
T
he

I
Commentary
nnovation
Salinization Increase due to Climate Change Will Have
Substantial Negative Effects on Inland Waters: A Call
forMultifaceted Research at the Local and Global Scale
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Globally, temperature and precipitation patterns are predicted to change
markedly as a result of climate change. Particularly, the regions with a cold
or hot semi-arid climate and the Mediterranean climate zone are expected
to be strongly affected.1,2 A 25%–30% decrease in precipitation and
increased evaporation are expected by the end of the 21st century in theMed-
iterranean region, to be accompanied by an even stronger reduction in runoff
of up to 30%–40%,1,2 and this will lead to increasing salinization of lakes in
these areas.1,2 Moreover, land in drought is expected to double from 2000
to 2100 to about 50% of the land worldwide.1,2 These projections do not
consider the concurrent increases in water abstraction, particularly for irriga-
tion purposes, that will increase markedly3,4 in the years to come due to (1) a
global increase in demand for food in a growing population, (2) a shift from
animal farming to crop farming in semi-arid and arid areas, and (3) a
decrease in net precipitation. Thus, increasing irrigationwill further accelerate
salinization of lakes in the dry climate zones.

The magnitude of the future changes poses a major threat to the func-
tioning and biodiversity of inland aquatic ecosystems (IAEs) (Box 1). As
salinity increases,many IAEsmay even dry out temporarily or permanently.5,6

Studies performed in lakes in north-west China show drastic reductions in
Box 1. Effects of Global Change

Global change including warming will:

d increase the proportion of inland aquatic ecosystems (IAEs) that

are saline and then markedly reduce the available freshwater re-

sources;

d result in the disappearance of many lakes, some of which are old

and host many endemic species;

d enhance the variability in salinity, which, in turn, increases the

probability that critical salinity thresholds in IAEs and coastal

brackish lagoons (CBLs) are passed;

d make IAEs and CBLs more sensitive to other stressors such as

excess nutrients and species invasions

d cause a substantial decrease in species richness and functional

diversity of the various biotic communities along with an

increasing salinity;

d lead to major reduction in ecosystem functions and services of

IAEs and CBLs.

ll
biodiversity, food chain length, and average trophic position in the food chain
of the lakes, indicating loss of functioning7 with increasing salinity. Another
study on lakes in Tibet has shown non-linear changes for certain salinity
thresholds and suggests that even small changes in salinity after surpassing
the critical salinity levels may have drastic effects on the structure and func-
tions of lake ecosystems (Figure 1). How such thresholds change with
climate is, however, largely unknown. In addition to the temperature- and
evaporation-driven changes, the rise in sea level will also increase the input
of saline water to coastal brackish lagoons (CBLs), and some freshwaters
may become saline, with similar negative effects on structure and function
and their biodiversity.8–10

Global warming will further increase the frequency and duration of
extreme weather events such as droughts, heatwaves, and seawater intru-
sions, which will further increase the variations in salinity and risk of passing
vital thresholds in the IAEs and CBLs.
Figure 1. Schematic Diagram of the Shift in the Food Web along a Salinity
Gradient in a Study of 45 Lakes in Tibet. The figure and the underlying data
show drastic shifts when salinity thresholds are reached: first, loss of fish leading to
dominance of the waterflea Daphnia; second, loss of Daphnia leading to dominance
of amphipods (Artemia). Such changes have strong cascading effects on the
ecological conditions of the lakes (modified from Lin et al.11).
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Box 2. Research Approaches Suggested

To study the effects of global change on IAEs and CBLs, we need multifac-
eted and multidisciplinary approaches, including:

d space-for-time substitute approaches using commonwell-defined

protocols across the dry climate zones of the globe for studying

nutrient cycling, biodiversity, food webs and functions;

d analyses of existing time series data;

d high frequency data collection to reveal the effects of extreme

events;

d remote sensing studies across larger spatial scales;

d controlled parallel running mesocosm experiments on a

global scale;

d hydrological and ecosystem modeling on a catchment scale;

d socio-ecological and economic evaluations and research.

Commentary
T
he

In
no

va
ti
on
While the understanding of the dynamics of freshwater ecosystems and
their response to stressors, including climate change, is well advanced,
comparatively little is known about saline IAEs and CBLs. This is unfortunate
given the ongoing drastic changes inmany lakes, including a shift from fresh-
water to saline conditions and increased salinity of already saline systems.5

Moreover, the mutual effects of salinity with other stressors (temperature,
nutrient loading, and type of salt composition) are virtually unknown.

We call for (1)multifaceted andmultidisciplinary approaches to fill thema-
jor research gaps outlined (Box 2)—an important area for a newgeneration of
scientists; (2) coordinated research worldwide following common protocols
for sampling, experiments, and modeling, allowing strong syntheses across
climate and biogeographical gradients with virtual scientific networking and
collaboration that would not need direct physical contact (regarding the cur-
rent pandemic) and with much reduced carbon footprints.

To provide effective mitigation solutions, collaborations between hydrolo-
gists, ecologists, modelers, economists, engineers, social scientists are
needed, both locally and globally, aswell as strong engagement of politicians,
NGOs, and local citizens (citizen science).
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