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Temperature and precipitation patterns are changing considerably worldwide because
of global climate change [1]. Semi-arid and arid climate zones will experience much less
net precipitation and runoff. Moreover, increasing water abstraction is expected due to the
need for the provision of food and water for a growing population. These changes will
lead to substantial water level decreases and the salinization of inland freshwater in dry
climate zones, while waters in areas with higher future precipitation or those affected by
runoff from melting glaciers may show a reverse pattern. The magnitude of future changes
may have major effects on the structure, functioning, and biodiversity of inland aquatic
ecosystems [2–5]. Global warming also leads to rising sea levels, and thus, coastal seawater
intrusion, further accelerated by an expected higher frequency and duration of extreme
storms. However, little is known about the effects that such changes may have on inland
and coastal lake ecosystems. Only a few studies have been conducted in such systems; to
date, focus has been directed towards the effects on freshwater lakes [6].

Different approaches have and can be used to gain new insight, including compiling
field data, including monitoring on a regular basis, historical information can be obtained
from paleoecological studies or remote sensing, causal relationships by experimental stud-
ies at various scales, and modeling can help to predict effects of changes in key drivers.
This Special Issue of Water provides examples of the effects of salinization based on a
variety of these approaches. Two of the studies [7,8] took a field observational approach.
In [7], salinity–eutrophication interactive effects on the food web were studied in 20 lakes
of different salinity (from freshwater to hypersaline) and nutrient status (from oligotrophic
to eutrophic) located in southern Siberia. Specifically, the seasonal dynamics of zooplank-
ton, phytoplankton, and water quality parameters were determined and a pronounced
bottom-up effect of nutrients was identified, which induced an increase in the biomass of
phytoplankton and zooplankton and a decline in water quality. With respect to salinity, a
decrease in the species abundance of zooplankton above 3 g L−1 salt and the disappear-
ance of fish at 10 g L−1 salt were detected. With the disappearance of fish, an increase
in zooplankton biomass occurred, as well as a change in the size distribution of phyto-
plankton particles with an increase in the proportion of cladocerans of the zooplankton.
Similar findings were identified in a study of Tibetan lakes [9], except in the control of
phytoplankton. The interactive effects of salinity and eutrophication strongly depended
on the size and depth of the lakes, and it was concluded that small shallow lakes will be
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the most vulnerable to the joint effect of increased salinity and eutrophication, with the
degradation of ecosystem functioning and water quality at moderate salinities of 3–20 g L−1.
In the second study [8], the interactive effects of nutrients and salinity on phytoplankton
assemblages were elucidated in a four-season investigation of eight lakes in Yunnan Plateau
(southwest China), covering a wide range of salinities (conductivities), eutrophic states,
and water depths. The species number, density, and biomass of phytoplankton showed
stronger seasonal dynamics in shallow lakes than in deep lakes, all being, as expected,
higher in the warm season. A unimodal relationship with salinity was observed, peaking
at 400–1000 µS cm−1. These results further indicate a shift from mainly phosphorus to
nitrogen limitations of phytoplankton growth, with increasing phosphorus concentrations,
and the two dominant taxa (cyanobacteria and chlorophytes) revealed different patterns,
with chlorophytes generally dominating at low total nitrogen and cyanobacteria levels at
high total nitrogen and salinity, suggesting a synergistic effect of nitrogen and salinity on
cyanobacterial dominance.

Combining different approaches may strengthen the conclusions about effects. Ref. [10]
combined palaeolimnological data (including sedimentary parameters, diatoms, and plant
macrofossils) with environmental monitoring data (for the last ~40 years) to assess envi-
ronmental changes over the last 100 years in Kilen, a brackish lake in northwest Jutland,
Denmark. The palaeolimnological data indicated that the lake has been nutrient rich for
the last 100 years, with eutrophication peaking from the mid-1980s to the late-1990s. Lake
recovery over the last 20 years has been driven by reductions in phosphorus (P) and ni-
trogen (N) loading from the catchment, and improvements in lake water clarity; recently,
reductions in macrophyte cover have occurred. Reduced salinity after 2004 also changed
the composition of the dominant macrophyte community within the lake. The low N:P
ratio indicates that, in summer, the lake is predominately N-limited, likely explaining
why previous management, mainly focusing on P reduction measures, had only a modest
effect on the water quality of the lake. The study demonstrated the power of using a
combined approach (monitoring with sediment analyses) to understand environmental
changes in saline lakes. Likewise, Ref. [11] combined historical data on ecosystems as
well as meteorological, remote sensing, and ground-truth data to elucidate the effects of
changes in the temperature and precipitation of the Burdur Closed Basin (BCB), located in
the southwest of Türkiye, on changes in lake water surface areas and land use, as well as
the potential effects on waterbird and fish communities. The BCB includes several types of
aquatic ecosystems supporting high biodiversity, including one Ramsar site, six Important
Bird Areas, and a considerable richness of native and endemic fish species. A water budget
was calculated to elucidate water availability in the basin over the last few decades, and
future conditions were predicted based on rainfall and temperature forecasts using climate
models. The Standardized Precipitation–Evapotranspiration Index (SPEI) was used to
relate the lake water surface area to precipitation and temperature changes in the basin.
Crop-farming irrigation in the BCB has increased notably since 2004, leading to intensive
water abstraction from the lakes and their inflows, as well as from ground water, to meet
the increased demand for irrigation. Water abstraction from the lakes, lake inflows, and
the groundwater in the basin has substantially increased the water loss in the catchment.
Remotely sensed data on lake surface areas show a major shrinkage of shallow lakes in
the last 40 years. Moreover, the largest lake in the basin, Lake Burdur, lost nearly half of
its surface area, which is concerning because the shallower areas are those most suitable
for supporting high levels of biodiversity. Climate model simulations predict that from
2070, the BCB will face long-term moderate-to-severe dry periods, and this, in addition
to increased demand for water for irrigation, may accelerate drying of these lakes in the
near future, with devastating effects on the lake ecosystems and their biodiversity. Similar
results are available from the Konya basin in Central Anatolia, Türkiye [12].

Observational data and modeling are key to elucidating the effects of stressors on lake
ecosystems; however, they are not efficient in providing causal relationships. To this end,
control experiments are needed. Most experimental studies on the effects of salinization
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have been conducted in laboratories, often with only a single or several organisms in focus,
while large-scale outdoor experiments at ecosystem-scale are scarce [5]. Ref. [13] established
comprehensive and similar experimental mesocosm facilities in two different climate zones
in Türkiye, specifically designed to simulate the effects of salinization and climate change
on shallow lake ecosystems. In total, 24 mesocosms (diameter 2 m, height 1.8 m, and volume
5 m3) were established at each location, designed to replicate shallow lake characteristics in
arid landscapes. The mesocosms were composed of high-density polyethylene due to this
material’s resistance to high salinities and UV exposure. The mesocosms were buried at
1 m depth, and the exposed walls were insulated to minimize heat exchange. To prevent
stratification, the water in each mesocosm was circulated using an aquarium pump. To
provide dynamic heating for temperature increase simulations, selected mesocosms were
heated according to measurements made in reference to non-heated mesocosms. All the
mesocosms were equipped with a microprocessor-based controller, temperature sensors,
and a logging system. Each mesocosm received 30 cm sediment to simulate a realistic
sediment biogeochemistry and redox gradient, and they were inoculated with biota from
lakes and surface sediment from lakes with contrasting salinities (same at both places),
leading to highly synchronized experiments at the two locations. To illustrate the use
of the facilities, summary results from two case study experiments are presented: (1) a
salinity gradient experiment comprising 16 salinity levels (range: 0–50 g L−1); and (2) a
heatwave experiment where two different temperature regimes (no heatwave and +6 ◦C
for two weeks) were crossed with two salinity levels (4 and 40 g L−1). Both experiments
demonstrated a significant role of salinization modulated by climate on the structure and
function of lake ecosystems. The authors finally provide some recommendations for the best
practices for mesocosm experiments to be conducted under saline/hypersaline conditions.

The papers in this Special Issue collectively illustrate the multi-faceted approaches that
have and can be used to elucidate the effects of water level and salinity changes induced by
the global climate change and their ecosystem effects on inland and coastal lakes that are
highly vulnerable to changes in salinity.
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