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ecological, and social-ecological features, and as a 
result, they require carefully tailored research and 
management strategies.

The surface or near-surface expression of water in 
these otherwise dry and climatically-variable environ-
ments (e.g., Scoones 1991; Silvius et al. 2000) means 
that WiDs are considered to be hotspots of ecosystem 
service delivery (Tooth et al. 2015a), including provi-
sioning services (e.g., foods, medicinal plants, build-
ing materials), regulating services (e.g., retention of 
soil and sediment, flood attenuation, carbon storage), 
supporting services (e.g., nutrient cycling, removal 
of toxicants) and cultural services (e.g., ecotourism, 
religious values). The dependence of many dryland 
societies on wetlands frequently results in a tension 
between human needs and the biophysical processes 
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Introduction

The United Nations Environment Programme (UNEP 
1997) classifies global drylands according to an Arid-
ity Index (AI), defined as the ratio between mean 
annual precipitation (MAP) and potential evapo-
transpiration (PET). Drylands are areas where AI is 
< 0.65, collectively incorporating subhumid, semi-
arid, arid and hyperarid settings (UNEP 1997; see 
Fig. 1). Wetlands in drylands (hereafter WiDs) have 
distinctive hydrogeomorphological, biogeochemical, 
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that support WiDs ecosystems (Rebelo et  al. 2010). 
This tension is compounded by extreme climatic vari-
ability, strong seasonality and annual rainfall deficits, 
making some WiDs potentially vulnerable to indirect 
anthropogenic stressors (e.g., climate change) and 
more direct anthropogenic impacts (e.g., agriculture, 
mining, and water/sediment regime modification).

While Scoones (1991) appears to have first coined 
the term ‘wetlands in drylands’ in an academic publi-
cation, Williams (1999) established their significance 
by drawing attention to a suite of wetland ecosystems 
that had been overlooked historically. In particular, 
he suggested that WiDs are much more diverse in 
their characteristics than wetlands in humid regions 
(Williams 1998), as they vary widely in terms of 
their chemistry (fresh or saline), hydroperiod (from 
permanent, to temporary, to episodic), origin (flu-
vial, aeolian, tectonic or volcanic), water depth, and 
source of water (e.g., groundwater, allogenic fluvial). 
These variations drive the occurrence of distinct 
biotic assemblages that are specially adapted (Wil-
liams 2000). As such, the historical focus of research 
in WiDs was on ecology, wherein hydrology was 
considered to be the primary driver of ecosystem 

processes and dynamics. The traditional emphasis on 
ecology, moderated by hydrology, continues today. A 
recent review by Parra et al. (2021) concluded that the 
main threats to temporary wetlands (their terminol-
ogy) were those that affected water quality and quan-
tity. By contrast, the impact of changing sediment 
dispersal patterns and geomorphic processes on the 
characteristics of WiDs has received less attention.

Nevertheless, researchers in the southern hemi-
sphere have increasingly focused on the role of geo-
morphology in the formation and dynamics of WiDs 
over decadal to multimillennial timescales. Tooth and 
McCarthy (2007) and Ellery et al. (2009) synthesised 
an emerging geomorphic knowledge base and high-
lighted the key physical and chemical controls that 
distinguished WiDs from their better studied humid-
region counterparts. Tooth and McCarthy (2007) pro-
posed five distinct characteristics common to many 
WiDs: (1) they are prone to more frequent and/or 
longer periods of desiccation; (2) many have channels 
that decrease in size and even disappear downstream; 
(3) evapotranspiration processes result in higher lev-
els of chemical sedimentation; (4) as they are often 
nested within fire-prone landscapes, they may be 

Fig. 1  Geographical scope of original research articles 
included in this Special Issue in relation to the global extent 
of drylands (categorised according to the UNEP Aridity Index 

1997). Numerals indicate the number of articles within the 
Special Issue for different countries (specific case studies only; 
some countries may also be included in international reviews)
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exposed to more frequent fires that reduce the poten-
tial for thick organic accumulations and promote aeo-
lian deflation; and (5) many have long timescales of 
development that may extend to before the last glacial 
maximum. Clearly, for most WiDs, geomorphology is 
as important in driving ecosystem processes as is cli-
mate (Tooth et al. 2015b; Tooth 2018; Lisenby et al. 
2019). In recognition of the importance of geomor-
phic processes to the successful scientific analysis, 
management and restoration of WiDs, a wetland clas-
sification system for South African palustrine wet-
lands based on geomorphic mode of formation was 
subsequently developed (Grenfell et al. 2019). Build-
ing on earlier work (e.g., Cowardin and Golet 1995; 
Ollis et  al. 2015), this classification includes those 
WiDs associated with fluvial processes (i.e., along 
drainage lines), aeolian processes (due to deflation), 
colluvial processes (on hillslope seepage zones) and 
geochemical processes (dissolution and/or cycles of 
wetting and drying).

Development of the wetlands in drylands research 
network

The Wetlands in Drylands (WiDs) Research Net-
work was established at an inaugural meeting held in 
November 2014 near Parys, South Africa. The net-
work is a collaborative international initiative with 
the goal of promoting holistic analysis and sustainable 
management of WiDs and their surrounding hydro-
logical, geomorphological, ecological, and social 
landscapes, in order to emphasise the benefits that 
these systems bring to humanity (Wetlands in Dry-
lands Research Network 2014). Following the Parys 
meeting, in September 2016 the network coordinated 
a special session at the 10th INTECOL International 
Wetlands Conference in Changshu, China, entitled 
‘wetlands in drylands: enigmatic but neglected eco-
systems valuable for human wellbeing’. In July 2017, 
a second network meeting was held at Macquarie 
University, Australia, with the theme of ‘Dynamic 
Landscapes’, from which the title of this Special Issue 
takes inspiration (Ralph 2017). Network members 
have since contributed to numerous dryland river and 
wetland-relevant workshops and conference sympo-
sia in Jordan, South Africa, the UK and Argentina, 
expanding the geographical reach of network mem-
bership in the process. Following the cancellation of 
a planned meeting in 2020 owing to the COVID-19 

pandemic, this Special Issue was conceived to con-
tinue the network’s activities and invite further col-
laboration. The Special Issue aimed to: (1) consoli-
date, extend and challenge current global scientific 
understanding of the hydrogeomorphology, biogeo-
morphology, biogeochemistry, ecology, and social-
ecology of WiDs; (2) illustrate the linkages between 
biophysical, social, and cultural processes and prac-
tices, and their implications for ecosystem service 
provision; and (3) promote the system-scale manage-
ment and restoration of WiDs ecosystems and their 
linked social-ecological/cultural systems, in order to 
maximise the services they provide to dryland soci-
eties. In this editorial, we provide an overview and 
some additional context for the articles included in 
the Special Issue. We outline the geographical and 
topical scope of the articles, synthesise the findings in 
relation to a variety of emergent research themes, and 
revisit the distinctive biophysical characteristics of 
WiDS. We conclude by identifying future prospects 
for WiDs research and management.

Overview and scope of articles in the Special Issue

This Special Issue comprises original research from 
South Africa, Australia, Argentina, Peru, Chile, 
Spain, Ecuador, Bolivia and New Zealand (the lat-
ter being a dominantly humid environment, included 
in Moggridge et  al. 2022 for comparative purposes 
only) (Table  1; Fig.  1). Two international reviews 
of literature extend this coverage to other parts of 
Africa (Botswana, Chad, Cameroon, Nigeria, Niger, 
and Kenya) as well as China and the United States 
(Table 1; Fig. 1). The articles illustrate the wide geo-
graphical and thematic scope of research into WiDs, 
but there is clear under-representation of the Middle 
East, dryland Asia and dryland Europe, while large 
areas of dryland Africa and dryland central and North 
America are superficially represented.

Eleven topical areas were generalised from the 
13 published articles, collectively covering a wide 
range of disciplines. Each article typically incorpo-
rates three or four of the topics (Table 1), showcas-
ing the interdisciplinary nature of WiDs research. 
As might be expected, hydrology is a consideration 
in 69% of the articles, while fauna and/or flora are 
major research foci in 77% (Fig. 2). Demonstrating 
a focus on applied rather than just pure science, 77% 
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of the articles consider human impacts, implications 
for management, ecosystem services delivery and/
or inventory (Fig. 2). Studies of wetland soils, geo-
chemistry and geomorphology are moderately rep-
resented (38%, 31% and 46% respectively), while 
research that considers nutrient cycling or that uses 
geospatial modelling approaches is limited (Table 1; 
Fig.  2). Despite many WiDs being located within 
regions that are likely to experience lower and/or 
more variable annual precipitation due to future cli-
mate change, only two studies (Thomas et al. 2022; 
Mehl et  al. 2022) specifically highlighted climate 
change as a research theme (Table  1; Fig.  2). Fur-
thermore, despite the importance of timescales for 
processes and rates of change, the primary use of 
geochronology is limited to a single paper (Mehl 
et  al. 2022). Only one article (Moggridge et  al. 
2022) considers the potential benefits of incorpo-
rating Indigenous knowledge in wetlands manage-
ment (Table 1; Fig. 2), noting that protecting water 
resources in dryland environments has been critical 
for the survival of Indigenous peoples for millennia.

Although none of the studies in the Special 
Issue directly evaluate a particular wetland res-
toration project, several of the studies address the 
building blocks of ecosystem service provision in 
WiDs; for example, carbon storage in Thomas et al. 
(2022), regulation of erosion and sedimentation in 
Grenfell et al. (2022) and Wiener et al. (2022), and 
regulation of water and sediment chemistry and 
biodiversity in Humphries and McCarthy (2022). 
Potentially, therefore, these types of studies could 
contribute to the design of restoration interventions 
for ecosystem service provision. Studies of wetland 
edaphic conditions (Van Huyssteen and Johnson 
2022), vegetation succession (Rebelo et  al. 2022) 
and the use of biota as indicators of ecosystem pro-
cesses and stressors (Marconi et  al. 2022; Meyer-
Milne et  al. 2022; Timms 2022) are equally valu-
able in ensuring that restoration strategies address 
drivers of change and promote natural recovery in 
abiotic-biotic linkages. The inclusion of traditional 
ecological knowledge (Moggridge et  al. 2022) is 
viewed as a critical practical strategy for strength-
ening the effectiveness of ecological restoration and 
promulgating a global restorative culture to achieve 
the ideals of the United Nations “Decade on Eco-
system Restoration” (2021–2030) (Aronson et  al. 
2020).

Synthesis of articles and emergent research 
themes

The 11 topical areas outlined in Table 1; Fig. 2 can 
be synthesised into overarching, emergent research 
themes, each of which complements and significantly 
extends previously published wetlands research. In 
the following sections, we outline four main emergent 
themes, dovetailing some of the key findings from 
the articles in the Special Issue with earlier research 
findings.

Emergent theme 1: recognising alternate states in 
wetlands in drylands

High climatic variability is a feature of most dry-
lands, and as a result, climatically-induced distur-
bances (e.g., extreme floods or droughts, or fires 
driven by distinct seasonality) are an important com-
ponent of the natural dynamics of geomorphic and/or 
ecological processes in WiDs. These disturbances and 
dynamics have the potential to shift wetlands between 
alternate ecosystem states. In some non-perennial riv-
ers, for example, wetlands (e.g., isolated pools, linear 
reedbeds) appear within channels between system-
integrating flood flows, resulting in a dichotomous 
switch between ‘river’ and ‘wetland’ driven by pre-
cipitation events (e.g., Bunn et  al. 2006; Heffernan 
2008, Stromberg et  al. 2009; Grenfell et  al. 2020). 
Leigh et  al. (2010) suggest that this flow variability 
is essential in maintaining dryland river and wetland 
habitats and biodiversity. Similarly, some valley-
bottom WiDs (also referred to as valley fill swamps, 
valley mire fens or ciénegas in literature) have been 
characterised by phases of incision, whether induced 
by crossing of an intrinsic geomorphic threshold, or 
by crossing of an extrinsic geomorphic threshold trig-
gered by anthropogenic or climatic stressors (e.g., 
Fryirs and Brierley 1998; Tooth et  al. 2014; Pulley 
et  al. 2018; Grenfell et  al. 2019, 2020). These types 
of systems oscillate spatio-temporally between palus-
trine valley-fill wetlands and incised gully networks 
over centennial to millennial timescales. Similarly, 
the Argentinean Andean piedmont exhibits extensive 
floodplain wetlands in distributary fluvial systems 
showing spatio-temporal adjustments to climatic and 
anthropogenic stressors (Mehl et al. 2022). As noted 
by Moggridge et  al. (2022) in places like Australia, 
Indigenous people’s knowledge of these dynamics has 
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been passed between generations for 1000s of years. 
Indigenous people should be central in WiDs man-
agement, and management structures therefore need 
to be culturally appropriate (Moggridge et al. 2022).

The distinctive and variable hydrological and geo-
morphic conditions of these types of WiDs have sig-
nificant implications for successional processes which 
influence the diversity in fauna and flora. Traditional 
succession theory, which implies a directional, often 
linear, change in community structure, is unlikely 
to apply in WiDs that are subjected to severe distur-
bance (Rebelo et  al. 2022). In considering vegeta-
tion dynamics in palmiet wetlands in South Rebelo 
et  al. (2022) found that vegetation patchiness, and 
thus community diversity, appears to be driven by 
disturbance (fire and/or incision). As such, severe 
disturbances which cause switching between alter-
native states leave a ‘mark’ that influences future 
species assemblages, and disturbances are therefore 
integral to the long-term ecological structure of such 
wetlands.

The implications of alternate states for geomor-
phic processes and floral and faunal ecology translate 
through to ecosystem services, as certain wetland 
types may be better at delivering some specific eco-
system services than others. As Wiener et al. (2022) 
indicate, geomorphic processes within floodplain 
and valley-bottom WiDs may preclude the long-
term (i.e., > 50,000 years) storage of contaminants 
or nutrients attached to sediment. In floodplain wet-
lands, sediment is commonly cycled and exchanged 
between channel and floodplain through a combina-
tion of meander migration or floodplain stripping pro-
cesses operating over centennial to multimillennial 
timescales (e.g. Keen-Zebert et al. 2013), whereas in 
valley-bottom wetlands, sediment may be eroded and 
exported during the transition to an incisional phase 
(e.g., sensu Patton and Schumm 1981).

Emergent theme 2: implications of climate change for 
biodiversity in wetlands in drylands

WiDs have been shown to have extremely high fau-
nal diversity that may exceed that of more perma-
nent wetlands. Williams (2000) attributes this higher 
diversity to the fact that while some of the fauna in 
WiDs also occurs in permanent wetlands, many spe-
cies are uniquely adapted to more temporary envi-
ronments and may therefore be restricted to these 

environments. Eggs and seeds stored in wetland 
sediment, for instance, have the potential to provide 
resilience to climatic variability as they may remain 
viable following extended periods of dormancy dur-
ing drought conditions (Parra et al. 2021). However, 
the studies of ecosystems published in this Special 
Issue highlight that there may be limits to these adap-
tations and the associated resilience, and instead draw 
attention to the vulnerability of wetland biodiversity 
to increasing aridity.

For instance, in their study of branchiopod com-
munities in temporary wetlands of South Africa, 
Meyer-Milne et al. (2022) found that fewer branchio-
pod eggs were stored in wetland soil sub-surface lay-
ers as aridity increased. This suggests that although 
egg and seed stores might provide an opportunity 
for species to survive droughts, sustained increases 
in aridity as a consequence of climate change may 
exceed species resilience. Furthermore, it was found 
that egg abundance decreased with alkalinity, a prop-
erty that may also be influenced by increasing aridity.

Similarly, Timms (2022) found that invertebrate 
diversity in intermittent treed swamps of Australia 
was lower than that of other WiDs in the region. This 
disparity was accredited to the shorter hydroperiod 
and simpler geomorphology of the treed swamps 
which reduced species replacement during the peri-
ods in which branchiopods and insects were domi-
nant. The overall effect, as in the study by Meyer-
Milne et al. (2022), is a reduction in biodiversity with 
aridity. In extreme cases of prolonged drought, it is 
possible that these systems may even become terres-
trialised (cf., Sandi et al. 2019), with permanent loss 
of wetlands.

Marconi et al. (2022) consider the implications of 
climate change from a completely different perspec-
tive in their account of high-altitude wetlands located 
within the Andean plateau. Like most WiDs, the 
region is characterised by a negative water budget due 
to high rates of evapotranspiration and consequently 
inputs of fossil groundwater are important in sustain-
ing diverse wetland ecosystems. However, the region 
is also characterised by rich deposits of base metals, 
many of which are required for the world’s batteries. 
These deposits include ~ 30% of the world’s lithium. 
Lithium carbonate is extracted by evaporating brine in 
open pools, followed by processing of the harvested 
salts. The process requires large volumes of fresh 
water from ground and surface sources, exacerbating 
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regional water scarcity, and placing further water 
stress on freshwater ecosystems and communities.

Emergent theme 3: implications of seasonality and 
climatic variability for supporting and regulating 
ecosystem services in wetlands in drylands

Water and sediment fluxes in WiDs are moulded by 
the prevailing climatic conditions. In their global 
review of wetland accretion processes, Wiener et  al. 
(2022) found that although there is wide overall vari-
ability in vertical accretion rates for floodplain sys-
tems, accretion rates in WiDs were typically lower 
due to greater seasonality and thus greater inter-
annual variability in sediment-delivering flows. In 
valley-bottom wetland systems, organic accretion 
rates in permanent, humid-region wetlands typically 
outstripped clastic sedimentation rates of seasonal 
wetlands. In addition to the potential impact of cli-
mate on sediment accumulation rates, Wiener et  al. 
(2022) postulate that seasonal cycles of desiccation of 
sediments in WiDs will likely strengthen phosphorus 
retention due to oxidation. Further, process dynamics 
in WiDs are equally as vulnerable as humid region 
wetlands to human-induced changes in riverine sedi-
ment flux, that may cause either siltation (e.g., Wolan-
ski et al. 2001, Gell et al. 2009) or erosion (Fryirs and 
Brierley 1998) of wetlands downstream.

WiDs may also play a pivotal role in buffering 
the impact of climatic variability on geomorphic and 
hydrological processes. Many WiDs are nested within 
fire-prone landscapes (Kotze 2013; Grenfell et  al. 
2022) consider how wetlands mediate runoff and 
sediment fluxes in a post-fire landscape. Following a 

major fire in a South African catchment, they found 
that wetland soils had a much lower soil-water repel-
lency compared to other areas of the landscape. This 
was attributed to the mitigating effect of increased 
soil moisture. In addition, wetland vegetation 
responded rapidly to post-fire rainfall, resulting in a 
‘green flush’ that intercepted and reduced early wet 
season runoff and erosion. Through a combination 
of reduced hydrophobicity and increased potential 
for interception, some WiDs thus are able to mediate 
sediment fluxes in fire-prone landscapes.

In a review of chemical sedimentation processes 
in WiDs, Humphries and McCarthy (2022) show that 
wetland vegetation can localise the accumulation of 
salts within soils through focused evapotranspiration 
processes, ensuring that even in areas prone to high 
evaporative losses, surface water may remain fresh. 
In addition to this regulating service, Humphries 
and McCarthy (2022) demonstrate the importance 
of chemical sedimentation in driving topographic 
and thus habitat diversity, providing another exam-
ple of how physical processes that mediate wet-
land topographic structure can influence ecosystem 
development.

In terms of carbon storage in WiDs, Thomas et al. 
(2022) found that the relationship between rainfall, 
relative aridity and carbon storage in saline inland 
wetlands (‘saladas’) in Spain was nuanced. While a 
near-permanent hydroperiod supports the generation 
of organic carbon, in less frequently inundated saladas 
inorganic carbon production and storage is promoted 
due to processes of evapotranspiration that concen-
trate carbonate ions. As such, they found that both 
the wettest and the driest saladas were potentially 

Fig. 2  Percentage of 
articles included within this 
Special Issue in relation 
to 11 generalised research 
topics. Note that most of 
the articles cover more than 
one topic
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important carbon sinks. In contrast, saladas that may 
be considered ‘intermediate’ in terms of hydroperiod 
(not wet enough for generation of substantial organic 
material but not dry enough for substantial chemical 
sedimentation) are less likely to be important sinks 
and tend to generate higher  CO2 emissions. However, 
predicting the overall effect of climate change on car-
bon storage across the full gradient of salada hydro-
periods is not simple. Some saladas may become 
drier (and potentially better at accumulating inorganic 
carbon), while others may move into the intermedi-
ate category (and thus become higher  CO2 emitters), 
while others may become wetter (and potentially 
accumulate more organic carbon). The potential for 
organic sediment accumulation under wetter condi-
tions may be constrained by geology and the result-
ing salinity of input water, as shown by Van Huyss-
teen and Johnson (2022) in their comparison of three 
WiDs situated in the Kruger National Park of South 
Africa.

Emergent theme 4: employing different scales of 
investigation in wetlands in drylands to provide both 
‘big picture’ and ‘invisible process’ insights

Broad-scale analyses of wetland distribution are 
invaluable to WiDs management at regional to 
national scales and are becoming increasingly viable 
in an age of big data analytics. Kotze et  al. (2022) 
illustrate the potential; working across an aridity gra-
dient in the Western Cape Province of South Africa, 
they identified differences in the proportional area of 
wetland and in the representation of different wetland 
hydrogeomorphic types. Spatial probability model-
ling was then used to advance understanding of the 
key attributes of different wetland types that influence 
wetland vulnerability to climatic or anthropogenic 
stressors.

The bibliometric analysis of Rivera et  al. (2022) 
similarly illustrates the value of broad-scale analysis 
(in both geographical and topical terms) of a regional 
wetland knowledge base but also highlights a need for 
more research in WiDs into microscopic organisms, 
and pathology and public health (their bibliomet-
ric themes). This need may apply more widely, with 
Thomas et al. (2022) also highlighting the importance 
of further research that is aimed at understanding 
linkages between hydrogeomorphology and soil car-
bon stocks,  CO2 efflux, and microbial communities. 

If pursued, such research will help to facilitate full-
system science for WiDs ecosystem management. 
With the exception of some previous work on bacte-
rial biocrusts (e.g., Thomas et al. 2014), the focus of 
most WiDs research has tended to be on more read-
ily observable ecological features but an increasing 
emphasis on ‘invisible’ microbial and other micro-
scale ecological processes will help contribute to 
wider trends in biogeomorphology, where the link 
between life and landscape is gaining greater recogni-
tion (e.g., Viles 2012).

Revisiting the distinct biophysical characteristics 
of wetlands in drylands

The publication of this Special Issue provides an 
opportunity to revisit the five distinct biophysi-
cal characteristics of WiDs proposed by Tooth and 
McCarthy (2007). Doing so allows us to consider the 
progress that has been made in furthering our under-
standing of biophysical processes in WiDs over the 
last 15–20 years, contemplate how this translates into 
improved knowledge about WiDs ecological dynam-
ics and ecosystem service delivery, and identify 
where some of the key knowledge gaps remain.

More frequent and/or longer periods of desiccation

As highlighted in the foregoing sections, this is one 
of the defining characteristics of WiDs and ultimately 
is a driver of many of the other characteristics. For 
instance, seasonal desiccation and/or more prolonged 
periods of no river inflow in some WiDs is associated 
with chemical sedimentation processes (e.g., McCa-
rthy and Ellery 1995; Humphries and McCarthy 
2022) and more frequent fires (e.g., Staver et al. 2011 
demonstrate importance of climatic seasonality in 
determining fire regime and vegetation type). Desic-
cation also has implications for nutrient assimilation 
(e.g., Wiener et  al. 2022), carbon storage or release 
(Thomas et al. 2022), and sediment availability in the 
surrounding landscape (McCarthy et  al. 2011). The 
special role of groundwater discharge in WiDs needs 
further consideration, as this can keep some types of 
wetlands moist when surface inputs are at a minimum 
(Grenfell et al. 2022; Thomas et al. 2022; van Huyss-
teen and Johnson 2022).
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Channels that commonly decrease in size and even 
disappear downstream

Not all WiDs are connected to river channels (e.g., 
pans and playas—see Thomas et al. 2022) but many 
of the moderate size to larger WiDs are associated 
with river inflows. The phenomenon of downstream 
channel size reduction in many dryland rivers feed-
ing wetlands has been well documented in multi-
ple studies (e.g., Jurmu and Andrle 1997; Tooth 
et  al. 2002, 2014; Ralph and Hesse 2010: Larkin 
et  al. 2017, 2020a; Li et  al. 2019). Most recently, 
this phenomenon was used as one of the primary 
discriminants of fluvial styles in Australia, and to 
associate fluvial styles with specific aridity zones, 
including many dryland rivers with floodplain and 
in-channel wetlands (Larkin et al. 2020b). This fol-
lows earlier observations that the transport-limited 
conditions inherent to many dryland rivers (Milli-
man and Farnsworth 2011) is sometimes expressed 
in geomorphic features such as ‘floodouts’ (Tooth 
1999). A distinct ‘floodout zone’ (often associated 
with WiDs development) was included in the ide-
alised longitudinal zonation depicted for non-peren-
nial rivers by Tooth and Nanson (2011) and Jaeger 
et  al. (2017), with rivers transitioning downstream 
from a production zone, through a transfer zone and 
to a deposition zone. In detail, however, non-peren-
nial river systems are seldom characterised by this 
steady sequential transition or ecology-based depic-
tions of the river continuum, but instead tend to be 
characterised by longitudinal patchiness (Thorp 
et  al. 2006; Burchstead et  al. 2014). For example, 
variations in lithology or tributary inputs that con-
trol changes in valley width and slope are often 
instrumental in driving abrupt transitions between 
zones that run counter to ideas of a steady down-
stream transition or a continuum (e.g., McCarthy 
et al. 2011; Keen-Zebert et al. 2013). While the pro-
cess implications of spatially and temporally epi-
sodic or intermittent material flux transfers through 
wetlands at catchment scale is under consideration 
(e.g., Leigh et  al. 2010; Von Schiller et  al. 2017), 
evaluation of the relative importance of intrinsic 
and extrinsic controls on channel narrowing and 
floodout formation in intermediate catchment loca-
tions remains a challenge that could be addressed 
through morphodynamic modelling.

Higher levels of chemical sedimentation

As demonstrated by Humphries and McCarthy’s 
(2022) review, chemical and biogeochemical sedi-
mentation processes have been documented in numer-
ous WiDs. Nevertheless, more information is needed 
about the relationship between these sedimentation 
processes and freshwater availability on a case study 
basis, as human impacts have the potential to disrupt 
processes that mediate both water quality and habitat 
diversity. Similarly, the work by Thomas et al. (2022) 
provides a useful starting point for understanding 
how the biogeochemical processes relevant to inor-
ganic and organic carbon storage vary across an arid-
ity gradient, but also highlights the importance of 
determining the potential climatic thresholds between 
net C retention or net C emission, in order to make 
projections relating to future climate changes. The 
same requirement applies in terms of wetting and 
drying cycles in enhancing phosphate assimilation 
(e.g., Wiener et al. 2022). Lastly, the role of chemical 
sedimentation and weathering processes in the forma-
tion of geochemical depressions (sensu Grenfell et al. 
2019) requires further investigation. These understud-
ied WiDs include subsidence depression wetlands 
(typically formed by saturation of underlying bed-
rock, and subsidence associated with hydrolysis, as 
described by Edwards et al. 2016) and redox depres-
sion wetlands (where repeated wetting and drying 
cycles simultaneously causes dissolution in the centre 
of the pan, while building relief around the perimeter.

More frequent fires that reduce the potential for thick 
organic accumulations and promote aeolian activity

The impact of fires on WiDs is understudied in com-
parison to the other listed characteristics. In the most 
arid regions of the globe, the lack of vegetation limits 
the build-up of fuel and so impedes fire frequency. In 
the grassland biome of South Africa, however, fires 
are thought to have recurred every 5 to 8 years under 
natural conditions (Gordjin et al. 2018), while in fyn-
bos/chaparral/Mediterranean regions it may be more 
periodic (e.g., 8–16 years for fynbos regions of South 
Africa, Kraaij and van Wilgen 2014). In wetlands in 
these dryland environments, fire is an important mod-
erator of nutrient cycling processes (Kotze 2013). 
However, the main impact of fire may not be within 
the wetland itself, but rather across the surrounding 
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catchment where vegetation-free hillslopes in the 
post-fire phase increase run-off (reduced intercep-
tion, increased soil hydrophobicity), sediment avail-
ability and sediment transport (Grenfell et al. 2022). 
The impact of these changes cascade through the 
landscape, ultimately impacting upon geomorphic 
and ecological processes within the wetland itself. 
The full impact of individual fires and/or changing 
fire regimes on geomorphic process rates and dynam-
ics within WiDs have not been adequately explored. 
This is a fundamental gap as fire regimes are influ-
enced by anthropogenic activities which can suppress 
or enhance fire frequency and intensity, and thus have 
the potential to modify WiDs.

Since the publication of Tooth and McCarthy 
(2007), the link between fires in WiDs and subse-
quent aeolian erosion has not been supported by case 
studies in the literature, which suggests that this pro-
cess may be less important than originally envisaged. 
Nevertheless, in seasonally or ephemerally inundated 
depressions characterised by high salinity and there-
fore little or no vegetation cover (e.g., pans, playas 
and some desert lakes), aeolian deflation remains an 
important geomorphic process in the maintenance 
and/or ongoing development of the depressions (e.g., 
Thomas et al. 2022) while other types of fluvial-aeo-
lian interactions can lead to a wide array of floodplain 
wetland forms (e.g., Mehl et al. 2022).

Longer timescales of development that may extend 
far back into the Pleistocene

Developing a fuller understanding of spatial variabil-
ity in the timescales of WiDs development has been 
hampered by the cost of geochronology, especially 
in the Global South. Nevertheless, a number of case 
studies of floodplain WiDs now exist, revealing how 
sediment may be slowly recycled through mean-
der migration over multimillenia, with the initiation 
of many WiDs pre-dating the last glacial maximum 
(e.g., Tooth et  al. 2007; Keen-Zebert et  al. 2013). 
For aeolian or geochemically-derived depression 
wetlands, timescales of development may be even 
longer, as evidenced by pans located on the ancient 
land surfaces (e.g., the ‘African Erosion Surface’ in 
South Africa; Grenfell et  al. 2019). However, there 
is a need to consider wetland age within a context 
defined by processes, as some dryland wetlands may 
be much younger. For example, Mehl et  al. (2022) 

document a variety of fluvial environments, including 
floodplain wetlands, all younger than 4500 years BP. 
Furthermore, Wiener at al. (2022) assembled pub-
lished maximum basal ages for 18 valley-bottom type 
wetlands, where the mean age was 11,330 years BP. 
This age is exaggerated by a single outlier, however, 
so when omitted the mean basal age was substan-
tially younger at 6299 years BP. In these wetlands, 
ongoing but pulsed sediment accumulation results 
in oversteepening of the longitudinal profile and 
exceedance of a geomorphic threshold (Ellery et  al. 
2009). As such, wetland sedimentation is more fre-
quently disrupted and ‘reset’ than is typical in some 
humid-region floodplain wetlands which may gradu-
ally adjust to more slowly varied sediment and water 
inputs. The jerky downstream movement of sediment 
in valley-bottom wetlands may well be an expression 
of climatic variability (e.g., Grenfell et al. 2014).

Conclusions

This editorial accompanies the Special Issue enti-
tled ‘wetlands in drylands: diverse perspectives for 
dynamic landscapes’ and has highlighted the linkages 
between diverse disciplines (i.e., hydrogeomorphol-
ogy, biogeomorphology, biogeochemistry, ecology, 
and social-ecology) that are essential for successful 
research into WiDs. Furthermore, our overview of 
the articles in the Special Issue, and their positioning 
against the wider literature on wetlands, has helped 
to identify the type of research that could be used to 
promote the system-scale management, wise-use, and 
restoration of WiDs. The interdisciplinary nature of 
the research presented in the articles, much of which 
has practical implications for management and res-
toration approaches, is indicative of the healthy state 
of research in WiDs. Nevertheless, our overview 
also reveals geographical imbalance in global WiDs 
research as well as some underrepresented study 
approaches and under-researched topics that will need 
to be addressed in the future. Perhaps the key to pro-
gressing WiDs research and management will be to 
continue to grow the community of wetland scientists, 
practitioners, policy makers, and volunteer enthusi-
asts. Particularly in the context of the United Nations 
“Decade on Ecosystem Restoration” (2021–2030), an 
increasing emphasis on citizen science approaches 
(e.g., Gann et  al. 2019) could provide one way of 
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increasing local community engagement with, and 
longer-term investment in, conservation and restora-
tion efforts for degraded WiDs. The Wetlands in Dry-
lands Research Network and the annual South Afri-
can Wetlands Indaba provide examples of the sorts 
of activities that can help catalyse growth of these 
much needed interdisciplinary, holistic collaborations 
that mesh a diversity of perspectives, including those 
associated with traditional ecological knowledge.
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