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63 Abstract

64  Drying River Networks (DRNs) are increasingly widespread due to climate change and human
65  pressures, yet their ecological and societal importance has long been underestimated. This paper
66  synthesizes the interdisciplinary outcomes of the DRYVER (Securing Biodiversity, Functional Integrity
67  and Ecosystem Services in Drying River Networks) project, which developed an innovative framework
68  for understanding and managing DRNs across multiple spatial scales. DRYVER integrated hydrology,
69  biodiversity, ecosystem functioning, ecosystem services, and socio-economic dimensions through a
70  cascading model linking physical drivers, ecological processes, and human well-being. The project
71 applied a dynamic meta-system perspective across nine representative river networks in Europe and
72  South America, encompassing diverse climatic, geological, biogeographical, and socio-cultural
73  contexts. Using coordinated field sampling, modelling, and stakeholder co-construction approaches,
74  DRYVER investigated how river drying affects biodiversity, ecosystem functions, and ecosystem
75  services from local reaches to continental scales.

76  DRYVER demonstrated that DRNs are not marginal ecosystems but fundamental components of global
77  river networks, requiring recognition in freshwater science, policy, and management. It provided new
78  tools and strategies to support adaptive and cost-effective management of river networks prone to
79  climate change. We identified key priorities for future research, including long-term monitoring
80  programmes, improved assessment of anthropogenic drying, expansion of studies to larger river
81 systems, and the development of predictive mechanistic models linking hydrological changes to
82  ecological responses. Greater integration of DRNs into governance, legal frameworks, and restoration
83  policies is urgently needed. We also advocate stronger adoption of international Nature-based Solutions
84  standards and broader global collaboration. Overall, DRYVER establishes a robust scientific foundation
85  for advancing the understanding, conservation, and management of DRNs worldwide in the face of
86  accelerating environmental change.

87  Keywords.
88  Interdisciplinary, rivers, streams, transformative research, coconstruction, global scale, Horizon 2020
89 1. Introduction

90 River networks are among the most threatened hotspots of global biodiversity (Sayer et al. 2025,
91  Tickner et al. 2020, Reid et al. 2018). They act as critical habitat and dispersal pathways for aquatic and
92  terrestrial biota from local to continental scales (Tonkin et al. 2019). River networks contribute
93  substantially to the carbon cycle by linking terrestrial and aquatic ecosystems down to the sea and
94  emitting carbon dioxide into the atmosphere (Battin et al. 2023). They provide key ecosystem services
95  that underpin human wellbeing, including provision of drinking water, climate regulation, and food
96  production (Lynch et al. 2023). In river networks, ecosystem structure and functioning emerge from the
97  interplay between local environmental conditions and regional fluxes of organisms and resources
98  (Talluto et al. 2024). Their dynamics are fundamentally governed by the flow regime, which acts as a
99  master variable structuring aquatic communities and regulating ecosystem processes. However, climate
100  change and intensifying human water use are profoundly altering natural flow regimes worldwide
101 (Gudmundsson et al. 2025). Disruptions of flow propagate through river networks, with cascading and
102  often negative consequences for biodiversity, ecosystem functioning, and the services that rivers
103  provide (Reid et al. 2018, Tonkin et al. 2019).
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104  All river networks are composed of perennial river reaches (PRs, that flow year-round) and non-
105  perennial river reaches (NPRs, that periodically stop flow or dry). Over 70% of the global river network,
106 by length, is naturally non-perennial (Messager et al. 2021, Butler et al. 2026). As this proportion is
107  increasing under global change (Tramblay et al. 2021, Zipper et al. 2021, Mimeau et al. 2025, Abbasi
108 et al. 2026), many rivers must be considered part of drying river networks (DRNs, Datry et al. 2023).
109  Historically, most river sciences have been developed for and from PRs, largely omitting NPRs (Datry
110  etal. 2023). However, there has been a recent surge in NPR research since 2010 (e.g. Leigh et al. 2016,
111 Stubbington et al. 2017, Bush et al. 2020), generating an immense amount of knowledge highlighting
112  the significance of NPRs in various disciplines, from hydrology (e.g. Price et al. 2021) to ecology (e.g.
113  Datry et al. 2014) and social sciences (e.g. Cottet et al. 2023). Nevertheless, how the dynamic assembly
114 of PRs and NPRs in river networks shapes aquatic communities and ecosystem functioning remains
115  poorly understood, limiting our capacity to understand and predict how climate change will alter the
116  ecology of river networks in the near-future. Achieving such understanding would represent a
117  fundamental breakthrough in river science and freshwater resource management.

118  The metasystem theory, that local- and regional-scale processes interact to influence the dynamics of
119  environmental conditions and biota in a given landscape (Gounand et al. 2018), offers a relevant
120  framework to explore the effects of drying. This is because drying typically has both local and regional
121 effects on flow, solutes, sediments and organisms (Crabot et al. 2019, Gianuca et al. 2025, Lopez-Rojo
122 et al. 2025). Locally, ecological processes and biological communities can differ substantially among
123  hydrological phases, spanning flowing (lotic), standing pool (lentic), and dry riverbed (terrestrial)
124 conditions (Larned et al. 2010, Datry et al. 2014). As the spatiotemporal dynamics of these abiotic
125  conditions affect regional-scale transport and dispersal pathways, local drying generates cascading
126  effects across entire DRNSs regionally. This suggests that PRs and NPRs must be considered together
127  and spanning multiple hydrological phases to thoroughly unravel how drying is altering and will alter
128  the functioning of river networks at multiple scales.

129  This paper synthesizes the interdisciplinary results of an international effort to advance the science and
130  management of DRNs (Securing biodiversity, functional integrity and ecosystem services in DRYing
131  riVER networks (DRYVER); Datry et al. 2021). DRYVER pioneered a dynamic meta-system
132  framework of DRNSs, integrating hydrology, biodiversity, ecosystem functions and services and their
133  wvalues across multiple spatial scales, i.e., from local reaches to continental extents. By implementing a
134  cascade approach linking physical and ecological processes with social dimensions, DRYVER has
135  provided new knowledge and developed novel strategies and tools for cost-effective adaptive
136  management of DRNs in the EU and worldwide. After presenting the main outputs of DRYVER, we
137  discuss the success, limitations and challenges of such a large and ambitious project.

138 2. Methods
139 2.1 A cascading model to explore how climate change influences DRNs

140  To integrate the diverse disciplines involved in river research, from hydrology to social sciences, and
141  to include both scientists and practitioners, we developed a ‘cascading’ model based on three guiding
142 vprinciples (Figure la). The first guiding principle is that a causal chain links physical drivers (e.g.
143  climate, hydrology, geology) to ecosystem structure and processes that underpin biodiversity and
144  functioning. These drivers also support ecosystem services that are key to human well-being (Haines-
145  Young and Potschin 2010). Societal objectives and management actions feed back to physical drivers,
146  and changes at any point in the system can propagate throughout the causal chain (Figure 1a). We
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147  investigated each component of this chain and linkages among components using common methods
148  across nine contrasted focal DRNs, including 3 in South America, with the ultimate aim to support
149  adaptive management of DRNs (Figure 1b and c). In the resulting project structure reflecting the causal
150  chain from hydrology to management (Figure 1a), each disciplinary component was assessed through
151 a similar approach (see section 3): we first conceptualised the possible effects of drying in hypotheses
152  that were tested through an extensive and coordinated sampling effort, followed by upscaling at the
153  regional and continental scales. The second guiding principle lies in adopting a dynamic meta-system
154  perspective to study and manage DRNs. We translated climate projections into changes in flow
155  intermittence patterns across in the nine focal DRNs, which were selected to represent a wide range of
156  climatic, geological, and biogeographic contexts. This physical setting was used to implement a
157  dynamic meta-system perspective to understand the cascading changes in biodiversity, ecosystem
158  functions and ES. In short, each DRN was sampled in a representative way (spatially and temporally)
159  to 1) quantify the regional processes underlying biodiversity, ecosystem function and service patterns
160  as a result of fragmentation by drying and 2) examine how these spatial patterns varied across the
161  hydrological year spanning between wet and dry phases (Figure 1d). The third guiding principle is to
162  cover contrasted contexts through large-scale efforts. The DRYVER cascading model has been applied
163  in nine focal DRNs in Europe (Figure 1¢) and South America (Figure 1d) (Datry et al. 2021). These
164  DRNs drained catchments of 100-300 km? comprising human-impacted and near-natural reaches, which
165  were prone to drying or had perennial flow. This design allowed us to disentangle the respective effects
166  of water quantity and quality. The focal DRNs were selected to represent six climatic zones (semiarid,
167  Mediterranean, continental, tropical, temperate and boreal) and nine biogeographical ecoregions
168 (Mediterranean, Alpine, Continental, Balkanic, Pannonian and Boreal for Europe; Pacific Lowlands,
169  Central High Andes and Caatinga for South America). This selection serves several purposes. First,
170  these regions are affected differently by climate change, allowing DRYVER to generate a wide and
171 regionally relevant range of scenarios. Second, the biota have distinct evolutionary histories, which may
172 result in contrasting responses to current and projected river drying. For example, in southern Europe,
173  aquatic organisms have experienced drying phenomena for millennia, while those of central and
174  northern Europe are only beginning to face such pressure. Third, besides biodiversity, socio-cultural
175  contexts also vary substantially across the nine focal DRNs, which broadened the socio-economic scope
176 of DRYVER.

177  Moreover, advancing the science of DRNs requires working closely with stakeholders because
178  perception, consideration and definition of drying can differ widely across disciplines in academia and
179  among stakeholders (Bush et al. 2020, Sarremejane et al. 2021, Cottet et al. 2023). In DRYVER, we
180  developed a co-construction approach at multiple levels: within the consortium, at the DRN level, and
181 at the European level. At each level, scientists and stakeholders interacted closely throughout the project
182  (see section 3). Last, after implementing the cascading model at the DRN scale, the effects of predicted
183  climate change on the biodiversity, ecological functions and services have been explored at the
184  continental scale, using the contrasting DRN contexts for testing how generic and transferable the
185  findings are across different environmental settings. The implied causal structure and meta-system
186  conceptualization were considered to support upscaling and generalisation from single river reaches to
187  DRNs and then to continental scales, thereby laying foundations for future management of DRNS.

188  2.2.Implementation of the five-component cascade model

189  In the first step, we defined the hydrological trajectories of DRNs under climate change (Work Package
190 1, WP1) for both the focal DRNs and the European and South American continents. In the second step,
191 we explored the effects of drying on i. aquatic biodiversity (Work Package 2, WP2), ii. selected
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192  ecosystem functions related to carbon cycling (Work Package 3, WP3), and iii. key ES provided by
193 DRNs (Work Package 4, WP4). We also evaluated the socio-economic impacts of changes in the
194  provision of ES resulting from future drying patterns (WP4). In the third step, we developed a set of
195  tools to support adaptive management of DRNs (Work Package 5, WP5). The data and information
196  resulting from Steps 1 and 2 informed a participatory process with stakeholders to co-design and explore
197  restoration actions, socio-technological mitigation and adaptation measures, including Nature Based
198  Solutions (NBS). The resulting applied adaptive management framework resulting from this scientific
199  and participatory process aims to support decision-making while explicitly accounting for uncertainty
200  atthe focal DRN (local-scale) and EU-scales (continental). It by coupling the model outputs from WP1-
201 4 to Bayesian Belief Networks to derive a generic multi-criteria decision frameworktool .. Finally, a
202  Europe-wide citizen science network was created to monitor river drying through an open-access
203  smartphone application (‘DRYRivers’). Its aim is to overcome the scarcity of data on drying, enhance
204  hydrological model validation, and strengthen public awareness and engagement around DRNS.

205  2.3.Detailed flow within and among disciplines and work packages

206  WP1 modelled streamflow conditions to better understand and characterise spatio-temporal
207  patterns of flow intermittence under climate change. Hydrological models were implemented to
208  simulate dynamic flow intermittence at the six European DRNs, as well as for the entire European and
209  South American continents. As complete drying of the river channel is difficult to reproduce with
210  physically-based hydrological models, simulations of flow intermittence were obtained through hybrid
211 modeling that coupled physically-based hydrological models with Random Forest models. We trained
212  these models with observed flow time series for the continental scale (D6ll et al., 2024), and flow
213  intermittence data - collected through the DRYRivers application and DRyVER field campaigns - for
214 the six European DRNs (Mimeau et al., 2024). Based on these hybrid hydrological models, we
215  computed spatialized flow intermittence indicators in the river networks over a historical period (1960-
216 2021 for the DRN scale and 1981-2019 for the continental scale) and until 2100 using an ensemble of
217  climate projections (Abbasi et al., 2025; Mimeau et al., 2025). These projections considered three
218  Shared Socio-economic Pathways (SSPs) with contrasting greenhiyse-gas emissions: SSP1-2.6
219  Sustainability, SSP3-7.0 Regional Rivalry, and SSP5-8.5 Fossil-Fueled Development (IPCC, 2023) and
220  relied on tailored output of five different Global Climate Models (GCMs). Moreover, a continental flow
221 intermittence model was achieved based on he global hydrological model WaterGAP, which accounts
222  for human water use. We by 1) downscaleding the 0.5-arc-deg (~55-km) output of WaterGAP the
223  global hydrological model WaterGAP, which accounts for human water use, to compute monthly
224  streamflow time series at 73 million 15-arc-sec (~500-m) grid cells and 2) setting up a two-step Random
225  Forest modeling approach with predictors derived from the simulated monthly streamflow time series.
226  This random forest model was and trained and validated at 3706 gauging stations with daily streamflow
227  observations (Abbasi et al., 2025).

228  Inthe South American DRNs, specific data collection and modelling protocols were carried out to better
229  understand the processes underlying flow intermittence. Firstly, we collected isotopic, and geochemical
230  data in the Ecuadorian DRN to infer streamflow generation processes in intermittent and perennial
231  reaches (Mosquera et al., 2025). Secondly, we combined hydrological observations, citizen science,
232  drone surveys, and satellite imagery to inform a Random Forest model to assess flow intermittence
233  patterns in the Brazilian and Bolivian DRNs (Soares et al., 2024; Soares et al., 2026, Moya et al. 2026).

234  The choice of flow intermittence metrics produced by WP1 resulted from consultation with the other
235  WPs to provide a common narrative and terminology, and to support quantification of the ecological
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236  and socio-economic impacts of flow intermittence. These metrics were designed to characterise
237  intermittence at the scale of river reaches initially. For example, the metrics included the number of
238  days without flow per month or per year, the duration of dry periods (number of consecutive days
239  without flow), or the date of the first dry period in the year. A second set of spatially aggregated
240  indicators was designed to characterise flow intermittence at the river-network scale by using, for
241 example, the length of rivers exhibiting flow intermittence (per month or per year).

242  Work Package 2 (WP2) quantified the current and future effects of drying on the aquatic
243  Dbiodiversity of river networks. It considered multiple facets of biodiversity (e.g., taxonomic and
244  functional diversity) and spatial components (local and regional diversity) at both the DRN and
245  continental scales. To achieve this, WP2 combined empirical data and modelling approaches. First, a
246  theoretical metacommunity model was developed based on a dendritic river network model that allows
247  the user to simulate the effect of drying regimes with varying frequencies, spatial extents, durations and
248  locations within the river network, and infer their consequences on the survival and movement of
249  organisms. This allowed us to explore community trajectories under different spatio-temporal drying
250  scenarios depending on species’ drying resistance and dispersal strategies (drifting, swimming and
251  flying) (Jacquet et al. 2022).

252  Second, extensive sampling campaigns across the nine DRNs characterised biodiversity patterns and
253  dynamics along drying gradients for multiple taxonomic groups, including microbes (bacteria, fungi
254  and diatoms), macroinvertebrates and fish. Sampling was conducted at 20-26 sites across each DRN
255  and carried out approximately bimonthly over one year (starting in January 2021, Datry et al. 2021).
256  Environmental variables describing geomorphology, hydrology, water chemistry and habitat
257  characteristics were measured at each site during each campaign. Microbial communities were
258  characterised by scraping cobbles for biofilm and by collecting sediment samples, macroinvertebrates
259  were collected using quantitative samplers and fish were surveyed by electrofishing before and after the
260  main dry period (Truchy et al. 2026). Microbial biodiversity was assessed using environmental DNA
261  metabarcoding from sediment and biofilm samples targeting bacterial (16S) and eukaryotic (18S)
262  markers, followed by high-throughput sequencing and bioinformatic processing to generate molecular
263  operational taxonomic units used in subsequent biodiversity analyses (Taberlet et al. 2018). These data
264  enabled assessment of how drying influences taxonomic and functional diversity and metacommunity
265  assembly across different climatic and biogeographical contexts (Chalmandrier et al. 2025, Escobar-
266  Camacho et al. 2026, Messager et al. 2026). We also conducted functional trait analyses to evaluate
267  how drying affects functional diversity and to explore the potential role of functional redundancy in
268  buffering biodiversity responses (Journiac et al. 2024).

269  Finally, based on the predictions of the metacommunity model, biodiversity patterns within each
270  European DRN were assessed using empirically collected data. Regression models accounting for the
271  spatio-temporal structure of river networks were designed to predict taxonomic and functional diversity
272  of key functional groups in macroinvertebrate and microbial communities, calibrated using
273  environmental and hydrological data from WP1 (Messager et al. 2026). The models were used to
274  extrapolate community structure across space and time under current conditions and to project
275  biodiversity changes under future (2100) environmental scenarios for each European DRN. These
276  projections enabled the identification of vulnerable reaches and taxonomic groups, mapping of future
277  Dbiodiversity patterns, and provision of guidance for targeted restoration and management actions.

278  Work Package 3 (WP3) quantified how flow intermittence influenced carbon processing, storage
279  and emission in DRNs and developed models for upscaling from reach to DRN scale given current
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280  and future climate change scenarios. Empirical data collection included in-situ measurements of
281 greenhouse-gas fluxes, leaf litter decomposition, and organic matter stocks and estimation of river
282  metabolism (only in the French DRN, daily estimations for the whole sampling period), complemented
283  with several environmental variables measured at both local and regional scales at the same sites as
284  WP2 and targeting three hydrological phases (before, during and after drying) to capture seasonal
285  variability in hydrology (March—June 2021, July—August 2021, October 2021-January 2022).
286  Ecosystem functions and OM stocks were measured in the different habitats present: flowing water (at
287  both PR and NPR reaches when flowing) and dry riverbed plus eventually occurring disconnected pools
288  in non-flowing NPR reaches. Sampling for WP2 and WP3 was carried out as close as possible in time
289  to discern the role of biodiversity on the control of ecosystem functioning.

290  Carbon dioxide (CO,) and methane (CHy) fluxes were measured using a chamber operated in closed
291 loop mode directly coupled to an infra-red gas analyser (Dossa et al. 2015; Wilkinson et al. 2018)
292  alongside measurements of a range of abiotic local variables. Random Forest models for each habitat
293 and flow regime were used to identify drivers of CO, and CH, fluxes among local and regional
294  variables, variables accounting for the effect of fragmentation by drying and, for NPRs, drying metrics.
295  The Random Forest modeling approach was also applied to upscale reach-scale daily CO, flux to annual
296  dynamics at the scale of the entire DRN. To achieve this aim, Random Forest models were fitted to
297  calculate daily CO, fluxes from predictor variables available for all reaches and including climatic and
298  land use variables (developed by WP4) and drying metrics (simulated by WP1). Daily dry and flowing
299  surface area of each river reach over the year 2021 was calculated using the daily discharge modeled
300 by WPI and corresponding wetted width estimated by hydraulic geometry relationships. Total CO,
301 fluxes of DRNs were calculated as the sum of dry riverbeds and flowing water. Finally, analog Random
302  Forest models were used for upscaling CO, fluxes to the European scale. This effort was limited to river
303  reaches with stream orders 1-4 given the absence of calibration data for larger rivers and the expected
304  lower importance of drying in larger rivers. The final European river network used for modelling
305  included almost 1.2 million river reaches, for which we achieved reach-scale predictions of monthly
306  CO, emissions based on four RF models.

307  We calculated leaf decomposition at each site and date using coarse-mesh litter bags (1-cm mesh; 15 x
308 20 cm) filled with 4 g of air-dried Populus nigra leaves. One temperature logger (HOBO 8K Pendant
309  logger, Onset, USA) was placed at each site to continuously record environmental temperature every
310 30 minutes during the incubation period because leaf decomposition is strongly affected by water
311 temperature. Incubation lasted between 8 and 87 days, targeting an intermediate stage of litter
312 decomposition (=20-70% mass loss). After retrieval, litter bags were frozen, the remaining ash-free dry
313  mass (AFDM) measured following standard procedures, and temperature-adjusted decomposition rates
314 (degree-day™') were calculated as first-order decay coefficients by regressing the natural logarithm of
315  remaining AFDM against accumulated degree-days (Bérlocher 2020). Leaf decomposition data were
316  analyzed using structural equation modelling linking drying metrics at local and regional scales to
317  taxonomic and functional descriptors of macroinvertebrate, fungal and bacterial communities and
318  decomposition rates (del Campo et al. 2025). For South America, a simpler protocol was used to
319  measure the effect of drying on decomposition. Briefly, this effect was tested among different leaf
320  species, some of which known to be highly recalcitrant due to local xeric conditions (Rezende et al.
321 2026).

322  We estimated stream metabolism using the single-station open channel method (Odum, 1956), a
323  mass-balance of dissolved oxygen as a function of light-dependent Gross Primary Production (GPP, g
324 0O, m? d'), constant Ecosystem Respiration (ER, g O, m? d!), and temperature and

8
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325  concentration-dependent gas exchange between the water and air. At each sampling reach of the French
326  DRN, oxygen concentration (mg L") and water temperature (°C) were recorded every 5 min, from April
327 2021 to February 2022 with an in-situ sensor (HOBO U26-001, Onset Computer Corporation,
328  Massachusetts, USA or miniDOT® logger, PME, California, USA). Light intensity at the stream
329  surface (lum ft?) was recorded every 10 min (HOBO Pendant® Temperature/Light 64 K Data Loggers).
330  Hourly atmospheric pressure data—needed to estimate oxygen saturation—were extracted from the
331 closest meteorological station. Daily stream depth was calculated using discharge data simulated by
332  WPI and hydraulic geometry relationships. We simultaneously estimated daily GPP, ER, and the gas
333  exchange constant (K600 d!) using inverse fitting of oxygen dynamics with a state space approach and
334  Bayesian inference with Markov chain Monte Carlo sampling (Appling et al., 2018). We then calculated
335  metabolic fingerprints (sensu Bernhardt et al., 2018) of ER, GPP and net primary production (NEP),
336  and used linear mixed effect models to test if stream metabolic regimes and known drivers differed
337  between PRs and NPRs. Finally, Partial Least Squares Path Modeling approach (Henseler, 2017) was
338  used to determine the effect of climate, land use, drying regime, local abiotic conditions and microbial
339  community composition on ER and GP (Lopez-Rojo et al. 2025).

340 Work Package 4 (WP4) characterized, modeled, and valued a set of ecosystem services (ES) in
341  the DRNs, both at the basin scale and at the European scale. The analysis of the effects of drying
342  onES was based on the characterization of connecting functional units (adjacent terrestrial land, riparian
343  vegetation and aquatic ecosystems) associated with each river segment (Pérez-Silos et al. 2025). The
344  meta-system perspective was considered as the basis of the separation between Service-Providing Areas
345  (where the service is generated), Service-Connecting Areas (which link the sources to the users), and
346  Service-Benefiting Areas (where the benefit is consumed) (Syrbe and Walz 2012). This distinction
347  stressed that provision and delivery of ES may not spatially coincide. For instance, water provisioning
348  happens when water produced in headwaters is delivered downstream. Further, the analysis considered
349  the spatial and temporal differentiation of flowing reaches, disconnected pools and dry streambeds to
350 identify services specific to each phase.

351  Several ES were considered. At the DRN scale, these included water provisioning (i.e., the amount of
352  surface water available for domestic, industrial or agricultural use), flood regulation (the capacity to
353  mitigate extreme precipitation events), erosion regulation (involving erosion control at the source and
354  sediment filtering in riparian zones), drought mitigation (the potential capacity to store water and
355  recharge groundwater, which sustains base flows during dry periods), thermal regulation (capacity of
356  the riparian forest in mitigating summer water temperatures) and carbon emission regulation (the
357  consideration of rivers as active components in CO, fluxes, particularly under drying).

358  The ES assessed at the scale of European river networks were largely identical to those estimated at the
359  DRN scale. These included water provisioning, dilution capacity, flood regulation and drought
360  regulation. Modelling these ES allowed detection of regional patterns and key service-providing areas.
361  In particular, the dilution capacity service was considered under several present and future climate
362  scenarios. It was assumed that climate change would affect the water flow of river networks and
363  therefore the respective dilution capacity of both PR and NPR segments when receiving wastewater
364  treatment plant effluents. This prognosis was performed under two different emission levels (mow
365 RCP2.6 and high RCP8.5), and aimed to estimate how variations in river flow - especially under
366  extreme drought conditions - could impact dilution and, consequently, water quality and the ecological
367  health of river segments (Sepp et al. 2025).
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368  As a final step, WP4 produced an economic valuation of several ES. This valuation paid particular
369 attention to local populations (and visitors) engaging with the DRNs and gaining multiple benefits,
370  including welfare, from them. The analysis was conducted for three of the project’s DRNs (located
371 respectively in Central, North and South Europe) and considered several ES which would be directly
372  appreciated by stakeholders. These were recreation (e.g. benefits related to sightseeing, ability to swim
373  in pools or go fishing), support to biodiversity (drying may affect sensitive biota but also may support
374  flora or fauna that the public may value), and environmental regulation of floods or droughts. Valuation
375  translated the predicted changes in ES delivery in service-providing areas (named as the "Degraded
376  State" caused by climate change and its associated enhancement of drying) into monetary terms by
377  measuring societal Willingness-to-Pay to limit those losses.

378  Work Package 5 (WP5) integrated outputs from WP1-WP4 to develop management strategies for
379  drying river networks, based on iterative learning, monitoring and adjustment of management actions,
380  Three complementary approaches were emphasized: stakeholder co-creation, evaluation of NBS as
381  mitigation measures and citizen science.

382  Co-creation was implemented at three levels: (i) within the consortium through meetings and working
383  sessions, (ii) at the DRN level through “Futures Thinking” co-creation workshops, and (iii) at the
384  European level via a stakeholder committee. While early project phases were largely disciplinary,
385  integration was strengthened in later stages through harmonization of datasets and models across work
386  packages. Transdisciplinary elements were incorporated through stakeholder engagement, namely river
387  managers, policymakers and local communities. This included continuous interactions with a dedicated
388  Stakeholder Committee and different types of co-construction events. Differences in terminology, data
389  types, methodological frameworks and standards of evidence across disciplines and stakeholders were
390 explicitly addressed through iterative dialogue, feedback and knowledge exchange among participants.
391  This approach aimed to support the integration of multiple knowledge types into the development of
392  adaptive management strategies for DRNS.

393  NBS were assessed as measures to reduce climate change impacts on DRNs. Bayesian Belief Networks
394  were developed for each European DRN using published studies, model outputs and monitoring data.
395  Potential mitigation measures were identified through a systematic literature review and integrated into
396  the models. The Bayesian Belief Networks represented probabilistic links between hydrological
397  conditions, management actions and ecological responses. Outputs were aligned with policy-relevant
398  biodiversity indicators, including Red List species and taxonomic richness. The models were
399  parameterized with data collected between 2005 and 2022, and the results explicitly accounted for
400  uncertainty: they revealed major knowledge gaps in restoration—hydrology—biodiversity relationships
401  and identified monitoring priorities and future model improvements.

402  Spatial prioritization methods were further applied to identify river reaches where restoration would be
403  most effective under current and future conditions (Lanzas et al. 2026). Using systematic conservation
404  planning principles and optimization tools (Hanson et al., 2024), prioritization incorporated projections
405  of biodiversity metrics, ecosystem functions, and services, as well as spatiotemporal connectivity
406  patterns as prevalent in DRNs. Projected data for 1960-2021 were used to represent “current”
407  conditions, while future conditions were derived from average projections across the five global climate
408 models under the SSP370 scenario for the period 2040-2070. This approach captures interannual
409  variability in future conditions. These inputs were used to develop a Shiny-based decision-tool,
410 DRYVER-OptimApp, for spatial prioritization across the six European DRNs (Lanzas et al. 2026).
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411 A citizen science application (DRYRIVERS) was developed to address gaps in spatial and temporal
412 hydrological monitoring in DRNs. The smartphone-based tool enables users to record georeferenced
413  observations of flow conditions (flowing, isolated pools or dry), supported by photographs.
414  Observations can be collected offline and later uploaded. A complementary web interface allows data
415  visualization and management through an interactive map. By facilitating large-scale, low-cost data
416  collection, the tool complements conventional monitoring datasets and improves understanding of
417  drying dynamics across DRNs (Truchy et al. 2023).

418  Last, a Stakeholder Committee (SHC) was constituted as a key multi-actor platform designed to ensure
419  strong linkages between scientists and stakeholders. The SHC brought together 13 members from
420 national and local water authorities, river basin organisations, research institutes, and environmental
421  management bodies from all countries in Europe with studied DRNs. The SHC’s activities contributed
422  to several core functions, including the co-design of policy-oriented recommendations, the co-
423  development of NBS integrating hydrological, ecological, socio-economic, and governance
424  perspectives, and the support of the citizen science network. It also played an active role in
425  dissemination, including contributions to newsletters, thereby extending the outreach of project results
426  to a broader stakeholder community. Overall, the SHC acted as a critical interface between scientific
427  production and practical implementation, ensuring continuously that DRYVER outputs were aligned
428  with the operational realities of water authorities and basin managers and transforming research into
429  action.

430  Work Package 6 (WP6) played a key role in shaping communication, dissemination and capacity-
431  building activities throughout the DRYVER project. Beyond supporting the day-to-day coordination
432  of the consortium (e.g. regular meetings, steering Committee meetings, general assemblies, and
433  structured digital communication channels), WP6 contributed to creating a shared project identity and
434  ensuring that DRYVER’s scientific outputs reached a broad range of audiences, including researchers,
435  stakeholders, water managers and the wider public. A dedicated project website (www.dryver.eu) acted
436  as the central communication platform, complemented by an active presence on social media. Together,
437  these channels disseminated a set of communication products such as news updates, audiovisual
438  materials and project outputs to both specialist and non-specialist audiences.

439  Among these initiatives, a travelling exhibition on NPRs — also made available in an online graphical
440  format — played a key role in making the ecological relevance and management challenges of drying
441 river networks more accessible and tangible to the wider public. Regular newsletters further sustained
442  engagement with stakeholders and interested audiences throughout the project.

443  Capacity building represented another key pillar of WP6. The Forum of Young Researchers was
444  established as a platform to connect early-career scientists across the consortium, facilitating
445  networking and access to shared resources. In parallel, a Short Term Scientific Mission (STSM)
446  programme promoted mobility and collaboration among partner institutions through a series of
447  competitive calls supporting short research visits. Training activities were further strengthened through
448  the organisation of a one-week training school, which offered intensive methodological and
449  interdisciplinary training while reinforcing networking and integration among participants

450  Dissemination efforts focused not only on communicating scientific findings, but also on enhancing
451  their practical relevance and societal uptake. Particular emphasis was placed on translating scientific
452  results into concise policy-relevant formats tailored to water managers and decision-makers, ensuring
453  that project results could effectively inform governance and management strategies.
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454 3. Results

455  In this section, we are presenting the main results of the DRYVER for each of the 5 WPs. These key
456  findings are illustrated on Figure 2.

457 3.1 Current and future flow intermittence patterns at DRN and continental scales

458  The hydrological simulations produced for the past-present period by the hybrid flow intermittence
459  models showed seasonal and spatial patterns of drying in the six European DRNs (1960-2021) (Mimeau
460 et al., 2024). The hydrological projections simulated for the SSP5-8.5 Fossil-Fueled Development
461 scenario indicate an intensification of drying across the European DRNS, particularly during summer.
462  For instance, in the Albarine DRN (France), the proportion of dry reaches during July to September is
463  projected to rise from 15% in the reference period to 26% by the 2050s. Our findings also indicate an
464  increase of drying duration in general, with drying events starting earlier in the year (by several weeks
465  or even months, depending on the basin) and persisting longer until late autumn.

466  The evolution of the spatial pattern of flow intermittence was shown to be specific to each focal DRN.
467  The spatial extent of flow intermittence will remain relatively stable for the Albarine (France) and
468  Biikkosdi (Hungary) DRNs, whereas small tributaries of the Lepsdminjoki (Finland) DRN could
469  become non-perennial by the 2050s. Likewise, the Butiznica (Croatia), Biikkosdi (Hungary), Genal
470  (Spain, Figure 3), and Velicka (Czechia) DRNs are projected to become largely non-perennial,
471 including large tributaries and large section of the mainstem river in the longer term (Mimeau et al.
472  2025)

473  Flow intermittence was estimated for more than 1.5 million river reaches in Europe, expressed as the
474  number of no-flow days grouped into five classes (0, 1-5, 6-15, 16-29, 30-31 no-flow days) for each
475  month from 1981 to 2019 (D&ll et al. 2024) and the 21st century under the impact of climate change
476  (Abbasi et al. 2025). Of the observed perennial and non-perennial station-months, 97.8% and 86.4%,
477  respectively, were correctly predicted. Interannual variations of the number of non-perennial months at
478  non-perennial reaches were satisfactorily simulated and we estimated that 3.8% of all European
479  reach-months and 17.2% of all reaches were non-perennial during 1981-2019, predominantly with 30—
480 31 no-flow days (Dol et al. 2024). The impact of climate change on flow intermittence was estimated
481 Dby replacing, in the Random Forest model, WaterGAP-based predictors reflecting historical climate
482  conditions with those under future climate conditions, as computed by driving WaterGAP with the
483  outputs of five global climate models. The generated monthly time series of intermittence status were
484  used to calculate the change of five ecologically relevant indicators of streamflow intermittence change.
485  In Europe, the number of non-perennial reach-months is projected to increase in the future, for both low
486  (SSP1-RCP2.6) and high (SSP5-RCP8.5) greenhouse-gas emissions scenarios, in almost all climate
487  zones, particularly in August and September (Figure 4). Under SSP1-RCP2.6, 3.8% of all reach-months
488  may experience no-flow conditions in 2071-2100 - only a small increase from 3.5% in 1985-2014.
489  Under SSP5-8.5, however, a larger increase to 4.8% of all reach-months is expected, with 2.8% of
490  European reaches projected to shift from being perennial to non-perennial (Figure 4).

491  3.2. Current and future effects of drying on the aquatic biodiversity of river networks

492  Model simulations confirmed that the amount of connectivity lost during drying was the main driver of
493  biodiversity recovery, regardless of where the drying occurs (Jacquet et al. 2022). Empirical data from
494  European DRNs supported the results of the theoretical model by underlining drying duration as a major
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495  predictor of richness across river reaches. It negatively altered diversity of macroinvertebrates and
496  diatoms, highlighting their sensitivity to drying events (Chalmandrier et al. 2025, Escobar-Camacho et
497  al. 2025, Messager et al. 2026). Conversely, drying duration positively influenced bacterial and fungal
498  richness in both sediment and biofilm habitats, likely due to fast colonization of terrestrial taxa during
499  dry phases (Messager et al. 2026). However, functional richness seemed to be less impacted by drying,
500 particularly in the South American DRNs (Escobar-Camacho et al. 2025).

501 The diversity of diatoms and macroinvertebrate, and particularly the Ephemeroptera, Plecoptera and
502  Trichoptera, are predicted to markedly decline under high-emission scenarios (Figure 5). Increased
503  drying duration and timing, rather than decreasing connectivity, seemed to be the primary drivers of
504  aquatic biodiversity decline, although high context-dependency was found among the DRNs (Messager
505 et al. 2026). For example, dramatic diversity decrease is predicted in the Hungarian DRN for
506  macroinvertabrates, whereas smaller decreases are likely in the Mediterranean DRN (Spain and
507  Croatia), where flow intermittence is already high (Figure 5, Messager et al. 2026).

508  The discrepancy between the fine-scale biodiversity sampling conducted at the DRN scale and the much
509  coarser spatial resolution of the European-scale hydrological projections prevented a reliable upscaling
510  of biodiversity responses to future drying conditions. Specifically, individual river reaches in the
511 European hydrological models were often associated with multiple biodiversity sampling locations,
512  generating a large number of pseudo-replicates. As a result, it was not possible to establish robust
513  relationships between biodiversity metrics and modeled drying characteristics, limiting the
514  extrapolation of biodiversity predictions from the DRN network scale to the European scale.

515 3.3 Current and future effects of drying on carbon processing, storage and emission in DRNs

516  Metabolic regimes of NPRs were characterized by greater ecosystem respiration (ER) than PRs. Growth
517  Primary Production (GPP) differed minimally between reach types. The combination of similar GPP
518  but greater ER indicates that NPRs are more heterotrophic than PRs. Only PRs exhibited increasing
519  downstream GPP. In contrast, GPP or autotrophy did not increase downstream in NPRs but the
520  decoupling of GPP and ER did, suggesting a distinctive metabolic regime of NPRs compared to PRs.
521  Drying patterns were key determinants of stream metabolism in the network, both directly and indirectly
522  through their influence on stream biota and abiotic structure. As a direct effect, drying prevalence and
523  drying severity tended to increase ER and decrease GPP. Indirect effects from drying on metabolism
524  were of equal importance to the direct effects of drying. NPR biofilms were dominated by diatoms,
525  whereas more diverse PRs also supported red, green and brown algal taxa. Those differences in the
526  autotrophic communities between PR and NPR reaches were evident all year, suggesting a long-term,
527  orlegacy, imprint of hydrology on reach structure and function (Lopez-Rojo et al. 2025).

528  Drying controlled the rate of leaf litter decomposition in all DRNs. Even short drying events (< 6 days)
529  decreased leaf litter decomposition by up to 50% (del Campo et al. 2025). Structural equation models
530 revealed that negative effects of drying were primarily indirect, mediated by rapid shifts in the diversity
531  and composition of decomposer communities occurring over short time scales (2—18 days). In PRs,
532  decomposition was sustained by a balanced contribution of fungi, bacteria and detritivorous
533  macroinvertebrates (del Campo et al. 2025). However, in NPRs, the onset of drying disrupted this
534  balance: decomposition rates declined as detritivorous macroinvertebrates were rapidly lost, followed
535 by areplacement of aquatic fungal and bacterial communities by dry-tolerant but less efficient bacteria.

536 At the DRN scale, hydrological connectivity partially mitigated the negative effects of local drying by
537  facilitating the recovery of aquatic decomposers (del Campo et al. 2025). However, this buffering
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538  capacity depended on the drying regime and biogeographic context of the river network. For instance,
539  stronger fragmentation in more arid networks in southern Europe constrained recolonization by aquatic
540  decomposers after flow resumption. As a result, drying effects on decomposition can persist well
541  Dbeyond the return of flow, reflecting the limited recovery capacity of both microbial and
542  macroinvertebrate communities. These findings show that drying not only alters decomposer
543  communities and decomposition rates at the reach scale, but also disrupts diversity—function
544  relationships across entire DRNs (del Campo et al. 2025). Notably, the identification of threshold
545  responses—community shifts within 2 to 18 dry days and decomposition declines of up to 50% after
546  only six dry days—suggests that even brief annual drying periods may have disproportionate
547  consequences for carbon cycling in river networks.

548  Across the six European DRNs, the magnitudes of CO, and CH, fluxes within both flowing waters and
549  dry riverbeds were similar in PR and NPR reaches (Lopez-Rojo et al. 2024). RF models identified
550  drying severity (i.e., mean duration of dry periods) as the main driver in NPRs, suggesting a legacy
551 effect of drying on gas emissions, even after flow resumption. Drying severity increased CO, emissions
552  during subsequent flowing phases, whereas CH, fluxes were higher after short dry periods (Lopez-Rojo
553  etal. 2024). In dry riverbeds, CO, emissions were primarily controlled by seasonal climatic conditions,
554  increasing with precipitation, evapotranspiration and sediment temperature. The upscaling of the CO,
555  fluxes to the entire DRNs revealed that dry riverbeds contributed substantially to total emissions,
556  exceeding 50% in half of the networks and ranging from 14% to 77%. Even in the most perennial
557  system, including dry riverbeds increased annual emissions by 14%. These results indicate that current
558  global estimates of carbon emissions from streams and rivers are likely underestimated, as NPR reaches
559  and specifically dry phases have largely been neglected.

560  The upscaling of CO, emissions to the European scale revealed that cumulative CO, emissions were
561  higher in NPRs compared to the PRs. Temporal patterns showed that in most of the regions in Europe,
562  CO, emissions were higher during the dry hydrological phase (July-August) than in pre-dry (March-
563  April) or post-dry (November-December) phases. This pattern did not apply for the most northern
564  regions of Europe (Iceland and Norway), where emissions were highest during the post-dry phase
565  (November-December). During the dry phase (July-August), almost half (47%) of total CO, emissions
566  from stream orders 1-4 for the whole European river network used in our modelling was from dry
567  riverbeds. Even in Northern Europe, where the contribution from the proportion of dry-riverbed fluxes
568  was lower, dry riverbeds were responsible for 40% of the total emissions during the dry phase. This
569  confirmed previous findings (e.g. Datry et al. 2018, Silverthorn et al. 2023) that omitting non-perennial
570 rivers from estimates of global- or continental-scale CO, emissions results in significant
571  underestimation.

572  3.4. Current and future provision of ecosystem services in the DRNs

573  The modeling of ES in each DRN illustrated the relevance of drying both spatially and temporally, and
574  also the respective land cover characteristics across different climatic regions. Overall, DRNs with more
575  forested catchments exhibited significantly higher hydrological stability, reducing peak flows while
576  maintaining greater baseflows. The role of hillslope forests, particularly mature stands, is critical
577  because they function as ‘hydrological sponges’ by enhancing soil infiltration and reducing erosive
578  runoff (Pérez-Silos et al. 2025). Conversely, their absence or degradation directly impaired the
579  provision of several ES in the various DRNS, including flood regulation and drought mitigation. These
580  services were further enhanced by active and well-connected floodplain-river channel systems
581 (Pérez-Silos et al. 2025).
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582  Inthis context, water provisioning was markedly lower in NPRs compared to PRs. In the Mediterranean
583  DRN (Guadiaro, Spain), water availability declined sharply from wet to dry seasons, a trend expected
584  to intensify under climate change. Projections showed that increased drying could reduce annual
585  discharge across DRNs by more than 50%, particularly during summer. This highlights the importance
586  of maintaining and restoring well-preserved forested headwaters, which support baseflows and reduce
587  risk in the most vulnerable areas (Pérez-Silos et al. 2025).

588  Areas with steep slopes (such as the Albarine and Genal DRNs) showed the highest risk of erosion, and
589  therefore the greatest need for ES that regulate erosion and sediment transport. However, these areas
590  also exhibited high potential for ES provision through forest systems that enhance soil stability via root
591 systems (Pérez-Silos et al. 2025). Riparian forests also play a critical role, as they could prevent up to
592  60% of sediment from reaching the river channel (Pérez-Silos et al. 2025). Furthermore, riparian
593  vegetation along river reaches was a key driver of additional ES, such as thermal regulation. Pérez-Silos
594 et al. (2025) hypothesised that this function becomes increasingly important as rivers undergo drying,
595  helping to maintain lower water temperatures.

596  Drying fundamentally affects several compartments of the carbon cycle and derived services (Pérez-
597  Silos at al. 2025). Although drying can temporarily increase terrestrial vegetation colonizing the
598  riverbed and therefore carbon sequestration (Barthélemy et al. 2022), rewetting events can trigger
599  massive carbon pulses and methane emissions (Sepp et al. 2024a). Modelling also showed that large
600  quantities of CO, may be emitted by dry streambeds through sediment respiration (Sepp et al. 2024a).
601 The relevance of this ES of carbon emission regulation differed among DRNs, influenced by their
602  specific sediment moisture and temperature (Sepp et al. 2024a).

603  Drying led to the terrestrialization of riverbeds and the loss of human uses of freshwaters such as
604  swimming or fishing, challenging some of these recreational ES. Willingness-to-pay to limit losses of
605  recreational or provisioning ES differed among DRNs, and reflected both distinct local cultures and
606  environmental conditions. Recreation (swimming in river pools) was valued more highly in Spain than
607  other ES, whereas public preferences regarding a potential climate change adaptation programme in
608  Southern Finland (Lehtoranta et al. 2026) showed that residents mostly valued flood mitigation and
609  secondarily drought mitigation in the nearby streams. Fishing was the most preferred ES for the
610  Hungarian DRN, while drying itself was not perceived to be important. Overall, drying was not among
611  the highest concerns to stakeholders in the EU, except in DRNSs that strongly suffer from periodic drying
612  that affects both social activities and the ecological status of the river networks.

613  The provision of several ES was modelled at the EU scale and overall showed large differences between
614  European regions and seasons (Sepp et al. 2024b). Water provision delivery was, as expected, higher
615  in Northern Europe and lower in Southern Europe, differences being more acute during the dry summer
616  months but still relevant in the pre-dry season (March-April). Southern and Western Europe had higher
617  water provision in the post-dry season (November-December), reflecting climatic differences from
618  other European regions. Flood regulation by forest cover was higher in mountainous areas (Alps,
619  Pyrenees), which have greater capacity to regulate runoff and reduce downstream flood risk. Drought
620  regulation was higher in areas with greatest local recharge (Figure 7), coinciding with regions of high
621 annual precipitation (Ireland, Atlantic coast of Norway, southern Iceland). Regions with low local
622  recharge also had low annual precipitation (e.g. the eastern part of Iberian peninsula) or higher
623  proportions of agricultural areas (e.g. Denmark). The regions with higher percentages of forest cover
624  (Finland, Sweden) were those having areas with the highest surface water storage capacity. This
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625  confirmed the role of forested areas in mitigating drying and flooding events at the EU scale (Pérez-
626  Silos et al. 2025).

627  Based on the high-resolution hydrological data and modeling framework of D&l et al. (2024) and
628  Abbasi et al. (2025), we analyzed the water purification and dilution services by considering the
629  reception of wastewater treatment plant effluents at the reach scale (Sepp et al. 2025). Flow
630 intermittence was strongly related to the dilution capacity of the network, and this was accounted for
631 by the dilution factor, which on average was 4.6 times lower in NPRs compared to PRs (Sepp et al.
632  2025). This difference increased to 10.8 times in the driest summer month. The dilution factor was
633  lowest in Mediterranean and semi-arid areas where NPRs prevail, indicating that NPRs are unable to
634  efficiently dilute the concentrations of solutes and pollutants contributed by sewage effluents (Sepp et
635  al. 2025). This effect would be enhanced under RCP8.5, particularly in Mediterranean and Central
636  Europe. In this scenario, the decrease in dilution factor was more pronounced under extreme climate
637  conditions (i.e., extreme dry months, or drier years), which affected both PRs and NPRs, although the
638 latter were more vulnerable. However, under the low-emissions scenario (RCP2.6), the dilution factor
639  remained stable or even increased slightly in more than half of the rivers.

640 3.5 Towards adaptive management of DRNs

641 Spatially-explicit projections of biodiversity, ecosystem functions and ES were used to run systematic
642  conservation planning and optimize the allocation of conservation and restoration measures across
643  DRNs, taking into account current and future conditions (Lanzas et al. 2026). NPRs were often selected
644  as priority reaches for conservation and restoration purposes, including for implementing NBS. On
645  average, 26% of the NPRs across the six European DRNs were selected for conservation and 55% for
646  restoration (Lanzas et al. 2026). In the Genal River, the most intermittent DRN, 52% of the reaches
647  selected for conservation purpose were non-perennial, highlighting the value of NPRs for ensuring the
648  conservation status of biodiversity, ecological functions and ES. This is in spite of the negative
649  perceptions that NPRs generally suffer from society. To visualise these modeling outputse, we
650  developed a Shiny-based decision-tool, DRYVER-OptimApp, for spatial prioritization across the six
651 European DRNS to allow exploration of customizable scenarios, with river reaches classified according
652  to projected changes in ecological metrics (Lanzas et al. 2026). Reaches showing positive trends are
653  prioritized for conservation, whereas those with negative trends are identified as restoration targets. The
654  app enables stakeholders and researchers to run tailored optimizations and visualize outcomes under
655  different assumptions.

656 The DRYRIVERS smartphone application was developed with active involvement from water
657  management stakeholders, including the Syndicat de la Riviéere d’Ain Aval et ses Affluents (SR3A),
658  which participated as a beta tester. It also contributed to tailoring the app and establishing a user network
659  of local authorities to collect systematic observations of hydrological states. This co-design process
660  ensured alignment with management needs and enhanced the applicability of citizen-generated data.
661 Citizen science data collected through the DRYRIVERS platform provided georeferenced observations,
662  complementing conventional monitoring (e.g. gauging stations and field campaigns of WP2 and WP3).
663  These observations were integrated with other data streams to support model evaluation and inform
664  adaptive management at the network scale. In addition, the platform facilitates large-scale data
665  collection and contributes to raising awareness of the ecological importance and vulnerability of
666  intermittent river systems (Truchy et al. 2023). During the project, more than 3,500 registered users
667  submitted observations from over 6,700 river locations, generating a large and spatially explicit dataset
668  ofhydrological states and drying events. Analyses of these citizen-generated observations demonstrated
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669  their capacity to capture real-time drying dynamics across diverse climatic regions and expand spatial
670  coverage beyond that of traditional monitoring systems (e.g. gauging stations). At the continental scale,
671  these data provided empirical support for model evaluation and highlighted regional patterns of
672  intermittence that aligned with projected model outputs, reinforcing the value of combining citizen
673  science with WP-derived projections. The scalable nature of the dataset also demonstrated the potential

674  for linking participatory observation networks to broad-scale hydrological and ecological assessments.

675  This iterative interaction between scientists and stakeholders through the SHC ensured that research
676  activities responded to management needs, enhancing both the relevance and applicability of project outputs.
677  The SHC’s participation in project discussions provided critical feedback that helped refine methodologies,
678  prioritise topics of operational importance and orient some WPs towards actionable results. This experience
679  highlights the essential role of structured collaboration between researchers and water managers in research
680  projects. It demonstrates that addressing complex challenges, such as the management and protection of
681 DRNs under increasing climate pressure, requires not only scientific excellence but also a strong integration
682  of practitioner knowledge. Strengthening such collaboration frameworks is therefore crucial to ensure that
683  research generates feasible, scalable and policy-relevant solutions capable of supporting competent
684  authorities and water managers in tackling emerging hydrological and ecological challenges.

685  Collectively, the interactions among modelling outputs, participatory co-creation activities and citizen
686  science demonstrated multi-directional linkages among work packages. However, differences in data

687  types and methods across components of the project’s conceptual cascade highlighted ongoing
688  challenges in fully harmonizing integrated knowledge for adaptive management (see section 7).

689 4. Discussion

690 A major achievement of the DRYVER project was to demonstrate the global relevance and ecological
691 significance of drying river networks (DRNs), contributing to a paradigm shift in river science (Datry
692 et al. 2023). By integrating research across European and South American regions, DRYVER helped
693  establish that intermittence is not restricted to arid systems or isolated regions, but is instead a
694  widespread and ecologically important feature of river networks worldwide (Messager et al. 2021, Datry
695  etal. 2023, Botter et al. 2026). This shift in perspective has strengthened recognition of DRNs as critical
696  socio-ecological systems that must be incorporated into future freshwater research, monitoring,
697  conservation and management frameworks.

698 DRYVER achieved a high level of scientific productivity and visibility. To date, the project has
699  generated 63 peer-reviewed publications (SM1a) and approximately 200 conference contributions,
700  including oral and poster presentations across international scientific events (SM1b). These outputs
701 reflect both the scientific quality of the project and the strong engagement of the consortium with the
702  international research community. Importantly, publications continue to emerge from both individual
703  DRNs and comparative analyses across subsets of study sites, illustrating the long-term scientific value
704  of the project datasets and collaborations. Although not all datasets could be analyzed in full detail or
705  within the project timeframe, the data generated constitute a valuable resource for future projects and
706  analyses, and will constitute a unique baseline against which predictions from DRYVER can be tested
707  in the future. This is reflected in the continued production of publications emerging either from
708  individual DRNSs that participated in DRYVER or from subsets of DRNs analyzed across the project.
709  Moreover, DRYVER was very active with public outreach and communication with society (SM1c).
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710  DRYVER was characterised by a high degree of interdisciplinarity, particularly through the strong
711 integration of work packages focused on hydrology, biodiversity, ecosystem functioning and socio-
712 ecological dimensions. Conceptual developments, methodological advances and data generated in
713  upstream WPs supported downstream applications and synthesis activities, including conceptual
714 modelling of ES (Pérez-Silos et al. 2025) and spatial prioritisation for conservation and restoration
715  planning (Lanzas et al. 2026). Such integration enabled DRYVER researchers to move beyond
716  individual disciplines and promote a more holistic understanding of the ecological and societal
717  implications of drying.

718  DRYVER established strong and durable relationships with stakeholders, including river basin
719  managers, scientific advisory bodies, regional institutions and European policy actors such as the Joint
720  Research Centre (JRC) developing transdisciplinary actions. These interactions strengthened the
721 relevance and applicability of project outcomes while facilitating dialogue among researchers,
722  practitioners and policy communities. A particularly important achievement was the translation of
723  scientific knowledge into applied and policy-relevant outputs. The project produced three policy briefs
724  synthesising key findings into actionable recommendations for the recognition and management of
725  NPRs within water policy and river basin management frameworks (SM1d). These briefs were
726  complemented by seven thematic factsheets (SM1d) and six case study summaries (SM1d), provided
727  in multiple languages to maximise accessibility and uptake among practitioners and regional
728  stakeholders. Three online applications were developed to foster the uptake by stakeholders of
729  DRYVER’s outputs (SM1e). Together, these outputs contributed to bridging the gaps among research,
730  management and policy implementation. Certainly, DRYVER fostered the scientific reputation of
731 multiple scientists at various career stages. Their involvement in policy- and management- related
732 planning activities at national and international levels (e.g. JRC, IPBES) and in panels entrusted with
733  identifying river reaches to be restored under the EU"s nature restoration regulation ensures first-hand
734  transfers of river-related knowledge into actionable recommendations.

735  Another major success was the establishment of an unprecedented open-access dataset combining
736  hydrological modelling, biodiversity data and ecosystem functioning metrics across nine DRNs
737  spanning contrasting ecoregions in Europe and South America (SM1f). Importantly, the dataset also
738  incorporates a strong temporal dimension, encompassing multiple years of hydrological data and
739  contrasting hydrological seasons (for data on biodiversity and ecosystem functions), which is essential
740  for capturing the temporal dynamics of intermittence and ecosystem responses across DRNs. These
741  datasets enabled novel cross-continental comparisons and substantially broadened understanding of the
742  ecological consequences of drying under climate change (eg. Escobar-Camacho et al. 2025). Although
743  the scale and complexity of the database meant that not all components could be fully analysed within
744  the project's lifetime, the completion and harmonisation of these datasets by the end of the project
745  created a lasting scientific legacy (SM1f). The resulting hydrological data infrastructure constitutes a
746  unique resource for future analyses, synthesis studies and long-term monitoring efforts in
747  ecohydrological contexts involving aspects of flow intermittence.

748  DRYVER had substantial impacts in terms of communication, outreach and public engagement, and
749  capacity building. Coordinated dissemination activities generated broad visibility both within academia
750  and among the general public, including more than 120 media items, 21 videos, six project newsletters
751 and a travelling exhibition dedicated to NPRs (SM1a-i). Beyond dissemination, the project contributed
752  significantly to training by research through the involvement of 19 PhD students, 14 postdoctoral
753  researchers, 4 technicians and 14 local stakeholders across Europe and South America. The Dryrivers
754  smartphone app, available to the general public to monitor drying patterns of rivers and build a
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755  participatory database, is also a legacy of the project that will contribute to public awareness and
756  knowledge about drying river networks and support future research projects.

757  DRYVER made a major contribution to capacity building, training and methodological harmonisation
758  across Europe and South America. The high share of researchers affiliated with tertiary institutions
759  ensured fast integration of newly generated knowledge in up-to-date teaching curricula. The project
760  also fostered the co-development and sharing of monitoring protocols, analytical approaches and
761 ecohydrological tools across contrasting socio-environmental contexts (SMI1i). Protocols for
762  Dbiodiversity monitoring based on environmental DNA metabarcoding and for measurements of
763  ecosystem functions were shared across the consortium to obtain standardised inventories across river
764  networks and study regions. In data-scarce regions, particularly in parts of Bolivia, Brazil and Ecuador,
765  DRYVER contributed to the development of methodological approaches and tools that improved long-
766  term data generation capacity for DRN research. This not only strengthened scientific expertise and
767  local infrastructure, but also fostered new international collaborations and professional networks that
768  are likely to persist well beyond the duration of the project.

769  Despite these major scientific achievements, we acknowledge a number of important limitations and
770  challenges that we faced and which could inform further interdisciplinary efforts on DRNs. Many of
771 these challenges were intrinsic to the ambition, interdisciplinarity and international scope of DRYVER.
772  Others reflected broader conceptual and operational difficulties associated with emerging socio-
773  ecological research fields. The major challenge relates to the coordination and integration of data and
774  modelling outputs across WPs, to ensure flow along our cascading model. Indeed, downstream activities
775  depended heavily on the timely delivery of harmonised datasets from upstream work packages,
776  particularly WP1-WP4. Delays associated with data production and harmonisation - partly exacerbated
777 by the COVID-19 pandemic - created delays and difficulties for the synthesis activities to be conducted
778  in WP4 and WPS5. Integrating hydrological, ecological and socio-economic information across scales
779  and disciplines proved more complex than initially anticipated. In particular, discrepancies emerged
780  Dbetween the feasibility of generating reliable high-resolution hydrological estimates at the continental
781 scale in WP1 and the spatiotemporal resolution required by biodiversity analyses in WP2. As a
782  consequence, robust large-scale upscaling of biodiversity responses to drying remained limited. Limited
783  spatiotemporal resolution and limited quantitative explicitness of hydrological data (e.g. presented as
784  metrics rather than hydrographs) also constrained modelling of ecosystem functions and forced
785  respective upscaling efforts to make use of machine-learning techniques such as Random Forests
786 instead of physically conclusive mechanistic models. These factors may also affect the robustness of
787  the predictions.

788  The project revealed the persistent difficulty of moving from interdisciplinarity toward fully integrated
789  transdisciplinary environmental research, that ideally also employs robust linkages among researchers,
790  practitioners and stakeholders. DRYVER mastered the combination of expertise from multiple
791 scientific disciplines, including hydrology, ecology, sociology and economics - likely in part by simply
792  aligning the consortium through a common project context and narrative. However, deeper integration
793  among the various scientific knowledge systems and stakeholder perspectives remained comparatively
794  underdeveloped. This was most likely due to a scale gap between conceptual ideas of the project and
795  their often only locally perceived relevance. In several DRNs, local managers and practitioners showed
796  limited involvement because river drying was not yet perceived as a major management issue. The
797  prevalence and significance of drying across river networks are still overlooked in some areas (Acuifia
798  etal. 2014, Leigh et al. 2019, Cottet et al. 2023). For example, interactions with participants involved
799  in co-construction workshops often remained limited after the initial meetings, restricting longer-term
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800  knowledge co-production processes and broader engagement beyond the Scientific and Stakeholder
801 Committees. These experiences highlighted the importance of sustained iterative dialogue, explicit
802  recognition of differing epistemologies, more conscious selection of high-level knowledge intended to
803  Dbe relevant for local action, and overall stronger and more attractive mechanisms for maintaining
804  stakeholder participation throughout project lifecycles.

805  Temporal limitations in ecological sampling also constrained interpretation of some results. Most field
806  campaigns were conducted over a relatively short timeframe, usually only a single hydrological year.
807 Inspite of the massive sampling effort in space, this timeframe limited the ability to disentangle seasonal
808  variability from drying-induced ecological responses and reduced the capacity to identify lagged effects,
809 life-cycle dependencies and longer-term ecosystem trajectories. Such limitations are particularly
810  important in DRNs, where ecological responses may occur over multiple years and depend strongly on
811  hydrological history (Jones & Driscoll 2022, Lopez-Rojo et al. 2025). However, the availability of
812  multiple drying metrics computed for each sampling site across different temporal windows (including
813  the sampling year as well as the previous 10 or 30 years) provided an opportunity to partially account
814  for hydrological legacy effects and to explore the influence of long-term drying history on ecological
815  responses.

816  Another challenge concerned the implementation and interpretation of NBS. While DRYVER initially
817  aimed to integrate NBS into hydrological modelling and management frameworks, we faced two
818  challenges. First, we found there were widespread conceptual misunderstandings surrounding NBS
819  among researchers, policymakers and the general public (SM1i). NBS were frequently interpreted as
820  isolated conservation actions rather than as integrated socio-ecological planning frameworks.
821 Researchers often applied divergent definitions, contributing to conceptual fragmentation, while policy
822  frameworks sometimes promoted conflicting or impractical implementation strategies. These findings
823  underscored the need for greater conceptual clarity and standardisation if NBS approaches are meant to
824  effectively support DRN management and restoration (SM1i). Second, WP1 and WPS5 were ultimately
825  unable to operationalise NBS scenarios within the modelling approaches used. This was due to the
826  conceptual misunderstandings of NBS, the lack of evidence in the literature supporting their
827  implementation in DRNs and the technical challenges associated with their modelling through
828  processed-based models. Therefore, we were unable to close the circular causality in DRYVER s project
829  cascade (Figure 1a).

830  Finally, DRYVER faced important practical trade-offs between scientific exchange, capacity building
831  between Europe and South America, and environmental sustainability. The COVID19 pandemic forced
832  a reduction of exchange activities, which was, however, also realized to be a chance to reduce the
833  project’s carbon footprint. Project management thus partly deliberately constrained opportunities for
834  in-person interaction among FEuropean and South American partners, including conference
835  participation, research visits and PhD exchanges. Although remote collaboration proved effective in
836  many contexts, reduced physical mobility likely limited some aspects of networking, training and
837  intercultural scientific exchange. These are particularly valuable in international collaborative projects
838  during the project as well as to facilitate long-term collaboration.

839  Collectively, these limitations provide valuable lessons for the design of future interdisciplinary and
840 transcontinental research initiatives focused on DRNs and global change, and more largely, for all
841  projects with a global scope.

842 5. Conclusions and agenda for future DRN research
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843  With DRYVER, we substantially advanced understanding of drying river networks (DRNs) by
844  demonstrating their widespread occurrence, ecological importance and societal relevance across
845  contrasting climatic and biogeographic regions. By integrating hydrology, biodiversity, ecosystem
846  functioning and socio-ecological perspectives, the project contributed to a major paradigm shift in
847  freshwater science: DRNs can no longer be considered marginal or exceptional systems, but instead
848  represent fundamental components of global river networks (Messager et al. 2021, Datry et al. 2023,
849  Abbhasi et al. 2025). Moreover, we highlighted the considerable scientific, methodological and
850  governance challenges that remain for understanding and managing river networks in a context of
851  climate change.

852 A key priority for the agenda for future research is the development of long-term and multi-year
853  monitoring programmes capable of capturing the temporal complexity of DRNs. The predominantly
854  single-year sampling design adopted in many DRYVER study sites limited the capacity to distinguish
855  seasonal variability from drying-driven ecological responses and to identify lagged effects, recovery
856  dynamics and longer-term ecosystem trajectories. Extending ecological and biogeochemical monitoring
857  over multiple hydrological cycles will therefore be essential to achieve greater temporal generality and
858  improve predictive understanding of drying impacts on biodiversity and ecosystem functioning. This
859  also requires stronger integration of DRNs into institutional and regulatory monitoring frameworks,
860  where they remain underrepresented despite their prevalence and ecological significance.

861  Another key agenda item is to expand the research beyond minimally disturbed systems to better
862  quantify the ecological consequences of anthropogenic drying caused by water abstraction, river
863  regulation and land-use change and their climate change interactions. Although DRYVER included
864  systems already affected by human pressures, the cascading effects of anthropogenic drying on
865  biodiversity, ecosystem functioning and ES remain insufficiently quantified across environmental
866  gradients and socio-economic contexts. Expanding research to larger rivers (stream order >4) will also
867  be critical for improving regional and continental-scale predictions and enabling more robust upscaling
868  approaches across Europe and beyond. Future drying is likely to be severe enough to expose
869  quantitatively important dry riverbed surfaces in larger rivers.

870  Building on recent advances in hydrological modelling, an important next step in the research agenda
871  will be the development of predictive models linking drying dynamics to biodiversity, ecosystem
872  functioning and ES delivery. Although DRYVER substantially improved hydrological characterisation
873  of DRN:s, translating these advances into predictive ecological frameworks remains a major frontier.
874  This is especially true when predictions are based on causally reliable and robust mechanistic modelling
875  strategies instead of machine-learning algorithms. Integrating hydrological predictions with biological
876  and functional indicators could support scenario analyses, vulnerability assessments and management
877  planning, including systematic conservation, under future climate and land-use change.

878  The DRyVER project may be considered as having spearheaded research on DRNSs; thus, the unveiled
879  urgent need for translation of scientific advances into policy and management may be a consequence of
880 inevitable delay. However, future projects should be conceptualized with stronger integration into
881  governance and management frameworks. Future initiatives should move beyond conceptual
882  recommendations and evaluate the real-world implementation and effectiveness of management
883  measures and restoration strategies in DRNs. In parallel, systematic analyses of the legal recognition of
884  non-perennial rivers, explicitly including rivers that may undergo a natural flow regime change due to
885  climate change in the near future, are urgently needed. In many regions, limited institutional attention
886  to DRNS partly reflects insufficient legal obligations for their monitoring and management. Addressing
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887  this gap will require closer collaboration not only between hydrologists, ecologists and social scientists,
888  but also with jurists, policy specialists and river managers to develop governance frameworks that
889  recognise DRNS as functionally connected river systems. Thus, the agenda for future research on DRNs
890  must be extended to explicitly encompass water managers, policy makers and the general public so that
891 scientific advances can be more swiftly translated into effective actions in DRNs worldwide.

892  The project also highlighted the need for greater conceptual clarity and harmonisation regarding NBS.
893  The agenda for future work should support broader adoption of the IUCN Global Standard for Nature-
894  based Solutions as a common international framework capable of reducing conceptual fragmentation
895 and improving consistency across research, policy and implementation contexts. Aligning river-
896  network river management policies and restoration strategies with internationally recognised NBS
897  standards will improve both practical applicability and long-term effectiveness.

898  Finally, future research on DRNs should increasingly adopt a truly global perspective. DRYVER
899  established strong foundations for international collaboration between Europe and South America, but
900  broader integration with emerging global initiatives such as Aquatic Intermittency Effects on
901 Microbiomes in Streams (AIMS, https://pure.psu.edu/en/projects/rii-track-2-fec-aquatic-intermittency-

902  effects-on-microbiomes-in-s-2/) or StreamCLIMES (https://www.allenlab.org/research) could further
903  strengthen comparative analyses across climatic, hydrological and socio-economic contexts. Expanding
904  global collaboration, data sharing and methodological harmonisation will be essential to develop a

905  predictive and management-oriented science capable of addressing the accelerating expansion of drying
906  rivers worldwide.

907  Overall, DRYVER has provided a strong scientific and collaborative foundation for the next generation
908  ofresearch on drying river networks. Its legacy lies not only in the datasets, publications and conceptual
909  advances it has produced, but also in establishing DRNs as a central frontier in freshwater ecology,
910  hydrology and environmental management under climate change.

911  Acknowledgments

912  We thank Andrew J. Boulton, Aidin Naimir, K. Tockner and the anonymous reviewers for the
913  meaningful comments that improved our manuscript. The authors were supported by the DRYVER
914  project (<www.dryver.eu>), which has received funding from the European Union’s Horizon 2020
915  research and innovation programme under grant agreement no. 869226.

916  References

917  Abbasi, M., Messager, M. L., & Dd6ll, P. (2025). Increased streamflow intermittence in Europe
918  due to climate change projected by combining global hydrological modeling and machine
919  learning. Earth's Future, 13(12), e2024EF005868. https://doi.org/10.1029/2024EF005868

920 Acuna, V., Datry, T., Marshall, J., Barcel6, D., Dahm, C. N., Ginebreda, A., ... & Palmer, M.
921  A.(2014). Why should we care about temporary waterways? Science, 343(6175), 1080-1081.
922  https://www.science.org/doi/10.1126/science.1246666

923  Appling, A. P., Hall Jr, R. O., Yackulic, C. B., & Arroita, M. (2018). Overcoming equifinality:
924  Leveraging long time series for stream metabolism estimation. Journal of Geophysical
925  Research: Biogeosciences, 123(2), 624—645. https://doi.org/10.1002/2017j2004140

22



https://pure.psu.edu/en/projects/rii-track-2-fec-aquatic-intermittency-effects-on-microbiomes-in-s-2/
https://pure.psu.edu/en/projects/rii-track-2-fec-aquatic-intermittency-effects-on-microbiomes-in-s-2/
https://doi.org/10.1029/2024EF005868
https://www.science.org/doi/10.1126/science.1246666%20
https://doi.org/10.1002/2017jg004140
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

926  Birlocher, F. (2020). Leaf mass loss estimated by the litter bag technique. In Methods to study
927  litter decomposition: a practical guide (pp. 43-51). Cham: Springer International Publishing.

928  Barthelemy, N., Mermillod-Blondin, F., Krause, S., Simon, L., Mimeau, L., Devers, A., ... &
929  Datry, T. (2024). The duration of dry events promotes PVC film fragmentation in intermittent
930  rivers. Environmental Science & Technology, 58(28), 12621-12632.
931  https://doi.org/10.1021/acs.est.4c00528

932  Barthélémy, N., Sarremejane, R., & Datry, T. (2022). Aquatic organic matter decomposition
933  in the terrestrial environments of an intermittent headwater stream. Aquatic Sciences, 84(3),
934 45, https://doi.org/10.1007/s00027-022-00878-z

935 Battin, T.J., Lauerwald, R., Bernhardt, E. S., Bertuzzo, E., Gener, L. G., Hall, R. O., Hotchkiss,
936 E. R., Maavara, T., Pavelsky, T. M., Ran, L., Raymond, P., Rosentreter, J. A., & Regnier, P.
937  (2023). River ecosystem metabolism and carbon biogeochemistry in a changing world. Nature,
938 613, 449-459. https://doi.org/10.1038/s41586-022-05500-8

939  Bernhardt, E. S., Heffernan, J. B., Grimm, N. B., Stanley, E. H., Harvey, J. W., Arroita, M., et
940  al. (2018). The metabolic regimes of flowing waters. The metabolic regimes of flowing waters.
941 Limnology and Oceanography, 63(S1), S99-S118. https://doi.org/10.1002/In0.10726

942  Botter, G., Barone, F., & Durighetto, N. (2026). Headwater streams control the non-perennial
943  fraction of the global river network. Nature Water, 1-11. https://doi.org/10.1038/s44221-025-
944  00549-x

945  Busch, M. H., Costigan, K. H., Fritz, K. M., Datry, T., Krabbenhoft, C. A., Hammond, J. C.,
946 ... & Allen, D. C. (2020). What’s in a name? Patterns, trends, and suggestions for defining non-
947  perennial rivers and streams. Water, 12(7), https://doi.org/10.3390/w12071980

948  Butler, Z., Good, S. P., Hu, H., Chen, X., Raleigh, M. S., Segura, C., & Dugger, A. (2026).
949  Shifts in rain-snow partitioning drive faster water transit times in the US Pacific
950  Northwest. Scientific Reports. (in press). https://doi.org/10.1038/s41598-026-46539-1

951  Cottet, M., Robert, A., Tronchere-Cottet, H., & Datry, T. (2023). “It's dry, it has fewer
952  charms!”: Do perceptions and values of intermittent rivers interact with their management?.
953  Environmental Science & Policy, 139, 139-148. https://doi.org/10.1016/j.envsci.2022.10.003

954  Crabot, J., Heino, J., Launay, B., & Datry, T. (2020). Drying determines the temporal dynamics
955  of stream invertebrate structural and functional beta diversity. Ecography, 43(4), 620-635.
956  https://doi.org/10.1111/ecog.04835

957  Chalmandrier, L., Cunillera-Montcusi, D., Lopez-Rojo, N., Cafiedo-Argiielles, M., Csabai,
958 Z., Soria, M., ... & Munoz, F. (2025). Natural Disturbances and Connectivity Drive Seasonal

959  Taxonomic and Trait Patterns of Aquatic Macroinvertebrate Communities Across Europe.
960  Global ecology and biogeography, 34(5), €70047. https://doi.org/10.1111/geb.70047

961 Datry, T., Larned, S. T., & Tockner, K. (2014). Intermittent rivers: a challenge for freshwater
962  ecology. BioScience, 64(3), 229-235. https://doi.org/10.1093/biosci/bit027

23



https://doi.org/10.1021/acs.est.4c00528
https://doi.org/10.1007/s00027-022-00878-z
https://doi.org/10.1038/s41586-022-05500-8
https://doi.org/10.1002/lno.10726
https://doi.org/10.1038/s44221-025-00549-x
https://doi.org/10.1038/s44221-025-00549-x
https://doi.org/10.3390/w12071980
https://doi.org/10.1038/s41598-026-46539-1
https://doi.org/10.1016/j.envsci.2022.10.003
https://doi.org/10.1111/ecog.04835
https://doi.org/10.1111/geb.70047
https://doi.org/10.1093/biosci/bit027
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

963 Datry, T., Allen, D., Argelich, R., Barquin, J., Bonada, N., Boulton, A., ... & Vinyoles, D.
964  (2021). Securing biodiversity, functional integrity, and ecosystem services in drying river
965 networks (DRYVER). Research Ideas and Outcomes, 7, e77750.
966  https://doi.org/10.3897/ri0.7.e77750

967  Datry, T., Boulton, A. J., Fritz, K., Stubbington, R., Cid, N., Crabot, J., & Tockner, K. (2023).
968  Non-perennial segments in river networks. Nature Reviews Earth & Environment, 4(12), 815-
969  830. https://doi.org/10.1038/s43017-023-00495-w

970 del Campo, R., Datry, T., Foulquier, A., Lopez-Rojo, N., Chalmandrier, L., Csabai, Z.,
971  Cunillera-Montcusi, D., Rodeles, A. A., Peiias, F. J., Pernecker, B., Bonada, N., Barquin, J.,
972  Kiinne, A., Sarremejane, R., Soria, M., Estévez, E., Pafil, P., Mykrd, H., Polasek, M.,
973  Loskotova, B., Polovic, L. and Singer, G. 2025 (In review). Drying halves decomposition rates
974 in river networks by disrupting structure-function linkages.
975  https://doi.org/10.1101/2025.10.07.680619

976  Ddll, P., Abbasi, M., Messager, M. L., Trautmann, T., Lehner, B., & Lamouroux, N. (2024).
977  Streamflow intermittence in Europe: Estimating high-resolution monthly time series by
978  downscaling of simulated runoff and random forest modeling. Water Resources Research,
979  60(8), €2023WR036900. https://doi.org/10.1029/2023WR 036900

980 Dossa, G. G., Paudel, E., Wang, H., Cao, K., Schaefer, D., & Harrison, R. D. (2015). Correct
981  calculation of CO 2 efflux using a closed-chamber linked to a non-dispersive infrared gas
982  analyzer. Methods in Ecology and Evolution, 6(12), 1435-1442. https://doi.org/10.1111/2041-
983  210X.12451

984  Escobar-Camacho, D., Rosero-Lopez, D., Bonada, N., Datry, T., Karubian, J., Daza, J., ... &
985 Encalada, A. C. (2026). Flow intermittence shapes fish metacommunity variability in a
986  Neotropical ecoregion. Freshwater Science, 45(1), 106-123. https://doi.org/10.1086/739934

987  Escobar-Camacho, D., Crabot, J., Stubbington, R., England, J., Sarremejane, R., Bonada, N.,
988 ... & Datry, T. (2025). River Drying Causes Local Losses and Regional Gains in Aquatic
989 Invertebrate Metacommunity Diversity: A Cross-Continental Comparison. Global change
990  biology, 31(2), €70068. https://doi.org/10.1111/gcb.70068

991  Escobar-Camacho, D., Crabot, J., Stubbington, R., England, J., Sarremejane, R., Bonada, N.,
992  Fernandez-Calero, J. M., Canedo-Argiielles, M., Ferreira Rezende, C., Chanut, P., Csabali, Z.,
993  Encalada, A. C., Laini, A., Mykré, H., Moya, N., Pafil, P., Rosero-Lopez, D., and Datry, T.
994  2025. River drying causes local losses and regional gains in aquatic invertebrate
995 metacommunity diversity: a cross-continental comparison. Global Change Biology 31(2),
996  Articulo €70068. https://doi.org/10.1111/gcb.70068

997  Gianuca, A. T., di Cavalcanti, V. R., Cruz, L., Floury, M., Crabot, J., Valette, L., ... and Datry,

998 T. (2024). River flow intermittence influence biodiversity—stability relationships across spatial

999  scales: Implications for an uncertain future. Global change biology, 30(8), el7457.
1000  https://doi.org/10.1111/gcb.17457

24



https://doi.org/10.3897/rio.7.e77750
https://doi.org/10.1038/s43017-023-00495-w
https://doi.org/10.1101/2025.10.07.680619
https://doi.org/10.1029/2023WR036900
https://doi.org/10.1111/2041-210X.12451
https://doi.org/10.1111/2041-210X.12451
https://doi.org/10.1086/739934
https://doi.org/10.1111/gcb.70068
https://doi.org/10.1111/gcb.70068
https://doi.org/10.1111/gcb.17457
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

1001  Gounand, 1., Harvey, E., Little, C. J., and Altermatt, F. (2018). Meta-ecosystems 2.0: rooting
1002 the theory into the field. Trends in Ecology <& Evolution, 33(1), 36-46.
1003  https://doi.org/10.1016/].tree.2017.10.006

1004  Gudmundsson, L., Brunner, M. 1., Ddll, P., Fluet-Chouinard, E., Frolova, N., Gosling, S. N.,
1005 ... & Zhou, X. (2026). Past and future change in global river flows. Nature Reviews Earth &
1006  Environment, 7(1), 7-23. https://doi.org/10.1038/s43017-025-00745-z

1007  Hanson, J. O., Schuster, R., Strimas-Mackey, M., Morrell, N., Edwards, B. P., Arcese, P., ... &
1008  Possingham, H. P. (2025). Systematic conservation prioritization with the prioritizr R package.
1009  Conservation Biology, 39(1), e14376. https://doi.org/10.1111/cobi.14376

1010  Henseler, J. (2017). Partial least squares path modeling. In Advanced methods for modeling
1011 markets (pp. 361-381). Cham: Springer International Publishing.

1012  Chalmandrier, L., Cunillera-Montcusi, D., Lopez-Rojo, N., Cafiedo-Argiielles, M., Csabai, Z.,
1013  Soria, M., ... & Munoz, F. (2025). Natural Disturbances and Connectivity Drive Seasonal

1014  Taxonomic and Trait Patterns of Aquatic Macroinvertebrate Communities Across Europe.
1015  Global ecology and biogeography, 34(5), €70047. https://doi.org/10.1111/geb.70047

1016  IPCC, 2023: Summary for Policymakers. In: Climate Change 2023: Synthesis Report.
1017  Contribution of Working Groups I, Il and IIl to the Sixth Assessment Report of the
1018  Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero
1019  (eds.)]. IPCC, Geneva, Switzerland, pp. 1-34, https://doi.org/10.59327/IPCC/ARG6-
1020 9789291691647.001

1021  Jacquet, C., Munoz, F., Bonada, N., Datry, T., Heino, J., and Jabot, F. (2022).
1022  Disturbance-driven alteration of patch connectivity determines local biodiversity recovery
1023  within metacommunities. Ecography, 2022(12), ¢06199. https://doi.org/10.1111/ecog.06199

1024  Journiac, L., Jabot, F., Jacquet, C., Kiinne, A., Messager, M. L., Mimeau, L., ... &
1025  Chalmandrier, L. (2025). Exploring the spatio-temporal dynamics of disturbed
1026  metacommunities: A mechanistic modeling approach to species resistance and resilience
1027  strategies in drying river networks. Ecological Modelling, 506, 111136.

1028

1029 Lanzas, M., Hermoso, V., Salgado-Rojas, J., Cid, N., Cunillera-Montcusi, D., Datry, T.,
1030  Mimeau, L., Kiinne, A., Chalmandrier, L., Munoz, F., Lépez-Rojo, N., Sepp, M., Barquin, P.,
1031  Belasco, A., De Senerpont, L., & Bonada, N. (2026). Conservation and restoration
1032  opportunities across ecoregions in Europe's Drying River Networks. Biological Conservation.
1033  Inreview.

1034  Larned, S. T., Datry, T., Arscott, D. B., and Tockner, K. (2010). Emerging concepts in
1035  temporary-river ecology. Freshwater Biology, 55(4), 717-738. https://doi.org/10.1111/].1365-
1036  2427.2009.02322.x

1037  Lehtoranta, V., Ruokamo, E., Viisédnen, S., Mykré, H., Albrecht, E., and Kopperoinen, L.
1038  (2026). Valuing the benefits of river catchment management under changing climate in
1039  Finland. Ecological Economics, 244, 108972. https://doi.org/10.1016/j.ecolecon.2026.108972

25



https://doi.org/10.1016/j.tree.2017.10.006
https://doi.org/10.1038/s43017-025-00745-z
https://doi.org/10.1111/cobi.14376
https://doi.org/10.1111/geb.70047
https://doi.org/10.59327/IPCC/AR6-9789291691647.001%20
https://doi.org/10.59327/IPCC/AR6-9789291691647.001%20
https://doi.org/10.1111/ecog.06199
https://doi.org/10.1111/j.1365-2427.2009.02322.x
https://doi.org/10.1111/j.1365-2427.2009.02322.x
https://doi.org/10.1016/j.ecolecon.2026.108972
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

1040  Leigh, C., Boulton, A. J., Courtwright, J. L., Fritz, K., May, C. L., Walker, R. H., and Datry,
1041 T.(2016). Ecological research and management of intermittent rivers: an historical review and
1042  future directions. Freshwater Biology, 61(8), 1181-1199. https://doi.org/10.1111/fwb.12646

1043  Leigh, C., Boersma, K. S., Galatowitsch, M. L., Milner, V. S., and Stubbington, R. (2019). Are
1044  all rivers equal? The role of education in attitudes towards temporary and perennial
1045  rivers. People and Nature, 1(2), 181-190. https://doi.org/10.1002/pan3.22

1046  Lopez-Rojo, N., Datry, T., Penas, F. J., Singer, G., Lamouroux, N., Barquin, J., ... & Foulquier,
1047  A. (2024). Carbon emissions from inland waters may be underestimated: Evidence from
1048  European river networks fragmented by drying. Limnology and Oceanography Letters, 9(5),
1049  553-562. https://doi.org/10.1002/1012.10408

1050 Lopez-Rojo, N., Sarremejane, R., Foulquier, A., Singer, G., Diamond, J., Rioux, D., ... & Datry,
1051  T.(2025). Alternating drying and flowing phases control stream metabolism through short-and
1052  long-term effects: Insights from a river network. Journal of Geophysical Research:
1053  Biogeosciences, 130(3), €2024JG008369. https://doi.org/10.1029/2024JG008369

1054  Lynch, A. J., Cooke, S. J., Arthington, A. H., Baigun, C., Bossenbroek, L., Dickens, C.,

1055  Harrison, L., Kimirei, I., Langhans, S. D., Murchie, K. J., Olden, J. D., Ormerod, S. J., Owuor,
1056 M., Raghavan, R., Samways, M. J., Schinegger, R., Sharma, S., Tachamo-Shah, R.-D.,

1057  Tickner, D., ... Jdhnig, S. C. (2023). People need freshwater biodiversity. WIREs Water,
1058  10(3), e1633. https://doi.org/10.1002/wat2.1633

1059  Menezes, R., Rezende, C.F., Aratjo, J.C.S.V., Datry, T. (2026, in revision). Macro-invertebrate
1060 metacommunity dynamics in ephemeral and intermittent river networks of Northeastern Brazil.
1061  Freshwater Biology.

1062  Messager, M. L., Lehner, B., Cockburn, C., Lamouroux, N., Pella, H., Snelder, T., ... & Datry,
1063  T. (2021). Global prevalence of non-perennial rivers and streams. Nature, 594(7863), 391-397.
1064  https://doi.org/10.1038/s41586-021-03565-5

1065  Messager, M., Vilmi, A., Bonada, N., Foulquier, A., Csabai, Z., Chalmandrier, L., Mykri, h.,
1066  Paril, P., Lopez-Rojo, N., Snére, H., Polasek, M., Loskotova, B., Cunillera-Montcusi, D.,
1067  Pernecker, B., Cafiedo-Argiielles, M., Sarremejane, R., Mora, A., and Datry T., (2026, under
1068 Revision). Contrasted biodiversity responses to drying in European rivers under climate
1069 change. Global Change Biology.

1070 Mimeau, L., Kiinne, A., Branger, F., Kralisch, S., Devers, A., & Vidal, J. P. (2024). Flow
1071  intermittence prediction using a hybrid hydrological modelling approach: influence of
1072  observed intermittence data on the training of a random forest model. Hydrology and Earth
1073  System Sciences, 28(4), 851-871. https://doi.org/10.5194/hess-28-851-2024

1074  Mimeau, L., Kiinne, A., Devers, A., Branger, F., Kralisch, S., Lauvernet, C., ... & Datry, T.
1075  (2025a). Projections of streamflow intermittence under climate change in European drying
1076  river networks. Hydrology and Earth System Sciences, 29(6), 1615-1636.
1077  https://doi.org/10.5194/hess-29-1615-2025

26



https://doi.org/10.1111/fwb.12646
https://doi.org/10.1002/pan3.22
https://doi.org/10.1002/lol2.10408
https://doi.org/10.1029/2024JG008369
https://doi.org/10.1002/wat2.1633
https://doi.org/10.1038/s41586-021-03565-5
https://doi.org/10.5194/hess-28-851-2024
https://doi.org/10.5194/hess-29-1615-2025
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

1078  Mosquera, G. M., Rosero-Lopez, D., Daza, J., Escobar-Camacho, D., Kiinne, A., Crespo, P.,
1079 ... & Encalada, A. C. (2025). Streamflow generation in a nested system of intermittent and
1080  perennial tropical streams under changing land use. Hydrology and Earth System Sciences,
1081  29(23), 7073-7092. https://doi.org/10.5194/hess-29-7073-2025

1082 Moya N., Messager L.M., Fernandez B., Saigua F., Céspedes-Llave A.A., Bonada N., and
1083  Datry T. (2026, In Revision). Drying has limited effects on invertebrate communities across a
1084  river network of the arid Bolivian Andes. Freshwater Biology.

1085  Odum, H. T. (1956). Primary production in flowing waters 1. Limnology & Oceanography,
1086  1(2), 102—117. https://doi.org/10.4319/10.1956.1.2.0102

1087  Pérez-Silos, 1., Barquin, J., and Datry, T. (2025). Ecosystem Services in Drying River
1088  Networks: A Meta-Ecosystem Conceptual Model. Wiley Interdisciplinary Reviews: Water,
1089  712(1), €70002. https://doi.org/10.1002/wat2.70002

1090 Haines-Young, R., and Potschin, M. (2010). The links between biodiversity, ecosystem
1091  services and human well-being. Ecosystem Ecology: a new synthesis, 1, 110-139.

1092  Jones, J. A., & Driscoll, C. T. (2022). Long-term ecological research on ecosystem responses
1093  to climate change. BioScience, 72(9), 814-826.

1094  Price, A. N., Jones, C. N., Hammond, J. C., Zimmer, M. A., and Zipper, S. C. (2021). The
1095  drying regimes of non-perennial rivers and streams. Geophysical Research Letters, 48(14),
1096  ¢2021GL093298. https://doi.org/10.1029/2021GL093298

1097 Reid, A. J., Carlson, A. K., Creed, 1. F., Eliason, E. J., Gell, P. A., Johnson, P. T., ... & Cooke,
1098 S. J. (2019). Emerging threats and persistent conservation challenges for freshwater
1099  biodiversity. Biological reviews, 94(3), 849-873. https://doi.org/10.1111/brv.12480

1100  Sarremejane, R., Messager, M. L., and Datry, T. (2022). Drought in intermittent river and
1101  ephemeral stream networks. Ecohydrology, 15(5), €2390. https://doi.org/10.1002/ec0.2390

1102  Sayer, C. A., Fernando, E., Jimenez, R. R., Macfarlane, N. B. W., Rapacciuolo, G., B6hm, M.,
1103  Brooks, T. M., Contreras-MacBeath, T., Cox, N. A., Harrison, 1., Hoffmann, M., Jenkins, R.,
1104  Smith, K. G., Vié, J.-C., Abbott, J. C., Allen, D. J., Allen, G. R., Barrios, V., Boudot, J.-P., ...
1105  Darwall, W. R. T. (2025). One-quarter of freshwater fauna threatened with extinction. Nature,
1106  1-8. https://doi.org/10.1038/s41586-024-08375-z

1107  Sepp, M., Gonzalez-Trujillo, J. D., Marcé, R., and Sabater, S. (2024a). Synthesis reveals
1108  heterogeneous changes in the metabolism and emission of greenhouse gases of drying rivers.
1109  Environmental Research Letters, 19(11), 113002. https://doi.org/10.1088/1748-9326/ad786¢

1110  Sepp, M., Sabater, S., Marcé, R., Velasco Martinez, A., Vélez Martin, A., Barquin, J., and
1111 Dekker, T. (2024b). EU-scale maps of ecosystem services provision [Data set]. Zenodo.
1112 https://doi.org/10.5281/zenodo.14534387

1113  Sepp, M., Abbasi, M., Doll, P., Freixa, A., Marc¢, R., Sabater, S. (2025): Impacts of climate
1114  change on the dilution capacity of perennial and non-perennial European rivers. Water
1115  Research, 287, 124499. https://doi.org/10.1016/j.watres.2025.124499

27



https://doi.org/10.5194/hess-29-7073-2025%20
https://doi.org/10.4319/lo.1956.1.2.0102
https://doi.org/10.1002/wat2.70002
https://doi.org/10.1029/2021GL093298
https://doi.org/10.1111/brv.12480
https://doi.org/10.1002/eco.2390
https://doi.org/10.1038/s41586-024-08375-z
https://doi.org/10.1088/1748-9326/ad786e
https://doi.org/10.5281/zenodo.14534387
https://doi.org/10.5281/zenodo.14534387%20
https://doi.org/10.1016/j.watres.2025.124499
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

1116
1117
1118

1119
1120
1121
1122

1123
1124
1125
1126

1127
1128
1129
1130

1131
1132
1133

1134
1135

1136
1137
1138

1139
1140
1141
1142
1143

1144
1145
1146

1147
1148
1149

1150
1151
1152

Silverthorn, T., Lopez-Rojo, N., Foulquier, A., Chanudet, V., & Datry, T. (2023). Greenhouse
gas dynamics in river networks fragmented by drying and damming. Freshwater Biology,
68(12), 2027-2041. https://doi.org/10.1111/fwb.14172

Soares, N. S., Costa, C. A. G., de Lima, J. B. C., Francke, T., and de Aratjo, J. C. (2024).
Method for identification of hydrological seasons in the semi-arid Caatinga biome, Brazil.
Hydrological Sciences Journal, 69(3), 309-320.
https://doi.org/10.1080/02626667.2024.2311758

Soares, N. S., Costa, C. A. G., Francke, T., Mohr, C., Schwanghart, W., and Medeiros, P. H.
A. (2026). River intermittency: mapping and upscaling of water occurrence using unmanned
aerial vehicle, Random Forest and remote sensing landscape attributes. Hydrology and Earth
System Sciences, 30(3), 849-875. https://doi.org/10.5194/hess-30-849-2026

Stubbington, R., England, J., Wood, P. J., and Sefton, C. E. (2017). Temporary streams in
temperate zones: recognizing, monitoring and restoring transitional aquatic-terrestrial

ecosystems. Wiley Interdisciplinary Reviews: Water, 4(4), el223.
https://doi.org/10.1002/wat2.1223

Syrbe, R. U., and Walz, U. (2012). Spatial indicators for the assessment of ecosystem services:
Providing, benefiting and connecting areas and landscape metrics. Ecological indicators, 21,
80-88. https://doi.org/10.1016/j.ecolind.2012.02.013

Taberlet, P., A. Bonin, L. Zinger, and E. Coissac. 2018. Environmental DNA: For
biodiversity research and monitoring. Oxford University Press.

Talluto, L., Del Campo, R., Estévez, E., Altermatt, F., Datry, T., and Singer, G. (2024).
Towards (better) fluvial meta-ecosystem ecology: a research perspective. npj
Biodiversity, 3(1), 3. https://doi.org/10.1038/s44185-023-00036-0

Tickner, D., Opperman, J. J., Abell, R., Acreman, M., Arthington, A. H., Bunn, S. E., Cooke,
S. J., Dalton, J., Darwall, W., Edwards, G., Harrison, 1., Hughes, K., Jones, T., Lecl¢ere, D.,
Lynch, A. J., Leonard, P., McClain, M. E., Muruven, D., Olden, J. D., ... Young, L. (2020).
Bending the curve of global freshwater biodiversity loss: An emergency recovery plan.
BioScience, 70(4), 330-342. https://doi.org/10.1093/biosci/biaa002

Tonkin, J. D., Poff, N. L., Bond, N. R., Horne, A., Merritt, D. M., Reynolds, L. V., ... &
Lytle, D. A. (2019). Prepare river ecosystems for an uncertain future. Nature, 570(7761),
301-303. https://doi.org/10.1038/d41586-019-01877-1

Tramblay, Y., Rutkowska, A., Sauquet, E., Sefton, C., Laaha, G., Osuch, M., et al. (2021).
Trends in flow intermittence for European rivers. Hydrological Sciences Journal, 66(1), 37—
49. https://doi.org/10.1080/02626667.2020.1849708

Truchy, A., Csabai, Z., Mimeau, L., Kiinne, A., Pernecker, B., Bertin, W., ... & Datry, T.
(2023). Citizen scientists can help advance the science and management of intermittent rivers
and ephemeral streams. BioScience, 73(7), 513-521. https://doi.org/10.1093/biosci/biad045

28



https://doi.org/10.1111/fwb.14172
https://doi.org/10.1080/02626667.2024.2311758
https://doi.org/10.1080/02626667.2024.2311758
https://doi.org/10.5194/hess-30-849-2026
https://doi.org/10.1002/wat2.1223
https://doi.org/10.1016/j.ecolind.2012.02.013
https://doi.org/10.1038/s44185-023-00036-0
https://doi.org/10.1093/biosci/biaa002
https://doi.org/10.1038/d41586-019-01877-1
https://doi.org/10.1080/02626667.2020.1849708
https://doi.org/10.1093/biosci/biad045
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

1153
1154
1155

1156
1157
1158

1159
1160
1161

1162
1163

Truchy, A., Sarremejane, R., Braun, E., Datry, T. (2026). Community resilience in a drying
river network: the roles of connectivity and flow regime. bioRxiv, 2025-07.
https://doi.org/10.1101/2025.07.11.664354

Wilkinson, J., Bors, C., Burgis, F., Lorke, A., & Bodmer, P. (2018). Measuring CO2 and CH4
with a portable gas analyzer: Closed-loop operation, optimization and assessment. PloS one,
13(4), €0193973. https://doi.org/10.1371/journal.pone.0193973

Zipper, S. C., Hammond, J. C., Shanafield, M., Zimmer, M., Datry, T., Jones, C. N, ... & Allen,
D. C. (2021). Pervasive changes in stream intermittency across the United States.
Environmental Research Letters, 16(8), 084033. https://doi.org/10.1088/1748-9326/acl4ec

29



https://doi.org/10.1101/2025.07.11.664354
https://doi.org/10.1371/journal.pone.0193973
https://doi.org/10.1088/1748-9326/ac14ec
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

Figures.

W Lepebmbnjoki River

8 C—

FHFED - B S B P
Parspacindg

Albarire fHiver @ B Blkkisdi viz
This manuscript is a preprint and has notib ech pe jewed opyri 8s e scflpt available under a Creative Commons Attribution 4.0 Ifterfationa® =
(CC BY) license and consented to C / i ing.
..... M
B Caral Rhear TR .l.
| | |

B s Bhepr

Bom Ko

0 250 SDO TS0 1000 ke
T —

Figure 1. a. the cascading model of the project, from physical to social and
economic sciences and river management through five disciplinary Work
Packages (WPs, detailed in section 3). The arrows illustrate the flow of data and
models among WPs, the color representing the sourced WP; b. the
implementation of a dynamic metasystem approach with the example of the
sampling design of one of the studied DRNs. There are 20 sites being samples
multiple time, to document both the local and regional effect of drying. The
codes indicates the sampling sites and codes; c. map of the six European DRNs;
d. map of the three South American DRNs.
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Figure 2. The main results and take home messages of DRYVER, organised by
work-package, following the colours of Figure 1.
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Figure 3. Evolution of the spatial pattern of flow intermittence under SSP5-8.5
climate change scenarios (median of 5 climate projections) at horizons 2050
(2041-2071) and 2080 (2071-2100) compared to the reference period (1985-2014)
for the Genal river network in Spain.
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2071-2100 under SSP5-8.5

Figure 4. The number of non-perennial months in a dry year during the reference
period (a) and the inter-annual variability of the annual number of non-perennial
months during the reference period, represented by the difference between P90
and P10 of the annual number of non-perennial months (b). Changes in the
number of non-perennial months in a dry year across the 30-year period (lary) (€)
and change in the inter-annual variability of the annual number of non-perennial
months (ly) (d) are shown for 2071-2100 under SSP5-8.5 compared to the
reference period. The units are months. Class intervals are left-exclusive and
right-inclusive (after Figure 8, Abbasi et al. 2025).


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

sEp1dG SLpEES
an ! I'i" *
i

JER

"'\.rI-|I-'.r|r"|_I.|'|.'h:. i

401

i)

! ; $ Finland
’ I:F "i‘ o ol + m * T + Framce
A * F| Hurgary

e in richness (%) 2071-2100ws 1991-2020

158 B3 crechia
E Craatia
100 -
£ B sean

- = L

This manuscript is a preprint a@ hashot been peer reviewed. The copyright holder has made the maﬂfcri pt available under a Creative Commons Attribution 4.0 International

(CCBY) license and consenteffto have it forwarded to/EarthArXiv for public postifig I - XN
=2 - = (¥

41

Fredicted

ol

s, EQ.%ELE

Figure 5. Predicted percentage change in mean annual richness in 2071-2100
compared to 1991-2020 across organism groups in six European DRNs.
Boxplots with different colors show the distribution of sampled reach-level
percentage difference in mean annual taxonomic richness in 2071-2100
compared to 1991-2020 for a given DRN (color), organism group (rows) and
scenario (columns, SSP explained in the exte). Positive (negative) values reflect
a relative increase (decrease) in mean annual richness in the future. Note that
for microbial clades, we combined change in richness across biofilms and
sediment. See Messager et al. (2026) for more details about the methodology.
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Figure 6. Drivers of CO; emissions in flowing waters (a) and dry riverbeds (b) for
perennial and non-perennial reaches. Annual upscaling of C-CO, emissions for
the Finnish (c) and Hungarian (d) DRNs, showing the contribution of emissions
from flowing waters and dry riverbeds.


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

0 100 200 300 400 S00 km

d.

i,

This manuscript is a preprin
(CC BY) license and consent

CreaiveCor?Elrs_'Attributio 4.0-Lpternational
-

0 100200 300 200 S00 km

2000

0 1 200 300 400 500 km

Figure 7. Local Recharge Index (LRI) is an estimation of the amount of water
(mm) that infiltrates into the soil over a year and could potentially recharge
groundwater. Regions in Europe with the highest LRI values are in Iceland (a),
Norway (b), and Ireland (c). Regions with low LRI values are, for example, the
eastern part of the Iberian peninsula (d) and Denmark (e).
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