levels during long-lasting inundation periods [START_REF] Ward | Biodiversity of floodplain river ecosystems: Ecotones and connectivity[END_REF][START_REF] Gallardo | Response of benthic macroinvertebrates to gradients in hydrological connectivity: A comparison of temperate, subtropical, Mediterranean and semiarid river floodplains[END_REF]. Such temporal changes may explain the comparable floodplain and channel richness observed in our study, in which samples were collected after five months of inundation. A previous study in the Danube River floodplain reported that higher water levels and prolonged flood durations increased the α diversity and abundance of aquatic insects, but flood events in the Danube vary considerably among years in frequency, magnitude and duration, sometimes lasting less than one month [START_REF] Turić | Flood pulses drive the temporal dynamics of assemblages of aquatic insects (Heteroptera and Coleoptera) in a temperate floodplain[END_REF]. In contrast, annual inundation of the Poyang lake-floodplain system during HWS, caused by seasonal inflows of water from the Yangtze River, routinely continues for five to six months (Zhang et al. 2015). This prolonged floodplain inundation may lead to declining availability of trophic resources following their consumption by aquatic animals [START_REF] Bayley | Understanding large river: Floodplain ecosystems[END_REF], which may have reduced the α diversity of samples we collected five months after inundation. Additionally, longer inundation durations in systems with large annual WLFs may increase concentrations of toxic gases released by vegetation decomposition [START_REF] Bayley | Understanding large river: Floodplain ecosystems[END_REF], while dissolved oxygen concentrations decline in the benthic sediments beneath deeper water. Such temporal patterns of floodplain α diversity need further investigation in systems experiencing large WLF, such as the Poyang Lake.

Conclusions

Our study advances understanding of how the taxonomic α and β diversity of aquatic macroinvertebrate communities respond to hydrological variability in unregulated lakes that experience pronounced seasonal WLFs. Our observation of comparable α diversity in floodplain and channel habitats requires further study to document temporal variability in taxonomic richness during inundation periods in these dynamic ecosystems. Beta diversity was lower during LWS than HWS, which we attribute to substrate homogenization (specifically the dominance of sandy substrates), locally higher current velocities and the reduced extent of submerged habitats during LWS. Our results thus suggest that extensive WLFs cause macroinvertebrate biodiversity to vary between hydrological seasons due to the extension of water into floodplain habitats during HWS and reduced in-channel habitat heterogeneity during LWS. As human activities including flood control and water abstraction increase in lake-floodplain systems experiencing large WLF, we emphasize that anthropogenic alteration of natural hydrological variability requires careful management and mitigation, to support biodiversity in these dynamic, complex, and increasingly rare ecosystems. 
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 2 Fig. 2. Comparison of macroinvertebrate (a) α diversity (as taxa richness) in Poyang Lake channel
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 3 Fig. 3. Comparison of environmental distances in the Poyang Lake channel during high-water
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 4 Fig. 4. Canonical correspondence analysis (CCA) biplots of nine environmental variables affecting macroinvertebrates in the floodplain during high-water season (HWS; a), and in the channel during HWS (b) and low-water season (LWS; c). TP = total phosphorus, TN = total nitrogen, NO3-N = nitrate, CODMn = potassium permanganate index, DO = dissolved oxygen, EC = electrical conductivity. Coloured dots represent different classes of macroinvertebrates; triangles represent sites.
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Table 1 .

 1 Mean ± SD values of hydrological and physicochemical variables in floodplain and channel habitats in Poyang Lake during high-water season (HWS) and low-water season (LWS). In each row, values labelled with different letters indicate significant differences (p < 0.05) identified by Mann-Whitney U tests. Abbreviations are defined in the text.

	Variables	Floodplain (HWS)	Channel (HWS)	Channel (LWS)
	TP (mg L -1 )	0.08 ± 0.03 a	0.09 ± 0.04 a	0.11 ± 0.09 a
	TN (mg L -1 )	1.12 ± 0.27 a	1.38 ± 0.39 a	1.80 ± 0.47 b
	CODMn (mg L -1 )	3.06 ± 0.83 a	2.35 ± 0.35 a	3.29 ± 2.28 a
	NO3-N (mg L -1 )	0.77 ± 0.22 a	1.06 ± 0.21 b	0.80 ± 0.16 a
	pH	8.12 ± 0.35 a	7.72 ± 0.22 b	7.34 ± 0.14 c
	DO (mg L -1 )	10.6 ± 0.76 a	9.61 ± 0.43 b	9.49 ± 1.40 b
	EC (μS cm -1 )	119 ± 16.8 a	135 ± 31.2 a	168 ± 22.8 b
	Current velocities (m s -1 ) 0.12 ± 0.08 a	0.30 ± 0.17 ab	0.46 ± 0.30 b
	Depth (m)	3.48 ± 2.98 a	8.40 ± 3.50 c	6.61 ± 3.58 b

Table 2 .

 2 Zero-or-one-inflated beta GAMLSS results describing the spatial β diversity of macroinvertebrate communities in the channel, in relation to the habitat distance (HAB-dis),

	hydrological distance (HYDRO-dis), and geographical distance (GEO-dis) between samples in the high-
	water season (HWS) and low-water season (HWS). Est., parameter estimates; SE, standard errors.
	Significant results (p < 0.05) are in bold.					
	Explanatory	HWS				LWS			
	variables	Est.	SE	t	P	Est.	SE	t	P
	HYDRO-dis 0.06	0.07	1.01	0.31	0.11	0.06	2.02	0.04
	HAB-dis	-0.001	0.05	-0.02	0.98	0.06	0.04	1.30	0.19
	GEO-dis	2.12	0.32	6.55	< 0.001 -0.007	0.31	-0.02	0.98
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