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- ore than half the length of the
global river network consists
of intermittent rivers and
ephemeral streams (IRES),

which by nature cease to flow

or go completely dry at vari-
ous times and places. More and more rivers and
streams around the world, including some of the
world’s largest rivers, are becoming intermittent
as humans extract their water for drinking and
irrigation and because of land-use alteration and

climate change [Gleick, 2003; Datry et al., 2014].

Such drastic changes in flow regime and IRES
distribution prompt fundamental questions: How
are the biogeochemistry and biodiversity of river
networks affected by these changes? How do
these alterations vary across climatic and bio-
geographic regions? How can IRES be managed
effectively to mitigate the ecological, social, and
economic consequences of changing flow
regimes?

To address these questions and follow up on a
call to action in the Policy Forum of Science [Acufia
et al., 2014], a global and multidisciplinary
approach is necessary. We have created a global
science network, the 1000 Intermittent Rivers
Project (#1000IRP on Twitter and http://bit.ly/
1000IRP-Project). The project’s main goal is to

An intermittent river flows at the bottom of Fish River Canyon, near
Hobas, Namibia.
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The Clauge River, Jura, France, during flowing and dry phases.

merge individual knowledge, forces, and passions through
simple, consistent, and comparable joint experiments in
IRES worldwide.

Plentiful IRES, Scant Knowledge

Despite the predominance of IRES, conceptual and empir-
ical developments in river science have been derived
exclusively from and for perennially flowing waters—
rivers and streams that flow continuously from their
source to a lake or ocean [Acufia et al., 2014; Datry et al.,
2014]). As a result, incorporating IRES into existing models
challenges some of the most persuasive paradigms in
river science, including the role of river networks in
global biogeochemical cycles, biodiversity, and ecosystem
processes and services [Datry et al., 2014].

However, because IRES have been overlooked by scien-
tists and water resources managers, their incorporation
into river science has long been limited by the scarcity of
data. For example, the total length and number of peren-
nial river channels are relatively well quantified [Lehner
et al., 2008; Raymond et al., 2013], but the spatial extent of
IRES remains unexplored at a global scale.

This is especially troublesome because IRES are the
predominant water bodies in water-scarce regions. For
example, IRES account for 94% of the river network in
Arizona, along with 66% of California’s streams and rivers
[Levick et al., 2008). However, IRES are also prevalent in
humid regions, and they occur from Antarctica to Amazo-
nia [McKnight et al., 1999; Benstead and Leigh, 2012; Ray-
mond et al., 2013; Datry et al., 2014]. The global extent of
river networks accounted for by IRES, their current and
future distribution, their flow regimes, and their connec-
tions with perennial channels remain unknown.

We have scant knowledge about the consequences of
alternating flowing, nonflowing, and dry phases to the
cycling of materials along river networks and to associ-
ated biotic communities [Datry et al., 2014]). As a result,
the ecological, economic, and social values of IRES, and
their sensitivity to human activities, are poorly explored
[Steward et al., 2012; Acufia et al., 2014; Datry et al., 2014].

Addressing the Data Shortage
Today 112 participants from 28 countries have joined the
1000IRP network (see map at http://bit.ly/1000ires-map),
and more are expected to join in the near future (http://bit
.ly/1000IRP_Network). However, some global regions,
including Africa and Asia, remain poorly represented in
this collaborative effort. We encourage colleagues from
countries in these regions to join the project.

The objectives of 1000IRP are

e to raise awareness of the global prevalence and sig-
nificance of IRES

e to improve the global estimate of the spatial and tem-
poral extent of IRES and to describe their links with peren-
nial rivers

e to conduct low-intensity field and laboratory experi-
ments to address the key questions stated above

e tobuild an international network of researchers dedi-
cated to IRES in order to support, complement, and feder-
ate current and future international projects on IRES (e.g.,
Science and Management of Intermittent Rivers and
Ephemeral Streams (SMIRES), Intermittent River Biodiver-
sity Analysis and Synthesis (IRBAS), EU-LIFE Temporary
Rivers (TRivers)), as well as global science network initia-
tives (e.g., Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES), Group on
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Earth Observations Biodiversity Observation Network (GEO
BON), Future Earth).

Early Results

During its first year (April 2015-April 2016), 1000IRP chal-
lenged the current view of the role of river networks in the
global carbon cycle. Specifically, we aimed to determine
the extent to which the integration of IRES affects the
validity of current estimates of carbon transformation,
transport, and deposition [Battin et al., 2008], including
carbon dioxide (CO,) efflux rates [Raymond et al., 2013],
from river networks.

IRES and perennial rivers have very distinctive biogeo-
chemical functions and tempos [Foulquier et al., 2015].
Moreover, the dry phases of IRES can be biogeochemically
active and may release substantial volumes of CO, to the
atmosphere [von Schiller et al., 2014]. During rewetting
phases and first-pulse events (where water suddenly
rewets a previously dry reach), large quantities of organic
material, nutrients, and organisms that have accumulated
along dry river sections can produce “hot moments” of
biogeochemical transfer and transformation processes
[Corti and Datry, 2012].

To determine the extent to which biogeochemical differ-
ences between IRES and perennial rivers affect current
estimates of carbon fluxes in river networks, we require
large-scale quantification of organic material accumulated
along riverbeds during dry phases, as well as information
on the biodegradability of this material and the reactivity
of dry streambed sediments during rewetting events. We
also require information about the potential environmen-
tal drivers controlling these processes, including climate,
riparian cover (the plant life in and around rivers), sub-
strate type, and duration and frequency of drying.

Each participant of 1000IRP has quantitatively sampled
coarse organic matter accumulating along at least two dry
river channels using standardized protocols. In addition,
dry sediments and biofilms have been sampled at those
sites, and detailed information about climate, flow regime,
substrate, and riparian zone conditions has been compiled.
All samples, obtained from 210 river reaches, have now
been received at the French National Research Institute of
Science and Technology for Environment and Agriculture
(IRSTEA) and further processed for laboratory analyses of
the biodegradability and quality of the sampled material by
the different leading institutions, including ash-free dry
weight (University of Grenoble), carbon-to-nitrogen ratio
(University of Grenoble), CO, release (IRSTEA and Univer-
sity of the Basque Country), leaching (Leibniz Institute of
Freshwater Ecology and Inland Fisheries (IGB)), and respi-
ration of accumulated organic material and sediments
(IRSTEA and University of the Basque).

We plan to analyze these data to refine current estimates
of carbon transfer, deposition, and transformation, as well
as CO, efflux rates from river networks globally.

We also plan to explore large-scale biodiversity patterns
in IRES and describe biodiversity-ecosystem functional
relationships within these unique ecosystems using meta-
barcoding, a DNA-based method that provides a rapid
assessment of biodiversity. These studies will target
microbes and aquatic and terrestrial biota and flora in riv-
erbed sediments.
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Widening the Network, Moving Ahead

We hope to bring 1000IRP to a wide, multidisciplinary
audience; to strengthen the current network of contribu-
tors; and to encourage the inclusion of more participants
and countries, especially from underrepresented areas
(e.g., Africa, Asia, and Russia). This global science net-
work is a useful example of joining forces in research to
advance work on fundamental scientific questions [Baker,
2015].

Thanks to the success of this first year, we are planning
additional joint experiments in the coming years to fur-
ther advance our understanding of IRES and their over-
looked geophysical, ecological, economic, and social sig-
natures. Driving global research activities, networks, or
team science from the bottom up will become more com-
mon in the future [Baker, 2015]. This type of grassroots
effort may not only trigger subsequent research activities
in IRES science but also serve as a model for global team
science activities to close fundamental knowledge gaps.
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