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Abstract: We define Dry Rivers as those whose usual habitat in space and time are dry channels 

where surface water may interrupt dry conditions for hours or a few days, primarily after heavy 

rainfall events that are variable in time and that usually lead to flash floods, disconnected from 

groundwater and thereby unable to harbor aquatic life. Conceptually, Dry Rivers would represent 

the extreme of the hydrological continuum of increased flow interruption that typically 

characterizes the non-perennial rivers, thus being preceded by intermittent and ephemeral rivers 

that usually support longer wet phases, respectively. This paper aims to show that Dry Rivers are 

ecosystems in their own right given their distinct structural and functional characteristics compared 

to other non-perennial rivers due to prevalence of terrestrial conditions. We firstly reviewed the 

variety of definitions used to refer to these non-perennial rivers featured by a predominant dry 

phase with the aim of contextualizing Dry Rivers. Secondly, we analyzed existing knowledge on 

distribution, geophysical and hydrological features, biota and biogeochemical attributes that 

characterize Dry Rivers. We explored the capacity of Dry Rivers to provide ecosystem services and 

described main aspects of anthropogenic threats, management challenges and the conservation of 

these ecosystems. We applied an integrative approach that incorporates to the limnological 

perspective the terrestrial view, useful to gain a better understanding of Dry Rivers. Finally, we 

drew main conclusions where major knowledge gaps and research needs are also outlined. With 

this paper, we ultimately expect to put value in Dry Rivers as non-perennial rivers with their own 

ecological identity with significant roles in the landscape, biodiversity and nutrient cycles, and 

society; thus worthy to be considered, especially in the face of exacerbated hydrological drying in 

many rivers across the world. 

Keywords: dry rivers; geophysical and hydrological features; Biota; biogeochemical processes; 

ecosystem services; threats and management 

 

1. Introduction 

Non-perennial rivers are characterized by the presence of a dry phase (i.e., when surface water 

is lacking) of variable duration and spatial extent. Compared with perennial rivers, they have been 

less studied [1–12], despite occurring in all continents and climates [13,14], and covering a large 

geographical extent [15]. 

Valuable knowledge on their hydrology and ecology has been achieved recently [14,16–18] and 

highlights the dry phase as one of the main factors that shape their structure and functioning [6,19–

22]. Drying is fundamental to shaping aquatic biodiversity by impacting some biological groups such 
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as aquatic arthropods [23–26]. Besides, the tight influence of the terrestrial environment contributes 

to shape macro and microbial community structure, carbon and nutrient stocks [27,28], and 

biogeochemical aspects [29–31]. 

Dry phase is variable in temporal duration, spatial extent and predictability (e.g., [11,32,33]). 

While, in some rivers, it can be limited to 2–3 months (or even less) throughout a year, dry phase 

occurs on scales of years in others (e.g., [34]). Furthermore, drying may involve complete riverbed 

desiccation or takes place as isolated pools [35]. 

The duration of dry phase is critical in the ecology and functioning of these rivers, thus, detailed 

information about their hydrology of non-perennial rivers is essential [33,36–40]. Nowadays, there is 

a consensus on the need for detailed hydrological information on dry phase to disentangle how 

drying affects the whole ecology of non-perennial rivers. 

Hydrologists, ecologists and geomorphologists have generated a vast terminology in an attempt 

to classify the huge universe of non-perennial rivers into different types, according mainly to the 

hydrology and, in particular, to dry phase duration (see Table 1). However, the fact that standard 

and robust criteria to properly classify the different proposed typologies are lacking makes the 

existing ones operationally weak. The arbitrariness in the use of these diverse terminologies likely 

results in misleading knowledge about the ecology of specific types of non-perennial rivers. For 

example, some authors have coined the term ‘IRES’—intermittent rivers and ephemeral streams 

(sensu [14]) to, in practice, distinguish between fluvial ecosystems exhibiting short and large dry 

phases, respectively. Yet, such distinction in the literature is not adequately addressed on occasions. 

Particularly, the use of the term ‘ephemeral’ is not always clear, as we can find descriptions with very 

different hydrological regimes (see Table 1). This is especially critical when rivers rarely experience 

wet conditions regimes but are included in the same category of those able to harbor an aquatic 

environment for some time. 

This article aims to highlight the singularity of a specific type of non-perennial rivers where 

aquatic conditions are anomalous, which we denominated ‘Dry Rivers’ (hereafter, DRs). We pose 

that, conceptually, DRs would represent the extreme of the hydrological continuum of increased flow 

interruption that typically characterizes the non-perennial rivers, thus being preceded by intermittent 

and ephemeral rivers that usually support longer flowing and/or stagnant aquatic phases, 

respectively, as described in the literature (Table 1). According to that, we define DRs as those whose 

usual habitat in space and time are dry channels where surface water may interrupt dry conditions 

for hours or a few days, primarily after heavy rainfall events, that are variable in time and that usually 

lead to flash floods, disconnected from groundwater and thereby unable to harbor aquatic life. By 

providing this definition, we also pose that, within the universe of non-perennial rivers, DRs are the 

river-type that most suffers from “terrestrialization” process at temporal and spatial scales, thus 

comprising the clear example of similarity between dry riverbeds and soils as previously highlighted 

[29]. In our work, structure and function of DRs are discussed in the context of other non-perennial 

rivers (intermittent and ephemeral) with the objective of properly describing this specific type of 

ecosystem as well as highlighting their valuable and, in some instances, unique ecological role. 
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Table 1. The terminology used in scientific literature to define non-perennial rivers characterized by 

a dry phase dominating a wet phase. The words used by the different authors are highlighted in bold. 

Definition References 

Ephemeral washes are those watercourses that flow briefly in direct response to precipitation 

and are distinguished from intermittent streams because they are always above the phreatic 

level.  

[1] 

The ephemeral river, entirely dependent upon desert storms for surface flow. [41] 

Wadi: Course that only transports water a few hours after rain. [42] 

An ephemeral stream was one flowing only in direct response to precipitation; with 

measurable discharge occurring less than 10% of the time. 
[43] 

Ephemeral streams are apparent only after periods of high storm intensity or snow melts; 

they seldom contain any animal or plant life. 
[44] 

They distinguished ‘temporary’ or ‘intermittent’ rivers, with more-or-less regular, seasonally 

intermittent discharge, from ‘ephemeral’ or ‘episodic’ rivers, which flow only after 

unpredictable rainfall. 

[45] 

The author provided a definition based upon annual flow duration, distinguishing 

ephemeral systems, flowing < 20% of the year, from intermittent systems flowing between 

20–80% annually. 

[46] 

The episodic systems, restricted to arid and hyper-arid regions, contain water on an 

unpredictable basis. The authors discouraged the use of the term ephemeral as a synonym 

for episodic and the use of the term temporary as a synonym for intermittent. 

[47] 

Ephemeral: Rivers that flow for less time than they are dry. Flow or flood for short periods of 

most years in a five-year period, in response to unpredictable high rainfall events. Support a 

series of pools in parts of the channel. Episodic: Highly flashy systems that flow or flood only 

in response to extreme rainfall events, usually high in their catchments. May not flow in a 

five-year period or may flow only once in several years. 

[11] 

Term ‘ephemeral’ used by hydrogeologists to encompass running waters that are 

permanently disconnected from the GWT (groundwater table), for example, dryland rivers 

that flow only for a short period during and after rainstorms. 

[48] 

Ramblas can be dry for many years and only transport water for a few days as a result of 

heavy rainfall.  
[49] 

Ephemeral (or episodic) streams are usually dry except for several days immediately 

following precipitation.  
[50] 

Ephemeral (dry washes): A stream or portion of a stream which flows briefly in direct 

response to precipitation in the immediate vicinity, and whose channel is, at all times, above 

the groundwater reservoir. Ephemeral streams are unique in that they lack permanent flow 

except in response to rainfall events. 

[51] 

Ephemeral freshwater systems (EFS). In the highest reaches of these segments, stream flow is 

generally less than permanent. 
[52] 

Streams can be classified as perennial, flowing all the time or, at least at all times, except 

extreme droughts; intermittent, flowing some of the time and receiving water from 

groundwater; or ephemeral, flowing rarely and not receiving input from groundwater. 

Ephemeral, not holding surface water most of the year. 

[53] 

Temporary systems cover those that are: ephemeral—ones which receive water for a short 

period very occasionally and highly unpredictably; episodic—those that fill occasionally, and 

which may last months or even years. 

[54] 

Ephemeral streams are those that only flow during and in immediate response to 

precipitation events. The groundwater table is situated below the streambed so that the 

channel never receives groundwater discharge. Ephemeral streams are always losing 

streams. 

[55] 
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Definition References 

Intermittent (periodically dry, fed from seasonal flow) and ephemeral (periodically dry, 

event-based flow) streams are predominantly located in the uppermost reaches of a 

watershed. 

[56] 

Episodic-Ephemeral: Water flow and pools are short-lived and occasional. Most of the 

organisms found are opportunistic, adapted to a quick development of their biological cycle. 

Biological quality assessment needs other methods beyond the customary study of aquatic 

fauna (e.g., desiccation-resistant stages of aquatic fauna or terrestrial fauna). 

[57] 

The flow in ephemeral streams is episodic, with limited and stochastic water supply. [58] 

Episodic or ephemeral—those that flow and maintain water on a largely unpredictable basis, 

depending on precipitation events, and with hydrological continuity for only a short period 

of time (usually days to weeks). 

[59] 

The author use ‘temporary’ as a collective adjective to refer to all waterways that cease 

surface flow at some points in time and space along their course, and ‘ephemeral’ for the 

subset of temporary streams that flow only briefly (days to weeks), usually after rainfall and 

runoff. 

[60] 

The authors use the term intermittent rivers to refer to all temporary, ephemeral, seasonal, 

and episodic streams and rivers in defined channels. 
[32] 

Ephemeral stream: Flow duration < 2 months; Pool duration: variable; dry period: >10 

months/year. 
[61] 

Perennial and ephemeral streams constitute the limits of a continuum composed of a 

multitude of intermediate flow regimes, which can be described in a different way. 
[62] 

Wadis are dynamic systems with hydrological regimes shifting between long periods of 

drought and sudden flash flooding. 
[63] 

The term ephemeral implies a shorter flow duration and lower predictability than 

intermittent but there are not fixed boundaries.  
[64] 

Overall, non-perennial rivers tend to be overlooked by society, water managers and ecologists, 

probably due to the prevalent lack of flow (e.g., [65,66]). Such overlooking is even more acute in DRs 

where the presence of water is merely anecdotic. Besides, the poor and disperse existing ecological 

knowledge on this type of ecosystem contributes to limit our decision making in conservation 

strategies. 

In this article, we firstly reviewed the variety of definitions used to refer to non-perennial rivers 

to properly contextualize the DR type. Secondly, we analyzed existing knowledge on the distribution, 

geophysical and hydrological characteristics, biota and biogeochemical attributes in DRs. We also 

explored the capacity of DRs to provide ecosystem services and described major aspects of 

anthropogenic threats, management challenges and conservation of these ecosystems. We applied an 

integrative approach that incorporates to the limnological perspective the terrestrial viewpoint, the 

key to understanding these ecosystems [29] and undeniably needed to properly define and 

contextualize DRs. Finally, we identified major knowledge gaps and research needs to deal with DRs 

in future studies. 

2. Contextualization of Dry Rivers 

After a review of the definitions proposed by many authors to characterize non-perennial rivers, 

there seems to be a certain consensus in differentiating intermittent from ephemeral rivers. However, 

paradoxically, some authors put both river types under the same umbrella when describing their 

ecology and management. There is some consensus that temporary and seasonal rivers are 

synonymous with intermittent rivers (e.g., [45,47]), which are characterized by the presence of a dry 

phase in which surface flow may disappear any time throughout the year. 

Definitions used by the different authors to characterize the ephemeral rivers are more diverse 

and debatable (Table 1). There seems to exist some agreement that ephemeral rivers only transport 

water flow after rains (e.g., [11,42,50,60]) and that they are usually disconnected from groundwater 
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(e.g., [1,48,51,53,55]). Some authors limit their location either to the headwaters of the basins (e.g., 

[52,56] or to the deserts (e.g., [41]), ignoring the global character of the geographical occurrence of 

these ecosystems. Other authors quantify the residence time of surface flow in the ephemeral rivers 

(e.g., [43,46,61]) and others (e.g., [57]) incorporate the biological features of the communities of 

aquatic organisms that presumably live in ephemeral or episodic rivers. Yet, according to Williams 

[44], these rivers cannot harbor aquatic life. In addition, other terms such as wadis, ramblas, episodic 

rivers, dry land rivers or dry washes have been regionally coined to describe non-perennial rivers, 

normally in dry climatic areas (Table 1). 

Faced with this confusing framework, our intention is to analyze and to describe main 

biogeophysical and functional features of DRs to properly characterize their own entity as a particular 

type of ecosystem within the continuum described by non-perennial rivers. To do that, we compare 

DRs with intermittent and ephemeral rivers. Based on the widespread consideration of both terms in 

the literature, in our analysis, we consider intermittent rivers as those rivers experiencing flowing 

periods longer than dry periods year-round. On the contrary, we understand the ephemeral rivers as 

those experiencing flowing periods shorter than dry periods throughout the year, with surface water 

present for some months. Taking intermittent and ephemeral rivers as a framework, DRs would be 

located in the hydrological extreme of the gradient (Figure 1), with surface water present only during 

hours or days, always dependent on the rainfall event and its intensity. 
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Figure 1. Examples of Dry Rivers worldwide. Ramblas Agua Blanca (A) and Cajete (B) in Baja 

California (Mexico); Dry River in Chilean Patagonia (C); Purifica River in the Atacama Desert (Chile) 

(D); Ugab River in Namibia (E); Dry River in Nazca (Perú) (F); Ramblas Chirivel (G) and Inazares (H) 

in southeast Spain. 
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3. Distribution, Geophysical and Hydrological Characteristics of Dry Rivers 

DRs are found worldwide in different climatic areas (e.g., [32] (Figure 1)), although they 

dominate hyper-arid, arid and semi-arid lands (e.g., [48,49,67]), characterized by not only scarce 

rainfall (with long periods of zero precipitation; [68]), but also by high temperature and 

evapotranspiration rates. Although no global quantification of DRs on a worldwide scale is available, 

some data on the number of non-perennial rivers, including DRs, gives us an idea of the spatial 

magnitude of these ecosystems [15]. For example, Levick et al. [51] reported that between 94% 

(Arizona) and 66% (California) of the channels of southern U.S. exhibit flow interruption. For South 

Africa, Davies et al. [69] estimated that over 44% of the river length is non-perennial, and this is about 

70% in Australia [70]. In the Mediterranean Region, more than half the rivers in Greece [16], and 

between 25–40% of the total length of rivers in France are intermittent [71]. Many Alpine, Arctic and 

Antarctic rivers are also non-perennial [32]. 

DRs include a wide range of ecosystems, from rivers featured by narrow channels, rocky beds, 

and steep slopes to rivers with wide sand beds and slight slopes. Despite being distributed 

worldwide, the presence of DRs is especially relevant in hyper-arid, arid and semi-arid areas. 

From the geomorphological and hydrological viewpoints, DRs have differential characteristics 

to intermittent and ephemeral rivers (e.g., [2,4,7,12,72]). Depending on the slope, bigger amounts of 

sediment usually accumulate in DRs than in perennial and intermittent rivers (Figure 2), and there 

are two main reasons for this: (i) the erosive force of flash floods (e.g., [73,74]); (ii) a bigger supply of 

solid materials from the erosion of what are likely to be poorly vegetated hillslopes in arid lands [75]. 

It has also been pointed out that DRs produce bedload flux levels during floods that lie between 1 

and 6 orders of magnitude more than in similar sized perennial rivers [75]. In addition, the 

morphology and stability of both channels and floodplains, and the sedimentation regime in DRs, 

depend almost exclusively on the frequency and intensity of flash floods (e.g., [76]) but also of bank 

cohesion and riparian vegetation characteristics (e.g., [77,78]). Indeed, the channel morphology can 

remain stable for many years until heavy floods erode and visibly modify the riverbed [79] (Figure 

2). The channel geometry of DRs is a typical result of these unpredictable high-intensity events. Such 

events act as “pulses” and bring about abrupt changes by setting very wide channels [80] that 

constitute an adaptation of these rivers to both irregular surface water flow and the dynamics of the 

solid load transported during floods [73]. 

Likewise, sediments deposited in channels can remain immovable for decades until a high 

energy flood shifts them and transports them downstream (e.g., [73,75]), which are key for the 

morphological and dynamic development of DRs, as well as for the maintenance of riparian habitats. 

The distribution of riverbed sediments in perennial rivers follows a typical longitudinal 

sequence from head to mouth: from coarse materials (bedrocks and gravel) in the upper zone to fine-

grained materials (silt and clay) in lower zones [81]. However, in DRs, this longitudinal sequence 

from upstream to downstream is not so evident because flash flood events are faster and the 

deposition of the solid load transported over the channel bed occurs suddenly by intermixing 

sediments and materials of very variable sizes [4,73]. 
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Figure 2. Differential relevance of main geophysical, hydrological and biological features of Dry Rivers with respect to perennial, intermittent and ephemeral rivers 

as well as of the approaches used to evaluate the ecosystem services (ES) they provide. The wider the bar is, the more relevant either the particular environmental 

feature or scientific approach is. Dashed and dotted lines indicate low relevance and total irrelevance, respectively, of a particular aspect. 
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In hydrological terms, the almost complete lack of surface water flow with time and its common 

disconnection with groundwater are key hydrological features that distinguish DRs (Figure 2) from 

intermittent and some ephemeral rivers (e.g., [1,82]). The duration and extension of the surface water 

flow in any river generally depends on the alternation of water gains and losses controlled by flow 

at longitudinal (depending on the channel’s geomorphological characteristics), lateral (depending on 

the channel’s topography and substrate composition) and vertical (depending on the groundwater 

level) scale [83]. In intermittent rivers, the dry phase implies a temporal (several months a year) 

disconnection of channels in the longitudinal, lateral, and even vertical dimension. However, in DRs, 

such extraordinary hydrological connectivity remains practically null for years [34] (Figure 2) because 

they have no surface water flow for long periods [84]. Typically, in DRs, disconnection with the 

groundwater table is practically complete (e.g., [73,84]) and the flash flood events that could restore 

surface flow only last a few hours [85] (Figure 3). It is exclusively after these punctuated events when 

the entire drainage network is quickly, but poorly connected [86]. Graf [4] identified four flood types 

in rivers: flash floods, single-peak events, multiple-peak events, seasonal floods. The first two are the 

most common in DRs [84,85] in which water flows very quickly. For example, the hydrographs of 

several flash floods in some DRs in southeast Spain are resolved in just a few hours (Figure 3). 

Aside from these generalizations about the geophysical and hydrological features of the DRs, it 

should be noted the absence of current knowledge about the effects that climate change and 

aridification will have on the geomorphology of non-perennial rivers and, in particular, on DRs [87], 

which could modify the physical structure of these rivers (e.g., channel sinuosity, lateral stability, 

landform assemblages). 

 

Figure 3. Hydrograph of flash floods in several Dry Rivers in southeast Spain. (A) Rambla de Benipila 

(23–24 October 2000); (B) Rambla de Benipila (28–29 September 2009); (C) Rambla de las Moreras (24 

October 2000); (D) Rambla de Nogalte (28 September 2012). 

4. Biota of Dry Rivers 

The dry phase dominating over the wet phase in DRs strongly shapes their biological 

communities, which are characterized by the presence of a diverse and abundant terrestrial biota 

rather than aquatic biota (Figure 2). The latter, if present, may be subject mainly to the presence of 

episodic isolated pools along dry channels. 
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In other types of non-perennial rivers, shorter dry periods prompt aquatic organisms (fauna, 

algae, vegetation) for certain adaptations to evolve, such as resistance (eggs and diapause) and 

resilience (dispersal) strategies to withstand drying (e.g., [33,88–90]). However, lack of surface water 

in DRs during such long periods may hamper the existence of even desiccation-resistant life states or 

“seed banks” in channel sediments or other refuges in rivers. Although it is known that some 

meiofauna taxa, like nematodes, can remain viable for decades as dormant eggs in dry sediments 

[91], it must be considered that as the dry period duration increases, resting eggs significantly decline 

(e.g., [88]) due to depleted energy reserves [92], decomposition by microorganisms [93] or predation 

[94]. In this context, understanding whether aquatic resistant forms can survive in DRs’ sediments, 

and if they are capable of restoring the community of aquatic organisms in such a short wet phase 

(hours or days), are still critical gaps in DRs ecology. 

Unlike aquatic invertebrates, terrestrial invertebrates can be a key biological component of DRs 

from ecological, functional and taxonomical perspectives as they benefit from the hardness of drying 

[95]. In fact, dry channels from different types of non-perennial rivers harbor diverse and unique 

terrestrial invertebrate assemblages across our planet [95–101], composed mainly of Formicidae, 

Araneae, Collembola and Coleoptera [95,97,98,100–102] (Figure 4). 

In intermittent rivers, it was recently discovered that surface flow cessation and desiccation may 

enable the colonization of river channels by terrestrial invertebrates from adjacent riparian and 

upland habitats [95,100]. These dry channels provide temporary food subsidies from stranding 

aquatic organisms, such as fish, invertebrates and algae for terrestrial invertebrates (e.g., [3,21]). 

However, global knowledge is limited about the role of dry channels in DRs, characterized by lack of 

aquatic food resources (both stranding on dry channels and emerging aquatic insects) for the 

terrestrial ecosystem. A recent study in Namibia reported that channels in DRs harbored diverse and 

abundant terrestrial invertebrates despite the absence of aquatic subsidies [101]. The river channel 

invertebrate community was similarly diverse from those in riparian and upland areas, but 

composition differed from surrounding habitats, which evidenced the key role of dry channels in 

DRs contributing to the overall diversity in riverine landscapes. Channels of DRs could provide 

multiple ecological functions, similarly to intermittent and ephemeral rivers, probably offering more 

favorable biotic and abiotic environmental conditions than adjacent terrestrial habitats (Figure 4). For 

instance, channel of DRs may supply for terrestrial invertebrate terrestrial food subsidies (vegetation 

for herbivores and invertebrates for predators [101]), refuges from harsh environmental conditions 

(e.g., [98]), and act as mating sites (e.g., [103]) and dispersal corridors (e.g., [104,105]). 

In addition, DRs also support a high diversity of terrestrial vertebrates like reptiles, birds and 

mammals (e.g., [51,106]). In fact, in hyper-arid and arid regions, these ecosystems have been defined 

as linear oases for fauna [107,108], offering wetter conditions than the surrounding landscape [109]. 

Worldwide, DRs provide pivotal ecological functions for terrestrial vertebrates, which use these dry 

habitats as food resources, breeding and nesting sites, movement corridors, migration stopovers, and 

resting and shelter areas [106. For instance, aardvarks (Orycteropus afer), a burrowing, insectivore and 

nocturnal mammal native of sub-Saharan Africa, excavates in DRs’ channels to create burrows to live, 

breed and avoid high extreme temperatures and predators in the daytime [110] (Figure 4). The 

Mediterranean spur-thighed tortoise (Testudo graeca) selects sandy channels of DRs as nesting sites in 

SE Spain (J.D. Anadón; personal communication; Figure 4). In turn, some terrestrial vertebrates in 

DRs can play important ecological roles as landscape engineers, consumers and/or prey, seed 

dispersal agents and animal-mediated nutrient cyclers [106]. For instance, African elephants 

(Loxodonta africana), which dig water holes along dry channels, are an interesting example of 

landscape engineers (Figure 4). Although the presence of these water holes is limited to stretches with 

close groundwater, they can be of much ecological relevance for biota by providing water for 

themselves and for other wildlife [111], such as springbok, jackals and baboons [112]. 
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Figure 4. A water hole dug by elephants (Loxodonta africana) in the channel of a Dry River in Namibia 

(A); a pitfall trap in the channels of a Dry River in Spain containing terrestrial invertebrates (B); debris 

piles in the middle of a channel of a Dry River in Namibia (C); refuge created by an aardvark in the 

dry channel of a Dry River in Namibia (D); a Mediterranean spur-thighed tortoise (Testudo graeca) in 

Spain, which can select sandy channels of Dry Rivers as nesting sites (E); a Dry River in Namibia 

offering higher soil moisture and, consequently, more abundant vegetation compared to the 

surrounding dry landscape (F); terrestrial vegetation covering the channel of a Dry River in Spain (G); 

an elephant feeding on acacia trees in a Dry River in Namibia (H). 
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Although some algae and aquatic plants can tolerate drying [113], DRs tend to be devoid of such 

aquatic biota due to harsh environmental conditions imposed by such a short wet phase (days or 

hours) and by the common disconnection with groundwater. DRs in arid and hyper-arid areas 

usually offer higher soil moisture and, consequently, more abundant vegetation than the 

surrounding dry landscape (e.g., [17,114]) (Figure 4). Channels of DRs can be covered by abundant 

terrestrial vegetation, such as helophytes, shrubs and trees (e.g., [78]) (Figure 4), which colonize from 

adjacent habitats (riparian and upland). Water availability is both a critical resource and a disruptive 

agent (if flash flood occurs) for vegetation in DRs, being these two factors responsible for their 

diversity [115]. The presence of vegetation along the channel can be the beginning of the formation 

of different depositional features, such as bars, banks and islands (e.g., [116]), with important 

geomorphological implications. Debris piles composed of wood, leaf litter and fruit frequently 

appear along channels of DRs (e.g., [8,101]), which are engendered by rare flood events that 

redistribute large amounts of organic matter along dry river channels [9,117,118]. These debris piles 

can, in turn, induce sediment deposition by contributing to the formation of a vegetated island, acting 

as nurseries for woody vegetation [9] (Figure 4), increasing environmental heterogeneity and 

resource availability. 

Terrestrial vegetation along DRs’ channel may play a key role in structuring ground-dwelling 

arthropod communities, given the strong influence of vegetation on these communities [101,119]. For 

instance, the mentioned debris piles contribute to overall diversity by supporting a distinct terrestrial 

invertebrate community [101]. Additionally, vegetation stocks can be critical for terrestrial vertebrate 

fauna. This is the case of acacia trees along DRs’ channels in Africa, as they comprise a vital food 

resource for large herbivores, such as elephants, giraffes, kudus, impalas, steenboks and other 

browsing ungulates (e.g., [106,120]). 

5. Biogeochemical Processing in Dry Rivers 

Ecosystem functioning in DRs is essentially governed by biogeochemical processes that occur in 

dry sediments. Due to the lack of surface water, dry channel sediments have been traditionally 

considered to be biogeochemically quiescent compared to running waters [16,17]. Consequently, dry 

riverbeds have been poorly included in fluvial research, and their potential contribution to global 

biogeochemical cycles has been neglected for years [29,31]. It was only very recently when dry 

channels of non-perennial rivers, including DRs, were recognized as being important habitats for 

nutrient and organic matter processing on landscapes [17,29–31,121–123]. 

Water is an ultimate resource for life and biotic reactions but is also critical as a solvent and 

transport medium of solutes, two roles that also regulate biogeochemical processes. In DRs, drought 

is pervasive along their course and over time, and lack of a regular disturbing water flow imprints 

structural and functional characteristics quite similar to soils, potentially much more noticeable if 

compared with intermittent and ephemeral rivers. For instance, sediment aggregates, presence of 

terrestrial plant species or leaf litter inputs from riparian zones confer the perfect physical frame that 

allows the colonization and development of typical biotic communities of soil habitats [29]. As in 

terrestrial habitats, fungal communities linked to the higher presence of lignin and cellulose 

compounds in material of a terrestrial origin [124] are expected to be important for organic matter 

dynamics in DRs. Yet, in intermittent and ephemeral rivers with desiccation periods relatively 

shorter, both organic resources and the microbial community in the dry phase may still be of aquatic 

origin, as, for instance, the biofilm patches described in several Mediterranean intermittent rivers 

during summer drought [125]. Additionally, the presence of aquatic vegetal biomass, like 

macrophytes, rarely applies to DRs, where most organic stocks covering the channel are of terrestrial 

origin. In fact, a recent global analysis of 212 dry channels across all continents has demonstrated the 

large amounts of terrestrial organic matter that dry channels accumulate, such as leaf litter and wood 

(~40%) [121]. Although that study did not explicitly point out DRs from other non-perennial rivers, 

its results suggest long dry periods and high aridity as important predictors that support terrestrial 

plant litter accumulation but also its decomposability. This and other works indeed suggest 

photodegradation may play an important role in organic matter decomposition rates in arid climates 
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by facilitating its decomposability [126,127], which especially applies to DRs, that are mostly 

represented in dry-climatic areas. This is also important when large amounts of plant material of hard 

decomposability (e.g., Phagmites australis) cover the most part of the river channel, like occurring in 

SE Spain where a groundwater table often develops in DRs [29,49]. In other DRs, such as the Namib 

Desert, organic matter stocks in the form of debris piles (wood, leaf litter and fruit) have been 

reported to be essential for not only sediment fertility, but also as hot spots for microbial activity 

being key in ecosystem biogeochemistry [101]. The large amount of terrestrial organic matter that 

DRs usually support may be transported together with riverbed sediments in a down direction 

following extraordinary flood-flush events, and potentially impacts the biogeochemistry of 

downstream ecosystems; e.g., reservoirs, by modifying nutrient status and generating anoxia. This 

scenario has been well described in catchments dominated by intermittent rivers, where high peaks 

of nitrogen and phosphorus are usually recorded after seasonal floods (“first flush events”) (e.g., 

[128,129]). Despite flood events being sporadic, similar results have been described in DRs (e.g., 

[130]). 

The activity of arthropods and mammals and their excrements may not only provide the 

ecosystem with a source of nutrients and carbon, but may also impact leaf litter decomposition rates 

[101]; an influence much more noticeable if compared to intermittent and ephemeral rivers where the 

influence of terrestrial animals is limited to their relatively shorter dry period. 

Recent literature highlights the pivotal role of dry inland waters for the global carbon cycle 

[30,31,123]. Although these studies do not explicitly separate DRs in the results, their estimations 

support the active contribution of DRs, as dry inland waters, controlling global C fluxes. In large scale 

experiment covering ~ 200 dry riverbeds across different climates, von Schiller et al. [30] measured 

moderate microbial respiration rates within the range of those found in soils. In a similar large-scale 

approach, albeit in terms of carbon dioxide (CO2) fluxes, Keller et al. [123] accounted that global 

estimates increases by 6% when considering the contribution of dry habitats, and they suggest that 

the favored oxygenation for microbial growth and gas diffusion in dry habitats may be behind such 

a significant role. Yet, if compared with uphill soils, the authors found lower CO2 fluxes rates which 

attributed to the general low degree of rooting and plant development supporting microbial 

respiration of fluvial sediments. Compared with intermittent and ephemeral rivers, DRs would 

potentially allow higher similarities with soils, yet there is not enough empirical information to 

support this fact. Nevertheless, despite potential similarities in carbon transformation rates and 

drivers, such biogeochemical processing in DRs must not be considered terrestrial but a critical 

component of the fluvial network that run dry most of the time [131,132]. 

Changes in aerobic reactions over anaerobic pathways that happen in dry habitats are especially 

interesting for the nitrogen cycle. Drying tends to drive progressive shifts in the relative importance 

of ammonia oxidation vs. denitrification in rivers [37,133] by favoring the abundance of ammonia 

oxidizers if compared to the total microbial community [39]. As a result, dry riverbeds have been 

proposed as being sources of nitrogen as they tend to accumulate nitrate (NO3) that is potentially 

released upon rewetting [37,134–136]. Yet, when terrestrial plants dominate the river channel in DRs, 

the direct assimilation of NO3 into biomass may result in less NO3 storage in sediments compared to 

those from intermittent and ephemeral rivers. On the contrary, processes such as atmospheric 

deposition and N2 fixation by terrestrial plants may be more relevant in nitrogen cycling in DRs in 

time and space terms compared to intermittent rivers. Nevertheless, as described in soils, the 

contribution of these processes depends on both climate conditions (atmospheric pollution) and the 

degree of plant coverage and species composition in the channel [29]. 

As in soil, extreme drought in river sediment impacts the extent to which microbial reactions 

and nutrient transformation rates occur. Drought stresses all organisms and can potentially kill them 

or drive the evolution of dry-adapted life history strategies, e.g., accumulation of solutes in cells or 

maintenance of extracellular enzyme activity to cope with water stress [137]. Of course, drought ends 

after water arrives, leading that drying-rewetting phenomenon is always coupled in non-perennial 

river sediments. In intermittent and ephemeral rivers, desiccation effects usually end in response to 

seasonal flow resumption. Indeed, this scenario has inspired some concepts about non-perennial 
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rivers’ functioning. For example, the punctuated longitudinal biogeochemical reactor concept [16], 

which poses that non-perennial rivers present high and low biogeochemical rates in flowing and dry 

phases, respectively, refers mainly to their capabilities to transform riverbed particulate organic 

matter, but rarely applies to rivers that lack flowing phases. As in soils, in DRs, desiccation stress is 

susceptible to be mitigated sporadically upon any minor rewetting event. This is the key for 

maintaining the resistance and resilience of microbial communities in long dry phases [138], as well 

as for triggering microbial metabolism, and to mobilize carbon and nutrients at small-local scale, like 

in the form of CO2 emissions and leaching NO3 [30]. As biogeochemical processing under flowing 

conditions is not common in DRs, the implications of even small rainfall events on the whole 

ecosystem functioning is expected to be more significant in DRs if compared with other non-

perennial rivers. For instance, short rainfall can be fundamental to shape redox and create anoxic 

habitats as well as to mobilize nutrients through sediments, conditions that cannot easily occur when 

humidity in sediments is very low. It is noteworthy that, unlike intermittent rivers, the functional 

implications of rewetting in DRs, primarily occur on a local scale—vertical and lateral, instead of at 

longitudinal scale associated with flow periods that only occur extraordinarily during flood events. 

We must consider that DRs are included in the fluvial network and, although they do not look 

like “typical rivers” all year long, the magnitude and environmental drivers of how biogeochemical 

elements are transformed in them are critical aspects to be included in new arenas of research that 

help us to better understand the role of these ecosystems in global biogeochemical cycles. 

6. Ecosystem Services of Dry Rivers 

Ecosystem services (ES) have been defined as the benefits that people obtain directly and 

indirectly from nature [139,140]. This concept has recently been refined as nature’s direct and indirect 

contributions to human well-being [141,142]. These contributions derive from the ecological functions 

of ecosystems, which are supported by the interaction of the biophysical structure of ecosystems (i.e., 

morphology, substrate type, material disposition, permeability, etc.), ecological processes (i.e., 

primary production, cycle of nutrients and organic matter decomposition) and the biodiversity they 

harbor (e.g., [141,143]). 

In non-perennial rivers, the main elements that sustain ecological processes and functions are 

materials and nutrient inputs, substrate type and biodiversity, water and the biophysical structure of 

the channel [14,144]. Given the combination of hard environmental conditions in DRs (e.g., high 

insolation and air temperature), together with almost permanent absence of water, we could initially 

consider these rivers to provide fewer ES than intermittent and perennial rivers. However, this is 

only true from the limnological approach. Whereas aquatic elements play a more dominant role in 

ES production in perennial and intermittent rivers, terrestrial elements mostly determine the supply 

and maintenance of these services in DRs (Figure 2). For example, loss of food resources (e.g., fish) 

described in intermittent rivers in the dry phase, considered to be a negative impact of drying on ES 

[64], is replaced in DRs with terrestrial organisms that colonize their dry channels (e.g., rabbits, 

asparagus, etc. [145,146]. Likewise, the ecological functions mediated by aquatic biota, which are lost 

in the dry phase in intermittent rivers (e.g., bioremediation by microorganisms, algae, plants and 

animals), are performed by the terrestrial organisms (i.e., microbial, plants and animals) inhabiting 

DRs (e.g., [147]). 

Different studies have evaluated the current status of the ES provided mainly by perennial rivers 

at regional (e.g., [148]), national (e.g., [149–152]) and international (e.g., [153–157]) scales. However, 

specific works that focus on ES in non-perennial rivers are missing, except for two recent studies that 

have analyzed the ES provided by IRES throughout their different hydrological phases (i.e., flow, 

non-flowing and loss of surface water) [64,158]. Both studies highlighted that fewer provisioning and 

regulating services and similar cultural services are provided in the dry phase of intermittent streams 

if compared to the other two hydrological states. 

Here, we provide examples and scientific evidence of the ES provided by DRs based on a 

systematic literature review of the publications found on the ISI Web of Knowledge (see 

Supplementary Material). Unlike previous studies, we found a similar number of ES in DRs to those 
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provided by the flowing phase of IRES (Figure 5). Sixteen provisioning services were described by 

Datry and coauthors [64], provided by the flowing phase of IRES, and only two by the dry phase, as 

eight of them were altered and four had been lost, coupled with water loss. However, we identified 

thirteen provisioning services supplied by DRs (Figure 5; Supplementary Material). In DRs, three 

provisioning ES, two of which were related to food production through aquaculture and others to 

animal-based resources, were not applicable because they were directly related to the permanent 

presence of water (see Supplementary Material). The most important loss of ES occurred in regulating 

services (Figure 5). In the dry phase of IRES, and according to Datry et al. [64], all regulating services 

were either lost (6) or altered (14) (Figure 5). However, we found that the regulating services provided 

by the flowing phase of IRES and by DRs were similar (20 and 18, respectively) (Figure 5). For DRs, 

no evidence was found for either the noise buffering service or the visual impact mediated by the 

ecosystem, or the control of diseases and chemical condition of salt waters (see Supplementary 

Material). Lack of scientific evidence for some of the ES potentially provided by DRs does not 

necessarily mean that these services do not exist, rather they have not yet been found. Finally, 

practically all cultural services were provided by both the hydrological phases of IRES and DRs 

(Figure 5). 

 

Figure 5. Histograms of the number of provisioning, regulating and cultural services presumably 

provided by the two extreme hydrological phases (flowing (A) and dry (B)) of IRES (intermittent 

rivers and ephemeral streams, according to Datry et al. [64], and by Dry Rivers (C). For a classification 

of ecosystem services, see Supplementary Material. The categories “altered” and “lost” refer to the 

dry phase of the IRES. The “not applicable” category is required because in both Dry Rivers and the 

dry phase of IRES, some ES cannot be provided, and the category “no data” refers to the ES not 

verified in the bibliography. 
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Although DRs and intermittent rivers can produce the same number of ES from a terrestrial and 

aquatic approach respectively, the level of dependence of local human communities regarding some 

services could be different. Freshwater is the most valued provisioning service in DRs according to 

Koundouri et al. [158] because of its scarcity and relevance in supporting other services such as crop 

production and livestock maintenance. Droughts often compromise the co-produced services that 

support the social and economic well-being of the human communities that live around the DRs. In 

this way, the success of agricultural and livestock activities becomes extremely difficult and the risk 

remarkably high [8], especially where poverty rates are higher [159]. In this point, Iniesta-Arandia et 

al. [160] highlight the relevance of local ecological knowledge for the maintenance of human 

populations in arid and semi-arid watersheds, even in rural areas of industrialized countries. For 

instance, knowledge of systems to collect, store and distribute water efficiently, developed over 

generations (e.g., [161,162]), has become vital to human well-being and its survival. Taking 

everything into account, local knowledge on water, crop and livestock management could be more 

relevant to the human community survival in DRs than in intermittent and perennial rivers, where 

some components of human well-being could compromise, like income, but not survival. 

Briefly as herein shown, DRs are able to provide a similar number of ES to the flow phase of the 

IRES, which resemble perennial rivers. This fact contributes to support the notion that DRs are often 

studied only from an aquatic perspective, where the presence or absence of surface water is the 

conditioning factor that explains why their functioning has been overlooked to date. In addition, 

scientists still need to learn more about DRs’ ability to provide people with ES. In DRs, information 

on the “where” (spatial scale), “when” (temporal scale) and “how” ES are generated is scarce, and 

also about the role of flash floods in the reactivation and/or disorganization of the biophysical 

structure of the channels supporting the ecological functions which, in turn, maintain the supply of 

ES. 

7. Anthropogenic Threats to Dry Rivers 

DRs collect the main common human-related disturbances in fluvial (e.g., conduits for waste 

water disposal, dumping rubbish, groundwater withdrawal, channeling) and terrestrial ecosystems 

(e.g., road traffic and road construction, riverbed cultivation, livestock grazing, urbanization, 

camping and hiking, mining) likely because they are considered by society as useless ecosystems 

[49,65,66]. The poor recognition of DRs is paradoxically more evident in dry climatic areas despite 

being abundant, since here, any freshwater body aims to meet human demands and the concept of 

river management conservation is still strongly associated to the existence of water supply. Although 

the channel surface may remain dry for most of the year, DRs can support a volume of water stored 

beneath their channel. Thus, any attempt to capture, store or transfer water has negative effects on 

the ecosystem (e.g., [8]). All these factors ultimately place DRs as one of the most threatened fluvial 

ecosystems worldwide [8,49,51,163]. 

DRs are subjected to considerable hydrological pressure with important negative socio-

economic effects (e.g., [163,164]). Construction of dams to collect flooding waters in their upper 

sections likely leads to fewer flood events and groundwater recharge below dams, which bring about 

changes in the structure and distribution of streamside vegetation and forests with serious 

consequences for wildlife, habitat quality and channel morphology [8,165–167]. In addition, 

reduction of flood inputs plays a critical role in regulating organic matter transport and deposition, 

with consequences for primary and secondary production [9,168]. Flood modification affects the 

availability and structure of various microhabitats, such as debris piles and dry pools, which have 

been recently proven to be critical habitats in DRs [101]. Following floods, when the groundwater 

table stays only a few meters below the surface, people and animals gain access to groundwater by 

digging the riverbed [163]. Today, boreholes and pumps ensure year-long accessibility to water along 

DRs. However, a reduction in the water table caused by water extraction from aquifers, alters not 

only floodplain and riparian habitats, but also the vegetation and geomorphology of many DRs 

worldwide [8,51,165]. 
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On the other extreme, we find that DR channels are likely used to convey water for irrigation or 

for sewage water disposal from agricultural or urban uses by inducing perennial flow, similarly to 

what occurs in intermittent streams [169] (Figure 6). However, the natural prevalence of dry 

conditions in DRs means that these effects are even more harmful for ecosystem integrity compared 

to intermittent rivers. Due to the absence of water dilution capacity, the impact of sewage waters in 

channels are more noticeable in DRs. For example, wastewater inputs to ephemeral streams of Israel 

and Palestine have created the continuous flows and colonization of part of the active channel by 

vegetation with consequent habitat and channel morphology modifications [170]. In the 

Mediterranean Region, rapid agricultural developments have led to the large-scale conversion of 

natural areas into agricultural land, massive booms in reservoir and flood control constructions, and 

extensive water use for irrigation [171]. Building water derivation channels provides agriculture with 

water in regions where this resource is scarce, and drainage water from agricultural lands likely 

induces intermittent or even perennial flows in DRs. 

Similarly, the physical alterations of dry channels are diverse and have complex and interactive 

effects. The regular absence of water in DRs means they become a target system for vehicular 

transport and road constructions, urbanization, solid waste disposal, sand and gravel extraction, and 

diverse outdoor activities (camping, hiking, etc.) (e.g., [51,163]) (Figure 6). Especially in arid regions, 

riparian areas of DRs support the vast majority of wildlife species, are predominant tree-growing 

sites and may represent areas of water supply (groundwater harvesting) that date back to ancient 

times [8,51,163]. These features make riparian areas attractive for humans, which in the United States 

has been described to lead to their alteration on a similar scale to that of wetland degradation [172]. 

Livestock grazing damage modifies riparian and riverbed vegetation and is one single albeit 

important factor in riparian ecosystem degradation in intermittent streams and DRs in southwestern 

North America [173]. Livestock grazing also alters DRs’ substrate through compaction, rooting, 

pugging and livestock waste excretion [98,174]. It is likely that fertile sediments of DRs have been, 

and still are, used for agriculture, especially for intensive farming, as in SE Spain [49], where 

agricultural development has led to the many DRs disappearing from the landscape (Figure 6). 

Similarly, in southwestern North America, urban development is one of the main problems of land 

and ephemeral streams’ network degradation [51]. In the Mediterranean Region, urbanization and 

DRs’ bed occupation have become a commonplace practice for years with notably socio-economic 

costs because of flooding [175]. Sand mining in riverbeds leads to sediment deficits with notable 

effects on floodplains and river geomorphology, and can even destroy infrastructures like bridges 

and roads with their consequent economic costs. Certain functions of DRs, such as potential refuges 

for fauna (invertebrates and vertebrates) and biological corridors will, in turn, be negatively affected 

by all these physical alterations in DRs and their riparian habitats [106,176]. 

Finally, all these hydrological and physical alterations will ultimately favor species invasions 

with an important cascade effect for adjacent ecosystems, including aquatic and terrestrial habitats 

[177]. Globally, the most problematic invasive species in arid areas are phreatic, wetland or oasis 

specialists [178]. Their success is often linked with disturbance and is facilitated by agricultural 

activities, including water extraction, cropping and livestock management. The management of 

invasive alien plants in the arid parts of countries like South Africa is especially complicated by the 

cryptic and stochastic nature of the invasion process [178]. The colonization of DRs by the exotic and 

cosmopolitan herbaceous species, Arundo donax, is one of the consequences of their hydrological and 

riverbed alterations [179]. 
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Figure 6. Different anthropogenic impacts on Dry Rivers. A dry riverbed prepared for cultivation (A); 

a channeled Dry River (B); a Dry River supporting aquatic vegetation as a consequence of the entry 

of a permanent wastewater effluent (C); a channel of a Dry River with rubble and rubbish (D); a 

channel of a Dry River used as a road (E); a small check-dam in a Dry River for sediment retention 

(F); a channeled urban Dry River (G); a completely transformed urban Dry River (H). 
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8. Management Challenges 

Compared to perennial and intermittent streams, the question of managing and mitigating 

threats and impacts is even more complex in DRs. One reason is that they usually dominate in areas 

where water and resources are very scarce. In drylands, such as the Namib Desert [163], DRs enable 

the formation of permanent settlements, and facilitate sedentary livestock farming, irrigation, 

industry and tourism, among other human activities, because they function as riparian corridors and 

give the possibility of groundwater abstraction. Hence, a fine balance exists between benefits in the 

form of additional water and loss of alternative benefits (obtained by protecting DRs), which is also 

dependent on water existing. Appropriate management, therefore, strives for a proper balance 

among the water volumes entering the system, its natural water requirements and the human water 

demand. This is difficult to quantify and implement, particularly in arid environments, and especially 

in DRs with occasional aquifer recharge, while water abstraction and use are constant [163]. Hence, 

partnerships between agencies and institutions, coupled with the full participation of users that focus 

on integrated resource management must form part of the vision and management objectives for 

DRs. The results of such an approach would encompass enhanced livelihoods for those who depend 

on DRs’ resources and their utilization [163]. Similarly, the incorporation of local knowledge (i.e., 

“knowledge co-production” [180]) about the management of these ecosystems’ resources in 

environmental management programs is key to maintain the sustainable future of DRs. On the 

contrary, in developed countries where people do not closely depend on their services, DRs are not 

considered valued ecosystems. This underestimation likely extends to society as a whole, including 

most managers and technicians from regional and national governments. It also represents one of the 

main threats against the protection of DRs. Perhaps one of the main obstacles towards an effective 

conservation strategy is that the threats to ES that DRs provide are scarcely recognized and 

documented (e.g., [66]). In these cases, dissemination activities for citizens, designed to promote an 

overall appreciation for scientific knowledge and processes in DRs, could help to bring society closer 

to these ecosystems, which would ultimately affect their conservation positively. 

As nature-based tourism grows, its impacts on aquatic ecosystems usually increase [181] and 

DRs are no exception, especially in those areas of special touristic interest (Namib Desert, the arid 

American southwest, Australia, etc. [8,51]), which require effective management techniques to 

conserve the integrity of DRs. 

In many countries, the conservation and management of fluvial ecosystems require international 

legislation, such as the EU Water Framework Directive (WFD) and the U.S. Clean Water Act, based 

mostly on the monitoring of physico-chemical and biological elements to assess rivers’ ecological 

quality. Lack of monitoring elements for DRs should be noted. Indeed, only recently, non-aquatic 

indicators have started being considered in rivers [182]. Terrestrial invertebrates as alternative 

biological indicators have been recently implemented as bioindicators by the Queensland 

Government’s River Health Assessment Programme in intermittent rivers [98], yet their use is still in 

progress in Europe (e.g., [176]). In addition, some geomorphological indices have been ultimately 

developed for DRs (e.g., [183–185]). Similarly, physico-chemical features of dry sediments can be 

considered potential indicators of the ecological quality of DRs, nonetheless, this aspect requires 

future research. 

DRs should not be considered from the entire watershed in an isolated manner but must be 

properly monitored following an integrative landscape view to detect impacts and design 

conservation strategies. For this purpose, the ecological assessment for DRs must explicitly consider 

their unique hydrological regime. Therefore, it is crucial to include new indices that integrate a 

terrestrial perspective. 

9. Conclusions 

Fluvial ecological research has traditionally considered non-perennial rivers from a limnological 

point of view by focusing mainly on aquatic and transitional states but has ignored the dry phase and 

neglected the importance of the terrestrial perspective to understand these rivers’ ecology and 
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functioning. By extension, DRs that mostly run dry have received, in practice, null attention. 

Furthermore, the complex and wide terminology used by different authors to refer to different types 

of non-perennial rivers seems to contribute to an inappropriate differentiation of DRs. Although 

surface water is only present in DRs for short periods (days or hours) and dry channels emerge as 

dominant habitats, our work outlines that DRs harbor and sustain diverse and abundant fauna and 

vegetation, are very active in the biogeochemical processing of nutrients and organic matter, and 

provide numerous and important ES. Compared to other non-perennial rivers, biodiversity, 

ecological processes, functions and ES provided by DRs are determined mainly by the long-lasting 

absence of surface water in space and time terms that is interrupted and shaped by sporadic and 

short rainfall events. When present, floods are responsible not only of DRs’ channel dynamic and 

geomorphology but also represent a pulses’ resource subsidy of energy and matter. Importantly, this 

work reinforces the idea that compared to the aquatic component, the terrestrial component clearly 

dominates in DRs and greatly defines the whole ecosystem through their functioning. Nevertheless, 

we must keep in mind that DRs are rivers and, therefore, integrated into the river network. So, they 

must be seen to form part of the fluvial system of a specific area and be included in ecological studies 

conducted on a global scale. 

DRs are poorly valued ecosystems by society as a whole, as well as water managers and 

ecologists, who tend to associate ecological values of rivers with the presence of water. As a result, 

they are subjected to many hydrological and physical anthropogenic pressures that may severely 

impact biological communities, ecological processes and habitat quality. Monitoring programs that 

assess the ecological status of DRs, and environmental education and awareness programs, will 

contribute to safeguard their valuable aspects and to ensure a necessary change in perception. In this 

way, management policies should perform actions to ensure the ecological values of DRs and their 

contributions to human well-being, especially in the current climate change context, because the 

number of DRs is expected to increase [87]. 

Major knowledge gaps, with profound implications for conservation, remain in their hydrology 

(e.g., interannual variations, role of floods), biota (e.g., persistence of aquatic-resistant forms), 

biogeochemical (e.g., magnitude and environmental drivers of how biogeochemical elements are 

transformed in dry sediments) and ES (e.g., effect of drivers of change). A multidisciplinary 

perspective that combines earth sciences (ecology, soil science, climatology, hydrology, etc.) and 

social sciences (sociology, economic, anthropology, psychology, etc.) would allow us to approach, 

from a more integrative perspective, the world of DRs. 
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