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Flow intermittence in river networks: understanding
the ecohydrological diversity of aquatic–terrestrial
ecosystems
Editorial to the special issue “The ecohydrology of temporary streams”
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Abstract: Temporary streams comprise dynamic mosaics of lotic, lentic and terrestrial habitats and dominate

global river networks, occurring across regions with contrasting climate types. Recent advances in our ecohydrological understanding of temporary streams have focused on systems in arid, semi-arid and mediterranean climates.
In this special issue, we present new temporary stream research from underrepresented regions, primarily cool, wet
temperate climates but also continental central Europe and the mediterranean-climate region of South Africa. We
bring together observational case studies, laboratory experiments, and field surveys spanning surface water and
groundwater habitats. Papers within the special issue explore ecological responses to flow intermittence; examine
biodiversity patterns of rare and endemic species at broad spatial scales; characterize diverse responses to drying
events within and among populations; demonstrate the value of long-term observational data in understanding
the hydrological drivers that underpin biotic responses; and present opportunities to improve temporary stream
monitoring and management. Collectively, these contributions complement dryland research to advance global
understanding of temporary stream ecohydrology. However, the terrestrial communities that inhabit dry channels remain a notable research gap, which we address in a review of global literature. As global change causes an
increase in their extent across climate regions, we urge researchers and stakeholders to collaborate to implement
recommendations that address the challenges associated with the effective management of temporary streams as
aquatic–terrestrial ecosystems.
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Introduction
Flow cessation and drying in stream ecosystems create
dynamic mosaics of flowing, ponded and dry habitats
that support lotic, lentic and terrestrial species (Bogan
& Lytle 2007; Larned et al. 2010). Variously described
as ephemeral, intermittent, non-perennial and temporary (Uys & O’Keeffe 1997; Datry et al. 2017a), we use
the term temporary to encompass the diverse range

of streams that sometimes cease to flow and/or dry.
Temporary streams can dominate networks in arid,
semi-arid and mediterranean-climate regions, where
their longitudinal extent may encompass entire network branches, especially in headwaters. Flow intermittence is also common in cooler climates with yearround precipitation, including those in Köppen-Geiger
classes Cfb (termed temperate oceanic; hereafter,
oceanic) and Dfb (warm-summer humid continental;
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hereafter, continental; Rohli & Vega 2017). Globally
widespread, oceanic regions dominate northwest Europe, and extensive continental regions span central
and eastern Europe. In these cooler, wetter climates,
the spatial extent of intermittence typically ranges
from microhabitat to segment scales (sensu Frissell
et al. 1986), creating dynamic patchworks of aquatic
and terrestrial habitats. In contrast to drylands, entire
streams are rarely temporary, and the temporal extent
of intermittence may also be restricted, to either intraannual periods of weeks to months (e.g. Larned et al.
2011; Straka et al. 2019) or to years with below-average precipitation (e.g. Wood & Armitage 2004; Stubbington et al. 2016; Sarremejane et al. in press).
Leigh et al. (2016a) reviewed the increasing global
literature on temporary stream ecology and identified
the USA, Australia and Spain, followed by other Mediterranean Basin countries, as the main contributors to
research (see Leigh et al. 2016a: fig. S1), with studies
in climatically diverse nations focusing on their mediterranean, arid and semi-arid regions. In contrast, the
ecohydrology of temporary streams has remained relatively unexplored in other climate zones (Stubbington
et al. 2017a). Addressing this research gap, papers in
this special issue present recent research advances in
temporary stream ecohydrology in less well-known
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regions, promoting a balanced global understanding
of these dynamic ecosystems. Contributions are from
relatively cool, wet oceanic and continental climate
regions (Fig. 1) with the exception of Chakona et al.’s
(2019) contribution from a little-studied mediterranean-climate region of South Africa.
Of six papers in this special issue, three use field
data to investigate community (Durkota et al. 2019)
and/or population (Chakona et al. 2019; PaĜil et al.
2019) responses of aquatic biota to intermittence, and
Durkota et al. (2019) report a unique study encompassing both surface water and groundwater habitats.
Loskotová et al. (2019) address responses to drying at
the scale of the individual organism using laboratory
experiments. An applied management context is provided by Sefton et al. (2019), who investigate the hydrological drivers that underpin biotic responses, and
England et al. (2019), who present a new index that
quantifies aquatic–terrestrial community responses to
intermittence. Collectively, the contributions to this
special issue emphasize the importance of refuges
and thus recolonization pathways in both longitudinal
and vertical dimensions; highlight that the refuge role
of the subsurface sediments extends from the hyporheic zone into the groundwater; explore biodiversity
patterns for rare and endemic species at broad spatial
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Fig. 1. Temporary streams included in this special issue. PaĜil et al. (2019) studied Gránickê stream in continental Czech Republic
during (a) flowing, (b) isolated pool and (c) dry phases. The study area explored by both England et al. (2019) and Sefton et al.
(2019) includes the River Gade in oceanic England, shown during (d) flowing, (e) low-flow and (f) dry phases.
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scales; characterize diverse responses to drying events
within and among populations; and present new approaches to improve the monitoring and management
of temporary streams.
Here, we set the studies presented in this special
issue in a wider context, highlighting how papers build
on recent research to advance temporary stream ecohydrology. Reflecting studies conducted to date – including contributions to this special issue – we focus
on aquatic invertebrate communities, in particular
those present during flowing phases. We also recognize the need to complement these advances with new
research that characterizes both aquatic and terrestrial
contributions to temporary stream biodiversity. To inform this future research, we review knowledge of the
terrestrial invertebrate assemblages that inhabit temporary streams during their dry phases.

Hydrological characterization of intermittence
In all regions, ecohydrological understanding of temporary streams is limited by the availability of hydrological data describing their flow regimes (Ruhi et
al. 2018). Temporary streams are poorly represented
in gauging station networks, particularly in cool, wet
temperate regions in which perennial systems dominate (Snelder et al. 2013). Even where temporary flow
regime characterization is temporally continuous, the
duration for which data are available may be insufficient to represent long-term patterns, leading to inaccurate classification of sites as perennial and difficulties in recognizing extreme events (Stubbington
et al. 2016). Logistic constraints also limit the spatial
coverage of monitoring networks, preventing characterization of hydrological conditions in wet-dry
habitat mosaics at ecologically relevant spatial scales.
Collectively, these limitations prevent description of
temporary flow regimes at a spatial and temporal resolution sufficient to fully explain biological responses.
In addition, interpretation of biotic responses to hydrological variability is limited by difficulties in using gauging station data to distinguish between two
fundamentally different no-flow states: lentic water
(in either ponded stretches or isolated pools) and a dry
bed (Sefton et al. 2019). Such data therefore require
supplementation by field observations (Gallart et al.
2012; Beaufort et al. 2018; White et al. 2018, Beaufort
et al. 2019).
In this special issue, Sefton et al. (2019) address
this scarcity of hydrological information using a data
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set of exceptional detail: observations of in-channel
conditions made at monthly intervals for 20 years,
at 18–32 sites spanning the temporary stretches of
each of ten chalk streams (including the River Gade;
Fig. 1d–f). The results reveal fine-scale spatial and
temporal patterns of cycling between dry, ponded,
moderate-flow and high-flow states, and highlight
the hydrological character of these groundwater-fed
streams, which may remain wet or dry for years, as
water levels within the porous chalk aquifer fluctuate
in response to precipitation (Sefton et al. 2019; also
see Holmes 1999). Such temporal changes contrast
with systems which experience predictable, seasonal
transitions between wet and dry states, such as some
mediterranean stream reaches (Gasith & Resh 1999)
and oceanic karst streams (Smith et al. 2003; Hill &
Milner 2018), rendering the ‘mean annual’ metrics
proposed to describe temporary flow regimes unsuitable for these groundwater-fed streams (Costigan et al.
2017; Leigh & Datry 2017). Instead, Sefton et al. (2019)
highlight the need for flexible approaches that reflect
the diversity of hydrological regimes occurring within
the broad ‘temporary stream’ classification (Reyjol et
al. 2014), both among (Costigan et al. 2017) and within
climatic regions (Stubbington et al. 2017a).
Recognizing the need to apply insights from their
data to ecosystem management, Sefton et al. (2019)
present a framework to characterize temporary stream
flow regimes using metrics relating to hydrological
states. The framework incorporates variability in four
states and recognizes spatial and temporal variability
in both the composition and configuration of each
state, spanning sub-reach to network spatial scales
and event to multi-year temporal scales. As such,
the framework aligns with strategies seeking to promote effective ecosystem protection by transcending
aquatic–terrestrial boundaries (Mainstone et al. 2018)
and operating at catchment or landscape scales (Gurnell et al. 2016). Although developed using oceanicclimate chalk-stream data, the framework proposed by
Sefton et al. (2019) is sufficiently flexible to warrant
evaluating its applicability to other temporary stream
types.

Aquatic community and population
responses to intermittence
The influence of intermittence on aquatic communities is a focus of temporary stream ecology across climatic regions (Datry et al. 2014; Leigh & Datry 2017;
Soria et al. 2017). Variability in the frequency, mag-
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nitude, duration and predictability of lotic, lentic and
terrestrial states interact to influence the extent and
nature of adaptations that evolve in different environments (Lytle & Poff 2004), which may cause biotic
responses to differ among regions. Although precipitation restricts the extent of drying in cool, wet climates, aquatic communities in temporary reaches are
characterized by lower alpha diversity here as in other
regions (Datry et al. 2014; Soria et al. 2017), because
drying represents a strong environmental filter that
eliminates species without appropriate adaptations
(Chase 2007; Datry et al. 2016a). However, as contributions to this special issue highlight, differences in
community resilience between temporary and perennial streams may be reduced in temperate regions, due
to rapid recolonization from nearby perennial waters
(e.g. upstream and downstream reaches; PaĜil et al.
2019) and within-reach wet refuges (i.e. the hyporheic
zone and pools; Durkota et al. 2019; PaĜil et al. 2019).
Resistance strategies may also be relatively prevalent
in temperate compared to dryland temporary streams,
with greater moisture retention in unsaturated interstices promoting persistence of taxa with some degree
of desiccation tolerance (Loskotová et al. 2019).
Longitudinal refuges are important recolonist
sources

The spatial dimensions with the greatest influence on
the resistance and resilience of aquatic communities
may vary among climates. In drylands, the greater
spatial extent of drying increases the time needed for
recolonization from longitudinally connected waters,
and distances to upstream and downstream reaches
may be farther than some aquatic taxa can migrate
within a wet phase (Stanley et al. 1994; Bogan et al.
2013; but see Leigh et al. 2016b). In addition, upstream
surface waters may well be absent, eliminating drift as
a recolonization pathway and limiting longitudinal recolonists to positively rheotactic taxa. In contrast, the
spatial proximity of longitudinally connected perennial waters promotes recolonization of aquatic biota
by both downstream drift and upstream migration
upon flow resumption in cool, wet regions and other
systems with perennial upstream waters (Williams
1977; Sagar 1983; Paltridge et al. 1997;; Stubbington
et al. 2016). Contributions to this special issue complement such studies: PaĜil et al. (2019) sampled adult
gammarid amphipods three weeks after flow resumed
in a 2-km stretch of a continental-climate karst stream
(Fig. 1a–c), with direct observations documenting upstream migrations, and the presence of upstream per-

ennial reaches making drift a likely second recolonization pathway. Such observations indicate that adults
but not juveniles use longitudinal recolonization pathways, enhancing previous understanding of how populations recover after flow resumes (PaĜil et al. 2019).
Hyporheic sediments are a refuge for benthic
and groundwater fauna

The vertical connection to subsurface water in saturated hyporheic and benthic interstices is more likely
to be lost in dryland compared to temperate temporary streams (Smock et al. 1994; Boulton & Stanley
1995), restricting interstitial survival to desiccationtolerant taxa (Stubbington & Datry 2013). In cooler,
wetter regions, dry-phase declines in the water table
may be of a shorter duration, to a shallower depth, and
with greater moisture retention in unsaturated interstices, enabling the hyporheic zone to act as a refuge
for primarily benthic taxa (Datry 2012; Vander Vorste
et al. 2016). Complementing such previous community-focused studies, contributions to this special issue
improve our understanding of the hyporheic zone as
a refuge from drying. Specifically, PaĜil et al. (2019)
present the first study of within-population differences
in hyporheic refuge use (but see e.g. Hwan et al. 2017;
Rodríguez-Lozano et al. 2019). Very high gammarid
densities occurred 0-10 cm into a streambed in which
water levels dropped 5 cm below the surface, and
compared to larger adults, juveniles were abundant in
these shallow subsurface sediments. In addition, only
juveniles were recorded in benthic samples 11 days after flow resumed, indicating their survival in local refuges as important for post-drying population recovery
(PaĜil et al. 2019).
Several studies have examined the hyporheic zone
as a dry-phase and low-flow refuge in oceanic (Datry
et al. 2007; Wood et al. 2010; Stubbington et al. 2011a;
Stubbington et al. 2011b; Datry 2012) and continental
climates (Williams 1977), indicating variable refuge
use even within such regions. Interactions between
species characteristics and environmental variables
influence whether an organism migrates into, survives
within, and recolonizes from the subsurface sediments
(Stubbington 2012; Vadher et al. 2017). For example,
hyporheic refuge use differs depending on the direction of hydrological exchange: upwelling groundwater
promotes the upwards migration of stygobites whereas
downwelling surface water enables the downwards migration of benthic species (Datry et al. 2007; Stubbington et al. 2011b). In this special issue, Durkota et al.
(2019) present a unique study extending understanding
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of invertebrate responses to hydrological variability
into the groundwater aquifer. Observations from boreholes, benthic and hyporheic sediments complement
previous studies inferring stygobite behaviour from
their presence in hyporheic samples (Wood et al. 2010;
Stubbington & Wood 2013). Durkota et al. (2019) provide new evidence that the hyporheic zone is a refuge
from adverse conditions in both the surface stream and
the aquifer: declining groundwater levels trigger upwards migration of stygobitic invertebrates, mirroring
downwards migrations by benthic organisms as surface discharge declines.
As climates become drier and characterized by
more frequent and severe droughts across global regions (Lehner et al. 2006; Döll & Schmied 2012; Bartholy et al. 2014), the subsurface sediments represent
an extensive potential refuge during dry phases. The
evidence that these sediments support biotic persistence after surface water is lost, as provided by multiple special issue contributions (Durkota et al. 2019;
Loskotová et al. 2019; PaĜil et al. 2019) could be applied to improve management and restoration activities by extending typically surface-focused designs
into the hyporheic zone (Boulton 2007). Specifically,
restoring fine-sediment-impacted substrates could
create interstitial pathways that accommodate juvenile migrants to promote recruitment and population
recovery (Vadher et al. 2015; PaĜil et al. 2019).
Network-scale habitat diversity supports
biodiversity

Ecological responses to intermittence are typically
studied at the reach scale, and a few temperate-zone
studies have investigated stream-scale invertebrate
community responses to changes in flow permanence
(Datry et al. 2007; Arscott et al. 2010; Datry 2012).
Some dryland research has also characterized communities across multiple streams within a catchment
(Bogan et al. 2013; Schriever et al. 2015), and many
studies span multiple chalk ‘winterbournes’ in oceanic
south England (Holmes 1999; Westwood et al. 2017;
White et al. 2018; Sarremejane et al. in press). Recent
conceptual advances suggest that explanation of biodiversity patterns also requires recognition that stream
networks support catchment-scale metacommunities
of organisms linked by dispersal (Larned et al. 2010;
Datry et al. 2016b). In this special issue, Chakona et al.
(2019) contribute to the field research needed to understand network-scale biotic responses to intermittence
by exploring 28 sites across tributaries in a South African catchment. Examining this broad spatial scale ena-
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bles Chakona et al. (2019) to identify among-stream
habitat diversity as supporting persistence of endemic,
threatened fish species, and different life stages of
each species. In particular, Chakona et al. (2019) note
differences in the preferred local habitat characteristics and network position (i.e. headwaters vs. mainstem) of adult and juvenile life stages.
Human alteration can alter connectivity, and where
persistence of both connected and isolated aquatic
habitats declines, endemic aquatic species can be locally extirpated (Labbe & Fausch 2000; Jaeger et al.
2014; Chakona et al. 2019). Equally, an increase in
connectivity can compromise the strongholds in which
temporary-stream specialists persist (Armitage & Bass
2013) if controls on the dispersal of both invasive nonnative and competitive native species are weakened
(Closs & Lake 1996; Maret et al. 2006; Reich et al.
2010). The findings of Chakona et al. (2019) highlight
the importance of situating local-scale management
activities within catchment-scale strategies that aim to
provide the range of habitats needed to support target
species at all life stages. By promoting natural hydrological connectivity within such strategies, managers
can enable biotic dispersal within integrated networks
of perennial and temporary streams.
Population-level studies enable understanding
of biotic responses to intermittence

Like network-scale research, temporary stream studies
conducted at lower levels of the ecological hierarchy
remain rarities. Community-level research is extensive
and provides some insight into population responses
to intermittence, but population-focused studies remain largely restricted to salmonids in drylands. Here,
drying may eliminate whole populations, or survival
may be restricted to juveniles in wet refuges including
pools and subsurface sediments (e.g. Hwan et al. 2017;
Rodríguez-Lozano et al. 2019; also see Kawanishi et
al. 2013). In temperate zones, the reduced extent of
intermittence may have more complex effects, restructuring populations of desiccation-sensitive species due
to differential impacts on within-population cohorts
(Lake 2003). For example, extreme low flows eliminated a Salmo salar juvenile year class in an oceanic
upland stream, severely reducing salmonid recruitment (Cowx et al. 1984). Such studies remain scarce,
in particular for biotic groups other than economically
important fish, but papers in this special issue explore
the population dynamics of an ecologically important
macroinvertebrate (PaĜil et al. 2019) and endemic, endangered fish (Chakona et al. 2019).
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PaĜil et al. (2019) examine how short drying events
affect Gammarus fossarum, a widespread and abundant amphipod with an important role in transferring
energy between trophic levels (MacNeil et al. 1997).
Characterizing populations in flowing- and dry-phase
benthic sediments, pools and subsurface sediments,
PaĜil et al. (2019) determine the densities and body
sizes of adults and juveniles, the relative abundance
of males and females, and the reproductive status of
females. Despite some persistence in pools and subsurface sediments, and despite drying being limited
in both space and time, cohorts of spring-recruited juveniles were largely eliminated by surface water loss.
Exacerbating these impacts on recruitment, no reproductive females were recorded post-drying, indicating
that true recovery from a dry phase may not begin until the following spring – at which point, it relies on the
reproductive viability of an aging population (PaĜil et
al. 2019). As such, inferring population recovery using
total abundance data may overlook structural changes
with long-term effects on recruitment and population
integrity. In some cases, the suggestion that aquatic biotas recover quickly after flow resumes may simplify
and underestimate effects of drying (Bogan et al. 2017;
Stubbington et al. 2017b). Management strategies seeking to promote the resistance and resilience of vulnerable within-population cohorts need to be guided by an
ecological understanding of the long-term dynamics
of populations adapting to changing flow permanence
regimes in dynamic river ecosystems.
Loskotová et al. (2019) complement PaĜil et al.’s
(2019) field study and previous experimental work
(McGrath et al. 2007; PoznaĔska et al. 2013; Vadher
et al. 2017) by using mesocosms to identify abiotic
drivers of population responses to water loss for four
macroinvertebrate taxa including G. fossarum. Underpinning biotic responses and demonstrating the
hyporheic zone’s potential as a drying refuge, Loskotová et al. (2019) identify a gradient of moisture
content within the interstices just days after surface
drying: sediments retained greater moisture 6-10 cm
below the surface. Macroinvertebrate taxa with variable morphologies responded to this greater water
availability, but their ability to migrate and thus their
survival was influenced by their body size in relation
to interstitial volumes. In deeper, wetter sediment
layers, G. fossarum persisted for longer, highlighting
water availability as a fundamental determinant of the
potential of any drying refuge (Stubbington & Datry
2013). Such organism-level research is crucial to inform predictions of how populations and communities

will respond to changing flow permanence regimes in
a context of ongoing climate change.
Tools to support ecological quality
assessments in temporary streams

The study of England et al. (2019) builds on research
quantifying invertebrate community responses to sequential changes in habitat availability as discharge
declines (Boulton 2003; Boulton & Lake 2008). Such
a sequence – potentially from a diverse range of flowing to dry habitats – reflects conditions in both nearperennial streams during drought events and in other
temporary streams during ‘normal’ years. Chadd et
al. (2017) developed the Drought Effect of Habitat
Loss on Invertebrates (DEHLI) index to characterize aquatic invertebrate losses in relation to changing
habitat availability, and this index can also document
responses to flow cessation and drying in temporary
streams (Sarremejane et al. in press; White et al. 2019).
Here, England et al. (2019) take a further step, by presenting a new index to characterize responses of assemblages encompassing aquatic, semi-aquatic and
terrestrial invertebrate taxa to changing instream conditions. Such taxa are all routinely present in regulatory samples collected from drying streambeds, due to
their presence in marginal habitats (Fig. 1e). England
et al.’s (2019) innovative approach recognizes intermittence as associated with terrestrial taxonomic gains
that offset aquatic losses, which enhances the spatial
and temporal beta diversity of temporary stream communities (Larned et al. 2010; Corti & Datry 2016;
Stubbington et al. 2017a).
Describing the assemblages associated with the
changing habitats present as a stream dries implicitly
recognizes taxon absences as reflecting sensitivity to
intermittence. As such, studies including England et al.
(2019), Chadd et al. (2017) and Straka et al. (2019) lay
the foundations for future characterization of communities associated with unimpacted temporary streams
and how these differ at sites altered by anthropogenic
impacts. Further research is also needed to develop
classification systems that acknowledge the considerable environmental variability of temporary streams
(Skoulikidis et al. 2017; Stubbington et al. 2018a). A
long-term goal of such research is to transform the
monitoring and management of temporary streams,
which are typically underrepresented in or excluded
from the routine sampling of regulatory agencies
(Stubbington et al. 2018a). Progress towards this goal
may be facilitated by recent advances in the Mediterranean Basin (Gallart et al. 2012; Prat et al. 2014; Gallart et al. 2017), where adapted versions of aquatic-
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invertebrate-based indices have been developed for
temporary streams with seasonal, predictable flow regimes (Munné & Prat 2009; Stubbington et al. 2018a).
However, aseasonal variability characterizes the flow
permanence regimes of some temporary stream types
in cooler, wetter regions (Sefton et al. 2019), meaning that regulatory activities cannot always be timed
to coincide with peak aquatic alpha diversity (Prat et
al. 2014). Instead, regulators need flexible methods
that can be applied regardless of in-channel hydrological conditions (England et al. 2019; Stubbington et al.
2019).

Priorities to progress ecohydrological
understanding of temporary streams
Recent reviews have outlined ambitious, cross-discipline research priorities to advance temporary stream
science and management (Datry et al. 2016a; Leigh et
al. 2016a; Datry et al. 2017b; Stubbington et al. 2018a).
Instead of replicating these valuable syntheses, we discuss the research priorities identified by contributions
to this special issue. Chakona et al. (2019) and Loskotová et al. (2019) highlight the need for autecological
studies that identify species-specific physiological
tolerances to conditions experienced in temporary
stream habitats including isolated pools, and saturated
and humid sediments. Generating such knowledge
will require controlled laboratory experiments, the
findings of which will enable prediction of speciesspecific vulnerability to flow regime alteration in a
context of global change (Chakona et al. 2019). At the
next hierarchical level, PaĜil et al. (2019) demonstrate
the value of field experiments that characterize population-level responses to drying, without which we
may fail to recognize the severity of a biotic response.
Such research should prioritize species with important
roles in ecosystem functioning (PaĜil et al. 2019) and
those of conservation concern (Chakona et al. 2019).
Both Chakona et al. (2019) and PaĜil et al. (2019) also
emphasize the need to identify the refuges and recolonization pathways that collectively enable different
population cohorts to persist during and recover after
a drying event.
Papers in this special issue also highlight the improvements to temporary stream monitoring and management that could be achieved by real-world application of research advances. The hydrological metrics
developed by Sefton et al. (2019) and the biotic index presented by England et al. (2019) both represent
tools with the potential for widespread application in
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temporary streams across and beyond Europe, subject to testing and appropriate adaptation. However,
more field data are first needed: regularly collected
observations distinguishing between flowing, ponded and dry instream states (Sefton et al. 2019), and
taxon lists detailing the aquatic, semi-aquatic and terrestrial invertebrates present in routine biomonitoring
samples (England et al. 2019). In addition, Durkota et
al. (2019) emphasize that incorporating both surface
water and groundwater ecology can enable effective
management of freshwater ecosystems including temporary streams. Academic and stakeholder members
of research projects including the EU COST Action
CA15113 Science and Management of Intermittent
Rivers and Ephemeral Streams (Datry et al. 2017c)
and the Dry Rivers Research Coordination Network
(2019) represent networks with the potential to test the
tools and implement the recommendations presented
herein.
Ongoing research biases are also indicated by papers in this special issue. Macroscopic faunas and in
particular macroinvertebrates remain a focus, whereas
meiofauna are relatively poorly studied (Robertson et
al. 2000); animals are better characterized than any
other major taxon. Ecological patterns remain bestknown within reaches, whereas other spatial scales
from the microhabitat to the network require further
study. Similarly, community patterns are better described than those at higher and lower ecological levels including the metacommunity, population (but see
Cowx et al. 1984; PaĜil et al. 2019) and species (but see
Loskotová et al. 2019 and fish studies such as Hwan
et al. 2017). Observational field studies dominate,
whereas few controlled experiments test hypotheses
or disentangle the multiple drivers influencing biotic
communities (but see e.g. Vadher et al. 2017; Aspin et
al. 2018; Loskotová et al. 2019).
Although described with aquatic communities in
mind, the above research biases also relate to terrestrial communities, understanding of which remains
notably limited. England et al. (2019) join calls for
holistic ecological quality assessments in temporary
streams to encompass taxa across the full range of
habitat preferences from aquatic organisms that dominate during wet phases to terrestrial assemblages that
colonize and establish in dry channels (Stubbington
et al. 2018a; Stubbington et al. 2019). First, however,
considerable field research is needed to address this
major research gap by characterizing terrestrial communities and their ecological requirements across climate zones. As a first step, below, we complement the
advances in aquatic macroinvertebrate ecology of spe-
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Am

Tropical

Archaeognatha

Araneae

Amphipoda

Acari (subclass)

Order / higher taxon Family / finest
(stated)
taxonomic
resolution

1

1

1

ET

1

2

1

2

3

1

4

1

13

7

1

1

1

1

1

1

1

1

1

2

8

1

8

1

3

1

1

4

12

2

1

7

Alp. Total

Table 1. Taxonomic richness of dry-phase terrestrial invertebrate assemblages in temporary stream channels in different Köppen-Geiger climate types. Details of each study are provided
in Table S1, and climate-type codes are defined in the Table S1 footnote. Alp., alpine; Ctl., continental.
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1

1

Bsk

1

Bsk

1

Bsk

1

Bsk

1

Bwh

1

Cfa

Cfb

1

1

Cfb

1

1
1

1

1

1

1

1

1

Cfb

1

1

Csa

1

Csa

1

1

Thysanoptera

1

1

1

1

1

1

1

1

1

1

1

1

1

CSb CSb

Solifugae

1

1

1

1

1

1

Psocoptera

1

1

1

1

1

Tetrigidae

1

Gryllidae

1

1

1

1

1

1

1

1

Acrididae

Tubificidae

Enchytraeidae

Psychidae

Oniscidae

Formicidae

Saldidae

Lygaeidae

Gelastocoridae

Aphidae

1

1

Cfb

Dfb

1

1

1

1

1

1

Cfb

Ctl.

Cochlicopidae
1

Cfb

Mediterranean

1

1

Cfb

Temperate
Oceanic

Arionoidea

1

1

Cfa

1

1

1

Bsh

1

1

Aw

Sub-tropical

Pseudoscorpiones

Protura

Orthoptera

Opiliones

Oligochaeta (subclass)

Nematoda (phylum)

Myriapoda (class)

Mantodea

Mallophaga (suborder)

Lepidoptera

Isopoda

Hymenoptera

Hemiptera

Gastropoda (class)

Aw

Arid and semi-arid

Tipulidae

Am

Tropical

Sphaeroceridae

Sciaridae

Psychodidae

Order / higher taxon Family / finest
(stated)
taxonomic
resolution

Table 1. Continued

1

1

ET

2

1

5

2

1

2

2

1

2

1

1

2

2

1

2

1

1

1

2

2

2

17

1

1

3

2

5

1

2

2

2

1

1

2

Alp. Total
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cial issue contributions by examining current knowledge of the terrestrial communities; we also direct
readers to Steward et al. (2017). Reflecting research
to date, we focus on invertebrates but also outline current knowledge of plant communities. We highlight
where our understanding is balanced across regions,
where particular regions lag behind or lead ecological advances, and where research gaps are climatically
widespread. Addressing these gaps is crucial to inform
effective management and protection of the total biodiversity and ecosystem services of temporary streams
as aquatic–terrestrial ecosystems (Stubbington et al.
2019).

Recognizing terrestrial contributions to
temporary stream biodiversity
Although “terrestrial limnology” (Boulton & Suter
1986: 321) has long been recognized (Allee & Torvik
1927), studies have to date focused on aquatic communities present during flowing phases, and also lentic assemblages, including those in both dryland and
temperate ponded reaches and isolated pools (Hill
& Milner 2018; Bogan et al. 2019). In contrast, terrestrial communities – which experience temporary
streams not as freshwaters that sometimes dry, but as
linear terrestrial habitats that are sometimes inundated
(Stubbington et al. 2017a) – remain poorly known
across climate zones. In addition, very few studies
span aquatic and terrestrial environments to characterize the total biodiversity contribution of temporary
streams or compare community responses to intermittence (Soininen et al. 2015; Stubbington et al. 2018b;
but see Corti & Datry 2016). Variability in the spatial
and temporal extent of drying and inundation likely
has contrasting effects on aquatic and terrestrial taxa
(Leigh et al. 2016b), and biotic responses of terrestrial
organisms to wet-dry cycles probably vary among climate types. Across climates, the spatial dimensions
of connectivity that influence the resistance and resilience of in-channel assemblages may differ for terrestrial compared to aquatic taxa, with colonization of
dry channels by terrestrial invertebrates facilitated primarily by dispersal from laterally connected vegetated
riparian zones (Corti & Datry 2016).
Recent research exploring (largely ground-dwelling) terrestrial invertebrate communities joins earlier
studies in starting to redress the aquatic–terrestrial balance (Table S1; Steward et al. 2017). These dry-phase
studies span tropical (Allee & Torvik 1927; Steward et
al. 2011), sub-tropical (Stehr & Branson 1938; Fritz &
Feminella 2011; Steward et al. 2011), arid (Blackith &

Guillet 1995; Lalley et al. 2006), hot semi-arid (Dell
et al. 2014), cold semi-arid (Steward et al. 2011; McCluney & Sabo 2012), continental (Williams & Hynes
1976), mediterranean (Maamri et al. 1997; Wishart
2000; Rosado et al. 2014; Sánchez-Montoya et al.
2016), oceanic (Moon 1956; Boulton & Suter 1986;
Larned et al. 2007) and alpine (Steward et al. 2011)
regions (Table S1). Of 25 identified study systems,
seven are in oceanic regions, a climatic bias which
contrasts with the dryland focus of aquatic community research but largely reflects the activity of one
research group in the Albarine, France (Corti & Datry
2012; Datry et al. 2012; Corti & Datry 2016) and the
Selwyn, New Zealand (Table S1; Larned et al. 2007;
Corti et al. 2013). In contrast, single studies represent the continental and polar/alpine Köppen-Geiger
climate classes (see Table S1; Steward et al. 2011).
Across multiple climate zones, richness estimates indicate the significant contribution of terrestrial taxa
to total biodiversity (Table 1). Notably, Corti & Datry
(2016) quantified invertebrate biodiversity in the oceanic Albarine, and suggested that terrestrial richness
exceeded that of aquatic communities.
Comparing the assemblages recorded in contrasting climate types (Tables 1 and S1) is hampered by inconsistent sampling effort among regions and among
studies; the qualitative nature of many data sets; the
coarse resolution to which most taxa have been identified; the scarcity of comprehensive taxa lists; and
the lack of distinction between adult and juvenile life
stages. Nonetheless, 24 studies (but not Lalley et al.
2006; see Table S1) have recorded at least 56 taxa from
27 orders or higher taxa (Table 1). Formicidae (Hymenoptera) are most widespread, occurring in 17 studies
from tropical, semi-arid and arid, oceanic, mediterranean and continental climates; followed by Collembola, represented in 13 studies from semi-arid and arid,
subtropical, oceanic, mediterranean climates; then
Araneae, reported in 12 studies from semi-arid and
arid, oceanic and mediterranean regions. Coleoptera
are the most diverse order, represented by 13 families,
with Carabidae and Staphylinidae occurring in eight
and seven studies across arid and semi-arid, subtropical, oceanic, mediterranean and continental climates
(Table 1). The Diptera are also diverse (ten families)
and widespread, occurring in all climates except alpine. The relatively consistent assemblages described
across climate types may reflect the coarse resolution
to which taxa have been identified, and across regions,
considerable research is needed to characterize terrestrial assemblages at the species level (Soininen et al.
2015; Stubbington et al. 2019).
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The ongoing focus of dry-phase research on invertebrates may be explained by their mobility and
thus rapid arrival after surface water loss. Other biotic communities remain uncharacterized across
global regions. Although the effects of intermittence
on instream plant communities have been described
in oceanic temporary streams, studies have focused on
aquatic macrophytes, identifying terrestrial herbs and
grasses only as “non-aquatic” (Holmes 1999; Westwood et al. 2006a; Westwood et al. 2006b). Whereas
vegetational succession may be limited by short, unpredictable dry phases in some cool, wet regions,
ephemeral headwaters and aseasonal groundwater-fed
channels may remain dry for years (Sarremejane et
al. in press; Sefton et al. 2019). Here, lateral connections to riparian habitats and the prevalence of ruderal
plants in frequently disturbed terrestrial habitats may
favour resilient dry-channel assemblages dominated
by terrestrial generalists. Inundation-tolerant specialists may also occur, including taxa that also inhabit dynamic aquatic–terrestrial habitats such as floodplains
(Lytle et al. 2017). However, long-duration flowing
phases will eliminate dry-channel inhabitants that lack
adaptations to inundation (Adis & Junk 2002), with resistance mechanisms most likely to evolve in systems
experiencing long and predictable dry phases; as for
aquatic invertebrates, specialists may be the exception
(Armitage & Bass 2013), not the norm (Datry et al.
2014). Considerable research is needed to provide evidence that supports, or contradicts, suggested patterns.

Conclusion: towards improved protection of temporary streams in a context
of global change
This special issue is dominated by European contributions, partly reflecting recent collaborative research
resulting from the EU COST Action CA15113 (Datry et
al. 2017c; PaĜil et al. 2019) as well as regulatory interest in monitoring and mitigation of interacting drought
and water resource pressures (van Lanen et al. 2016;
Rey et al. 2017). There is also a bias towards UK temporary chalk streams, where legislative protection (EC
1992) provides an impetus to improve monitoring and
management (e.g. Chadd et al. 2017; Westwood et al.
2017; England et al. 2019; Sefton et al. 2019). Although
not represented in this special issue, temporary stream
research is also gaining momentum in European alpine regions (Piano et al. 2019; Siebers et al. 2019; also
see the InterNet project, Eawag 2018), where intermittence may result from drying of snowmelt-fed streams
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or from loss of free water upon freezing (Prowse et
al. 2007; Buttle et al. 2012; Tolonen et al. 2019). As
climate change and water resource use interact to
increase the extent of intermittence across global regions – including those with alpine, continental and
oceanic climates (Beniston 2012; van Vliet et al. 2013;
B-Béres et al. 2019) – further research is needed to better characterize community and population responses
to natural and human-induced intermittence. Identifying differences in ecological responses among climate
zones, including differences in the refuges that act as
recolonist sources, may inform effective management
interventions that recognize and enhance connectivity along the pathways that support recolonization by
aquatic and terrestrial organisms during wet and dry
phases, respectively.
In contrast to dryland systems, enhanced visibility during droughts and heatwaves makes dry streams
symbols of anthropogenic climate change and unsustainable water resource use in cool, wet regions (Steward et al. 2012; Stubbington et al. 2018b). In some
cases, temporary streams are impacted by human
activity and negative perceptions of drying are warranted. In many other cases, the considerable ‘natural
capital’ and ecosystem services provided by natural
temporary streams are overlooked, including services
that are unique to dry phases (Datry et al. 2018; Stubbington et al. 2018b). Despite this, appreciation and legal protection of temporary streams remains restricted
to very few types (such as the ‘winterbourne’ chalk
streams in south England; EC 1992), and most ecosystems remain overlooked (Acuña et al. 2017). In particular, small headwater streams are a notable research
gap, despite global recognition of their biodiversity
value (Finn et al. 2011; Biggs et al. 2017).
The improved scientific understanding resulting
from recent advances in temporary stream science –
including contributions in this special issue – needs
to be shared widely, to enhance societal recognition
of the ecological value of natural intermittence, while
also acknowledging the profound consequences of
human-impacted flow permanence regimes. Improved
public attitudes towards temporary streams could ultimately provide political impetus for enhanced ecosystem protection through changes to policy and practice (Leigh et al. 2019). Building on recent progress in
Mediterranean regions (Prat et al. 2014; Gallart et al.
2016; Gallart et al. 2017), now is the time to capitalize on recent recognition of natural intermittence by
regulatory agencies with responsibility for ecosystem
protection in cooler, wetter temperate nations (Mainstone et al. 2018), and to improve temporary stream
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management within and among regions with contrasting climate types.
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Cfa

Ephemeral flow Jun-Sept; Assemblages (including meiofauna) in litter bags
discontinuous flow Oct- placed in tree roots for 18-366 d. 3 streams with 45
May
bags stream–1

Coarse-fine sand over
hardpan clay

Description of “shore” assemblages in a dry small
stream channel. 38 visits in a 1-year period, with
population counts made in 1 m2 at multiple sites in
each substrate type.

Arthropod assemblages in 5 pitfall traps from 1
ephemeral streambed site

Regular flow from
autumn to spring;
persistent isolated pools

“Ephemeral”

Dwarf shrubs / grass;
loose sand

Insect assemblages in “intermittently dry beds”

Samples collected 2, 4, 10, 15 and 29 d after
complete drying, along 3 transects of 5 pitfall traps
installed for 48 h.

Four substrate types:
rocky riffles, sandy
riffles, rock-bottomed
pools, sandy pools

“Erratically dry”

Dry Jun-Jul to Nov-Dec

%: 66 silt/clay, 24 sand,
14 gravel, 6 pebble

“superficial silt layer”;
otherwise undescribed

Seasonal

Varying % of sand to
boulder-sized clasts

BWh

Assemblages in 12 pitfall traps installed for 24 h at
2 sites; comparison with riparian assemblages

Unpredictable, can dry
for months

Silt, clay
Assemblages of arthropod families including
carabid genera, collected in pitfall traps at 62 sites
along 6 km of drying and dry active channel

Assemblages in 20 pitfall traps installed for 24 h at
4 sites; comparison with riparian assemblages

Source and river2
Allee & Torvik 1927

Stehr & Branson
1938

25 taxa. Tetrigidae and Gryllidae (Orthoptera); Saldidae and
Gelastocoridae (Hemiptera); Carabidae, Cicindelidae and Staphylinidae
(Coleoptera).

Enchytraeidae (Oligochaeta), Collembola, Sciaridae and Cecidomyiidae Fritz & Feminella
(Diptera) were the dominant macroinvertebrates. Oribatida and Nematoda 2011
(Hemicyclophora and Xiphenema) dominated the meiofauna.

Behaviour: seasonal migration into channel; scavenging of aquatic biota
by Carabidae and Staphylinidae; hibernation at low temperatures.

Behaviour: web-building (Araneae) and burrowing (Insecta, Araneae).

Lalley et al. 2006

Blackith & Guillet
1995

Sánchez-Montoya et
al. 2016, Rogativa

McCluney & Sabo
2012

Steward et al. 2011,
Moonie

Steward et al. 2011,
Brisbane

Dell et al. 2014

Steward et al. 2011,
Flinders

23 taxa. Formicidae, Araneae and Acari. (Note: study not included in
Table 1 due to insufficient taxonomic information.)

4 spp. and 1 genus: 1 Dytiscidae (Coleoptera); 1 Gryllidae and 1
Acrididae (Orthoptera); 2 Diptera including Diopsidae, which were most
abundant.

31 % Formicidae; 26 % Araneae; 1 % Collembola; 4 % Coleoptera; no
other taxa indicated.

30 families in 8 orders. Araneae (6 families); Coleoptera (6); Hemiptera
(5); Diptera (4); Hymenoptera (4) most diverse. Carabidae (Coleoptera)
most abundant (55 % of all individuals) then Formicidae (Hymenoptera,
24 %), Lycosidae (Araneae, 9 %). 10 carabid genera: Syntomus most
abundant (70 % of all carabids) and Brachinus also common.

39 morphospecies of which 32 shared with riparian zones and 7 unique
taxa. Formicidae, Collembola, Araneae dominated.

87 morphospecies of which 60 shared with riparian zones and 27 unique.
Formicidae, Hemiptera, Collembola, Araneae dominated.

35 taxa from 13 orders/higher taxa. Isopoda, Collembola, Orthoptera,
Psocoptera, Hemiptera (Lygaeidae), Coleoptera (Anthicidae, Elateridae,
Psephenidae, Staphylinidae), Diptera (Psychodidae), Lepidoptera larvae,
Formicidae and Araneae noted.

Assemblage in 36 pitfall traps installed for 24 h at 6 66 morphospecies of which 48 shared with riparian zones and 18 unique.
sites; comparison with riparian assemblages
Formicidae dominated; Coleoptera and Diptera noted.

Gravel, cobble; silt, clay, Unpredictable, can dry
sand
for months

Seasonal, duration not
stated

Silt, clay, sand; gravel,
sand; gravel, cobble

Assemblage description, including observations of behaviour

Assemblage in 36 pitfall traps installed for 24 h at 6 48 morphospecies, of which 36 shared with riparian zones and 12 unique. Steward et al. 2011,
sites; comparison with riparian assemblages
Formicidae (Hymenoptera) and Coleoptera dominated.
Mitchell

BSk

Seasonal, duration not
stated

Sand-dominated, some
gravel and pebbles

Aw

Sampling strategy
Assemblage in a dry (“moist”) rainforest streambed Termitoidae (Blattodea) stated as among the “numerous land animals”
present.

Bedrock + sand, pebbles, Seasonal flow for “several Assemblages in wet, drying and dry leaf packs
boulders
weeks” i.e. long dry
placed at pool margins at six sites.
durations

Seasonal, duration not
stated

Not described

Am

BSh

Dry phase

Climate1 Bed characteristics

Table S1. Studies examining the dry-phase terrestrial invertebrates of temporary stream channels, indicating climate type. Studies are ordered chronologically within climate groups.
Temporary habitats associated with perennial rivers are not included; for a broader consideration, see Steward et al. (2017).
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A review of assemblages in 2 rivers

Predictable (implied)

Predictable longitudinal
gradient

Predictable longitudinal
gradient from < 1-142
d dry

Not described; various

Cobble and pebble
dominated

NA

2

1

Unpredictable

Sánchez-Montoya et
al. 2016, Fuirosos

Steward et al. 2011,
Tagliamento

Common taxa: Enchytraeidae and Tubifex tubifex (Oligochaeta);
Williams & Hynes
Arionoidea and Cochlicopidae (Gastropoda); Carabidae, Scarabaeidae and 1976
Staphylinidae (Coleoptera); Chironomidae; Formicidae; Acari.

13 % Formicidae; 26 % Araneae; 6 % Collembola; 6 % Coleoptera, 1 %
Acari, 1 % Psocoptera; no other taxa indicated.

Behaviour: most (78 % of taxa / 68 % of individuals) capable of flight.

9850 individuals in 327 taxa/morphotaxa: Coleoptera (57 %), Araneae
Wishart 2000
(15 %), Formicidae (13 %), and Diptera (7 %) dominated. Also Acari,
Pseudoscorpiones, Solifugae (Arachnida); Amphipoda; Isopoda;
Gastropoda; Dermaptera, Hemiptera, Orthoptera and 6 other insect orders.

Assemblage in 24 pitfall traps installed for 24 h at 4 48 morphospecies, of which 34 shared with riparian zones and 14 unique
sites; comparison with riparian assemblages
taxa. Formicidae, Collembola, Coleoptera, Arionoidea (Gastropoda)
dominated.

Assemblages in two streams sampled with dipnet
(? – no terrestrial sampling methods stated).

Samples collected 2, 4, 10, 15 and 29 d after
complete drying, along 3 transects of 5 pitfall traps
installed for 48 h.

Maamri et al. 1997

Coleoptera (mainly Staphylinidae and Carabidae) and Araneae (mainly
Rosado et al. 2014
Lycosidae) dominated; Psocoptera, Collembola and Hymenoptera (mainly
Formicidae) also common; Hemiptera noted.

Few organisms; mainly predatory Araneae, plus Oribatida, adult
Coleoptera, and Diptera including Tipulidae, Ceratopogonidae and
Psychodidae.

51 taxa, including 45 taxa in pitfalls and 26 in quadrats. The most
Corti et al. 2013
abundant taxa in pitfall traps were Carabidae, Lycosidae and other
Araneae, and Opiliones. The most abundant taxa in quadrat samples were
Carabidae and Staphylinidae, Salticidae (Araneae) and Opiliones.

Corti & Datry 2016

Datry et al. 2012

Köppen-Geiger climate classes: Am, tropical monsoon; Aw, tropical wet / dry; BSh, Steppe (semi-arid) hot; BSk, Steppe (semi-arid) cold; BWh, Desert (arid) hot; Cfa, humid subtropical; Cfb, oceanic; Csa, mediterranean / hot dry summer; Csb, mediterranean / warm dry summer; Dfb, humid continental, warm; ET, alpine/polar – tundra (in this case, the Italian Alps).
River names are provided for studies considering more than one river; full details of cited sources are provided in the main manuscript.

Gravel, pebbles, cobbles

ET

< 4 months

Dry from Jun-Jul to
Nov-Dec

%: 13 silt/clay, 22 sand,
16 gravel, 22 pebble, 25
cobble, 3 bedrock

Soil, tangled mass of
grass roots

Seasonal, approx. 70 d
dry phase

Sand

Assemblages from 8 pitfall traps installed for 28 d
at each of 3 sites

Arthropod assemblages in coarse particulate
organic matter deposits. 8 samples collected in
25 × 25 cm quadrats at 1 site in each of 3 years.

Not described

Seasonal, approx.
2-4-month dry phase

Assemblages in experimental leaf packs (3
replicates for each of 2 leaf species) placed at 2
sites for 12 (4 dry, then 7 wet, then 1 dry) months.

Boulders, cobbles, gravel < 5 months, with
and occasionally sand
unquantified inundation

6 sites across 2 rivers. Sites dried 1 week to > 1
month pre-sampling. 5-36 pitfall traps and 10-20
quadrat samples site–1. Quadrat sampling on 2
dates.

Description of community in 7 pitfall traps set for 7 113 taxa. Dominated by Collembola (57 %), Oniscidea (Isopoda, 6 %),
d at each of 4 sites in 3 months (Aug, Oct, Feb)
Acarina (6 %), Gastropoda (4 %) and Lasius fuliginosus (Formicidae,
3 %).

Gravel and sand bars

18 taxa. Heteroptera including Aphidoidea the most abundant.
Also Araneae and Pseudoscorpiones (Arachnida); Collembola;
Carabidae, Chrysomelidae, Dryopidae and Staphylinidae (Coleoptera);
Cecidomyiidae and Chironomidae; Formicidae; Oniscidae (Isopoda);
Psychidae (Lepidoptera); Mallophaga; Myriapoda; Psocoptera;
Thysanoptera.

Assemblages in experimentally rehydrated dry
sediments. 2-3 samples collected from 13 sites that
dried 0.1-142 d before sampling

“coarse sediment” plus
Predictable longitudinal
fine layer of fine sediment gradient

Larned et al. 2007

Boulton & Suter
1986

71 taxa. Collembola (78 % of individuals), Psocoptera (4 %), and
Corti & Datry 2012
Chrysomelidae (Coleoptera, 2 %) most abundant. Chrysomelidae (32 % of
individuals), Staphylinidae (16 %), and Carabidae (14 %) were the most
abundant living taxa. Oligochaeta and Acarina also noted.

Inundation tolerance noted for Collembola and Staphylinidae

8 taxa: Araneida (Arachnida), Chilopoda, Collembola, Coleoptera
including Staphylinidae, Aphidae (Hemiptera), Formicidae, Protura.

Taxa common to both rivers included Amphipoda, Carabidae and
Hydraenidae, Lycosidae, and Formicidae.

Staphylinidae tolerated 2 h inundation.

Behaviour: feeding by Coleoptera and Oligochaeta; feeding and searching
for prey by carnivorous adult flies.

Heteroceridae (1 sp.), Hydrophilidae (3 spp.) and Staphylinidae (1 genus, Moon 1956
2 spp.) (Coleoptera); Myriapoda (1 sp.); Anthomyidae (1 sp.), Borboridae
(1 sp.), Dolichopodidae (2 spp.) and Tipulidae (2 spp.) (Diptera);
Oligochaeta (3 spp.).

Equivalent to sediments
on gravel bars

Assemblages in advancing wetted fronts at 12 sites
collected using 3 replicate 5-min drift net samples
site–1

Assemblages in 54 × 2.5 L rewetted sediment
samples collected from 10 sites which dried 1-592
d prior to sampling

Assemblage in the drying, moist bed of a chalk
stream; collection methods not described

Algal masses on wet mud Predictable summer dry
and marginal gravel
phase; sampled in late
summer

Dfb

Csb

Csa

Cfb

Table S1. Continued
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