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Abstract 

This deliverable report provides an in-depth analysis of the factors influencing the structure of aquatic 

metacommunities in Drying River Networks (DRNs). It examines the influences of environmental 

factors, drying-related fragmentation, and network-scale spatial variables on algal, fungal, bacterial, 

macroinvertebrate and fish metacommunities in six DRNs across Europe: River Albarine (France), River 

Butižnica (Croatia), River Bükkösdi-víz (Hungary), River Genal (Spain), River Lepsämänjoki (Finland) and 

River Velička (Czech Republic). The findings reveal that stream metacommunities respond 

heterogeneously to flow intermittence, and even within the same organism group, their responses to 

drying can vary depending on their habitat preferences. The results indicate that communities in more 

arid climates may exhibit some level of adaptation to drying, although the extent of adaptation can 

differ among organism groups. While drying events were generally associated with decreased species 

richness across all DRNs, they did not significantly impact the functional diversity of 

macroinvertebrates, suggesting a high degree of functional redundancy within this group. The positive 

effect of drying on fungal and bacterial richness, along with the negative impact of network-scale 

drying on their community-environment relationship, suggests an increasing degree of stochasticity in 

their community assembly, possibly due to the rapid colonization of terrestrial taxa during dry periods. 

The community assembly of non-flying macroinvertebrates exhibited greater stochasticity compared 

to flying macroinvertebrates, indicating random species extinctions, and highlighting the role of 

dispersal ability in shaping communities within river networks. Overall, these findings underscore the 

importance of considering multiple organism groups and different facets of diversity when monitoring 

and managing drying river networks.  

Keywords Community assembly, drying river networks, flow intermittence impact, metacommunities 
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Introduction 

Background 

Anthropogenic actions have vastly influenced both abiotic and biotic conditions on Earth (Butchart et 

al. 2012; Lewis & Maslin 2015; Waters et al. 2016), with climate change being one of the most severe 

threats to biodiversity (IPCC 2022; Vitousek 1994). Temperatures will likely continue to rise globally, 

with some regions experiencing increased rainfall and others more severe and frequent droughts (IPCC 

2022). Rivers and streams are among the most vulnerable ecosystems to climate change (e.g. Reid et 

al. 2019; Maasri et al. 2020). Climate change can alter rivers and their biodiversity in various, often 

unpredictable ways (Cardinale et al. 2012; Forster et al. 2012; Parmesan 2006; Woodward et al. 2010), 

from global to regional to local scales (Gaston 2000; Chen et al. 2011; Frauendorf et al. 2019). 

Furthermore, climate change along with other anthropogenic stressors, such as land use 

intensification, have cumulative effects on riverine hydrology and biodiversity (Reid et al. 2019, Datry 

et al. 2016).  

Rivers are dendritic networks where some locations are isolated (headwaters) and others more 

connected (confluences, main reaches, estuaries) (Campbell Grant et al. 2007; Tonkin et al. 2018). In 

addition, there are strong directional processes in river systems, with the most evident being the flow 

of water from higher elevations (headwaters) to lower elevations (sea and oceans). The flow of water 

naturally causes downward movement of abiotic material and organisms. The river network is a 

dispersal pathway for aquatic organisms, although not all taxa are able to (actively) disperse to 

upstream locations (e.g., microbes). Other groups, such as flying insects, are not necessarily restricted 

by the river network structure and can thus reach a wider set of locations (Cañedo‐Argüelles et al. 

2015; Sarremejane et al. 2017a).  

Intermittent rivers and ephemeral streams (IRES) cover over half of the length of the river networks 

globally and are expected to increase in their occurrence due to climate change and water use (Datry 

et al. 2014). The drying events disrupt hydrological connectivity by fragmenting river networks, and 

drastically altering habitat conditions on the stream beds (Acuña et al. 2014; Datry et al. 2018). In 

intermittent streams, the flow can cease either partially or completely in some segments (Datry et al. 

2017), and isolated pools can be formed (Bonada et al. 2020). Local impacts of drying are rather well-

known, but less in known about how drying alters the spatio-temporal organisation of biodiversity 

within river networks (Cunillera-Montcusí et al. 2023). Earlier research on aquatic invertebrates and 

diatoms has shown that the frequency and duration of drying events alters biodiversity variation in 

drying rivers (Arias-Real et al. 2021; Crabot et al. 2019; Pineda-Morante et al. 2022; Tornés et al. 2021). 

However, a more comprehensive understanding on community assembly processes of multiple 

organismal groups in drying river networks is urgently needed to aid us to restore, manage and 

conserve the biodiversity of these systems (Datry et al. 2016).  

The metacommunity framework (e.g. Leibold et al. 2004) allows the identification of the key 

mechanisms assembling communities and can be highly useful for complex systems such as river 

networks (Heino 2013; Sarremejane et al. 2017a) and drying river networks (DRNs, Datry et al. 2016). 

A metacommunity is defined as a set of local communities that are linked by the dispersal of multiple 

potentially interacting species (Gilpin & Hanski 1991; Wilson 1992; Leibold et al. 2004). A 

metacommunity perspective simultaneously addresses the importance of local conditions (e.g. habitat 

features, resources) and regional processes (e.g. dispersal, topographic barriers, floods, winds) in 
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determining community composition. A strong relationship between community compositions and 

local environmental variables indicates that the communities are primarily assembled 

deterministically, and that species generally occur in their preferred conditions (cf. niche assembly, 

Chase & Leibold 2003; cf. species sorting, Leibold et al. 2004). When no clear relationships between 

community composition and environmental variation exist, then biological communities are mainly 

shaped by stochastic processes and/or by biotic interactions. Stochasticity can refer, among other 

things, to ecological drift (Vellend 2010) and dispersal processes (Leibold & Chase 2018). The 

importance of dispersal processes in community compositions can be assessed through the 

importance of spatial structures. When spatial variables have a high explanatory power, dispersal 

processes likely play a strong role in metacommunity structuring, assuming that spatially structured 

environmental conditions have been properly accounted for. It is even possible that the dispersal 

between close-by, well-connected sites is so powerful that it overrides the selectiveness of local 

environment (c.f. mass effects, Leibold et al. 2004). On the other hand, the significance of broad-scale 

spatial structures may suggest that dispersal between sites is limited (e.g. Dray et al. 2012). Disrupted 

hydrological connectivity due to drying events may also act as a temporary dispersal barrier within 

drying river networks (e.g. Sarremejane et al. 2020a). 

Objectives 

This deliverable report provides an in-depth analysis of the factors influencing the structure of aquatic 

metacommunities in drying river networks (DRNs). It examines the influences of environmental 

factors, drying-related fragmentation, and network-scale spatial variables on algal, fungal, bacterial, 

macroinvertebrate and fish metacommunities across Europe. This report is the first of its kind to 

comprehensively assess these drivers in DRNs at a continental scale. Using empirical data, this study 

significantly contributes to our understanding of the effects of drying events on community structuring 

and various aspects of biodiversity.  

Materials and Methods 

Study areas 

Six DRNs were surveyed across Europe (Fig. 1). These DRNs were selected to encompass the natural 

variability of river networks in Europe, and they span across six climate zones and five biogeographical 

regions (Table 1, Table S1 in Supplementary material). River Lepsämänjoki is a sub-catchment of river 

Vantaanjoki and it is located in Southern Finland. Some small headwater streams are prone to drying 

in late summer. River Albarine is in France, and it is a sub-catchment of river Ain. Approximately 25 % 

of the catchment is intermittent. River Genal is in Spain, and it is a sub-catchment of river Guadiaro. 

Genal is situated in one of the driest regions in Europe and it is the southernmost DRN studied in this 

report. River Velička is in the Czech Republic, and it is a sub-catchment of river Morava. The main stem 

of the river dries up approximately once every 10 years, while the substantial part of small tributaries 

is prone to dry up each year. River Butižnica is in Croatia, and it is a sub-catchment of River Krka. The 

dry season is from June to November. Bükkösdi-víz is in Hungary and it is a sub-catchment of river 

Fekete-víz. Dry period usually takes place in late summer and early autumn, and mostly the smaller 

tributaries are prone to drying. 
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Fig. 1. Studied drying river networks across Europe.  

Table 1. Country, ecoregion, climate, and drainage area of the studied drying river networks (DRNs). 

Country DRN Ecoregion Climate Drainage area km2 

Croatia Butižnica Balkanic Mediterranean 225 

Czech Republic Velička  Continental Continental humid 172 

Finland Lepsämänjoki Boreal Cold temperate 208 

France Albarine Continental Pre-alpine 354 

Hungary Bükkösdi  Pannonian Continental 185 

Genal Genal  Mediterranean Mediterranean 343 

 

Biological sampling 

20–26 sites were sampled in each DRN (Table 2). Sites were selected to cover the whole network, and 

to include a similar proportion of perennial (always flowing) and temporary (at least once dry or with 

pools during sampling campaigns) stream sites in each DRN; overall, this target was met well as there 

were generally similar numbers of sites in both stream types (Table 2). The length of each sampled 

reach was 20 x mean wetted width, with a minimum of 50 m and maximum of 150 m. Microbes and 

macroinvertebrates were sampled six times at every two months in each DRN between April and 

December. Fish sampling was done twice in each DRN. The first sampling was conducted before and 

the second sampling after the main dry period. 
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Table 2. Country, name of drying river network (DRN), total number of sampled sites (Sites), number 

of sites in two stream types (perennial streams, PR; temporary streams, TR), and proportion of sites in 

temporary streams in each DRN (%). 

Country DRN Sites PR TR % 

Croatia  Butižnica  20  10  10  50  

Czech Republic  Velička  20  8  12  60  

Finland  Lepsämänjoki  21  13  8  38  

France  Albarine  20  9  11  55  

Hungary  Bükkösdi 24  11  13  54  

Genal  Genal  26  12  14  54 

 

Macroinvertebrate quantitative samples were collected with a Surber, Hess, or modified Surber (mesh 

size 500 µm) sampler and the same device was used in all sites and campaigns within DRNs. At each 

site, the subsamples were taken proportionally from different habitats (hard substrates, sand and silt, 

dead organic material, vegetated river edges, macrophytes, and mosses). The sampled area depended 

on the mean stream or pool width (Flowing: width <3 m = 0.5 m2, width 3-10 m = 1 m2, and width >10 

m = 1.5 m2. Only pools: width <1 m = 0.1 m2, width 1-5 m = 0.3 m2, and width >5 m = 0.5 m2). 

Subsamples were sieved (10 mm, 2 mm, and 0.5 mm sieves) to remove large organic particles from 

the samples and pooled into a composite sample. The samples were preserved in 96 % ethanol and 

later transported to University of Pécs where macroinvertebrates were sorted and identified. 

Periphytic biofilm samples were taken from cobbles picked from stream bed with a firm toothbrush. 

All tools were sterilized with bleach before each sampling and the toothbrush was changed into new 

to avoid cross contamination. At each site, three cobbles were selected from riffles and three cobbles 

were selected from pools. In river Velička, biofilm was collected from submerged wood if there were 

no stones in the stream. Biofilm was brushed from the upper surface of the cobble (or wood) to 

collecting beaker with maximum of 200 mL of river water. Then a 50 mL Falcon tube was filled to the 

40 mL line with the water and biofilm mix from collecting beaker. 

Sediment samples for eDNA analyses were taken with a sterilized shovel or a metal hand-dredge at 

depths of 0-10 cm. Subsample locations were selected randomly along the reach and the number of 

subsamples was based on the mean stream width (width <3 m five subsamples, 3-10 m 10 subsamples 

and >10 m 15 subsamples). Composite sample with at least 0.5 l volume of subsamples was taken from 

each site. 2 mm sieve was used to remove large particles from the sample. Two 40 mL subsamples 

were taken from the composite sample and placed into 50 mL Falcon tubes. All falcon tubes were 

stored in a cooler or in a freezer in the field and placed in a freezer (-20°C) in the laboratory. 

Electrofishing was conducted using a backpack electrofisher. Sampling was conducted on a reach with 

a length varying from 70 to 100 m depending on the stream size. In most cases, stop nets were used 

at both ends of the fishing area. Fishing was conducted twice. The fish caught were counted, measured 

for total length (to the accuracy of 1 mm) and weight (0.1 g). After the second sampling, the width and 

depth profiles of the fishing area were measured. All the fish were returned to the stream. 

Environmental measurements 

Several environmental variables were measured in each sampling campaign. These represented 

geomorphology (average, minimum, maximum, bankfull wetted width and stream bed particle size), 

hydrology (discharge, pool and riffle widths, depth, and current velocity of each macroinvertebrate 
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subsample), water temperature and chemistry (pH, conductivity, oxygen concentration and 

saturation), and biology (% cover of algae, macrophytes, leaf litter, aquatic mosses, and wood). In 

addition, geomorphological variables (coordinates, altitude, basin area and stream channel slope, and 

% cover and richness of riparian vegetation were measured once for each site.  

Molecular methods and bioinformatics 

Sediment and biofilm biodiversity was characterized using a metabarcoding approach on 

environmental DNA (eDNA). All molecular experimental steps were performed under sterile 

conditions, each surface was decontaminated before and after manipulations using 5% bleach solution 

and 70% ethanol. The reusable materials were sterilized by flame and decontaminated using the same 

protocol. 

Total extracellular DNA from biofilm and sediment samples was extracted using the NucleoSpin® Soil 

kit (Macherey-Nagel) following an adapted protocol (Taberlet et al. 2012). Biofilm samples were 

centrifuged at 11,000 RPM for 10 minutes prior to DNA extraction, the supernatant was then carefully 

removed, and the pellet resuspended in equivalent volume of saturated phosphate buffer (Na2HPO4; 

0.12 M; pH ≈ 8). Regarding sediment samples, we weighted 15g of sediments on which we added an 

equivalent volume of saturated phosphate buffer before agitation for 15 minutes using an orbital 

shaker. We placed 2 ml of the resulting mixture in 2 ml microcentrifuge tubes before centrifugation at 

12,000 RPM for 10 minutes. Then, we recovered 400 µl of supernatant in a new microcentrifuge tube 

and added to 500 µl of SB buffer. The subsequent protocol steps were performed following the 

manufacturer handbook, with a final elution step in 100 µl of SE buffer. 

All samples were amplified in triplicates using two sets of tagged markers targeting the 16S gene of 

Bacteria and Archaea, Bact02 (Taberlet et al. 2012), and the 18S gene of Eukaryota, Euka02 (Guardiola 

et al. 2015), the associated tag sequences were designed using the oligoTag function available in the 

OBITools package (Boyer et al. 2016). To prevent common issues during the DNA amplification, all 

technical PCR replicates were randomly placed in PCR plates to limit well-to-well contamination, 

tagged-primer combination failure and tag-jump biases (Schnell et al. 2015). The amplification mix 

contained 1 U of AmpliTaq Gold Polymerase (Applied Biosystems), 1 x Mix TaqGold, 2 mM of MgCl2, 

0.2 mM of each dNTPs, 0.5 µM of each tagged forward and reverse primers and 0.2 mg/mL of bovine 

serum albumin (BSA, Roche Diagnostics) in a final reaction volume of 20 µl including 2 µl of extracted 

DNA. The PCR program was set as follows, an initial denaturation step of 3 min at 95°C, followed by 45 

cycles (Euka02) and 35 cycles (Bact02) of 30s at 95°C, an annealing of 30s at 45°C (Euka02) and 53°C 

(Bact02) and an elongation step of 30s at 72°C, with a final elongation at 72°C for 5 minutes. The 

resulting amplicons were visualized by capillary electrophoresis on a QIAxcel Advanced device 

(QIAGEN) and pooled per marker. Pooled DNAs were then quantified on a Qubit 2.0 Fluorometer 

(Thermo Fisher). Pooled DNA purification and library preparation were performed at Fasteris facilities 

(Geneva, Switzerland) using the metafast PCR free protocol (www.fasteris.com/en-us/NGS/DNA-

sequencing/Metabarcoding/Metagenomics-16S-18S-ITS-or-custom-PCR-amplicons). A total of 5 

libraries were hence prepared, then sequenced on a MiSeq (2x250 bp, 15 m, Illumina, San Diego, USA) 

for Bact02 libraries and on NextSeq (2x150 bp, 120m, Illumina, San Diego, USA) for Euka02 libraries. 

Data were then curated using the OBITools software package (Boyer et al. 2016) together with custom 

R scripts. Paired-end reads were assembled, assigned to their respective samples/marker and 

dereplicated. Low-quality sequences were excluded. We computed pairwise dissimilarities between 

sequences (i.e. the number of mismatches, allowed to be 0-3) using the Sumatra algorithm (Mercier 

et al. 2013), and formed Molecular Operational Taxonomic Units (MOTUs) using the Sumaclust 

algorithm (Rosvall & Bergstrom 2008). Abundance of MOTUs was defined as the sum of read 
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abundances of sequences belonging to them. In subsequent analyses, each MOTU was represented by 

its most abundant sequence. Each MOTU was assigned a taxonomic clade with the ecotag program 

(Boyer et al. 2016), using a set of reference databases to refine taxonomic annotations. Taxonomic 

annotations with >80% identities were retained. MOTUs peaking in abundance in blank extraction or 

PCR negative controls were considered as contaminants and removed from the analysis. PCR replicates 

with a number of reads and MOTU lower or similar to PCR negative controls were considered as 

dysfunctional PCRs and removed from the analysis (Taberlet et al. 2018). At the end of this process, 

PCR replicates were pooled for each site. 

Flow intermittence indicators 

Flow intermittence indicators from DRYvER’s Work Package 1 deliverable D1.1 “Report on flow 

intermittence indicators” by Künne et al. (2021) were used as explanatory variables in statistical 

analyses. Intermittence indicators for reach scale were ConD (absolute number of days with dry 

conditions), FreDr (drying frequency, i.e. absolute number of drying events), and mean DurD (mean 

duration of dry conditions, i.e. number of consecutive days with dry conditions) from the 30 days prior 

to sampling, and for network scale RelInt (proportion of network length with flow intermittence). 

These variables were calculated from daily flows simulated for each DRN. Hydrological modelling was 

able to accurately reproduce the spatio-temporal patterns of flow intermittence in the Albarine, 

Bükkösdi, Lepsämänjoki, and Velička DRNs. For the Genal and Butižnica, the results were less precise 

due to low amount of observed flow intermittence data. The predictions were therefore corrected for 

some sites that were erroneously predicted to be intermittent in these DRNs. In addition, two sites 

that were predicted to be constantly dry for the last ten years were removed from the data of 

Butižnica. 

Statistical analyses 

Diversity indices 

For each site and campaign, the number of taxa per organism group was calculated. For microbes, 

number of taxa refers to number of MOTUs.  

Functional diversity indices were calculated for macroinvertebrates – a group of taxa for which various 

functional traits are well known and trait databases are completed for European genera. Trait 

information was derived from Tachet et al. (2010), DISPERSE (Sarremejane et al. 2020b) and DRYvER 

deliverable D2.4. Information on life cycle duration, potential number of reproductive cycles per year, 

dispersal strategy, propensity to drift, reproduction, lifelong fecundity, female wing length, resistance 

form, food, feeding habits, respiration, adult life span, maximum body size, locomotion and substrate 

relation, and wing pair type were used to calculate functional diversity indices. Only the taxa for which 

these traits were available were used in the analyses (i.e. approximately 2/3 of taxa). Functional 

diversity indices were calculated with R package FD (Laliberté et al. 2014), and functional richness (FRic; 

the volume of the functional space occupied by the community), functional evenness (FEve; regularity 

of the distribution of abundance in this volume), and functional divergence (FDiv; divergence in the 

distribution of abundance in this volume) by Villéger et al. (2008), as well as functional dispersion (FDis; 

mean distance in multidimensional trait space of individual species to the centroid of all species) by 

Laliberté and Legendre (2010) were used as response variables in statistical analyses. Despite there 

were compiled traits for microbes as well in DRYvER deliverable D2.4, databases are not completed 

yet and thus we here used only MOTUs for microbes for which libraries are not completed either.  
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Diversity indices were calculated with R package vegan (Oksanen et al. 2022), functional diversity 

indices with R package FD (Laliberté & Legendre 2010; Laliberté et al. 2014), and visualisations were 

made with R package ggplot2 (Wickham 2016) using R version 4.2.2. (R Core Team 2022).  

Linear mixed effect models 

Linear mixed effects models (LMMs) were used to study the effects of drying on local taxon richness 

of all organism groups and on four functional diversity indices of macroinvertebrates. The 

intermittence indicator used as an explanatory variable in these models was ConD. A dummy variable 

containing both DRN and campaign id (DRN_Campaign) was used as a random factor in the LMMs. 

LMMs were compared to null models, where only the random factor was included, and the model with 

lower AIC value was considered the best model. ConD was considered to influence taxon richness if 

the full LMM was better than the null model and if ConD was statistically significant (p ≤ 0.05).  

LMMs were used to study the effects of flow intermittence on taxon richness and functional diversity 

indices at network scale as well. Here, RelInt was used to explain variation in mean diversity across 

campaigns. In these LMMs, DRN was used as random factor. We tested the importance of RelInt in 

explaining the mean diversity index values by comparing the LMMs with null models as described 

above. RelInt was considered to influence the mean diversity if the full LMM was better than the null 

model and if RelInt was statistically significant (p ≤ 0.05). 

To assess the effects of flow intermittence on the level of determinism in community structuring, we 

used LMMs to study the relationship of network-scale intermittence indicator RelInt and the 

explanatory powers (R2) of pure environmental and pure spatial variables in the variation partitioning 

analyses described in the next section. We used DRNs as a random factor in all models. Separate LMMs 

were run for all biological groups (a total of 28 LMMs). We tested the importance of RelInt in explaining 

the R2s by comparing the LMMs with null models as described above. RelInt was considered to 

influence the R2s if the full LMM was better than the null model and if RelInt was statistically significant 

(p ≤ 0.05) or almost significant (p ≤ 0.078). 

Linear mixed effect models were computed with R package lme4 (Bates et al. 2015), tested with R 

package lmerTest (Kuznetsova et al. 2017), and visualisations were made with R package ggplot2 

(Wickham 2016) using R version 4.2.2. (R Core Team 2022). 

Variation partitioning 

Variation in community structures were analyzed using variance partitioning with an eigenvector -

based approach presented by Dray et al. (2012). Variance partitioning is performed to estimate the 

proportion of variation in community structure explained by different sets of explanatory variables. 

We used local environmental variables, flow intermittence variables, and spatial variables as 

explanatory variable sets. The analyses provide explanatory powers (R2) of the separate explanatory 

variable sets as well as joint explanatory powers of the sets. The unexplained part of variation in the 

community structure, i.e. the model residuals, is commonly suggested as indicative of stochastic 

processes (Vellend et al. 2014). 

The local environmental variables were size of the catchment area, site altitude, reach average wetted 

width, average depth, average velocity, discharge, water electric conductivity and oxygen 

concentration. Intermittence indicators from DRYvER Work Package 1 deliverable “D1.1. Report on 

flow intermittence indicators” were used as a separate set of explanatory variables. Intermittence 

indicators were ConD, FreDr, and mean DurD from the 30 days prior to sampling (Künne et al. 2021). 

Spatial variables were generated through Moran’s eigenvector maps (MEM) from watercourse 

distances among sites in each DRN. MEMs represent spatial structures that could be generated by 
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environmental autocorrelation and/or dispersal-related processes (Dray et al. 2006). A forward 

selection procedure (Blanchet et al. 2008) was applied on the spatial predictors with significant 

Moran’s indices. The same set of explanatory variables was used in all variation partitioning analyses.  

Separate analyses were conducted for each campaign and biological group in each DRN. Hellinger-

transformed community matrices were used. Prior to analysis, abundances of macroinvertebrates 

were standardized to abundance per m2. Additionally, the macroinvertebrate data was divided into 

two groups based on their flying ability (flying and non-flying), and these groups were analysed 

separately. The division was based on the DISPERSE database (Sarremejane et al. 2020b) and Tachet 

et al. (2010). Fish data from Bükkösdi and Butižnica was excluded from the analyses. The data was 

extremely species poor, with often none or only one or two species caught from a site and did not 

therefore enable meaningful multivariate analyses for these DRNs. In addition, eDNA samples taken 

from intermittent pool biofilms and sediment were excluded from the analyses due to low number of 

samples, which were also partly mislabeled. 

Variation partitioning and forward selection were made with R package vegan (Oksanen et al. 2022) 

and R package TDspatstat (Munoz 2021), and visualisations were made with R package ggplot2 

(Wickham 2016) using R version 4.2.2. (R Core Team 2022).  

Results 

Patterns in local intermittence 

The patterns of RelInt (river network relative intermittence) varied between DRNs (Fig. 2). In 

Lepsämänjoki, there was only one campaign (campaign 4) with network intermittence, and in Albarine, 

RelInt was relatively low during all four campaigns when flow intermittence occurred (campaigns 3–

6). Genal and Butižnica were the only DRNs where river network intermittence was present through 

all campaigns. The proportion of network intermittency started to drop both in Lepsämänjoki and in 

Genal after the fourth campaign.  Overall, the proportion of network intermittence was highest during 

the fourth campaign (corresponding to July in Genal, August in Bükkösdi and Lepsämänjoki, and 

September in Albarine) among the DRNs, with exceptions in Velička and Butižnica. In Velička, flow 

intermittence at network scale was comparatively high already during the fourth campaign (August), 

but peaked during the fifth (October), and remained comparatively high during the sixth campaign 

(November). In Butižnica, relative intermittence peaked twice, during campaigns three (June) and five 

(September). Patterns in the local scale intermittence for each campaign in each DRN are illustrated in 

Supplementary Material (Fig. S1), where it can be seen that campaign four was generally the driest 

one based on other intermittence indicators as well. Overall, environmental conditions varied both 

temporally within DRNs and spatially across DRNs. Variation in measured environmental variables 

during each campaign in all DRNs are presented in Supplementary Material (Table S1). 
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Fig. 2. Variation in RelInt (proportion of network length with flow intermittence) in each drying river 

network across six sampling campaigns. 

Variation in local biodiversity 

Taxonomic diversity 

There were a few general patterns observable for taxon richness. Macroinvertebrate taxon richness 

was always – in all DRNs and during all campaigns – lower in temporary than in perennial streams (see 

Table 2 for numbers of temporary and perennial sites). Bacteria were the most taxa-rich group, but 

their taxon richness generally varied less between stream types compared to the other organism 

groups. Overall, there were rather low numbers of fish species caught during the two fishing 

campaigns. Variations in taxon richness of different organism groups in different campaigns and 

stream types are illustrated for each DRN in Supplementary Material (Fig. S2-S7). It is noteworthy that 

taxon richness of fish cannot be directly compared to richness of the other taxa because fish were not 

caught from all the sites.  

Functional diversity 

Overall, there were no clear trends in variation in functional diversity index values between campaigns, 

DRNs and stream types (Supplementary Material Fig S8-S13), but some interesting observations were 

made. In Lepsämänjoki, functional divergence (FDiv) in temporary streams increased after drying (i.e. 

between campaigns 3 and 4) while it remained unaffected in perennial streams. In Velička, FDiv 

seemed to increase in temporary streams with campaigns and flow intermittence (see Fig. 2), while 

functional dispersion (FDis) showed a decreasing trend; both FDiv and FDis remained at lower levels in 

temporary than in perennial streams. In Genal, functional evenness (FEve) showed very little variation 

across campaigns and stream types. In Butižnica, all four functional diversity indices were generally at 

higher levels in perennial than in temporary streams throughout the sampling campaigns. In Albarine, 

FDiv was lower in temporary than in perennial streams, and FDis was generally lower in perennial than 

in temporary streams. In Bükkösdi, functional richness (FRic) had lower values in temporary than in 

perennial streams, but still the mean levels of FRic were quite similar between the stream types.  
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The effects of drying 

Taxonomic diversity 

Taxon richness of diatoms (sediment and biofilm) and macroinvertebrates decreased as the length of 

the dry periods (number of days with dry conditions) increased. Taxon richness of fungi (sediment and 

biofilm), however, increased with increasing length of the dry period, suggesting a positive effects of 

drying on the taxon richness of fungi. The fitted lines of the linear regression in Fig. 3 illustrate that 

these findings were generally very similar across DNRs.  

 

Table 3. The relationships between local taxon richness (S) and number of days with dry conditions 

within 30 days prior to sampling (ConD) in significant linear mixed effects models. Negative estimates 

for explanatory variables indicate the decreasing relationship between the explanatory and response 

variable, and positive estimates indicate a positive relationship. A dummy variable consisting of drying 

river network (DRN) and campaign id was included in the models as a random factor. 

Habitat and organism 

group 

Response 

variable 

Intercept and 

explanatory 

variable 

Estimate Std.Error df t Pr(>|t|) 

Biofilm diatoms S (Intercept) 12.155 1.156 35.3 10.514 <0.001 

   ConD -0.119 0.049 568.9 -2.427 0.0155 

Biofilm fungi S (Intercept) 12.036 1.304 37.5 9.231 <0.001 

   ConD 0.431 0.065 572.9 6.624 <0.001 

Macroinvertebrates S (Intercept) 26.168 0.600 39.1 43.911 <0.001 

   ConD -0.294 0.064 611.8 -4.594 <0.001 

Sediment diatoms S (Intercept) 19.043 0.937 40.0 20.332 <0.001 

   ConD -0.367 0.053 642.8 -6.934 <0.001 

Sediment fungi S (Intercept) 29.341 1.835 38.5 15.987 <0.001 

   ConD 0.946 0.096 649.3 9.883 <0.001 
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Fig. 3. The relationships between taxon richness (S) and number of days with dry conditions within 30 

days prior to sampling (ConD). Each colour represents separate drying river network (DRN). Linear 

regression lines are drawn for each DRN (solid line=significant; dashed line=non-significant). Note that 

the general relationships (negative on left side, positive on right side) were significant in the linear 

mixed effects models when DRN and campaign were included as a random factor.  
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Network-scale RelInt had a negative effect on mean taxonomic richness of biofilm diatoms and a 

positive effect on mean richness of biofilm bacteria, biofilm fungi and macroinvertebrates as indicated 

by LMMs (Table 4). It is noteworthy, however, that the model estimates are fairly low, especially for 

macroinvertebrates. Scatterplots illustrate a general negative relationship for biofilm diatoms across 

the DRNs (Fig. 4). For the other organism groups, no clear patterns could be detected visually, although 

positive relationships could be detected in some individual DRNs.  

 

Table 4. The relationships between mean taxon richness (Mean S) and relative intermittence during 

each campaign in significant linear mixed effects models. Negative estimates for explanatory variables 

indicate the decreasing relationship between the explanatory and response variable, and positive 

estimates indicate a positive relationship. Drying river network (DRN) was included in the models as a 

random factor. 

Habitat and 
organism group 

Response 
variable 

Intercept and 
explanatory 
variable 

Estimate Std.Error df t Pr(>|t|) 

Biofilm bacteria Mean S (Intercept) 183.883 47.296 5.2 3.888 0.010 

    RelInt 1.615 0.519 30.0 3.114 0.004 

Biofilm diatoms Mean S (Intercept) 16.101 1.863 7.5 8.644 <0.001 

    RelInt -0.255 0.050 34.0 -5.110 <0.001 

Biofilm fungi Mean S (Intercept) 11.360 3.439 5.4 3.303 0.019 

    RelInt 0.127 0.053 30.9 2.411 0.022 

Macroinvertebrates Mean S (Intercept) 24.365 1.139 6.9 21.396 <0.001 

    RelInt 0.076 0.031 34.0 2.446 0.020 
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Fig. 4. The relationships between mean taxon richness (Mean S) and proportion of network length with 

flow intermittence (RelInt) during each campaign. Each colour represents separate drying river 

network (DRN). The relationship between Mean S of biofilm diatoms and RelInt was negative and the 

relationships for the other organism groups were positive as shown in Table 4 of significant linear 

mixed effects model results (DRN included as random factor).  

 

Functional diversity 

None of the LMMs for local functional diversity indices of macroinvertebrates were significant. That is, 

variation in the values of the four functional diversity indices was not explained by ConD across all 

DRNs and sampling campaigns, suggesting that reach-scale flow intermittence does not affect local 

functional diversity of macroinvertebrates.  

In network-scale analyses, RelInt had a positive effect on FDiv and FRic, indicating that the more 

intermittence in the DRNs, the higher the functional divergence and functional richness (Table 5, Fig. 

5). 
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Table 5. The significant relationships between two macroinvertebrate functional diversity indices 

(mean functional divergence, Mean FDiv; mean functional richness, FRic) and relative intermittence 

during each campaign. Positive estimates for explanatory variables indicate a positive relationship 

between the explanatory and response variable. Drying river network (DRN) was included in the 

models as a random factor. 

Response 

variable 

Intercept and 

explanatory 

variable 

Estimate Std.Error df t Pr(>|t|) 

Mean FRic (Intercept) 0.140 0.003 32.0 46.154 <0.001 

  RelInt 0.000 0.000 32.0 2.624 0.013 

Mean 

FDiv 
(Intercept) 0.708 0.041 5.4 17.188 <0.001 

  RelInt 0.002 0.000 28.0 4.817 <0.001 

 

 

 

Fig. 5. The relationships between campaign-specific proportion of network length with flow 

intermittence (RelInt) and macroinvertebrate mean functional richness (Mean FRic) and mean 

functional divergence (Mean FDiv). These relationships were significant in linear mixed effects models, 

where drying river network was included as a random factor. 

 

Variation in community structures 

The amount of explained variation of macroinvertebrate community composition was highly variable 

among DRNs, with clearly a lower amount of explained variation for Butižnica and first two campaigns 

in Bükkösdi compared to other DRNs (Fig. 6, Table S2). Environmental variables were generally more 

important than spatial variables, although opposite pattern was observed for some campaigns in 

Genal, Velička, Butižnica and Albarine. Flow intermittence showed relatively inconsistent patterns. If 
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there was a main, well-identified drying event, the intermittence was mainly important in campaigns 

that were conducted after the main dry period. The patterns of flow intermittence in Albarine and 

Butižnica differed from the other DRNs, as the flow intermittence was important also before the main 

dry period. For macroinvertebrate communities, an average of 27 % of variation across all DRNs and 

campaigns was explained.  

 

Fig. 6. Explained variation in macroinvertebrate community structures in separate campaigns and 

drying river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed 

in the legend. The amount of residuals corresponds to the unexplained variation.  

The amount of explained variation differed among campaigns and DRNs also after dividing the dataset 

into non-flying and flying macroinvertebrates (Fig 7, Table S3, S4). However, the amount of explained 

variation was more similar among campaigns and DRNs for flying than non-flying macroinvertebrates. 

The amount of explained variation was also generally lower for non-flying macroinvertebrates (mean 

R2 = 0.21, median R2 = 0.16) than for flying macroinvertebrates (mean R2 = 0.27, median R2 = 0.26). 

Both environmental and spatial variables were generally more important in explaining variation for 

flying (mean R2 = 0.11, median R2 = 0.12 for environment and mean R2 = 0.06, median R2 = 0.03 for 

space) than non-flying macroinvertebrates (mean R2 = 0.07, median R2 = 0.05 for environment and 

mean R2 = 0.04, median R2 = <0.01 for space). Environmental variables were also generally more 

important than spatial variables. However, the opposite was seen in few campaigns in Velička for both 

macroinvertebrate groups, and in few campaigns for flying macroinvertebrates in Albarine, Bükkösdi, 

and Genal. The patterns in intermittency were quite similar for both trait groups, but generally 

intermittency explained more variation for flying than for non–flying macroinvertebrates.  



21 

 

 

 

 

Fig. 7. Explained variation in the community structures of a) non-flying and b) flying 

macroinvertebrates in separate campaigns and drying river networks as expressed by R2 (explanatory 

power). Explanatory variable groups are listed in the legend. The amount of residuals corresponds to 

the unexplained variation. 
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The patterns for stream biofilm algae were similar to macroinvertebrates with respect to lower 

importance of spatial than environmental variables, and again, spatial variables appeared important 

in few campaigns in Velička and Genal (Fig. 8, Table S5). Environmental variables almost alone 

explained variation in biofilm algal communities in Lepsämänjoki. Flow intermittence was important in 

Albarine for the campaigns four and five, in Butižnica for the first and the third campaign, in Genal for 

the third campaign, and in Bükkösdi for the campaign five but otherwise its importance was relatively 

low. For biofilm algal communities, an average of 18 % of variation across all DRNs and campaigns was 

explained. 

 

 

Fig. 8. Explained variation in biofilm algal community structures in separate campaigns and drying river 

networks as expressed by R2 (explanatory power). Explanatory variable groups are listed in the legend. 

The amount of residuals corresponds to the unexplained variation. 
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Environmental variables were also more important than spatial variables for the sediment algae 

community composition, although, the opposite pattern was seen in the second campaign in Velička 

and in the first campaign in Butižnica, and Genal (Fig. 9, Table S6). Flow intermittency was the most 

important variable explaining variation in community composition in Butižnica in most campaigns, 

though the overall explained variation in this DRN was low compared to other DRNs (mean R2=0.15 for 

Butižnica; mean R2=0.17 for all DRNs). Flow intermittency appeared to be important also in some 

campaigns in Velička, Albarine, and Genal.  

 

 

Fig. 9. Explained variation in sediment algal community structures in separate campaigns and drying 

river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed in the 

legend. The amount of residuals corresponds to the unexplained variation. 
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The amount of explained variation was somewhat lower for biofilm bacterial (R2= 0.14) than biofilm 

algal communities (R2= 0.18), and the importance of different variables was also less consistent for 

bacteria (Fig. 10, Table S7). Environmental conditions were again clearly more important than spatial 

or intermittence variables for Lepsämänjoki, whereas intermittence was equally or more important 

than environment for Butižnica, Albarine, and Genal. For Butižnica, Velička, and Albarine also spatial 

variables were more important than environmental variables in explaining variation in biofilm bacterial 

community composition in some campaigns.  

 

 

Fig. 10. Explained variation in biofilm bacteria community structures in separate campaigns and drying 

river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed in the 

legend. The amount of residuals corresponds to the unexplained variation. 
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The amount of overall explained variation in bacterial communities was quite similar in biofilm and 

sediment (mean R2=0.14 and mean R2=0.17, respectively), but the importance of the explanatory 

variables slightly differed between these two habitats. Environmental variables were the most 

important set in explaining sediment bacterial communities in all campaigns in Lepsämänjoki and in 

Albarine (Fig. 11, Table S8). In Butižnica and Velička, the environmental and spatial variables were 

important in the first campaigns, and, towards the end of the sampling campaigns, intermittence 

became more important. Relative flow intermittence in both DRNs also increased with campaigns (see 

Fig. 2).   

 

 

Fig. 11. Explained variation in sediment bacteria community structures in separate campaigns and 

drying river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed 

in the legend. The amount of residuals corresponds to the unexplained variation. 
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For biofilm fungal communities, an average of 12 % of variation in community structures was explained 

by the explanatory variables. The roles of different variables and the amount of explained variation in 

biofilm fungal communities varied between campaigns and DRNs (Fig. 12, Table S9). Environment was 

the key factor in explaining community variation in most of the campaigns in Lepsämänjoki, Albarine, 

and Bükkösdi catchments, although the overall explained variation in Bükkösdi was low. The 

importance of spatial variables was low and exceeded the environment only in the campaigns where 

the overall explained variation was overall low, with the exception of the fourth campaign in 

Lepsämänjoki. Intermittency was the most important variable in explaining variation in community 

structure in the fourth and sixth campaign in Butižnica and in the first and third campaign in Genal.  

 

Fig. 12. Explained variation in biofilm fungal community structures in separate campaigns and drying 

river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed in the 

legend. The amount of residuals corresponds to the unexplained variation. 
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The average amount of total explained variation was lower for sediment than for biofilm fungi, as for 

sediment fungal communities, an average of only 10% of variation in community structures was 

explained by the explanatory variables. Environment explained most of the variation in all campaigns 

in Albarine and it was clearly important in almost all campaigns in Genal, Bükkösdi, and Lepsämänjoki, 

although the overall explained variation was extremely low in both Lepsämänjoki and Bükkösdi (Fig. 

13, Table S10). Spatial variables were important in the two first campaigns in Velička and in the first 

campaign in Genal, but otherwise it explained little of the variation in structure of sediment fungal 

communities. Intermittency was important in all but the last campaign in Butižnica, the two last 

campaigns in Velička, and in the first campaign in Genal. 

 

 

Fig. 13. Explained variation in sediment fungal community structures in separate campaigns and drying 

river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed in the 

legend. The amount of residuals corresponds to the unexplained variation. 
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The amount of explained variation in the fish communities was higher than in any other organism 

groups in Genal and in Albarine, but in Lepsämänjoki it was moderately low (Fig. 14, Table S11). Overall, 

on average, 48 % of variation in fish community structures was explained by the explanatory variables. 

Environment was clearly the most important factor in both campaigns in Albarine and in the second 

campaign in Lepsämänjoki, but in Genal the roles of different variables were not as clear. Spatial 

variables were important in the first campaign in Velička, Lepsämänjoki, and Genal. Intermittence did 

not explain variation of fish communities in any of the DRNs. However, intermittence had shared 

explanatory power with space and environment in the second campaigns in Velička and Albarine and 

in the first campaign in Genal.  

 

 

Fig. 14. Explained variation in fish community structures in both electrofishing campaigns and in four 

drying river networks as expressed by R2 (explanatory power). Explanatory variable groups are listed 

in the legend. The amount of residuals corresponds to the unexplained variation. 
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Community assembly 

RelInt (proportion of river network with dry conditions) was statistically significantly related to the 

variation partitioning results of sediment algae and sediment fungi (p ≤ 0.05), and almost statistically 

significantly (p ≤ 0.078) for biofilm algae (Table 6). The direction of the relationship was negative with 

the explanatory power (R2) of pure environment for sediment fungi, and both sediment and biofilm 

algae communities. The R2 of pure spatial variables was also negatively related to RelInt for both 

sediment and biofilm algae communities (Table 6, Fig. 15). In these models the relationship was always 

relatively weak as indicated by low model estimates. RelInt was not significantly related to the variation 

partitioning results of fish, bacteria, undivided macroinvertebrate, nor the divided macroinvertebrate 

communities. 

Table 6. The relationships between explanatory powers of pure spatial and pure environmental 

variable groups (from variation partitioning analyses) and RelInt (proportion of river network with dry 

conditions) in significant linear mixed effects models (LMMs). Note that table contains only results of 

significant LMMs. Negative estimates for explanatory variable indicate the decreasing relationship 

between the explanatory and response variable, and positive estimates indicate a positive relationship. 

Drying river network id was included in the models as a random factor. 

Habitat and 

organism group 

Response 

variable 

Intercept and 

explanatory 

variable 

Estimate Std.Error df t Pr(>|t|) 

Biofilm algae 
Pure 

environment 
(Intercept) 0.095 0.014  8.9 6.706 <0.001 

   RelInt <-0.001 <0.001 28.2 -1.898 0.068 

Biofilm algae Pure spatial (Intercept) 0.031 0.009 6.9 3.397 0.012 

   RelInt <-0.001 <0.001 31.9 -1.821 0.078 

Sediment algae 
Pure 

environment 
(Intercept) 0.072 0.011 7.7 6.791 <0.001 

   RelInt <-0.001 <0.001 27.0 -2.463 0.020 

Sediment algae Pure spatial (Intercept) 0.039 0.012 6.9 3.247 0.014 

   RelInt <-0.001 <0.001 33.8 -2.346 0.025 

Sediment fungi 
Pure 

environment 
(Intercept) 0.056 0.010 7.1 5.431 <0.001 

   RelInt <-0.001 <0.001 33.9 -3.245 0.003 
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Fig 15. The relationships between explanatory powers of pure spatial and pure environmental variable 

groups (from variation partitioning analyses) and RelInt (proportion of river network with dry 

conditions) in significant linear mixed effects models (LMMs) as illustrated by scatter plots. Each colour 

represents separate drying river networks (DRNs). Coloured lines drawn for each DRN separately are 

based on LMMs, where the slope remains the same, but the level varies, and the grey lines are based 

on simple linear regressions for all DRNs jointly. 
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Discussion 

Drying significantly influences the fluxes of solutes, materials, and organisms, primarily by disrupting 

connectivity within the river network. Although the local impacts of drying on stream biodiversity have 

been widely studied, our understanding of how changes in flow intermittence affect stream 

biodiversity and community assembly remains limited. In this report, we investigated the responses of 

stream communities to drying-related fragmentation in various spatial and environmental contexts. 

To accomplish this, we used multiple organism groups with varying dispersal abilities and examined 

stream networks that exhibited differential susceptibility to periodic drying. The findings of this report 

shed light on the ways in which stream communities respond to drying in different spatial and 

environmental contexts, proving valuable insights into the ecological consequences of drying on 

stream biodiversity. 

Taxon richness responded differently to drying between organism groups and spatial scales. Drying 

had a harmful impact on diatom diversity especially in biofilm microhabitats, suggesting that the 

presence of moisture on biofilm surfaces is generally essential for diatom taxa naturally inhabiting 

riverine systems. Similar findings have been reported from Mediterranean streams (e.g. Tornés et al. 

2021). However, no impacts of flow intermittence on diatom diversity have been reported from the 

Pannonian Ecoregion in Hungary (B-Béres et al. 2022). It is thus possible that there is some local and/or 

regional variation in the intermittence-diversity relationships, which may partly arise from the study 

contexts (e.g. local adaptations, regional species pool). However, the analyses over six DRNs finalized 

here suggest that there is some level of generality in the negative impact of flow intermittence on local 

diatom diversity.  

Fungal diversity generally benefitted from flow intermittence at both local and network scales. Biofilm 

bacteria showed similar responses at network scale. These findings may be a consequence of 

domination of microbial taxa that have wide environmental niches and are well-adapted to changes in 

moisture conditions (cf. Allison et al. 2008). It has been shown that flow reduction can benefit 

terrestrial fungi such as plant endophytes to the extent that they could be able to outcompete aquatic 

fungi in leaf litter (Clivot et al. 2014). Similar changes could be possible in stream biofilms and 

sediment, and the higher richness of bacteria and fungi during dry periods may have resulted from 

rapid colonization of terrestrial taxa.  

At local scale, drying was harmful for macroinvertebrate diversity, but the effect was generally positive 

at river network scale. The results were more significant for local than for network scale. Functional 

diversity metrics behaved differently in each DRN, suggesting a high context dependency likely linked 

to biogeographical processes that determine the regional macroinvertebrate species pools and trait 

spaces. At network scale, functional diversity (functional richness and divergence) of 

macroinvertebrates increased with increasing flow intermittence. It is noteworthy that the DRNs with 

a higher degree of intermittence were generally more species rich than DRNs with a more permanent 

flow and the observed positive relationship between diversities and intermittence likely reflected 

these among-DRN differences in macroinvertebrate richness. This could be related with drying 

generating a higher heterogeneity of habitats (Bonada et al. 2020) and allowing the coexistence of 

disparate communities (Bogan & Lytle 2007). However, this pattern might be also partially influenced 

by biogeographic and latitudinal gradients from southern to northern DRNs (Shah et al. 2014; Davis et 

al. 2018; Culp et al. 2019). 

The relationship between drying status and number of fish species was clear in DRNs with short history 

of intermittence as no fish species were found in intermittent streams in Lepsämänjoki catchment after 

the main dry period, and only one fish species was found before drying. Moreover, in Bükkösdi, there 
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were no fish caught from intermittent streams. The fish species richness in temporary streams was 

lower in Albarine after the main dry period which indicates that fish species are negatively impacted 

by drying even in the DRNs with longer history of intermittence. However, in Genal the fish species 

richness in intermittent streams was not impacted by drying. Fish have exclusively aquatic life cycles, 

and thus they are highly dependent on water availability. However, they could survive in intermittent 

streams in parts where there is some water left, in e.g. segments where flow is only partially ceased 

(Datry et al. 2017) or in pools (Bonada et al. 2020). In DRNs with a longer history of flow intermittence, 

such places may have acted as refugia for species that have adapted to cope with drying-related stress.  

Earlier research has shown that, in perennial streams, both species sorting and dispersal processes are 

related to community assembly of aquatic invertebrates, and that these assembly mechanisms are 

temporally comparatively stable (Sarremejane et al. 2017b). In intermittent streams, however, the 

importance of different drivers can be linked to flow phase: community assembly may be more 

deterministic during dry phase and more stochastic during rewetting (Cañedo‐Argüelles et al. 2020, 

Sarremejane et al. 2017b). In experimental ponds, drought has been linked to a selective filtering of 

drought-sensitive species and higher community similarity while wetter conditions were linked to 

higher site-to-site community variation, possibly resulting from stochasticity and priority effects (Chase 

2007). Similarly, stream macroinvertebrate and bacterial communities showed more deterministic 

community assembly within a drier catchment than in a catchment receiving more precipitation (Vilmi 

et al. 2020). Our results on biofilm and sediment algae and sediment fungi are somewhat contradictory 

to these findings, as the prevalence of deterministic community assembly declined when the level of 

dryness increased (see Fig. 15). For macroinvertebrates, we found no clear effects of flow 

intermittence on community assembly. Likewise, no effect of network-scale fragmentation by drying 

on benthic invertebrate metacommunities were found in a French catchment, while permanent 

fragmentation by manmade structures had a clear impact by limiting dispersal (Gauthier et al. 2021). 

Evidence of temporal variation in metacommunity processes following hydrological phases have been 

reported, although dispersal assembly was the dominant process during both wet and dry phases 

(Gauthier et al. 2021).  

Overall, the relatively low amount of explained variation in our models may be a result of dispersal 

processes that are not sufficiently portrayed by our spatial variables. It is thus likely that dispersal 

processes play a larger role in community assembly than suggested by the pure and shared effects of 

spatial variables used in our variation partitioning analyses. The observed stronger relationships 

between community structure and environmental and spatial variables for flying than non-flying 

macroinvertebrates further suggests the importance of dispersal in structuring communities in drying 

river networks. The relatively low importance of spatial variables could have resulted from the use of 

among-site distances that did not vary in time. While longer distances could inhibit dispersal, the 

distances do not change in response to drying which can significantly disturb connectivity of stream 

network, limiting the dispersal of passive and weak dispersers (Cunillera-Montcusí et al. 2023). The 

hydrological models developed in WP1 enable predicting locations and extent of drying areas in the 

stream network and calculating connectivity of a site to all other sites in the network in any given time. 

Such a measure of spatial isolation could better represent potential dispersal limitation than among-

site distances. Also, part of the unexplained variation in our analyses could be associated with species 

interactions, which can play a major role in assembling metacommunities (García-Girón et al. 2020).  

Drying can cause stochastic extinctions, particularly in environments with relatively short history of 

droughts (Chase 2007). Our results partly support this notion, as we found in Lepsämänjoki, which has 

a relatively short history of flow intermittence compared to the more southern DRNs, the communities 

were overall more stochastic following the main dry period. Conversely, river networks with a long 

history of flow intermittence may exhibit different patterns, as the communities in these systems can 
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consist of taxa adapted to drying conditions (Crabot et al. 2020; Sarremejane et al. 2017b). The 

consistent patterns of explained variation observed in macroinvertebrates in the Genal river may 

suggest their adaptation to intermittent flow conditions. However, the assembly of non-flying 

macroinvertebrate communities was predominantly stochastic across all sampling periods, including 

in the Genal river. This indicates a high degree of variation in the species’ ability to tolerate intermittent 

flow and withstand prolonged periods of intense aridity, even in river networks with drier climates.  

Previous research on aquatic communities have shown that the community assembly is related to 

species traits such as dispersal mode, dispersal abilities, and body size (Zhao et al. 2017; Vilmi et al. 

2021). Functional analyses were conducted only on macroinvertebrates, but the measures of 

macroinvertebrate functional diversity were unrelated to local effects of drying, indicating minor value 

of functional structure in detection of the effects of drying. The relationships between network-scale 

drying and some measures of macroinvertebrate functional diversity were positive, but these 

relationships likely reflected among-DNR differences in macroinvertebrate communities instead of the 

effects of drying. Community assembly of flying macroinvertebrates was, however, more deterministic 

than for the non-flying macroinvertebrates, indicating the importance of species’ dispersal ability in 

coping drying conditions. Microbial communities have traditionally been thought to be assembled 

deterministically, as they have high dispersal rates and large population sizes, and they reproduce fast 

(Baas Becking 1934). This notion was, however, not supported here as the amount of explained 

variation for micro-organisms was generally low. On the other hand, high drift rates of micro-

organisms can increase the level of stochasticity in the microbial community assembly by introducing 

new species into a community in a more random manner (Evans et al. 2017). For example, as suggested 

by the results on fungal and bacterial diversity, it is possible that there has been some sort of dispersal 

of microbes between aquatic and terrestrial habitats. A possible addition of terrestrial taxa may have 

partly masked community-environment relationships for fungi and bacteria as environmental 

constraints for terrestrial taxa are likely different from those of aquatic taxa. This phenomenon could 

be highlighted in intermittent streams, as they have intertwined community dynamics with terrestrial 

environments (Datry et al. 2017). Moreover, we found that macroinvertebrate community assembly 

showed more determinism compared to microbes, and fish community assembly showed even more 

determinism compared to macroinvertebrates. Similar findings on community assembly mechanisms 

of various-sized organism groups have been presented in previous studies conducted in freshwater 

ecosystems (e.g. Vilmi et al. 2021). Therefore, these findings on the relationship between size and main 

assembly process were not unexpected.  

Although the dataset is exceptional with vast temporal and spatial scales and multiple organism 

groups, there are a few caveats, specifically related to microbial methods and use of fish in community 

analyses. For example, while DNA sequencing allows microbial species (here, molecular operational 

taxonomic units) and relative abundances to be detected, it does not tell us which species contribute 

to metabolic activity. A more direct approach would involve assessment of RNA sequences as they are 

involved in the transcription of nucleic acids to proteins and therefore indicate generalized metabolic 

activity. Moreover, considering diatoms – a well-known indicator group in ecological assessments – 

DNA-based identifications cannot be directly tied to traditional taxonomical species identities as the 

reference databases are largely incomplete. Thus, diatom data used here could not be used for 

functional analyses as it was not possible to relate species properties to DNA-based molecular 

operational taxonomic units. Moreover, for fish, the numbers of occupied sites and numbers of species 

were comparatively low throughout the dataset. Instead of analysing communities, future work on fish 

data would benefit from single-species analyses. Lastly, fresh approaches to account for 

spatiotemporal connectivity should be applied to better understand metacommunity (and 

metapopulation) structuring in DRNs (Cunillera‐Montcusí et al. 2023).  



34 

 

 

Conclusions and future needs 

The findings of this study reveal that stream metacommunities respond heterogeneously to flow 

intermittence, and even within the same organism group, their responses to drying can vary depending 

on the habitat they inhabit. Moreover, the results indicate that communities in more arid climates may 

exhibit a higher resistance to drying, which is likely linked to adaptation, although the extent of 

resistance can differ among organism groups. While drying events were generally associated with 

decreased species richness across all river networks, they did not significantly impact the functional 

diversity of macroinvertebrates, suggesting a high degree of functional redundancy within this group. 

The positive effect of drying on fungal and bacterial richness, along with the negative impact of 

network-scale drying on their community-environment relationship, suggests an increasing degree of 

stochasticity in their community assembly, possibly due to the rapid colonization of terrestrial taxa 

during dry periods. The community assembly of non-flying macroinvertebrates exhibited greater 

stochasticity compared to flying macroinvertebrates, indicating random species extinctions, and 

highlighting the role of dispersal ability in shaping communities within river networks. Overall, these 

findings underscore the importance of considering multiple organism groups and different facets of 

diversity when assessing changes and managing drying river networks. Additionally, the potential 

significance of species dispersal emphasizes the need for dynamic measures of spatial isolation that 

better capture potential dispersal limitations compared to simple among-site distances.  

The knowledge gained from this research on metacommunity and biodiversity structuring in DRNs 

serves as a foundation for implementing a dynamic meta-system perspective. This perspective allows 

for a holistic understanding of the cascading changes in biodiversity, ecosystem functions, and 

ecosystem services within DRNs. By considering the interconnections and interdependencies of these 

components, adaptive management strategies for DRNs can be developed and refined. This integrated 

approach enhances our ability to effectively manage and conserve these valuable aquatic ecosystems.  
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Supplementary Material 

Table S1. Mean values (and range) of measured environmental variables during each campaign(Camp) 

in the six drying river networks (DRNs). Number of month is added in parenthesis after campaign 

number. The altitude and basin area of sampling sites are also listed for each DRN. Abbreviations: V = 

velocity, Cond = conductivity, Q = discharge. 

Camp 
Depth 

(cm) 

V 

(cm/s) 

Wetted 

width 

(m) 

Cond 

(μS/cm) 
O2 (mg/l) Q (l/s) 

Altitude 

(m.a.s.l) 

Basin area 

(km2) 

Butižnica 

1 

(2) 

21 

(0–53) 

26 

(0–77) 

3.55 

(0–19) 

620 

(442–1007) 

9.9 

(9.3–11) 

774 

(0–6586) 

404 

(235–591) 

24.3 

(0.1–184.9) 

2 

(4,5) 

20 

(0–47) 

26 

(0–77) 

4 

(0–22) 

571 

(371–1113) 

10.8 

(8.8–13) 

782 

(0–5467) 

404 

(235–591) 

24.3 

(0.1–184.9) 

3  

(6) 

16 

(0–55) 

22 

(0–68) 

2.74 

(0–18) 

539 

(357–980) 

9.1 

(7.6–10.6) 

456 

(0–4895) 

404 

(235–591) 

24.3 

(0.1–184.9) 

4 

(7) 

11 

(0–46) 

15 

(0–62) 

1.93 

(0–15) 

557 

(354–1041) 

8.5 

(6.6–10.5) 

231 

(0–2904) 

404 

(235–591) 

24.3 

(0.1–184.9) 

5 

(9) 

13 

(0–60) 

17 

(0–70) 

1.85 

(0–15) 

595 

(355–1107) 

9.4 

(7.8–10.5) 

295 

(0–3378) 

404 

(235–591) 

24.3 

(0.1–184.9) 

6 

(11) 

21 

(0–54) 

23 

(0–71) 

2.82 

(0–15) 

561 

(360–994) 

9.3 

(6.8–10.5) 

410 

(0–4205) 

404 

(235–591) 

24.3 

(0.1–184.9) 

Velička 

1 

(3) 

15 

(8–30) 

24 

(3–67) 

2.53 

(0.4–

8.9) 

678 

(435–1229) 

11.6 

(6.9–14.5) 

103 

(2–862) 

307 

(174–466) 

20.5 

(0.8–152.1) 

2 

(5) 

14 

(2–35) 

21 

(0–78) 

2.47 

(0.1–

9.2) 

659 

(389–1230) 

9.6 

(4.8–11.5) 

103 

(0–708) 

307 

(174–466) 

20.5 

(0.8–152.1) 

3 

(6) 

10 

(0–34) 

8 

(0–33) 

1.84 

(0–8.7) 

636 

(408–1217) 

7.7 

(4.3–13.8) 

21 

(0–155) 

307 

(174–466) 

20.5 

(0.8–152.1) 

4 

(8) 

7 

(0–17) 

1 

(0–46) 

1.95 

(0–7.1) 

554 

(355–1358) 

8.9 

(1.7–12.9) 

43 

(0–423) 

307 

(174–466) 

20.5 

(0.8–152.1) 

5 

(10) 

6 

(0–22) 

5 

(0–21) 

1.29 

(0–7) 

613 

(418–944) 

9.2 

(4.4–13.2) 

10 

(0–43) 

307 

(174–466) 

20.5 

(0.8–152.1) 

6 

(11) 

10 

(0–55) 

5 

(0–21) 

1.72 

(0–8.5) 

717 

(468–1255) 

9.8 

(2.4–12.5) 

12 

(0–54) 

307 

(174–466) 

20.5 

(0.8–152.1) 

Lepsämänjoki 

1 

(4) 

26 

(14–54) 

48 

(14–97) 

2.89 

(0.91–

8.08) 

42 

(16–92) 

9.3 

(8.1–10.1) 

406 

(15–

2126) 

55 

(30–86) 

18.6 

(0.3–196.6) 

2 

(5) 

18 

(8–38) 

27 

(2–58) 

2.63 

(0.65–

7.6) 

55 

(19–120) 

7.1 

(5.7–8.2) 

145 

(1–1090) 

55 

(30–86) 

18.6 

(0.3–196.6) 

3 

(6) 

15 

(7–37) 

24 

(2–57) 

2.51 

(0.54–

8.3) 

56 

(17–130) 

7.2 

(5.8–9.9) 

168 

(1–1745) 

55 

(30–86) 

18.6 

(0.3–196.6) 

4 

(8) 

11 

(0–33) 

11 

(0–45) 

2.17 

(0–7.8) 

101 

(42–172) 

6.1 

(3.1–8.2) 

49 

(0–534) 

55 

(30–86) 

18.6 

(0.3–196.6) 
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5 

(9) 

16 

(8–36) 

29 

(2–68) 

2.55 

(0.58–

7.1) 

57 

(19–133) 

7.9 

(6.4–8.7) 

139 

(0–1369) 

55 

(30–86) 

18.6 

(0.3–196.6) 

6 

(11) 

22 

(12–45) 

37 

(7–84) 

2.71 

(0.9–

7.35) 

51 

(15–111) 

8.3 

(7.4–9) 

296 

(8–2630) 

55 

(30–86) 

18.6 

(0.3–196.6) 

Albarine 

1 

(3) 

21 

(7–35) 

31 

(10–58) 

6.4 

(1.2–

19.8) 

385 

(304–542) 

12 

(10.6–

14.3) 

1111 

(1–6200) 

536 

(222–927) 

55.4 

(0.9–287.2) 

2 

(5,6) 

12 

(0–28) 

18 

(0–40) 

4.48 

(0–18.9) 

370 

(38–558) 

10.6 

(8–11.9) 

464 

(0–3037) 

536 

(222–927) 

55.4 

(0.9–287.2) 

3 

(6,7) 

15 

(0–32) 

24 

(0–48) 

5.33 

(0–19.2) 

395 

(301–533) 

10.2 

(7.5–11.9) 

696 

(0–3878) 

536 

(222–927) 

55.4 

(0.9–287.2) 

4 

(9) 

9 

(0–39) 

14 

(0–121) 

2.34 

(0–15.6) 

396 

(324–460) 

10 

(9–12.4) 

100 

(0–920) 

536 

(222–927) 

55.4 

(0.9–287.2) 

5 

(11, 

12) 

14 

(1–34) 

13 

(0–32) 

4.95 

(0.8–

19.5) 

434 

(385–476) 

11.3 

(10–12.9) 

351 

(0–1880) 

536 

(222–927) 

55.4 

(0.9–287.2) 

6 

(1) 

15 

(0–34) 

20 

(0–48) 

5.46 

(0–18.9) 

418 

(340–595) 

12 

(11.1–

13.5) 

514 

(0–2854) 

536 

(222–927) 

55.4 

(0.9–287.2) 

Bükkösdi 

1 

(2,3) 

15 

(3–78) 

8 

(1–21) 

1.47 

(0.6–

3.5) 

447 

(46–598) 

9.5 

(6.4–11.4) 

8 

(0–50) 

187 

(104–245) 

20.8 

(0.7–184.4) 

2 

(4) 

16 

(4–84) 

9 

(0–23) 

1.82 

(0.75–

4.46) 

459 

(220–614) 

9.1 

(4.5–12.5) 

15 

(0–124) 

187 

(104–245) 

21.4 

(0.7–184.4) 

3 

(6) 

13 

(0–72) 

7 

(0–50) 

1.4 

(0–3.45) 

728 

(0–1030) 

5 

(0–9) 

6 

(0–82) 

187 

(104–245) 

21.4 

(0.7–184.4) 

4 

(8) 

10 

(0–59) 

2 

(0–12) 

0.97 

(0–3.5) 

808 

(540–1010) 

4.5 

(0.1–8.3) 

1 

(0–9) 

187 

(104–245) 

21.4 

(0.7–184.4) 

5 

(10) 

9 

(0–66) 

4 

(0–19) 

1.03 

(0–3.32) 

765 

(510–1040) 

8.4 

(2.7–11.1) 

1 

(0–6) 

187 

(104–245) 

21.4 

(0.7–184.4) 

6 

(12) 

15 

(0–65) 

5 

(0–22) 

1.5 

(0–3.37) 

858 

(460–1110) 

10.6 

(3.9–13.5) 

11 

(0–99) 

187 

(104–245) 

21.4 

(0.7–184.4) 

Genal 

1 

(1,2) 

12 

(6–20) 

33 

(16–74) 

5.3 

(0.82–

12.04) 

524 

(194–1434) 

11.3 

(10.3–

12.4) 

657 

(5–2535) 

371 

(11–706) 
NA 

2 

(3) 

13 

(4–19) 

35 

(5–53) 

4.95 

(0.77–

11.55) 

518 

(147–1394) 

11.5 

(10.2–

12.9) 

489 

(3–2387) 

371 

(11–706) 
NA 

3 

(5) 

9 

(0–17) 

14 

(0–34) 

3.47 

(0–8.2) 

669 

(365–1427) 

10.1 

(8.3–13.1) 

75 

(0–321) 

371 

(11–706) 
NA 

4 

(7) 

7 

(0–18) 

15 

(0–76) 

2.14 

(0–6.85) 

903 

(390–1564) 

7.1 

(1.1–8.9) 

119 

(0–786) 

371 

(11–706) 
NA 

5 

(10) 

6 

(0–14) 

10 

(0–40) 

2.04 

(0–7.86) 

949 

(429–1560) 

8.4 

(4.4–9.8) 

174 

(0–894) 

371 

(11–706) 
NA 

6 10 15 4.03 695 9.9 1081 371 NA 
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(2) (0–21) (0–31) (0–

15.23) 

(290–1727) (6–12.2) (0–5562) (11–706) 
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Fig S1. Flow intermittency indicators calculated for 30-day period before macroinvertebrate sampling 

across six campaigns for each drying river networks (DRNs). a) Mean of absolute number of days with 

dry conditions (ConD), b) mean drying frequency (FreDr), and c) mean duration of dry event (mean 

DurD).  
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Fig. S2. In Albarine, bacteria were the most taxa rich group, but there were no clear differences 

between taxon richness of bacteria between perennial and temporary streams. Likewise, there were 

no differences for diatoms (although biofilm diatom richness was clearly lowest during fourth 

campaign). Taxon richness of biofilm fungi and sediment fungi were higher in temporary compared to 

perennial streams. For macroinvertebrates, perennial streams had higher taxa richness. Fish richness 

was higher in temporary streams than in perennial streams during the first fishing campaign. During 

the second fishing campaign (after main period of drought), fish species richness was at similar levels 

in both stream types. Fish were caught in 50 % of sites in the first fishing campaign and 45 % of sites in 

the second fishing campaign.  
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Fig S3. In Butižnica, sediment bacteria were the most taxa rich group. Taxon richness of biofilm 

bacteria, biofilm fungi and sediment fungi were generally higher in temporary than perennial streams. 

Biofilm diatoms (except for first campaign), sediment diatoms and macroinvertebrates had higher 

taxon richness in perennial than temporary streams. Fish were caught in 35 % of sites in the first fishing 

campaign and 40 % of sites in the second fishing campaign. There was only one species of fish caught 

at a time per stream type.  
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Fig S4. In Bükkösdi, bacteria were the most taxa rich group, but again, there were no clear differences 

between temporary and perennial streams in terms of bacterial taxon richness. Taxon richness of 

biofilm diatoms and macroinvertebrates were always lower in temporary than perennial streams. 

Taxon richness of sediment diatoms, biofilm fungi and sediment fungi were generally higher in 

temporary than perennial streams. Fish were caught in 21 % of sites in the first fishing campaign and 

13 % of sites in the second fishing campaign. There were no fish caught in temporary streams.  
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Fig. S5. In Genal, bacteria were again the group with highest taxon richness, and there were no clear 

differences between taxon number in temporary and perennial streams. This was also the case with 

biofilm diatoms and biofilm fungi. Sediment fungi had higher taxon richness in temporary than in 

perennial streams. Macroinvertebrates had higher taxon richness in perennial streams. Sediment 

diatoms had lower taxon richness in perennial than in temporary streams during the first two 

campaigns, were at similar levels at both stream types during the third campaign, and had higher taxon 

richness in perennial streams from the fourth campaign onwards. Fish were caught in 54 % of sites in 

the first fishing campaign and 31 % of sites in the second fishing campaign. Species richness of fish was 

at similar levels during the first fishing campaign in the two stream types, and at a slightly lower level 

in temporary than in perennial streams during the second fishing campaign.  
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Fig. S6. In Lepsämänjoki, bacteria were the most taxa rich group. There were no clear patterns for 

taxon richness of bacteria between the two stream types and six campaigns. That was the case for 

biofilm diatoms as well, although the highest numbers of taxa were generally recorded from perennial 

streams. Taxon richness of sediment diatoms and macroinvertebrates were generally higher in 

perennial than in temporary streams. Biofilm fungi had higher taxon richness in temporary streams in 

campaigns one to five. Sediment fungi had higher taxa richness in perennial streams during the first 

three campaigns but varied between stream types during the last three campaigns. Taxon richness of 

both biofilm and sediment fungi peaked during the fourth campaign, which was the driest sampling 

campaign and right after a longer period of drought in the drying river network. Fish were caught in 48 

% of sites in the first fishing campaign and 33 % of sites in the second fishing campaign. Number of fish 

species was at higher level in perennial streams during the first fishing campaign. There were no fish 

caught in temporary streams during the second fishing campaign.  
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Fig. S7. In Velička, sediment bacteria were the most taxa-rich group, but there was no clear patterns 

between stream types and campaigns. In general, taxon richness of biofilm bacteria, biofilm fungi and 

sediment fungi were slightly at higher levels in temporary than in perennial streams. Taxon richness of 

biofilm diatoms and macroinvertebrates was higher in perennial than in temporary streams. That was 

generally the case for sediment diatoms as well (except first and second campaigns). Fish were caught 

in 60 % of sites in the first fishing campaign and 50 % of sites in the second fishing campaign. Number 

of fish species was at similar levels in both stream types.  

 

 

Fig. S8. Variation in functional diversity indices of macroinvertebrates in Albarine.  
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Fig. S9. Variation in functional diversity indices of macroinvertebrates in Butižnica. 

 

 

Fig. S10. Variation in functional diversity indices of macroinvertebrates in Bükkösdi.  

 

 

Fig. S11. Variation in functional diversity indices of macroinvertebrates in Genal. 
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Fig. S12. Variation in functional diversity indices of macroinvertebrates in Lepsämänjoki. 

 

 

Fig. S13. Variation in functional diversity indices of macroinvertebrates in Velička. 
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Table S2. Macroinvertebrate community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Macroinvertebrates 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.01 0.06 0.1 0 0 0 0.01 0.87 0.17 

2 0 0 NA 0.09 NA NA NA 0.95 0.09 

3 0.04 0 NA 0.15 NA NA NA 0.85 0.19 

4 0.02 0.01 NA 0 NA NA NA 1.02 0.02 

5 0 0 NA 0 NA NA NA 1.05 0 

6 0 0.01 0.04 0 0 0.01 0.01 0.98 0.08 

Velička 

1 0.08 0.16 NA 0.02 NA NA NA 0.73 0.27 

2 0.05 0.1 NA 0.1 NA NA NA 0.75 0.25 

3 0.24 0.09 0 0.06 0.02 0 0 0.64 0.41 

4 0.13 0 0.05 0.31 0.02 0.07 0 0.59 0.59 

5 0.09 0.02 0 0.18 0 0.08 0 0.76 0.36 

6 0.12 0 0.03 0.13 0.01 0 0.09 0.69 0.38 

Lepsämänjoki 

1 0.08 0 NA 0.06 NA NA NA 0.89 0.14 

2 0.24 0 NA 0.08 NA NA NA 0.69 0.32 

3 0.13 0.14 0 0.03 0 0 0.02 0.7 0.32 

4 0.16 0 0.04 0 0 0.04 0 0.77 0.25 

5 0.2 0.04 NA 0.01 NA NA NA 0.75 0.25 

6 0.16 0 NA 0.07 NA NA NA 0.77 0.23 

Albarine 

1 0.15 0.16 0.14 0 0 0 0.02 0.61 0.47 

2 0.13 0.06 0.07 0 0 0 0 0.76 0.27 
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3 0.07 0 0.04 0.08 0.01 0 0.02 0.85 0.21 

4 0.06 0.18 NA 0.15 NA NA NA 0.61 0.39 

5 0.27 0.29 0.25 0 0 0 0.1 0.5 0.91 

6 0.21 0 NA 0 NA NA NA 0.8 0.21 

Bükkösdi 

1 0.09 0 0 0 0.01 0 0 0.93 0.1 

2 0.01 0 0 0 0.01 0 0 0.99 0.02 

3 0.29 0 0.02 0 0 0 0 0.77 0.32 

4 0.28 0 0.04 0 0.03 0.14 0 0.57 0.49 

5 0.1 0.11 0.06 0 0 0.06 0 0.72 0.32 

6 0.07 0.03 0.08 0 0 0 0.03 0.92 0.22 

Genal 

1 0.06 0.02 0 0.08 0.01 0.03 0 0.83 0.2 

2 0.02 0.04 NA 0.15 NA NA NA 0.78 0.22 

3 0 0.18 0.05 0 0.01 0.02 0 0.75 0.26 

4 0.14 0.1 0.05 0 0 0.07 0 0.7 0.37 

5 0.12 0.12 0.11 0 0 0 0.01 0.7 0.35 

6 0.03 0.08 0.03 0.03 0 0.02 0 0.84 0.19 
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Table S3. Flying macroinvertebrate community variance explained by environmental (ENV), spatial 

(SPAT), intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory 

power of all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Flying macroinvertebrates 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.13 0.06 0.06 0 0 0 0.01 0.79 0.26 

2 0.03 0 NA 0.08 NA NA NA 0.91 0.1 

3 0.12 0 NA 0.11 NA NA NA 0.82 0.23 

4 0.1 0 NA 0.03 NA NA NA 0.91 0.13 

5 0.08 0.01 NA 0.06 NA NA NA 0.86 0.14 

6 0.01 0.01 0 0.01 0.01 0.04 0 0.99 0.07 

Velička 

1 0.12 0.18 NA 0.05 NA NA NA 0.65 0.35 

2 0.04 0.16 NA 0.1 NA NA NA 0.7 0.3 

3 0.07 0 0.01 0.21 0 0.04 0 0.71 0.33 

4 0.08 0.06 0.11 0.14 0.02 0 0 0.65 0.41 

5 0.12 0.05 0.08 0.17 0.02 0 0 0.56 0.45 

6 0.2 0 0.04 0.12 0 0 0.08 0.66 0.45 

Lepsämänjoki 

1 0.09 0 NA 0.08 NA NA NA 0.87 0.17 

2 0.25 0 NA 0.08 NA NA NA 0.68 0.33 

3 0.14 0.14 0 0.03 0 0 0.02 0.68 0.34 

4 0.15 0 0.05 0 0 0.05 0 0.77 0.24 

5 0.22 0.04 NA 0.01 NA NA NA 0.73 0.27 

6 0.19 0 NA 0.08 NA NA NA 0.74 0.27 

Albarine 

1 0.12 0.08 0.11 0.04 0 0 0.02 0.7 0.35 

2 0.13 0.07 0.05 0.12 0 0 0.02 0.65 0.39 
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3 0 0 0.04 0.2 0 0 0 0.79 0.25 

4 0.12 0.07 NA 0.04 NA NA NA 0.77 0.23 

5 0.11 0.32 0.09 0 0 0 0.1 0.6 0.62 

6 0.13 0.02 NA 0 NA NA NA 0.87 0.14 

Bükkösdi 

1 0.05 0 0 0 0 0 0 0.99 0.06 

2 0 0.14 0.01 0.02 0.01 0 0 0.82 0.18 

3 0.15 0.15 0 0 0 0 0.01 0.77 0.31 

4 0.19 0.01 0 0 0.02 0.07 0 0.76 0.29 

5 0.18 0.11 0.02 0 0 0.03 0 0.7 0.34 

6 0.01 0.04 0 0.01 0.02 0 0 0.97 0.08 

Genal 

1 0.1 0.02 0 0.05 0.01 0.03 0 0.82 0.21 

2 0.02 0.04 NA 0.17 NA NA NA 0.77 0.23 

3 0 0.14 0.05 0.01 0.02 0.02 0 0.77 0.25 

4 0.2 0.12 0.07 0 0 0.08 0 0.61 0.47 

5 0.18 0.07 0.15 0 0 0 0.04 0.68 0.44 

6 0.04 0.05 0.03 0.03 0 0.02 0 0.85 0.18 
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Table S4. Non-flying macroinvertebrate community variance explained by environmental (ENV), spatial 

(SPAT), intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory 

power of all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Non-flying macroinvertebrates 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0 0.05 0.15 0 0 0 0.01 0.91 0.21 

2 0 0.03 NA 0.11 NA NA NA 0.9 0.14 

3 0 0 NA 0.53 NA NA NA 0.52 0.53 

4 0.16 0 NA 0.02 NA NA NA 0.82 0.18 

5 0 0 NA 0.11 NA NA NA 1.06 0.11 

6 0 0.08 0.09 0 0 0 0.04 0.95 0.21 

Velička 

1 0.11 0.18 NA 0.03 NA NA NA 0.68 0.32 

2 0.06 0.16 NA 0.01 NA NA NA 0.77 0.23 

3 0.26 0.19 0 0.06 0 0.01 0 0.53 0.52 

4 0.19 0 0.01 0.39 0.03 0.1 0 0.55 0.72 

5 0 0 0 0.08 0.02 0.05 0 1.15 0.15 

6 0.04 0 0.03 0.21 0.02 0 0.13 0.64 0.43 

Lepsämänjoki 

1 0.08 0 NA 0.06 NA NA NA 0.87 0.14 

2 0.16 0 NA 0.06 NA NA NA 0.8 0.22 

3 0.05 0.03 0 0 0 0.01 0 0.97 0.08 

4 0.05 0.03 0.02 0 0 0 0.01 0.91 0.1 

5 0.19 0 NA 0.08 NA NA NA 0.76 0.26 

6 0.1 0 NA 0.06 NA NA NA 0.85 0.16 

Albarine 

1 0 0 0.1 0.01 0 0.01 0.01 0.93 0.13 

2 0.03 0 0.14 0 0 0 0.09 0.84 0.27 
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3 0 0 0.01 0.02 0.01 0.01 0.03 1.03 0.09 

4 0 0 NA 0 NA NA NA 1.07 0 

5 0.03 0 0 0.01 0.08 0 0 1.14 0.13 

6 0.01 0.04 NA 0.07 NA NA NA 0.89 0.11 

Bükkösdi 

1 0.13 0.07 0 0 0 0 0 0.82 0.2 

2 0.06 0.06 0 0 0 0 0 0.91 0.12 

3 0.26 0 0.05 0 0 0 0.01 0.76 0.32 

4 0.29 0 0.02 0 0.04 0.12 0 0.61 0.48 

5 0.09 0 0.03 0.01 0.01 0.08 0 0.84 0.22 

6 0.05 0.05 0.02 0 0.01 0 0 0.9 0.12 

Genal 

1 0 0 0 0 0 0 0 1.03 0 

2 0.02 0.03 NA 0.05 NA NA NA 0.9 0.1 

3 0.03 0.06 0.03 0 0 0 0 0.9 0.12 

4 0.04 0.04 0 0 0.03 0.06 0 0.98 0.15 

5 0.1 0.07 0 0 0 0 0.01 0.88 0.18 

6 0.07 0.04 0 0 0 0.01 0.01 0.88 0.13 
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Table S5. Biofilm algae community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network.  

Biofilm Algae 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.12 0.05 0.12 0.00 0.00 0.00 0.06 0.81 0.35 

2 0.04 0.00 0.00 0.00 0.03 0.01 0.00 1.03 0.08 

3 0.10 0.00 0.13 0.00 0.00 0.00 0.01 0.87 0.24 

4 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.98 0.04 

5 0.00 0.00 0.00 0.04 0.01 0.02 0.00 0.98 0.07 

6 0.00 0.03 0.04 0.00 0.00 0.04 0.00 0.92 0.11 

Velička 

1 0.10 0.12 NA 0.02 NA NA NA 0.76 0.24 

2 0.07 0.06 NA 0.00 NA NA NA 0.87 0.13 

3 0.03 0.00 0.08 0.07 0.00 0.00 0.03 0.79 0.21 

4 0.10 0.08 0.06 0.09 0.04 0.05 0.00 0.63 0.42 

5 0.06 0.02 0.05 0.01 0.00 0.01 0.01 0.84 0.16 

6 0.04 0.01 0.02 0.05 0.01 0.02 0.00 0.86 0.15 

Lepsämänjoki 

1 0.04 0.02 NA 0.05 NA NA NA 0.90 0.10 

2 0.14 0.01 NA 0.01 NA NA NA 0.85 0.15 

3 0.12 0.00 0.03 0.05 0.00 0.01 0.00 0.81 0.22 

4 0.18 0.01 0.01 0.00 0.00 0.00 0.01 0.85 0.21 

5 0.08 0.01 NA 0.01 NA NA NA 0.90 0.10 

6 0.11 0.01 NA 0.02 NA NA NA 0.86 0.14 

Albarine 

1 0.11 0.07 0.02 0.01 0.02 0.01 0.00 0.76 0.24 

2 0.11 0.02 0.02 0.04 0.02 0.00 0.01 0.80 0.22 
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3 0.07 0.03 0.04 0.03 0.00 0.05 0.00 0.80 0.21 

4 0.06 0.02 0.07 0.00 0.00 0.01 0.01 0.85 0.17 

5 0.12 0.00 0.13 0.00 0.01 0.00 0.00 0.85 0.25 

6 0.14 0.01 NA 0.01 NA NA NA 0.84 0.16 

Bükkösdi 

1 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.06 

2 0.01 0.00 0.00 0.01 0.00 0.00 0.00 1.05 0.02 

3 0.07 0.00 0.00 0.01 0.00 0.01 0.00 0.93 0.10 

4 0.08 0.03 0.03 0.01 0.00 0.00 0.00 0.89 0.15 

5 0.02 0.00 0.00 0.04 0.00 0.01 0.00 0.96 0.08 

6 0.05 0.03 0.09 0.00 0.00 0.00 0.02 0.88 0.19 

Genal 

1 0.19 0.03 0.04 0.00 0.00 0.11 0.01 0.68 0.37 

2 0.04 0.00 NA 0.00 NA NA NA 1.04 0.04 

3 0.22 0.00 0.11 0.02 0.02 0.00 0.00 0.77 0.36 

4 0.00 0.00 0.03 0.04 0.02 0.02 0.00 1.06 0.10 

5 0.01 0.00 0.00 0.11 0.00 0.02 0.00 1.03 0.14 

6 0.12 0.11 0.02 0.05 0.00 0.02 0.00 0.69 0.33 
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Table S6. Sediment algae community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance parititioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Sediment Algae 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.04 0.01 0.03 0.01 0.02 0.03 0 0.88 0.14 

2 0.01 0.01 0.02 0.01 0.01 0.04 0 0.91 0.1 

3 0.02 0.01 0.03 0.01 0 0.01 0 0.94 0.07 

4 0.01 0 0.05 0.02 0 0 0 0.93 0.08 

5 0.01 0 0.07 0.02 0 0.01 0 0.9 0.1 

6 0 0 0 0.01 0.01 0.04 0 0.99 0.06 

Czech Republic 

1 0.12 0.1 NA 0.01 NA NA NA 0.77 0.23 

2 0.07 0.2 NA 0.08 NA NA NA 0.65 0.35 

3 0.05 0.07 0.06 0.15 0 0.01 0.01 0.65 0.35 

4 0.01 0.01 0 0.11 0.01 0.04 0.05 0.77 0.23 

5 0.04 0 0.11 0.05 0 0.05 0.05 0.71 0.29 

6 0.03 0 0.04 0.11 0 0.05 0.03 0.73 0.27 

Finland 

1 0.09 0.01 NA 0.02 NA NA NA 0.88 0.12 

2 0.09 0.02 NA 0.03 NA NA NA 0.87 0.13 

3 0.11 0.02 0.02 0.02 0 0 0 0.85 0.16 

4 0.01 0.02 0.02 0 0.01 0.04 0 0.91 0.09 

5 0.03 0.01 NA 0.01 NA NA NA 0.96 0.04 

6 0.04 0 NA 0 NA NA NA 0.97 0.04 

France 

1 0.08 0 0 0.08 0.01 0 0.02 0.83 0.19 

2 0.07 0.02 0.02 0 0.02 0 0.01 0.87 0.13 



61 

 

 

3 0.08 0.02 0.03 0.01 0 0 0.02 0.86 0.16 

4 0.06 0.02 0.02 0.03 0 0.02 0 0.86 0.14 

5 0.21 0.05 0.14 0 0.01 0 0.01 0.66 0.42 

6 0.1 0 NA 0 NA NA NA 0.91 0.1 

Hungary 

1 0.03 0.05 0 0.06 0 0 0 0.87 0.14 

2 0.03 0.02 0.03 0.06 0.01 0 0 0.89 0.14 

3 0.09 0.06 0 0.01 0 0 0 0.86 0.17 

4 0.09 0 0 0.07 0 0.02 0 0.85 0.19 

5 0.13 0 0 0.01 0.01 0 0.01 0.89 0.15 

6 0.03 0.01 0.03 0 0.01 0.03 0 0.91 0.1 

Genal 

1 0.02 0.08 0.1 0.2 0.09 0.04 0 0.61 0.54 

2 0.06 0 NA 0.07 NA NA NA 0.9 0.13 

3 0.08 0.05 0.03 0 0.01 0 0 0.87 0.17 

4 0.01 0.02 0 0.01 0.01 0.08 0 0.87 0.15 

5 0.02 0 0.03 0.02 0 0.05 0 0.88 0.13 

6 0.04 0.03 0.02 0.01 0 0.01 0 0.9 0.11 
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Table S7. Biofilm bacteria community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance parititioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Biofilm bacteria 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.05 0.01 0.07 0 0 0 0 0.88 0.14 

2 0 0.03 0.05 0 0 0 0 1.01 0.09 

3 0 0.05 0.02 0 0 0.01 0.01 0.93 0.1 

4 0 0.02 0.05 0.01 0 0.05 0 0.94 0.13 

5 0 0 0 0 0.01 0.03 0 1.13 0.04 

6 0.04 0.06 0.13 0 0 0.01 0.03 0.81 0.27 

Velička 

1 0.05 0.08 NA 0.03 NA NA NA 0.83 0.17 

2 0.02 0.05 NA 0.01 NA NA NA 0.92 0.08 

3 0.03 0.04 0.05 0.03 0 0 0 0.88 0.14 

4 0.01 0 0.03 0.04 0 0 0 0.93 0.08 

5 0.04 0 0.03 0 0.01 0.05 0.04 0.84 0.16 

6 0.1 0.01 0.07 0.04 0 0.02 0.04 0.72 0.28 

Lepsämänjoki 

1 0.08 0 NA 0.01 NA NA NA 0.91 0.09 

2 0.11 0 NA 0.02 NA NA NA 0.87 0.13 

3 0.09 0 0 0.02 0 0.01 0 0.89 0.13 

4 0.06 0 0.02 0 0 0 0 0.93 0.08 

5 0.07 0.01 NA 0.01 NA NA NA 0.91 0.09 

6 0.1 0 NA 0 NA NA NA 0.9 0.1 

Albarine 

1 0.04 0.02 0.02 0.05 0 0 0.02 0.85 0.16 

2 0.11 0.04 0.03 0 0.01 0 0.01 0.82 0.2 
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3 0.04 0.01 0 0 0 0.01 0.01 0.93 0.07 

4 0.04 0.1 0.05 0 0 0.01 0.02 0.81 0.23 

5 0.03 0 0.07 0 0.01 0 0.03 0.88 0.14 

6 0.04 0 NA 0.02 NA NA NA 0.94 0.06 

Bükkösdi 

1 0.04 0 0 0.01 0 0.01 0 0.95 0.07 

2 0.01 0.01 0 0.01 0 0.01 0 0.98 0.03 

3 0.05 0 0.01 0.01 0 0 0 0.94 0.07 

4 0.08 0.05 0.01 0 0 0 0 0.88 0.14 

5 0.01 0.04 0 0 0 0 0 0.99 0.05 

6 0.06 0.05 0 0 0 0 0.02 0.93 0.13 

Genal 

1 0.18 0.07 0.09 0 0 0 0.04 0.85 0.38 

2 0 0 NA 0.16 NA NA NA 0.87 0.16 

3 0.08 0.03 0.01 0.05 0.02 0 0 0.83 0.19 

4 0.06 0.07 0 0 0 0.1 0 0.8 0.22 

5 0.06 0 0.12 0.02 0 0 0 0.85 0.21 

6 0 0 0.01 0.09 0 0.04 0 0.91 0.13 
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Table S8. Sediment bacteria community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance parititioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Sediment bacteria 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.01 0.01 0.06 0.01 0.01 0.04 0 0.88 0.14 

2 0 0 0.04 0 0.01 0.02 0.01 0.92 0.08 

3 0.02 0 0.08 0 0 0.03 0 0.88 0.13 

4 0.01 0 0.07 0 0.01 0 0.02 0.88 0.13 

5 0.03 0 0.06 0 0 0 0.02 0.89 0.12 

6 0.01 0.02 0.03 0 0 0.03 0 0.92 0.09 

Velička 

1 0.08 0.05 NA 0.01 NA NA NA 0.85 0.15 

2 0.08 0.09 NA 0.04 NA NA NA 0.79 0.21 

3 0.05 0 0.03 0.07 0 0 0 0.84 0.16 

4 0.03 0 0.02 0.04 0 0.03 0 0.87 0.13 

5 0.03 0 0.07 0.04 0 0.04 0.04 0.78 0.23 

6 0.04 0.02 0.06 0.03 0 0.04 0.04 0.78 0.23 

Lepsämänjoki 

1 0.03 0 NA 0.02 NA NA NA 0.95 0.05 

2 0.07 0 NA 0.02 NA NA NA 0.9 0.1 

3 0.08 0.01 0 0.02 0 0.01 0 0.88 0.12 

4 0.03 0.02 0.02 0 0.02 0.02 0 0.89 0.11 

5 0.05 0.01 NA 0.01 NA NA NA 0.92 0.08 

6 0.03 0.01 NA 0.01 NA NA NA 0.96 0.04 

Albarine 

1 0.04 0 0.02 0.02 0 0 0.02 0.91 0.1 

2 0.05 0 NA 0.05 NA NA NA 0.89 0.11 
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3 0.05 0.02 0 0.01 0 0.01 0.01 0.91 0.09 

4 0.06 0.01 0 0.02 0 0.02 0 0.9 0.11 

5 0.07 0.04 0.01 0.01 0 0.01 0.01 0.87 0.15 

6 0.09 0 NA 0.01 NA NA NA 0.9 0.1 

Bükkösdi 

1 0.02 0.01 0 0 0 0 0 0.98 0.04 

2 0.04 0.05 0.04 0 0 0 0 0.91 0.13 

3 0.08 0.01 0 0.01 0 0 0 0.93 0.1 

4 0.06 0.01 0 0.02 0 0 0 0.92 0.09 

5 0.16 0 0 0 0 0 0 0.85 0.16 

6 0.01 0.03 0.03 0 0 0 0.01 0.97 0.08 

Genal 

1 0.07 0.02 0.04 0.01 0 0 0.02 0.92 0.09 

2 0.07 0.02 0.04 0.01 0 0 0.02 0.93 0.09 

3 0.08 0.02 0.03 0.01 0 -0.01 0.02 0.93 0.09 

4 0.08 0.02 0.03 0.01 0 -0.01 0.02 0.93 0.09 

5 0.08 0.02 0.03 0.01 0 -0.02 0.02 0.93 0.09 

6 0.08 0.02 0.02 0.01 -0.01 -0.02 0.03 0.93 0.09 
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Table S9. Biofilm fungi community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Biofilm fungi 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.01 0.01 0 0.01 0 0.02 0 0.98 0.05 

2 0 0.03 0 0 0.03 0.04 0 0.95 0.1 

3 0 0.04 0.01 0 0 0.01 0 0.96 0.06 

4 0.05 0 0.11 0 0 0 0.01 0.87 0.17 

5 0.06 0 0 0.02 0.01 0.01 0 0.93 0.1 

6 0 0 0.06 0 0 0.01 0 0.96 0.08 

Velička 

1 0.03 0.01 NA 0.04 NA NA NA 0.92 0.08 

2 0.02 0.02 NA 0.04 NA NA NA 0.92 0.08 

3 0.03 0.04 0.01 0 0 0 0 0.93 0.08 

4 0.02 0.01 0 0.02 0 0.03 0 0.94 0.08 

5 0.03 0.01 0.01 0 0 0.02 0.01 0.92 0.09 

6 0.1 0.03 0.03 0 0 0 0 0.86 0.17 

Lepsämänjoki 

1 0.01 0.01 NA 0 NA NA NA 0.98 0.02 

2 0.15 0 NA 0.08 NA NA NA 0.81 0.22 

3 0.13 0 0 0.01 0 0.01 0 0.88 0.15 

4 0.03 0.12 0.05 0 0 0 0.01 0.83 0.21 

5 0.09 0.04 NA 0.01 NA NA NA 0.86 0.14 

6 0.03 0 NA 0.05 NA NA NA 0.93 0.07 

Albarine 

1 0.06 0.01 0.01 0.05 0 0 0.03 0.86 0.15 

2 0.16 0.08 0.02 0 0.01 0 0.01 0.77 0.28 
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3 0 0.01 0 0 0 0.03 0 1 0.04 

4 0.07 0.04 0.02 0 0.01 0.01 0 0.86 0.14 

5 0.16 0.09 0.01 0 0 0 0.05 0.76 0.31 

6 0 0.01 NA 0 NA NA NA 1 0.01 

Bükkösdi 

1 0.04 0.02 0 0 0 0 0 0.96 0.06 

2 0.04 0.02 0.01 0 0 0 0 0.96 0.06 

3 0.06 0.04 0.01 0 0 0 0.01 0.93 0.12 

4 0.02 0 0 0.01 0 0 0 1.01 0.03 

5 0.01 0.01 0 0 0 0.01 0 0.98 0.04 

6 0.03 0 0 0 0 0 0 0.97 0.05 

Genal 

1 0.02 0 0.06 0.03 0 0 0.01 0.98 0.11 

2 0 0 NA 0.22 0 NA NA 0.89 0.22 

3 0 0.07 0.15 0.06 0 0 0.01 0.89 0.28 

4 0.09 0 0 0.07 0.01 0.04 0 0.84 0.2 

5 0.11 0.07 0.07 0 0 0 0.03 0.8 0.29 

6 0 0.02 0.01 0 0 0.01 0.01 1.03 0.05 
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Table S10. Sediment fungi community variance explained by environmental (ENV), spatial (SPAT), 

intermittence (INT) variables. Variance partitioning analysis residuals (RES) and explanatory power of 

all variables selected (Full model R2) in each campaign (Camp) and drying river network. 

Sediment fungi 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV  

SPAT 

INT 

RES 
Full 

model R2 

Butižnica 

1 0.01 0.02 0.03 0 0 0.01 0 0.94 0.08 

2 0.02 0.01 0.03 0.01 0 0.05 0 0.89 0.12 

3 0.03 0 0.04 0 0 0.02 0 0.92 0.09 

4 0.01 0 0.04 0.02 0 0.01 0 0.94 0.07 

5 0.02 0 0.03 0.01 0 0.01 0 0.94 0.07 

6 0 0 0.01 0.01 0.01 0.02 0 0.96 0.05 

Velička 

1 0.08 0.05 NA 0.02 NA NA NA 0.85 0.15 

2 0.05 0.1 NA 0.03 NA NA NA 0.82 0.18 

3 0.03 0.01 0.02 0.06 0 0 0 0.89 0.12 

4 0.02 0.02 0.01 0.02 0 0.02 0.01 0.92 0.09 

5 0.03 0 0.05 0.02 0 0.03 0 0.88 0.13 

6 0.02 0 0.04 0.03 0 0.01 0.02 0.9 0.11 

Lepsämänjoki 

1 0.04 0 NA 0.02 NA NA NA 0.94 0.06 

2 0.05 0.01 NA 0.03 NA NA NA 0.92 0.08 

3 0.03 0.01 0.02 0.01 0 0 0 0.93 0.08 

4 0.02 0.02 0 0 0 0.01 0 0.96 0.05 

5 0.03 0.01 NA 0.01 NA NA NA 0.95 0.05 

6 0.01 0.01 NA 0.01 NA NA NA 0.97 0.03 

Albarine 

1 0.06 0 0 0.05 0 0 0 0.91 0.11 

2 0.06 0.03 0.02 0 0 0 0 0.91 0.11 
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3 0.09 0.01 0 0.01 0 0.01 0 0.91 0.12 

4 0.06 0.03 0.01 0 0 0.02 0 0.9 0.11 

5 0.08 0 0 0.01 0.01 0 0.01 0.9 0.12 

6 0.06 0.02 NA 0 NA NA NA 0.92 0.08 

Bükkösdi 

1 0.01 0 0 0.01 0 0.01 0 1 0.03 

2 0.1 0 0.01 0 0 0 0 0.94 0.11 

3 0.02 0 0 0.01 0.01 0 0 1.02 0.04 

4 0.02 0.02 0 0 0 0 0 0.98 0.04 

5 0.04 0.03 0 0 0.01 0 0 0.93 0.09 

6 0.01 0.06 0.01 0 0 0.01 0.01 0.93 0.09 

Genal 

1 0.16 0.08 0.18 0.02 0 0 0.01 0.65 0.45 

2 0.06 0 NA 0.06 NA NA NA 0.9 0.12 

3 0.06 0.02 0 0 0 0 0 0.94 0.09 

4 0.01 0.02 0 0.01 0 0.08 0 0.92 0.11 

5 0.04 0.01 0 0.01 0 0.03 0 0.93 0.08 

6 0.04 0.01 0.01 0 0 0 0 0.94 0.07 
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Table S11. Fish community variance explained by environmental (ENV), spatial (SPAT), intermittence 

(INT) variables. Variance partitioning analysis residuals (RES) and explanatory power of all variables 

selected (Full model R2) in each campaign (Camp) and drying river network. 

Fish 

Camp ENV SPAT INT 
ENV 

SPAT 

SPAT 

INT 

ENV 

INT 

ENV 

SPAT 

INT 

RES R2 

Butižnica 

1 0.03 0.61 NA 0 NA NA NA 0.36 0.64 

2 0 0.24 0 0 0 0.07 0.10 0.60 0.40 

Velička 

1 0.08 0.07 NA 0.21 NA NA NA 0.64 0.36 

2 0.01 0 0 0.19 0.13 0.10 0 0.56 0.44 

Lepsämänjoki 

1 0.06 0 NA 0.06 NA NA NA 0.87 0.13 

2 0.16 0 NA 0.03 NA NA NA 0.81 0.19 

Albarine 

1 0.42 0.02 NA 0 NA NA NA 0.56 0.44 

2 0.51 <0.01 0 0 0.02 0.19 0 0.28 0.72 

Bükkösdi 

1 0.37 0.147 0.04 0 0.13 0.01 0 0.30 0.70 

2 0.02 0 0 0.18 0.19 0.17 0 0.44 0.56 

Genal 

1 0 0.31 0 0.27 0.23 0.02 0 0.17 0.83 

2 0.12 0.25 NA 0 NA NA NA 0.63 0.37 

 

 


