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ABSTRACT

The assessment of the ecological status of water bodies, as requires by the European Water Framework Directive, can raise a number of
problems when applied to temporary streams. These problems are because of the particular physical, chemical and biological conditions
resulting from the recurrent cessation of flow or even the complete drying of the stream beds. In such non-permanent water bodies, the
reference quality standards developed for permanent streams may only be applicable under certain circumstances or may not be applicable at
all. Work conducted within the collaborative EU-funded project Mediterranean Intermittent River ManAGEment (MIRAGE) has addressed most
of these difficulties and has used diverse approaches to solve them. These approaches have been brought together in the so-called MIRAGE Tool-
box. This toolbox consists of a series of methodologies that are designed to be used in a sequential manner to allow the establishment of the eco-
logical and chemical status of temporary streams and to relate these findings to the hydrological status of the streams. The toolbox is intended to
serve the following purposes: (i) the determination of the hydrological regime of the stream; (ii) the design of adequate schedules for biological
and chemical sampling according to the aquatic state of the stream; (iii) the fulfillment of criteria for designing reference condition stations; (iv) the
analysis of hydrological modifications of the stream regime (with the definition of the hydrological status); and (v) the development of new
methods to measure the ecological status (including structural and functional methods) and chemical status when the stream’s hydrological
conditions are far from those in permanent streams. Copyright © 2014 John Wiley & Sons, Ltd.
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INTRODUCTION

Temporary rivers comprise approximately one half of the
global river network and are predicted to expand further
because of climate change and increased water abstraction
for human use (Carlisle et al., 2010). These systems are
characterized by the recurrent onset and cessation of flow
or even the complete drying of stream bed segments; these
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complex hydrological dynamics strongly influence biotic
communities as well as nutrient and organic matter process-
ing (Lake, 2000, 2007; Larned et al., 2010; Datry et al.,
2014). From an ecosystem perspective, temporary rivers
form a complex spatial and temporal mosaic of lotic, lentic,
and terrestrial habitats (Boulton and Suter, 1986; Williams,
2006). They harbour unique and diverse aquatic, amphibi-
ous and terrestrial biotic assemblages, and they store,
process, and transport energy and matter (Lake, 2011).
However, the current paradigms in river science and
management have emerged from and have been developed
for permanent rivers. The principles of biodiversity conser-
vation, integrated water resource management and water
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quality control ignore the reality that major parts of the
global river network are temporary (Gasith and Resh,
1999; Larned et al., 2010).
Temporary rivers remain generally neglected in water

legislation and regulations such as the European Water
Framework Directive (EU-WFD; European Communities,
2000) or the US Federal Water Pollution Control Act
(commonly referred to as the Clean Water Act), posing a
great challenge to water managers who are, therefore,
compelled to apply permanent river management principles
when making decisions. The hydrological variability of
temporary rivers needs adaptive management strategies,
especially in the context of climate change. The ecological sta-
tus (ES) assessment of temporary rivers constitutes one of the
missed challenges within the context of the EU-WFD
(Nikolaidis et al., 2013). In summary, temporary rivers need
to be fully recognized and integrated into river science, man-
agement and monitoring (Datry et al., 2014).
The Mediterranean Intermittent River ManAGEment

(MIRAGE) project is concerned with the development of
tools suitable for the sound management of temporary
streams. Emphasis is placed on achieving a good chemical
and ES, as required by the EU-WFD. One ofMIRAGE’s major
aims is to support the general application of the EU-WFD in
Mediterranean river basins. To do so, it provides appropriate
guidelines for the assessment of temporary streams, a type of
watercourse of major and increasing importance in theMediter-
ranean region (Meehl et al., 2007). The members of the MI-
RAGE team have developed a variety of tools applicable to
various aspects related to the intermittent nature (i.e. hydrology,
ecology and chemistry) of temporary streams [e.g. Dieter et al.,
2011; García-Roger et al., 2011; Kirkby et al., 2011; Gallart
et al., 2012; De Girolamo et al., 2013a, 2013b (submitted)].
The main focus of the MIRAGE Toolbox is to help profes-
sionals addressing the management of temporary streams from
an interdisciplinary perspective by covering a wide range of the
conditions that a temporary streammay experience. The princi-
pal objective of the MIRAGE Toolbox is to integrate complex
hydrological conditions with the ecological and chemical indi-
cators to establish EU-WFD compliant ES and chemical status
(CHS). Here, we introduce a comprehensive approach for
assessing the environmental quality of temporary streams
based on the concept that the occurrence of periods without
flow or even without water is the principal factor controlling
physicochemical and biological processes in these streams.
For practical reasons, this approach takes the form of a collec-
tion of tools that are new or adapted from procedures currently
applied to permanent streams.
This paper provides a thorough overview of the methodol-

ogies that make up the MIRAGE Toolbox, to show the user
sequence and the linkage between each focused method that
have been presented independently in several papers (Table I)
describing scientific experiments and results in detail.
Copyright © 2014 John Wiley & Sons, Ltd.
TOOLS IN THE TOOLBOX

Rationale

The MIRAGE Toolbox is a sequential arrangement of tools
covering hydrological [temporary stream regime (TSR)-Tool,
hydrological status (HS)-Tool, and aquatic state (AS)-Tool)],
ecological [reference condition (RC)-Tool, biological
assessment (BioAS)-Tool, and ES-Tool] and chemical [phys-
icochemical status (PCHS-Tool) and CHS-Tool] aspects of
the assessment of temporary streams, (Figures 1 and 2). We
synthesize, in a series of figures, the content and the way in
which each tool has to be used (Figure 2). The aim is not to
describe each of the tools in detail (such descriptions are
provided by the papers listed in Table I) but rather to describe
the overall process and the sequence in which the tools are to
be used (Figure 2).

Temporary stream regime (TSR-Tool)

The first question to address is whether the stream is tempo-
rary and, if so, to what extent. This question is answered
with the so-called TSR-Tool, which is described in detail
in Gallart et al. (2012) and synthesized in Figure 3. To over-
come the frequent lack or scarcity of hydrologic data from
temporary streams, the TSR-Tool uses only data on the pres-
ence–absence of flow at a monthly scale, preferably from at
least a 10-year monitoring period. If hydrological data are
not available, then the TSR-Tool proposes the use of rain-
fall–run-off modelling or interviews with the inhabitants.
The data obtained are used to calculate two metrics that
synthesize the two main hydrological parameters relevant to
the characterization of temporary streams: flow permanence
and predictability of the dry season (Gallart et al., 2012).
These specific metrics proposed in the TSR-Tool are as fol-
lows: (i) the long-term annual relative number of months with
flow (Mf), as a measurement of flow permanence, and (ii) the
6-month dry-season predictability (Sd6), a measurement of the
seasonality of drying. Sd6 is computed as follows:

Sd6 ¼ 1 ∑
6

1
Fdi=∑

6

1
Fdj

� �
(1)

where Fdi represents the multiannual frequencies of zero-flow
months for the six contiguous wetter months in the year, and
Fdj represents the multiannual frequencies of zero-flow
months for the remaining six drier months in the year.
According to Gallart et al. (2012), the Sd6 metric is dimen-
sionless, with a value of 0 if no-flow conditions occur equally
throughout the year, and a value of 1 if all of the no-flow
conditions occur in the same 6-month period every year. If
the regime is fully permanent, this metric cannot be computed,
so the value of 1 may be used to indicate full predictability.
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Table I. Tools of the MIRAGE Toolbox, related documents from the MIRAGE project and peer-reviewed scientific journals where each tool
is defined and used

Tool Documents in MIRAGE
Papers produced by MIRAGE

project
National guidance documents or

standards

TSR-Tool (temporary
stream regime)

Deliverable 3.3 Gallart et al., 2012 Italy: DM Ambiente 131-2008

Spain: MARM 2008
RC-Tool (reference
conditions)

Deliverable 4.2 Sánchez-Montoya et al., 2009,
2012a.

CEDEX, 2004 (Spanish guidance)

CNR-IRSA, 2008a, 2008b (Italian
guidance)

HS-Tool (hydrological
status)

Deliverable 3.3 and 3.5 Cazemier et al., 2011; Vernooij
et al., 2011; De Girolamo et al.,
2011, 2013a, 2013b (submitted)

Italy: DM Ambiente 260–2010
Italy: ISPRA, 2011

MUHC protocol Cazemier et al., 2011; Vernooij
et al., 2011; Querner et al., 2011

AS-Tool (aquatic states) Deliverable 3.4 De Girolamo et al., 2011; Gallart
et al., 2012

BioAS-Tool (biological
assessment)
ES-Tool (ecological
status)

Deliverable 4.1 Sánchez-Montoya et al., 2011 HIBIM (Spain)

Sampling strategy Deliverable 4.1 García-Roger et al., 2011 CHE, 2013 (Spain)
Buffagni et al., 2008 STAR_ICMi (Italy: CNR-IRSA, 2007;

DM Ambiente 56–2009)
Eurheic and oligorheic
states

Deliverable 4.1 García-Roger et al., 2011 HIBIM, CHE, 2013

STAR_ICMi (Italy: DM Ambiente
260–2010)
HES method (Greece) (Artemiadou and
Lazaridou, 2005)

Arheic state Deliverable 4.2 Steward et al., 2011 Non-existent
Deliverable 4.3

Functional measures Deliverable 4.3 Dieter et al., 2011 Non-existent
PCHS-Tool
(physicochemical status)

De Girolamo et al., 2012;
Sánchez-Montoya et al., 2012b

NCS metric in Greece
Italy: DM Ambiente 260-2010

CHS-Tool (chemical
status)

Deliverable 7.3 Ademollo et al., 2011; David
et al., 2012; Chahinian
et al., 2013

WFD-CIS Guidance no. 25 on sediment
and biota monitoring (European
Commission, 2010)

National standard protocols where tools may be used are also indicated in the table.

MIRAGE TOOLBOX
Plotting the coordinates of Mf and Sd6 in the TSR plot
(Figure 3) allows the comparison between diverse regimes
as well as the analysis of regime changes as a result of
human activity. The plot is also designed to help classify
the stream regime into one of the following regime types:
(i) permanent (P); (ii) intermittent with pools in the no-flow
period (I-P); (iii) intermittent with dry channel in the no-flow
period (I-D); and 4(iv episodic-ephemeral (E). According to
this figure,Mf should be close to 1 for a stream to be classified
as permanent. To be classified as an intermittent stream with
permanent pools (even in the dry season), a range ofMf values
was proposed based on the degree of predictability (Mf≥ 0.6
if the stream is highly predictable, but Mf≥ 0.85 if
Copyright © 2014 John Wiley & Sons, Ltd.
predictability is low). This dependence is also valid for
intermittent streams with dry channels in the summer
(0.3≤Mf≤ 0.6 in predictable streams but higher values in
unpredictable streams). Lastly, ephemeral–episodic streams
are those without water for most of the time; hence, low values
of Mf are expected. Practical examples of the use of the TSR-
Tool may be found in Gallart et al. (2012) and De Girolamo
et al. (2013a and b) (Table I).
Reference conditions (RC-Tool)

The RC concept is defined as the condition in the absence of
human disturbance that is used to describe the standard, or
River Res. Applic. (2014)
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Figure 1. Schematic representation of the MIRAGE Toolbox and the tools that it contains. TSR: temporary stream regime; RC: reference
conditions; HS: hydrological status. AS: aquatic states; BioAS: biological assessment of aquatic states; ES: ecological status; PCHS:

physicochemical status.
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benchmark, against which the current condition of a stream
is compared (Stoddard et al., 2006). The method for deter-
mining if a site is in RC is an important issue because the
same metric cannot be used as both of the following: (i)
the criterion to establish the RC and (ii) the criterion to
validate if a site is in the RC (Stoddard et al., 2006). The
RC should be linked to transverse information such as stream
typology. Moreover, reference sites should present the full
range of conditions expected to occur naturally within a given
stream type (Barbour et al., 1996; Reynoldson and Wright,
2000; Stoddard et al., 2006; Pardo et al., 2012). The selection
of criteria for establishing RC in temporary streams is a
complicated task because the river may dry out completely
or only a few pools may remain during several months of
the year (Sánchez-Montoya et al., 2012a).
The RC protocol evaluates a total of 37 attributes

(Figure 4) in a stream. The protocol incorporates various
aspects (i.e. diffuse sources of pollution and land uses,
morphological alteration, presence/absence of invasive
species, hydrological condition and others) at two different
spatial scales (from the basin scale to the reach or segment;
Sánchez-Montoya et al., 2012a). This protocol is a combina-
tion of criteria previously developed in the context of
Mediterranean streams in Spain by Bonada et al. (2004),
Munné and Prat (2009) and Sánchez-Montoya et al. (2009)
and recently intercalibrated for several Mediterranean coun-
tries (Feio et al., 2013a). After this a priori selection, site val-
idation must be applied to confirm and improve the selection
Copyright © 2014 John Wiley & Sons, Ltd.
of reference sites (Barbour et al., 1996). This is so because
certain types of disturbances may be difficult to detect with
the commonly used screening methods (Hering et al., 2006).
There can be a particular need for the validation of a prelimi-
nary selection of reference sites in European rivers because
these rivers are typically affected by multiple pressures, such
as organic pollution or flow regulation (Hering et al., 2006).
In this context, we propose three additional validation criteria
(Figure 4). These criteria are all related to nutrient conditions
(refer to Sánchez-Montoya et al., 2012b for details).
Hydrological status (HS-Tool)

Temporariness in rivers occurs not only because of specific
climatic and geologic conditions but is also because of
human actions. River flow may decrease because of direct
abstraction or because of transmission losses induced by
lowering of the groundwater level. Conversely, a naturally
temporary stream may exhibit permanent flow because of
waste water effluents or reservoir releases. It is important
to determine whether the stream is hydrologically modified
compared with streams in RCs because this modified status
has direct consequences for biological communities (Belmar
et al., 2012). The disruption of the natural magnitude or
timing of stream flows is usually known as hydrologic alter-
ation, and several methods are available for its assessment
(e.g. IAH, The Nature Conservancy, 2009). Here, the HS-Tool
is proposed to determine the HS (Figure 5), considering not
River Res. Applic. (2014)
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Figure 2. Flowchart showing the sequential use of the tools from the MIRAGE Toolbox. Acronyms for tools as in Figure 1. Codes for aquatic
states as follows: H: hyperrheic, E: eurheic, O: oligorheic, A: arheic; D: dry (hyporheic and edaphic states). Codes for ecological status: H:

very good; G: good; M: moderate; P: poor; B: bad.

MIRAGE TOOLBOX
the magnitude of stream flows but the duration and timing of
the periods without flow or the occurrence of the diverse ASs
(refer to the next section for their definition).
The assessment of the alteration of the hydrologic regime

requires that two of the three following data sets are avail-
able: (i) the recorded/gauged flow; (ii) the natural flows;
and/or (iii) the water releases and net abstractions
(excluding flows returned to the system after use). A first
approach, consistent with the other tools, is based on the
comparison between the regime at the studied reach and
the regime in a reach in RC as a surrogate of the natural re-
gime. The two regime metrics (Mf and Sd6) described in the
preceding texts are compared, assuming that both reference
and studied sites belong to the same river type. Note that if
RC sites are not available for any reason, we propose here
alternative modelling approaches to simulate flow and to es-
timate the temporary regime metrics.
The regime of the stream is determined by searching the

coordinates of the two metrics in the TSR plot (plot of Mf

and Sd6, as shown in Figure 3). The Euclidean distance
between the RC site and the study site is then measured
and compared with the annual variability of the metrics. If
a transition to a regime type different from the RC site has
occurred, it can then be concluded that the study stream is
Copyright © 2014 John Wiley & Sons, Ltd.
hydrologically altered. If no RC sites are available for the
comparison, we suggest simulating the natural or altered
stream flow of the study site by means of available, suitable
hydrological models (e.g. Soil and Water Assessment Tool
and SIMulation of GROundwater). The steps for this process
are included in the Modelling Ungauged Hydrological
Conditions (MUHC) protocol, developed within the MIRAGE
project (Figure 6). At least 5 years of river flow are simulated
by the model using hydrological parameters from similar or
neighbouring subbasins and/or expert judgement. This proce-
dure has been applied in the Candelaro Basin (De Girolamo
et al., 2013a) and in the Evrotas Basin (Greece) (Cazemier
et al., 2011; Querner et al., 2011; Tzoraki et al., 2013).

Aquatic states (AS-Tool)

Aquatic states are defined as the transient assemblages of the
aquatic habitats occurring in a stream reach in a wet–dry
cycle. According to Gallart et al. (2012), six ASs exist in
temporary streams: hyperrheic (H), eurheic (E), oligorheic
(O), arheic (A), hyporheic and edaphic (Figure 7). A stream
is in hyperrheic state when water discharge is unusually
high (flood), inducing major erosion of bed sediments and
biota. The eurheic state implies that the river is flowing,
River Res. Applic. (2014)
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Figure 3. TSR-Tool. Flowchart showing the steps used to determine whether the river is temporary. P: permanent; I-P: intermittent with pools;
I-D: Intermittent dry; E: ephemeral. Refer to Gallart et al. (2012) for details.
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and the river mesohabitats (e.g. riffles and pools) are present
and fully connected. The oligorheic state occurs when pools
are the dominant mesohabitat, but they are still connected by
a surface flow. The arheic state implies that pools are pres-
ent but totally disconnected by any surface flow. The dry
bed state (D) implies that no surface water is available in
the mainstream section with (hyporheic state) or without
(edaphic state) saturation of the alluvium. A detailed
description of the ASs and their relationship to previous
studies (e.g. Boulton et al., 1998; Boulton, 2003) is
provided in Gallart et al. (2012).
Although the TSR-Tool provides a quantitative classifica-

tion system for measuring the degree of temporariness, the
AS-Tool provides a more qualitative but nevertheless
illustrative analysis of the river regime. The AS-Tool has
the following three main purposes: (i) to describe the tempo-
ral occurrence of the ASs throughout the year in the long
term; (ii) to select the expected best date for sampling the
aquatic biota in temporary streams for their ES assessment;
and (iii) to analyse the recent history of the ASs during the
weeks prior to the sampling that may affect biological
communities.
Beyond the lack of active aquatic species in dry river beds

(D), other strong constraints also affect the aquatic species
when the stream is in flood (H) or only disconnected pools
remain (A). Stream biodiversity is usually low after floods;
Copyright © 2014 John Wiley & Sons, Ltd.
consequently, quality metrics will be low. In contrast, the
stream biological communities may change to a greater or
lesser extent in the arheic state depending on the time
elapsed since the moment of pool disconnection (Buffagni
et al., 2010). Note that environmental conditions (both
biotic and abiotic) may be very different between pools
(e.g. differing in size and exposure) and within the same
pool during the drying phase. This will most likely lead not
only to a decrease of taxa richness but also to a replacement
of its resident community. For these reasons, the assessment
of the ES in temporary streams using aquatic biota should
preferably be performed when the stream is in the eurheic or
Oligorheic state (refer to the succeeding texts, the ES-Tool
section). This recommendation is important for further steps
within the sequential use of the MIRAGE Toolbox because
the ES assessment of streams is primarily based on the
sampling of the biotic community inhabiting the system.
Knowledge of the different mesohabitats present in a stream
and their temporal occurrence is thus crucial for an adequate
analysis of the ES of temporary streams (García-Roger
et al., 2011; Gallart et al., 2012).
As there is usually no information on the temporal occur-

rence of ASs, it is necessary to use flow records (or simula-
tions) to obtain statistics. A critical issue at this step is the
selection of threshold flow values that distinguish between
the occurrences of the different ASs. To correctly identify
River Res. Applic. (2014)
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Figure 4. RC-Tool. Flowchart showing the steps to obtain a model for reference sonditions situation: (S) thematic geographical and carto-
graphic information systems; (E) measured data using aerial photos and maps; (C) data measured or observed in the field and/or laboratory;

(T) data from technical reports. Refer to Sánchez-Montoya et al. (2012a) for details.

MIRAGE TOOLBOX
these thresholds, both field observations on the ASs and
synchronous discharge measurements are needed (Gallart
et al., 2012). Once the discharge thresholds between ASs
are defined, it is possible to compute their long-term
monthly frequencies using flow records. These frequencies
can be plotted on the AS frequency graph, with the frequen-
cies accumulating from drier to wetter states for every
Copyright © 2014 John Wiley & Sons, Ltd.
month (Figure 7). This graph may then be used to schedule
the best period of the year for sampling the biota, that is, the
period when the opportunity to find well-developed aquatic
communities is the greatest.
It is occasionally difficult (if not impossible) to establish

the ASs from hydrological parameters because of a lack of
data. In these cases, the possibility of using biotic
River Res. Applic. (2014)
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Figure 5. HS-Tool. Flowchart showing the steps used to determine the hydrological status based on the availability or non-availability of RC.
Codes as in Figure 3. Refer to Querner et al. (2011) and De Girolamo et al. (2013a, 2013b) for details.
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assemblages (i.e. macroinvertebrates) to define the ASs is
being explored by the development of a new tool called
the BioAS-Tool. Many observations of macroinvertebrates
in streams and rivers are recorded without any indication
of the hydrology. As it is necessary to know the AS to
determine the ES in a sampling moment, the BioAS-Tool
will allow managers to establish the ASs from samples
collected in the past.
Ecological status (ES-Tool)

The main objective of the ES-Tool is to specify the ES of
temporary streams in terms of five quality classes as
required by the EU-WFD (Figure 2). Note that the ES
assessment requires previous analyses of the hydrological
regime using the TSR-Tool and AS-Tool and the determina-
tion of the AS at the sampling date. These conditions are es-
pecially critical because the only valid methods available to
date to determine the ES are only applicable when the
stream has been in the eurheic and oligorheic state for a suf-
ficiently long period. Guidance for an adequate sampling
method for aquatic macroinvertebrates in temporary
streams, which has been developed within the framework
of the MIRAGE project, can be found in García-Roger
et al. (2011).
The ES of a stream can be determined from data on the

aquatic macroinvertebrate communities through the use of
Copyright © 2014 John Wiley & Sons, Ltd.
metrics such as richness and diversity at the taxonomic level
of family. Alternatively, more sophisticated multimetric
indexes developed in the last years are available for this
purpose (Hering et al., 2006; Munné and Prat, 2009).
Several biological metrics have been used for stream quality
monitoring in the MIRAGE project, such as the number of
family taxa, the number of Ephemeroptera, Plecoptera and
Trichoptera (EPT) taxa and two multimetric indexes,
the STAR Intercalibration Common Metric Index
(STAR_ICMi) and the Index Multimètric Mediterrani
quanTitatiu index (García-Roger et al., 2011). Interestingly,
the STAR_ICMi has been used to calibrate the indexes that
we have used in our streams (Buffagni et al., 2006). For
more information on how these metrics respond to the
changes in the transition from lotic to lentic conditions in
temporary streams, refer to Buffagni et al. (2009), Rose
et al. (2008) and Munné and Prat (2011). Feio et al.
(2013b) have recently investigated the definition of limits
separating quality classes in Mediterranean streams.
Is there any way to establish the ES of a dry stream? Al-

though temporary streams are often dry, the structure and
function of dry stream beds have rarely been explored
(Wishart, 2000; Steward et al., 2012). To fill this gap, the
MIRAGE project has investigated a new methodology using
terrestrial invertebrates to assess the ES when the stream
channel is devoid of surface water (D state). It is based on
the sampling of terrestrial invertebrates (Figure 8) and
River Res. Applic. (2014)
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Figure 6. Flowchart showing the steps used to perform the MUHC protocol to establish the hydrological status if no gauging stations are
located in the studied basins. Refer to Querner et al. (2011) and De Girolamo et al. (2013a, 2013b) for details.

MIRAGE TOOLBOX
implies that a distinctive community of terrestrial inverte-
brates is present during the dry phase (Steward et al.,
2011; Table I). Note that this methodology is especially in-
teresting for episodic/ephemeral streams, where standard
aquatic macroinvertebrate-based methods are not applicable
(Corti and Datry, 2012). Currently, however, no standard-
ized method is available. During the MIRAGE project,
substantial advances have been made in defining sampling
procedures, but the use of the macroinvertebrate data
collected with these samples to establish the ES is still a
research topic. The major issues are the lack of adequate
guides to classify the animals and the need to establish asso-
ciations between the taxa present and the environmental
pressures.
The ES of streams and rivers has traditionally been

assessed using structural measurements such as the biologi-
cal metrics indicated in the preceding texts. However, a
more complete assessment of the ES should include
functional metrics (Figure 8). The importance of using
functional indicators has been stressed recently by Palmer
and Febria (2012). An important advantage of functional met-
rics is that most of them can be applied in all AS that a tempo-
rary stream may experience during the year. The functional
metric that has been most thoroughly evaluated by members
of the MIRAGE project is leaf litter decomposition (Gessner
and Chauvet, 2002; Datry et al., 2011). The sampling
methodology, which implies the deployment and tracking of
Copyright © 2014 John Wiley & Sons, Ltd.
leaf litter bags, has been described by Dieter et al. (2011),
who performed a pilot study monitoring five catchments of
the MIRAGE project. However, although considerable
advances have recently been made, no standardized method
defining water quality indices and boundary layers for ES
assessment using these tools is yet available (Woodward
et al., 2012). Other functional measures whose evaluation
has started only recently in the MIRAGE project include
biofilm activity, nutrient uptake and ecosystem metabolism
(Timoner et al., 2012)
Physicochemical status (PCHS-Tool)

This tool was designed to determine the PCHS of temporary
streams. This information is necessary to establish their ES
(Figures 2 and 9). Physicochemical variables are considered
in the EU-WFD as support elements for the determination of the
ES (WFD Directive Annex V). As indicated by the EU-WFD,
eight items are considered to be of major importance. These
items are the thermal, oxygenation and salinity conditions,
the acidification status and the concentrations of nutrients.
The reference threshold values for physicochemical
parameters, proposed specifically for temporary streams, are
established and discussed in Sánchez-Montoya et al.
(2012b) and summarized in Figure 9. In terms of the
classification of the stream’s nutrient status, a biologically
based nutrient classification system has been developed both
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Figure 7. AS-Tool. Flowchart showing the steps to determine the aquatic states of the streams H: hyperrheic, E: eurheic, O: oligorheic, A:
arheic; D: dry (hyporheic and edaphic states). Refer to Gallart et al. (2012) for details.

N. PRAT ET AL.
for permanent and temporary streams (Skoulikidis et al.,
2006). This system may serve as a guide for the PCHS classi-
fication of temporary streams.
The PCHS-Tool is not separated from the other tools in

the MIRAGE Toolbox but has been developed in view of
Figure 8. ES-Tool. We indicate the tools already available and the wor
known and have been treated extensively in several papers. For applicati

Copyright © 2014 John Wiley & Sons, Ltd.
the spatial and temporal variability of the physicochemical
conditions of the waters of temporary streams through the
different ASs (Figure 9). We also consider that the eurheic
and oligorheic AS are the best states for the application of
the PCHS-Tool, as they show a lower spatial variability of
k achieved in the MIRAGE project. Structural indicators are well
on in Mediterranean streams, refer to Munné and Prat, 2009, 2011.
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Figure 9. PCHS-Tool. Time scale of application of the PCHS-Tool in relation to the transition of AS in the natural hydrological cycle of
temporary streams. Acronyms for aquatic states as in Figure 7. SP means spatial variability in physical conditions and solute concentrations.

Refer to Sánchez-Montoya et al. (2012b) for details.
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physicochemical conditions. The arheic state usually shows
a high spatial variability of physicochemical conditions even
at the reach scale (Gómez et al., 2009). It has been observed
that as surface water flow decreases, the heterogeneity of
local stream-channel environmental conditions (e.g. water
residence time, biological community structure, sediment–
water interactions, and redox conditions) increases (Dahm
et al., 2003; Lewis et al., 2007; Lillebo et al., 2007; Von
Schiller et al., 2011). In contrast, under the high flood
conditions of the hyperrheic state (i.e. during or just after a
flood event), physicochemical conditions are highly
influenced by the features of the rainfall event (e.g. the
amount of rainfall and the intensity of the event) and the
conditions of the basin (Vidal-Abarca et al., 2004; Tzoraki
et al., 2007; Von Schiller et al., 2011; De Girolamo et al.,
2012). Because of the absence of surface water, the
PCHS-Tool cannot be applied during hyporheic–edaphic
(dry) states, although it has been demonstrated that these
ASs influence several of the physicochemical conditions
after rewetting (Gómez et al., 2012).
Chemical status (CHS-Tool)

The monitoring obligations for priority substances established
by Directive 2000/60/EC (European Communities, 2000) are
never feasible for the particular characteristics of temporary
rivers, and a specific guideline for monitoring hazardous sub-
stances has been developed during the MIRAGE project
Copyright © 2014 John Wiley & Sons, Ltd.
(CHS-Tool; Figure 10). First, the planning of monitoring
should incorporate considerations of the TSR-Tool and
the AS frequency graphs. During normal flow conditions
(eurheic and oligorheic states), the monitoring in the case
of I-P rivers should follow the recommendations for water
bodies (European Commission, 2010). Water monitoring
frequencies should be selected to address the variability in
concentrations resulting from both natural and anthropo-
genic conditions. When there is a potential concentration
peak because of the flow onset and release of pollutants
from sediment (Ademollo et al., 2011), an increased moni-
toring frequency is required. Besides, it is also important to
sample solid phase matter with a time-integrating system to
check the compliance with maximum allowable concentra-
tions Environmental Quality Standard established in Direc-
tives 2008/105/EC (European Communities, 2008) and
2013/39/EU (European Union, 2013).
During the dry phase of I-P rivers and in the case of I-D

and E rivers, it is advisable to analyse fluvial sediments,
which have been demonstrated to be a reservoir for lipo-
philic hazardous substances. The quality of sediments is also
related to the ES and has particularly important effects on
the reproductive cycles of aquatic organisms (Archaimbault
et al., 2010). As verified in the MIRAGE project, the spatial
heterogeneity of temporary rivers can be very high if several
hydrological conditions and habitats are simultaneously
present in transects: riffle, run, pool and dry sites. It is im-
portant to sample each condition. Sediment can be sampled
River Res. Applic. (2014)
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Figure 10. CHS-Tool. Time scale of application of the CHS-Tool in temporary rivers for the various types of measurements to be made
according to the WFD-CIS Guidance 25 (European Union, 2010), acronyms for aquatic states as in Figure 7.
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once per year (i.e. minimum requirement of the EU-WFD),
but care should be taken to the sample at the end of the win-
ter or at the beginning of the spring prior to the dry period,
preferably in the oligorheic AS, and in a period with low
current velocities.
DISCUSSION

The variation in hydrological conditions in temporary
streams leads to time-varying aquatic mesohabitat condi-
tions (i.e. ASs) that play a key role in determining the
streams’ biological communities (Boulton, 1989, 2003;
Arscott et al., 2010; García-Roger et al., 2011) and ecosys-
tem functioning (Fisher et al., 1998; Acuña et al., 2005; San
Giorgio et al., 2007; von Schiller et al., 2008; Corti et al.,
2011; Dieter et al., 2011; Datry et al., 2014). This effect is
so important that temporary streams can be considered a
distinct class of ecosystem rather than simply hydrologically
challenged permanent streams (Larned et al., 2010). These
particularities of temporary streams directly demand specific
tools and metrics for their management because the tradi-
tional perception that a healthy stream must flow all year
round is not applicable to temporary streams (Steward
et al., 2012).
The MIRAGE Toolbox allows an integrated assessment

of temporary streams and can be applied to the wide range
of existing temporary stream types, as it provides the follow-
ing: (i) an accurate classification system for the degree of
intermittency of temporary streams relevant for biological
communities and (ii) an adequate procedure for defining
Copyright © 2014 John Wiley & Sons, Ltd.
sampling schedules (for biological and chemical samples)
according to the AS of the stream. These schedules are not
based on the time of the year (spring versus summer sam-
pling times, as commonly used in practice) but according
to the AS of the stream. As indicated by Munné and Prat
(2011), the antecedent hydrological conditions may change
the values of the biological quality metrics. Therefore, it is
crucial to know the antecedent ASs before sampling because
taxa composition may be very different before, during and
after a dry period. For this reason, the timing of sampling
can strongly influence the outcome of further analyses.
Hence, the characterization of the different ASs that a tem-
porary stream undergoes based on long-term or simulated
flow data and the calculation of the Mf and Sd6 metrics are
crucial in defining the moment at which biological and water
samples should be taken.
The use of the MIRAGE Toolbox is comparable with that

of a Swiss utility knife. For each specific tool, it offers a
number of alternative approaches to accomplish the desired
purpose. For instance, the TSR-Tool and HS-Tool can be
used to determine whether the study stream is temporary
and whether the stream hydrological regime has been altered
by human activities. Thus, users can benefit from reported
long-term hydrological data if available or, alternatively,
use data obtained from modelling. The MIRAGE Toolbox
also provides a link to the software needed to implement
the modelling in each case (Vernooij et al., 2011). Another
example of the extensive functionality of the toolbox is the
broad array of metrics that can be used for the ES-Tool.
As stated in the preceding texts, not only community
descriptors using various aquatic organisms (e.g. diatoms,
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macroinvertebrates, and fishes) but also terrestrial assem-
blages and functional indicators (e.g. leaf processing; Dieter
et al., 2011) can be used.
According to Datry et al. (2014), temporary river ecology

is still in its infancy despite several recent advances and
revisions on the topic (e.g. Larned et al., 2010; Sabater
and Tockner, 2010). This general lack of knowledge limits
our ability to provide clear management advice for tempo-
rary rivers. The MIRAGE Toolbox aims to address several
of these limitations by providing an array of tools to be
applied in a sequential manner to define the ES of temporary
streams. Nevertheless, several bottlenecks remain, and
further research is necessary to improve the performance
of the MIRAGE Toolbox for managing temporary streams.
One of the most critical steps of the procedure is the selec-

tion of the threshold flow values that demarcate the occur-
rence of the diverse ASs (AS-Tool). As stated in the
preceding texts, this selection should preferably be
performed based on the shape of the flow duration curve
(i.e. the distribution function of flow discharges; Figure 7).
To identify these thresholds correctly, field observations
on the ASs synchronous with discharge measurements are
needed for each stream. However, in the absence of such
observations, thresholds can be estimated only provisionally
by incorporating the width and regularity of the stream bed
reach near the gauging station (Gallart et al., 2012). This
approach based on the qualitative aspects of hydrology, in-
stead of those based more specifically on the measurements
of flow (Riegels et al., 2011), tries to overcome the usual
scarcity or lack of data in temporary streams and facilitate
the use of other sources of information, including data from
maps, field observations or the experience of people living
in the area.
A similar problem arises in relation to the characterization

of the stream regime. As described in the preceding texts
(TSR-Tool), the stream regime is operationally determined
from the combination of two metrics: Mf and Sd6, as shown
in Figure 3 (TSR plot). Although proven useful in the pilot
study sites of the MIRAGE project (Gallart et al., 2012),
the boundaries between the regime types are still tentative.
These boundaries will be refined as more sites are analysed,
improving our ability to categorize and score the range of
values observed against valid references. Additionally, the
longitudinal heterogeneity along the river of the TSR plot
must be considered. How to address this internal heteroge-
neity is a topic for further research.
The assessment of temporary streams can be achieved

with the tools described before if hydrological data are available
(e.g. from gauging stations) or inferred frommodels. Neverthe-
less, these two alternatives may not be a panacea. Installing
gauging stations on temporary streams may represent an
economic investment that is not always feasible. In contrast,
mathematical models require long-term environmental data
Copyright © 2014 John Wiley & Sons, Ltd.
series to be parameterized, but such data series are not always
available. As a result, in those cases where the hydrological data
are missing, we do not yet have a proper tool for establishing
the TSR and subsequently the ES. TheMIRAGE team is aware
of this problem and is currently developing a tool (BioAs-Tool)
based on the hydrological preferences of indicator organisms to
relate their relative abundances under different flow conditions
at the reach scale (Mérigoux et al., 2009). It has been demon-
strated that metrics such as EPT (the sum of the number of
EPT taxa) and Odonata, Coleoptera and Heteroptera (OCH;
the sum of the number of OCH taxa) respond to the seasonal
changes in flow variation in Mediterranean temporary streams
(Bonada et al., 2006). Other approaches based on the biological
traits of organisms inhabiting temporary streams in theMediter-
ranean region have also proven useful (Bonada et al., 2007;
García-Roger et al., 2013). Following this idea, the objective
of the BioAs-Tool is to develop a methodology that enables
us to determine the AS of temporary streams when biological
sampling was made using the macroinvertebrate community
as a proxy.
The MIRAGE Toolbox can be further enhanced and ex-

panded in future versions, especially after the development
of standardized protocols and biological indexes including
functional measurements, such as organic matter break-
down, and sampling of terrestrial invertebrate assemblages
during the dry AS. Organic matter breakdown links the
characteristics of riparian vegetation with the activity of
both aquatic invertebrates and microbial organisms, whereas
the structure of terrestrial invertebrate assemblages coloniz-
ing the dry stream bed may be influenced by anthropogenic
disturbances in the dry channel (Steward et al., 2011). Or-
ganic matter decomposition is one of the ecosystem pro-
cesses that best meet the requirements of good indicators
and, thus, offers the highest potential as an indicator of the
functional aspects of river ecosystem health (Young et al.,
2008; Woodward et al. 2012). However, further research
on the influence of interacting stressors on organic matter
decomposition responses is needed. In this sense, results
from the MIRAGE project have indicated the importance
of preconditioning during intermittent flow on organic
matter processing rates in temporary streams (Dieter
et al., 2011). Lastly, functional indicators should be seen
as complementary to traditional (structural) monitoring
tools. Measurement of both structural and functional
aspects provides a more complete picture of ecosystem
health than either aspect alone (Young et al., 2008).
Despite the efforts devoted to functionality recently
(Datry et al., 2014), we are still far from an effective
integration of the structural and functional aspects to be
used for the measure of the ES in temporary streams.
The MIRAGE Toolbox is another step in this direction,
offering an increased emphasis on the hydrological
constraints that affect the derivation of ES.
River Res. Applic. (2014)

DOI: 10.1002/rra



N. PRAT ET AL.
ACKNOWLEDGEMENTS

The research leading to this work received funding from the
European Community’s Seventh Framework Programme
(FP7/2007–2011) under grant agreement 211732 (MIRAGE
project), as well from the Spanish Government under a
research contract (Ramon y Cajal programme) granted to
J. Latron. The authors are indebted to two anonymous
reviewers who helped to improve the quality of the paper.
REFERENCES

Acuña V, Muñoz I, Giorgi A, Omella M, Sabater F, Sabater S. 2005.
Drought and postdrought recovery cycles in an intermittent Mediterra-
nean stream: structural and functional aspects. Journal of the North
American Benthological Society 24: 919–933. DOI: 10.1899/04-078.1

Ademollo N, Capri S, Froebrich J, Patrolecco L, Polesello S, Puddu A,
Rusconi M, Valsecchi S. 2011. Fate and monitoring of hazardous
substances in temporary rivers. Trends in Analytical Chemistry 30:
1222–1232. DOI: 10.1016/j.trac.2011.05.002

Archaimbault V, Usseglio-Polatera P, Garric J, Wasson JG, Babut M. 2010.
Assessing pollution of toxic sediment in streams using bio-ecological traits
of benthic macroinvertebrates. Freshwater Biology 55: 1430–1446. DOI:
10.1111/j.1365-2427.2009.02281.x

Arscott DB, Larned S, Scarsbrook MR, Lambert P. 2010. Aquatic
invertebrate community structure along an intermittence gradient:
Selwyn River, New Zealand. Journal of the North American
Benthological Society 29: 530–545. DOI: 10.1899/08-124.1

Artemiadou V, Lazaridou M. 2005. Evaluation score and interpretation in-
dex for the ecological quality of running waters in central and northern
Hellas. Environmental Monitoring and Assessment 110: 1–40. DOI:
10.1007/s10661-005-6289-7

Barbour MT, Stribling JB, Gerritsen BD. 1996. Biological Criteria:
Technical Guidance for Streams and Small Rivers. EPA/822/B-96/001.
US. Environmental Protection Agency, Washington, DC.

Belmar O, Velasco J, Gutiérrez-Cánovas C, Mellado-Díaz A,Millán A,Wood
PJ. 2012. The influence of natural flow regimes on macroinvertebrate
assemblages in a semiarid Mediterranean basin. Ecohydrology 6:
363–379. DOI: 10.1002/eco.1274

Bonada N, Prat N, Munné A, Rieradevall M, Alba-Tercedor J, Álvarez M,
Avilés J, Casas J, Jáimez-Cuéllar P, Mellado A, Moyá G, Pardo I, Robles
S, Ramón G, Suárez ML, Toro M, Vidal-Abarca MR, Vivas S, Zamora-
Muñoz C. 2004. Criterios para la selección de condiciones de referencia
en los ríos mediterráneos. Resultados del proyecto GUADALMED.
Limnetica 21: 99–114.

Bonada N, Rieradevall M, Prat N. 2007. Macroinvertebrate community
structure and biological traits related to flow permanence in a
Mediterranean river network. Hydrobiologia 589: 91–106. DOI:
10.1007/s10750-007-0723-5

Bonada N, Rieradevall M, Prat N, Resh V. 2006. Benthic macroinvertebrate
assemblages and macrohabitat connectivity in Mediterranean-climate
streams of northern California. Journal of the North American
Benthological Society 25: 32–43. DOI: 10.1899/0887-3593(2006)25
[32:BMAAMC]2.0.CO;2

Boulton AJ. 1989. Over-summering refuges of aquatic macroinvertebrates
in two intermittent streams in central Victoria. Transactions of The Royal
Society of South Australia 31: 23–34.

Boulton AJ. 2003. Parallels and contrasts in the effects of drought on stream
macroinvertebrate assemblages. Freshwater Biology 48: 1173–1185.
DOI: 10.1046/j.1365-2427.2003.01084.x
Copyright © 2014 John Wiley & Sons, Ltd.
Boulton AJ, Suter PJ. 1986. Ecology of temporary streams-An Australian
perspective. In Limnology in Australia, de Becker P, Williams WP
(eds). CSIRO: Melbourne, Australia; pp 313–327.

Boulton AJ, Findlay S, Marmonier P, Stanley EH, Valett HM. 1998. The
Functional Significance of the Hyporheic Zone in Streams and Rivers.
Annual Review of Ecology, Evolution, and Systematics 29: 59–81.
DOI: 10.1146/annurev.ecolsys.29.1.59

Buffagni A, Armanini DG, Erba S. 2009. Does lentic-lotic character of
rivers affect invertebrate metrics used in the assessment of ecological
quality? Journal of Limnology 68: 95–109.

Buffagni A, Erba S, Armanini DG. 2010. The lentic-lotic character of rivers
and its importance to aquatic invertebrate communities. Aquatic Sciences
72: 45–60. DOI: 10.1007/s00027-009-0112-4

Buffagni A, Erba S, Cazzola M, Murray-Bligh J, Soszka H, Genoni P. 2006.
The STAR common metrics approach to the WFD intercalibration process:
full application for small, lowland rivers in three European countries.
Hydrobiologia 566: 379–399. DOI: 10.1007/s10750-006-0082-7

Buffagni A, Erba S, Pagnotta R. 2008. Definizione dello Stato ecologico
dei fiumi sulla base dei macroinvertebrati bentonici per la 2000/60/
EC (WFD): Il sistema di classificazione MacrOper per il monitoraggio
operativo. IRSA-CNR Notiziario dei Metodi Analitici, Numero Speciale
2008: 25–41.

Carlisle DM, Wolock DM, Meador MR. 2010. Alteration of streamflow
magnitudes and potential ecological consequences: a multiregional
assessment. Frontiers in Ecology and the Environment 28: 1369–1377.
DOI: 10.1890/100053

Cazemier MM, Querner EP, van Lanen HAJ, Gallart F, Prat N, Tzoraki O,
Froebrich J. 2011. Hydrological analysis of the Evrotas basin, Greece:
Low flow characterization and scenario analysis. Alterra Report 2249: 90.

CEDEX. 2004. Selección preliminar de posibles tramos fluviales de
referencia. Ministerio de Fomento, España.

Chahinian N, Bancon-Montigny C, Brunel V, Aubert G, Salles C,
Marchand P, Rodier C, Seidel JL, Gayrard E, Hernandez F, Perrin JL,
Tournoud MG. 2013. Temporal and spatial variability of organotins in
an intermittent Mediterranean river. Journal of Environmental Manage-
ment 128: 173–181. DOI: 10.1016/j.jenvman.2013.05.004

CHE. 2013. Protocolos para la evaluación del estado ecológico en ríos.
http://www.chebro.es/contenido.visualizar.do?idContenido=27787&idMenu=
4025 [Accessed October 2013]

CNR-IRSA. 2007. Macroinvertebrati acquatici e Direttiva 2000/60/EC.
IRSA-CNR Notiziario dei Metodi Analitici, Marzo 2007: 1–114. http://
www.irsa.cnr.it/ShPage.php?lang=it&pag=nma

CNR-IRSA. 2008a. Buffagni A, Erba S, Aste F, Mignuoli C, Scanu G,
Sollazzo C, Pagnotta R. 2008. Criteri per la selezione di siti di
riferimentofluviali per la Direttiva 2000/60/EC. IRSA-CNR Notiziario
dei Metodi Analitici, Numero Speciale 2008: 2–23. http://www.irsa.cnr.
it/Docs/Notiz/notiz2008_%28NS%29.pdf. [Accessed April 2014].

CNR-IRSA. 2008b. Buffagni A, Alber R, Bielli E, Desio F, Fiorenza A,
Franceschini S, Genoni P, Lösch B, Erba S. 2008. MacrOper: Valori di
riferimento per la classificazione – Nota 1: Italia settentrionale. IRSA-
CNR Notiziario dei Metodi Analitici, Numero Speciale 2008: 47–69.
http://www.irsa.cnr.it/Docs/Notiz/notiz2008_%28NS%29.pdf. [Accessed
April 2014]

Corti R, Datry T. 2012. Invertebrates and sestonic matter in an advancing
wetted front travelling down a dry river bed (Albarine, France). Freshwa-
ter Science 31: 1187–1201. DOI: 10.1899/12-017.1

Corti R, Datri T, Drummond L, Larned ST. 2011. Natural variation in im-
mersion and emersion affects breakdown and invertebrate colonization
of leaf litter in a temporary river. Aquatic Sciences 73: 537–550. DOI:
10.1007/s00027-011-0216-5

DahmCN, BakerMA,Moore DI, Tribault JR. 2003. Coupled biogeochemical
and hydrological responses of streams and rivers to drought. Freshwater
Biology 48: 1219–1231. DOI: 10.1046/j.1365-2427.2003.01082.x
River Res. Applic. (2014)

DOI: 10.1002/rra



MIRAGE TOOLBOX
Datry T, Corti R, Claret C, Philippe M. 2011. Flow intermittence controls
leaf litter breakdown in a French temporary alluvial river: the “drying
memory”. Aquatic Sciences 73: 471–483. DOI: 10.1007/s00027-011-
0193-8

Datry T, Larned ST, Tockner K. 2014. Intermittent Rivers: A Challenge for
Freshwater Ecology. Bioscience 64: 229–235. DOI: 10.1093/biosci/
bit027

David A, Bancon-Montigny C, Salles C, Rodier C, Tournoud MG. 2012.
Contamination of riverbed sediments by hazardous substances in the
Mediterranean context: Influence of hydrological conditions. Journal of
Hydrology 468–469: 76–84. DOI: 10.1016/j.jhydrol.2012.08.015

De Girolamo AM, Gallart F, Lo Porto A, Pappagallo G, Tzoraki O, Gallart
F. 2013a. The Hydrological Status Concept. Application at a temporary
river (Candelaro, Italy). River Research and Applications submitted.

De Girolamo AM, Gallart F, Pappagallo G, Santese G, Lo PA. 2013b. An
eco-hydrological assessment method for temporary rivers. The Celone
and Salsola rivers case study (SE, Italy). Annales de Limnologie-
International Journal of Limnology submitted.

De Girolamo AM, Calabrese A, Pappagallo G, Santese G, Lo PA. 2012.
Impact of anthropogenic activities on a temporary river. Fresenius Envi-
ronmental Bulletin 21: 3278–3286.

De Girolamo AM, Calabrese A, Pappagallo G, Santese G, Lo Porto A,
Gallart F, Prat N, Froebrich J. 2011. Spatio-temporal variability in stream
flow status: Candelaro river case study. In Proceedings of the 2nd SPA-
TIAL2 conference on Spatial Data Methods for Environmental and Eco-
logical Processes, Foggia, 2011, B. Cifarelli (ed), 393–396. ISBN 978-
88-96025-12-3.

Dieter D, von Schiller D, García-Roger EM, Sánchez-Montoya MM,
Gómez R, Mora Gómez J, Sangiorgio F., Gelbrecht J, Tockner K.
2011. Preconditioning effects of flow intermittency on leaf litter
decomposition. Aquatic Sciences 73: 599–609. DOI: 10.1007/s00027-
011-0231-6

DM Ambiente n. 131, 16 giugno. 2008. Criteri tecnici per la
caratterizzazione dei corpi idrici - Attuazione articolo 75, Dlgs 152/
2006. Suppl. GU n. 187, 11 agosto 2008.

DM Ambiente n. 260, 8 novembre. 2010. Criteri tecnici per la
classificazione dello stato dei corpi idrici superficiali - Modifica norme
tecniche Dlgs 152/2006. Suppl GU n. 30, 7 febbraio 2011.

DM Ambiente n. 56, 14 aprile. 2009. Criteri tecnici per il monitoraggio dei
corpi idrici e l’identificazione delle condizioni di riferimento Attuazione
articolo 75, Dlgs 152/2006. Suppl. 83 alla Gu 30 maggio 2009 n. 124

European Commission. 2010. Common Implementation Strategy for the
Water Framework Directive (2000/60/EC). Guidance on chemical moni-
toring of sediment and biota under the Water Framework Directive
Guidance Document No: 25 Luxembourg: Office for Official Publications
of the European Communities, 2010, available at http://ec.europa.eu/
environment/water/water-framework/facts_figures/guidance_docs_en.htm.
[Accessed April 2014]

European Communities. 2000. Directive 2000/60/EC of the European Par-
liament and of the Council of 23 October 2000 establishing a framework
for Community action in the field of water policy, O.J. L 327, 22 Decem-
ber 2000, 1–73.

European Communities. 2008. Directive 2008/105/EC of the European Par-
liament and of the Council of 16 December 2008 on environmental qual-
ity standards in the field of water policy, amending and subsequently
repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC,
84/491/EEC, 86/280/EEC and amending Directive 2000/60/EC of the
European Parliament and of the Council, O.J. L 348, 24 December
2008, 84–97.

European Union. 2013. Directive 2013/39/EU of the European Parliament
and of the Council of 12 August 2013 amending Directives 2000/60/
EC and 2008/105/EC as regards priority substances in the field of water
policy, O.J. L 226, 24 August 2013, 1–17.
Copyright © 2014 John Wiley & Sons, Ltd.
Feio MJ, Aguiar FC, Almeida SFP, Ferreira J, Ferreira MT, Elias C, Serra
SRQ, Buffagni A, Cambra J, Chauvin C, Delmas F, Dörflindger G, Erba
S, Flor N, Ferréol M, Germ M, Mancini L, Manolaki P, Marcheggiani S,
Minciardi R, Munné A, Papastergiadou E, Prat N, Puccinelli C, Rosebery
J, Sabater S, Ciadamidaro S, Tornés E, Tziortzis I, Urbanic G, Vierira C.
2013a. Least disturbed conditions for European Mediterranean rivers.
Science of Total Environment. DOI: 10.1016/j.scitotenv.2013.05.056

Feio MJ, Ferreira J, Buffagni A, Erba S, Dörflindger DF, Ferréol M, Munné A,
Prat N, Tziortzis I, Urbanic G. 2013b. Comparability of ecological quality
boundaries in the Mediterranean basin using freshwater benthicinvertebrates.
Statistical options and implications. Science of Total Environment. DOI:
10.1016/j.scitotenv.2013.07.085

Fisher SG, Grimm NB, Martí E, Gómez R. 1998. Hierarchy, spatial config-
uration, and nutrient cycling in a desert stream. Australian Journal of
Ecology 23: 41–52. DOI: 10.1111/j.1442-9993.1998.tb00704.x

Gallart F, Prat N, García-Roger EM, Latron J, Rieradevall M, Llorens P,
Barberá GG, Brito D, De Girolamo AM, Lo Porto A, Neves R,
Nikolaidis NP, Perrin JL, Querner EP, Quiñonero JM, Tournoud MG,
Tzoraki O, Froebrich J. 2012. A novel approach to analysing the regimes
of temporary streams in relation to their controls on the composition and
structure of aquatic biota. Hydrology and Earth System Sciences 16:
3165–3182. DOI: 10.5194/hess-16-3165-2012

García-Roger EM, Sánchez-Montoya MM, Cid N, Erba S, Karaouzas I,
Verkaik I, Rieradevall M, Gómez R, Suárez ML, Vidal-Abarca MR,
DeMartini D, Buffagni A, Skoulikidis N, Bonada N, Prat N. 2013.
Spatial scale effects on taxonomic and biological trait diversity of
aquatic macroinvertebrates in Mediterranean intermittent streams.
Fundamental and Applied Limnology 183: 89–105.

García-Roger EM, Sánchez-Montoya MM, Gómez R, Suárez ML, Vidal-
Abarca MR, Latron J, Rieradevall M, Prat N. 2011. Do seasonal changes
in habitat features influence aquatic macroinvertebrate assemblages in
permanent vs temporary Mediterranean streams? Aquatic Sciences 73:
567–579. DOI: 10.1007/s00027-011-0218-3

Gasith A, Resh VH. 1999. Streams in Mediterranean climate regions:
abiotic influences and biotic responses to predictable seasonal events.
Annual Review of Ecology, Evolution, and Systematics 30: 51–81.
DOI: 10.1146/annurev.ecolsys.30.1.51

Gessner MO, Chauvet E. 2002. A case for using litter breakdown to assess
functional stream integrity. Ecological Applications 12: 498–510. DOI:
10.2307/3060958

Gómez R, Arce MI, Sánchez JJ, Sánchez-Montoya MM. 2012. The effects
of drying on sediment nitrogen content in a Mediterranean intermittent
stream: a microcosms study. Hydrobiologia 679: 43–59. DOI: 10.1007/
s10750-011-0854-6

Gómez R, García V, Vidal-Abarca R, Suárez L. 2009. Effect of intermittency on
N spatial variability in an arid Mediterranean stream. Journal of the North
American Benthological Society 28: 572–583. DOI: 10.1899/09-016.1

Hering D, Johnson RK, Kramm S, Schmutz S, Szoszkiewicz K,
Verdonschot PFM. 2006. Assessment of European streams with diatoms,
macrophytes, macroinvertebrates and fish: a comparative metric-based
analysis of organism response to stress. Freshwater Biology 51: 1757–
1785. DOI: 10.1111/j.1365-2427.2006.01610.x

ISPRA. 2011. (Istituto Superiore per la Protezione e la ricerca ambientale,
Dipartimento Tutela delle Acque Interne e Marine, Servizio
Monitoraggio e Idrologia delle Acque Interne, Settore Idrologia).
Implementazione della Direttiva 2000/60/CE. Analisi e valutazione degli
aspetti idromorfologici. Versione 1.1, Roma, available at: http://www.
isprambiente.gov.it/contentfiles/00010100/10147-analisi-e-valutazione-degli-
aspetti-idromorfologici-agosto-2011.pdf/at_download/file. [Accessed
April 2014]

Kirkby MJ, Gallart F, Kjeldsen TR, Irvine BJ, Froebrich J, Lo Porto A, De
Girolamo A. 2011. Characterizing temporary hydrological regimes at a
European scale. Hydrology and Earth System Sciences 15: 3741–3750.
DOI: 10.5194/hess-15-3741-2011
River Res. Applic. (2014)

DOI: 10.1002/rra



N. PRAT ET AL.
Lake PS. 2000. Disturbance, patchiness, and diversity in streams. Journal
of the North American Benthological Society 19: 573–592. DOI:
10.2307/1468118

Lake PS. 2007. Flow–generated disturbances and ecological responses:
Floods and droughts. In Hydroecology and Ecohydrology: Past, Present
and Future, Wood PJ, Hannah DM, Sadler JP (eds). John Wiley and
Sons: London. England.

Lake PS. 2011. Drought and Aquatic Ecosystems: Effects and Responses.
Wiley-Blackwell eds. 400pp.

Larned ST, Datry T, Arscott DB, Tockner K. 2010. Emerging concepts in
temporary-river ecology. Freshwater Biology 55: 717–738. DOI:
10.1111/j.1365-2427.2009.02322.x

Lewis DB, Grimm NB, Harms TK, Shade JD. 2007. Subsystems, flowpaths
and the spatial variability of nitrogen in a fluvial ecosystem. Landscape
Ecology 22: 911–924. DOI: 10.1007/s10980-007-9078-6

Lillebo AI, Morais M, Guilherme P, Fonseca R, Serafim A, Neves R. 2007.
Nutrient dynamics in Mediterranean temporary streams: A case study in
Pardiela catchment (Degebe River, Portugal). Limnologica 37: 337–348.
DOI: 10.1016/j.limno.2007.05.002

Meehl GA, Stocker TF, Collins WD, Friedlingstein P, Gaye AT, Gregory
JM, Kitoh A, Knutti R, Murphy JM, Noda A, Raper SCB, Watterson
IG, Weaver AJ, Zhao Z-C. 2007. Global Climate Projections. In Climate
Change 2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, Solomon S, Qin D, Manning M, Chen Z, Marquis
M, Averyt KB, Tignor M, Miller HL (eds). Cambridge University Press,
Cambridge, England and New York, NY, USA.

Mérigoux S, Lamouroux N, Olivier JM, Dolédec S. 2009. Invertebrate hy-
draulic preferences and predicted impacts of changes in discharge in a
large river. Freshwater Biology 54: 1343–1356. DOI: 10.1111/j.1365-
2427.2008.02160.x

Munné A, Prat N. 2009. Use of macroinvertebrate-based multimetric indi-
ces for water quality evaluation in Spanish Mediterranean rivers. An
intercalibartion approach with the IBMWP index. Hydrobiologia 628:
203–225. DOI: 10.1007/s10750-009-9757-1

Munné A, Prat N. 2011. Effects of Mediterranean climate annual variability
on stream biological quality assessment using macroinvertebrate commu-
nities. Ecological Indicators 11(2): 651–662.

Nikolaidis NP, Demetropoulou L, Froebrich J, Jacobs C, Gallart F, Prat N,
LoPorto A, Papadoulakis V, Campana C, Skoulikidis N, Davy T,
Bidoglio G, Bouraoui F, Kirkby MJ, Tournoud MG, Polesello S,
González-Barberá G, Cooper D, Gomez R, Sanchez MM, De Girolamo
AM. 2013. Towards a sustainable management of Mediterranean river
basins - Policy recommendations on management aspects of temporary
river basins. Water Policy (In Press). DOI 10.2166/wp.2013.158

MARM. 2008. OM ARM/2656/2008 de 10 de septiembre por la que se
aprueba la instrucción de planificación hidrológica. n.d. Boletín Oficial
del Estado 229:38472–38582.

Palmer MA, Febria CM. 2012. The Heartbeat of Ecosystems. Science 336:
1393–1394. DOI: 10.1126/science.1223250

Pardo I, Gómez-Rodríguez C, Wasson J-G, Owen R, van de Bund W, Kelly
M, Bennett C, Birk S, Buffagni A, Erba S, Mengin N, Murray-Bligh J,
Ofenböeck G. 2012. The European reference condition concept: A scien-
tific and technical approach to identify minimally-impacted river ecosys-
tems. Science of the Total Environment 420: 33–42. DOI: 10.1016/j.
scitotenv.2012.01.026

Querner EP, Vernooij MGM, Padadoulakis V, Froebrich J. 2011. Using
SIMGRO for flow characterisation of temporary streams, as demonstrated
for the Evrotas basin, Greece. In Conceptual and Modelling Studies of
Integrated Groundwater, Surface Water, and Ecological Systems, IAHS
Publication 345. Wallingford: IAHS Press: Wallingford, UK; 242–248.

Reynoldson TB, Wright JF. 2000. The reference condition: problems and
solutions. In Assessing the biological quality of fresh waters: RIVPACS
Copyright © 2014 John Wiley & Sons, Ltd.
and others techniques, Wright JF, Sutcliffe DW, Furse MT (eds). Fresh-
water Biological Association: Ambleside, Cumbria, UK; 293–303.

Riegels N, Jensen R, Bensasson L, Banou S, Møller F, Bauer-Gottwein P.
2011. Estimating resource costs of compliance with EU WFD ecological
status requirements at the river basin scale. Journal of Hydrology 396:
197–214. DOI: 10.1016/j.jhydrol.2010.11.005

Rose P, Metzeling L, Catzikiris S. 2008. Can macroinvertebrate rapid
bioassessment methods be used to assess river health during drought in
south eastern Australian streams? Freshwater Biology 53: 2626–2638.
DOI: 10.1111/j.1365-2427.2008.02074.x

Sabater S, Tockner K. 2010. Effects of Hydrologic Alterations on the Ecological
Quality of River Ecosystems. In Water Scarcity in the Mediterranean:
Perspectives Under Global Change, Handbook of Environmental Chemistry,
Sabater S, Barcelo D (eds). Springer: Heidelberg, Germany; 8: 15–39.

San Giorgio F, Fonnesu A, Mancinelli G. 2007. Effect of Drought Fre-
quency and Other Reach Characteristics on Invertebrate Communities
and Litter Breakdown in the Intermittent Mediterranean River Pula (Sar-
dinia, Italy). International Review of Hydrobiology 92: 156–172. DOI:
10.1002/iroh.200510953

Sánchez-Montoya MM, Arce MI, Vidal-Abarca MR, Suárez ML, Prat N,
Gómez R. 2012b. Establishing physico-chemical reference conditions
in Mediterranean streams according to the European Water Framework
Directive. Water Research 46: 2257–2269.

Sánchez-Montoya MM, García-Roger EM, Martínez-López J, Karaouzas I,
Gómez R, Vidal-Abarca MR, Suárez ML, Skoulikidis N, Erba S, Buffgani
A, Brito D, Prat N. 2012a. Selection of reference sites in Mediterranean
temporary streams. XVI Congress of the Iberian Association of Limnology,
2–6 July, University of Minho, Guimarães, Portugal.

Sánchez-Montoya MM, Gómez R, Suárez ML, Vidal-Abarca MR. 2011.
Ecological assessment of Mediterranean streams and the special case
of temporary streams. In River Ecosystems: Dynamics, Management
and Conservation. Hannah SE, Lucas EM (eds). Nova Science
Publishers: Hauppauge, NY.

Sánchez-Montoya MM, Vidal-Abarca MR, Puntí T, Poquet JM, Prat N,
Rieradevall M, Alba-Tercedor J, Zamora-Muñoz C, Toro M, Robles S,
Álvarez M, Suárez ML. 2009. Defining criteria to select reference sites
in Mediterranean streams. Hydrobiologia 619: 39–54. DOI: 10.1007/
s10750-008-9580-0

Skoulikidis N, Amaxidis Y, Bertahas I, Laschou S, Gritzalis K. 2006. Anal-
ysis of factors driving stream water composition and synthesis of man-
agement tools – A case study on small/medium Greek catchments.
Science of the Total Environment 362: 205–241. DOI: 10.1016/j.
scitotenv.2005.05.018

Steward AL, Marshall JC, Sheldon F, Harch B, Choy S, Bunn SE, Tockner
K. 2011. Terrestrial invertebrates of dry river beds are not simply subsets
of riparian assemblages. Aquatic Sciences 73: 551–566. DOI: 10.1007/
s00027-011-0217-4

Steward AL, von Schiller D, Tockner K, Marshall JC, Bunn SE. 2012.
When the river runs dry: human and ecological values of dry riverbeds.
Frontiers in Ecology and the Environment 10: 202–209. DOI: 10.1890/
110136

Stoddard JL, Larse DP, Hawkins CP, Johnson RK, Norris RH. 2006.
Setting expectations for the ecological conditions of streams: the concept
of reference condition. Ecological Applications 16: 1267–1276. DOI:
10.1890/1051-0761(2006)016[1267:SEFTEC]2.0.CO;2

The Nature Conservancy. 2009. Indicators of Hydrologic Alteration
Version 7.1 Users manual. http://www.conservationgateway.org/Docu-
ments/IHAV7.pdf. [Accessed April 2014]

Timoner X, Acuña V, von Schiller D, Sabater S. 2012. Functional responses
of stream biofilms to flow cessation, desiccation and rewetting. Freshwater
Biology 57: 1565–1578. DOI: 10.1111/j.1365-2427.2012.02818.x

Tzoraki O, Cooper D, Kjeldsen T, Nikolaidis NP, Gamvroudis C, Froebrich
J, Querner E, Gallart F, Karalemas N. 2013. Flood Generation and
River Res. Applic. (2014)

DOI: 10.1002/rra



MIRAGE TOOLBOX
Classification of a semi-arid Intermittent Flow Watershed: Evrotas river.
International Journal of River Basin Management 11: 77–92.

Tzoraki O, Nikolaidis NP, Amaxidis Y, Skoulikidis NT. 2007. In-stream
biogeochemical processes of a temporary river. Environmental Science
& Technology 41: 1225–1231. DOI: 10.1021/es062193h

Vernooij M, Querner EP, Jacobs C, Froebrich J. 2011. Flow characteriza-
tion temporary streams; Using the model SIMGRO for the Evrotas basin,
Greece. Wageningen, Alterra. Alterra-report 2126: 60.

Vidal-Abarca MR, AUTHOR: Gómez R, Suárez ML. 2004. Los ríos de las
regiones semiáridas. Ecosistemas 13: 1–16.

Von Schiller D, Acuña V, Graeber D, Martí E, Ribot M, Sabater S, Timoner
X, Tockner K. 2011. Contraction, fragmentation and expansion dynam-
ics determine nutrient availability in a Mediterranean forest stream.
Aquatic Sciences 73: 485–497. DOI: 10.1007/s00027-011-0195-6

Von Schiller D, Martí E, Riera JL, Ribot M, Argerich A, Fonollá P, Sabater
F. 2008. Inter-annual, annual and seasonal variation of P and N retention
Copyright © 2014 John Wiley & Sons, Ltd.
in a perennial and an intermittent stream. Ecosystems 11: 670–687. DOI:
10.1007/s10021-008-9150-3

Williams DD. 2006. The biology of temporary waters. Oxford University
Press: New York.

Wishart MJ. 2000. The terrestrial invertebrate fauna of a temporary stream
in southern Africa. African Zoology 35: 193–200.

Woodward G, Gessner MO, Giller PS, Gulis V, Hladyz S, Lecerf A,
Malmqvist B,McKie BG, Tiegs SD, Cariss H, DobsonM, Elosegi A, Ferreira
V, Graca MAS, Fleituch T, Lacoursiere JO, Nistorescu M, Pozo J,
Risnoveanu G, Schindler M, Vadineanu A, Vought LBM, Chauvet E.
2012. Continental-Scale Effects of Nutrient Pollution on Stream Ecosystem
Functioning. Science 336: 1438–1440. DOI: 10.1126/science.1219534

Young RG, Matthaei CD, Townsend CR. 2008. Organic matter breakdown
and ecosystem metabolism: functional indicators for assessing river
ecosystem health. Journal of the North American Benthological Society
27: 605–625. DOI: 10.1899/07-121.1.
River Res. Applic. (2014)

DOI: 10.1002/rra


