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Scientiﬁc Signiﬁcance Statement
Freshwater salinization from anthropogenic activities—including the application of road deicing salts—is a global environmental
concern, harming aquatic biota and drinking water quality. However, the relative sensitivity of zooplankton communities to salinization across large scales remains largely unknown. Performing experiments in parallel across North America and Europe, we
show that there is substantial variation in the sensitivity of different zooplankton taxa to salinization, but that chloride sensitivity is more common and pronounced in crustaceans. This study demonstrates that the abundance and diversity of the communities can be reduced at chloride levels below common water quality guidelines (120–250 mg Cl 1 L 1, depending on the study
country). Our results suggest that freshwater biodiversity might be reduced by chloride contamination at a global scale.

Abstract
Human-induced salinization increasingly threatens inland waters; yet we know little about the multifaceted
response of lake communities to salt contamination. By conducting a coordinated mesocosm experiment of
lake salinization across 16 sites in North America and Europe, we quantiﬁed the response of zooplankton abundance and (taxonomic and functional) community structure to a broad gradient of environmentally relevant
chloride concentrations, ranging from 4 to ca. 1400 mg Cl L 1. We found that crustaceans were distinctly
more sensitive to elevated chloride than rotifers; yet, rotifers did not show compensatory abundance increases
in response to crustacean declines. For crustaceans, our among-site comparisons indicate: (1) highly consistent
decreases in abundance and taxon richness with salinity; (2) widespread chloride sensitivity across major taxonomic groups (Cladocera, Cyclopoida, and Calanoida); and (3) weaker loss of functional than taxonomic diversity. Overall, our study demonstrates that aggregate properties of zooplankton communities can be adversely
affected at chloride concentrations relevant to anthropogenic salinization in lakes.
250 mg Cl L 1 is a common recommendation. Most benchmarks for the protection of freshwater biota rely on laboratory toxicity tests of individual species. For zooplankton,
which play a critical functional role in lake food webs, most
toxicity studies have focused on large cladocerans, especially
Daphnia (e.g., Daphnia longispina and Daphnia galeata;
Gonçalves et al. 2007; Loureiro et al. 2015). Arnott et al. (2020)
demonstrated reductions in Daphnia (Daphnia catawba,
Daphnia mendotae, and Daphnia minnehaha) survival and reproduction at concentrations as low as 5–40 mg Cl L 1. However,
knowledge remains scarce about copepod and rotifer species,
and relatively few studies have thus far investigated lake salinization effects at the community level (Hintz and Relyea 2019).
Recent work addressed effects on zooplankton assemblages
within single lakes (Hintz et al. 2017) or along naturally-occurring salinity gradients (Gutierrez et al. 2018); but experimentally testing how community structure responds to salinization
under different environmental conditions could help reveal the
mechanisms by which lake zooplankton may cope with salinity stress. Yet, large-scale experimental examinations across
lakes and regions are, to our knowledge, nonexistent.

The salinization of freshwater ecosystems from human
activities is a growing issue globally. Anthropogenic drivers of
freshwater salinization include agricultural practices, resource
extraction, land clearing, and climate change (Williams 2001;
Cañedo-Argüelles 2020); in colder regions, however, one of
the most pervasive sources of salts is road deicing (Dugan
et al. 2017a). Long-term increases in chloride—the anion of
most road salts—have occurred in waterbodies across North
America and Northern Europe (Dugan et al. 2017b; Kaushal
et al. 2018), sparking toxicity concerns for biota and drinking
water quality. As expanding urbanization increases the risk of
chloride contamination (e.g., Dugan et al. 2020), it is critical
to understand the ecological consequences of salinization to
develop effective water quality management.
In most inland waters, chloride naturally occurs at low concentrations (< ca. 20 mg Cl L 1) but can increase to 1000–
10,000 mg Cl L 1 in lakes, rivers, and wetlands contaminated
with road salt (Hintz and Relyea 2019). Current water quality
guidelines for aquatic life chronic exposure in Canada and the
U.S.A. are 120 and 230 mg Cl L 1 (US–EPA 1988; CCME 2011),
respectively; although variable within the European Union,
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H3: Originally more diverse communities (taxonomically and
functionally) will show weaker declines in abundance and
diversity with increasing chloride.

Variation in chloride sensitivity across taxa can mediate
community-wide responses to salinization, altering taxonomic
and functional community structure following contamination. Diversity loss or compositional shifts in favor of salt-tolerant taxa may have implications for ecosystem functions and
services, given the strong inﬂuence of zooplankton on both
lower and upper trophic levels in lakes. For example, largebodied ﬁlter-feeding cladocerans could be replaced with
smaller, less efﬁcient grazers such as rotifers (via compensatory increases; Jeppesen et al. 2007), thereby promoting algal
blooms (Korosi et al. 2012) and reduced food quality for predators of zooplankton and upper trophic levels (Hintz
et al. 2017). While zooplankton communities tend to be less
diverse with increased salinity (Nielsen et al. 2003a), certain
biotic factors may mitigate abundance or species losses. For
instance, communities with high diversity may be buffered
from the adverse effects of salinization given their broad range
of life-history traits (including salt tolerance) and functional
redundancy (Setubal et al. 2020).
Local environmental conditions may also modulate zooplankton responses to salinization. Notably, historic chloride levels at
which communities have evolved may inﬂuence tolerance to
contamination events (Coldsnow et al. 2017). Naturally-occurring calcium (Elphick et al. 2011) and phytoplankton availability
(Brown and Yan 2015) may also mitigate chloride toxicity. Thus,
irrespective of composition, communities may exhibit a range of
chloride sensitivity across lake types and regions. Although biotic
and abiotic drivers of community responses have been investigated in riverine macroinvertebrates (Kefford et al. 2012), there is
a need to expand such assessments to other freshwater ecosystems and communities experiencing salinization.
We performed a cross-continental experimental study of
lake salinization to investigate the effects of chloride contamination on zooplankton communities. Through 16 coordinated mesocosm experiments across North America and
Europe, we exposed naturally-occurring zooplankton assemblages (spanning ca. 130 taxa) to a range of environmentally
relevant chloride concentrations, along opportunistic gradients of baseline conditions (chloride, calcium, algal availability) owing to regional differences among lakes. We compared
zooplankton abundance, taxonomic, and trait-based responses
to salinization and tested four main hypotheses:

H4: Communities originating from lakes with higher calcium,
chloride, or chlorophyll a (Chl a) concentrations will show
weaker declines in abundance and diversity with increasing
chloride.

Methods
Coordinated experiments
We conducted 16 coordinated mesocosm experiments
across lakes in Canada, U.S.A., Sweden, and Spain. The experiments were based on a standardized protocol to examine how
a wide range of Cl concentrations may affect zooplankton
assemblages. All experiments ran between June and August
2018; except for sites Purdue (September) and Tavernoles
(November). Site characteristics and ﬁeld protocols are provided in the Appendix (Section I), Arnott et al. (2021), and
Hintz et al. (In press).
Brieﬂy, at each location, we ﬁlled 20–32 mesocosms (volume
range: 80–2500 L) with local lake or well water, ﬁltered using a
40- to 100-μm mesh to remove zooplankton, and inoculated
them with zooplankton and phytoplankton from a local lake.
We then applied treatments in a regression design by amending
mesocosms with NaCl to obtain an unreplicated nominal gradient from ambient Cl (ranging from <2 to 18 mg Cl L 1) to
1400 mg Cl L 1. NaCl treatments were only applied once, at
the beginning of the experiment. Two sites did not reach the target gradient due to rain (Dartmouth, maximum concentration
reached = 800 mg Cl L 1) and evaporation (Convict, maximum
concentration reached = 3000 mg Cl L 1). Given that Cl concentrations varied with weather conditions over time, we averaged Cl concentrations throughout the duration of the
experiment at each site in analyses. Dissolved nitrogen and phosphorus were added fortnightly to preclude resource limitation
except for sites Dartmouth, Feresjön, Sturgeon, and Stortjärn.
Each mesocosm experiment ran for 6 weeks (44  3.3 d of
exposure). We measured chloride concentrations directly or
indirectly (conductivity) on weeks 0, 3, and 6 of each experiment. We sampled Chl a at the beginning and end of each
experiment via ﬂuorometry or spectrophotometry. We also
sampled the zooplankton community at the beginning and
end of the experiment (10–20% of the mesocosm volume).
Zooplankton were preserved with ethanol (70–95%) or Lugol’s
solution. We identiﬁed and enumerated all week-6 zooplankton samples and processed week-0 samples for a subset of the
sites (12/16). Week-0 zooplankton data were discarded from
the main results; however, a separate analysis indicated that
communities sampled within 2 d of salt addition were not
associated with the chloride treatment, except for Stortjärn,
which showed positive relationships between crustacean

H1: Zooplankton communities will decline in abundance,
owing to local species extinctions, concomitant with declines
in taxonomic and functional evenness resulting from greater
dominance by salt-tolerant taxa. Functional diversity will
decline less markedly than taxonomic diversity owing to functional redundancy.
H2: Large-bodied cladoceran grazers will be the most salinitysensitive (functional) group, while rotifers and smaller omnivorous crustaceans will be less sensitive. Rotifers will show
compensatory increases in abundance.
3
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fourth corner analysis for each site using the traitglm function
available with manylm (Brown et al. 2014).
To determine whether zooplankton responses could be
explained by lake abiotic or biotic characteristics, we tested
for the effect of chloride, calcium, temperature, and Chl
a concentrations, as well as taxonomic and functional diversity. We used lake chloride, calcium, and Chl a concentrations
measured prior to the start of experiments; additionally, we
tested for the effect of Chl a concentrations in control mesocosm at the end of experiments. Although not part of our
hypotheses, we tested for the effect of temperature on chloride sensitivity and included these results in Appendix
Section III. Our community diversity predictor variables were
calculated using compositional data at the end of each experiment to account for both the “mesocosm effect” and the ecological drift that may have affected communities during the
previous 6 weeks. To estimate the taxonomic and functional
diversity of control communities without relying exclusively
on the one untreated mesocosm per site, we used data from
all mesocosms to ﬁt site-speciﬁc multivariate abundance
models, using the manyany function of mvabund with a
Tweedie distribution, and predicted taxonomic and functional
community diversity at the lowest (control) chloride concentration. Then, we performed a two-step regression analysis: we
(1) quantiﬁed the effect of chloride on community response
metrics for each site and extracted signiﬁcant slopes as a measure of effect size; and (2) regressed site-speciﬁc slopes against
predictors (chloride, calcium, Chl a, temperature, and taxonomic and functional diversity of modeled control communities; tested individually), and weighted relationships by model
r2 values obtained in (1).
Finally, to compare chloride sensitivity among community
metrics and across sites, we extracted three indicator values
from our models: (1) chloride concentrations corresponding
to a 50% reduction in each metric relative to modeled control
communities, and proportions (%) reduction in each metric
observed at (2) Canadian and (3) U.S. water quality guideline
thresholds.

diversity and evenness and nominal chloride (Appendix
Section III).
Dataset, functional traits, and diversity metrics
The community dataset used for this study consisted of
zooplankton abundances at the end of experiments (spanning
60 crustacean and 69 rotifer taxa) by chloride treatment level
by source lake. We validated taxonomy and curated data to
ensure consistency across sites. Details and data sets are provided in Arnott et al. (2021).
To assess functional responses to salinization, we assembled a
trait matrix for crustaceans. We collated taxon-speciﬁc information on trophic group, body length, body mass, and feeding type.
In addition to being well-documented, these traits reﬂect ecological strategies and roles (niche space) occupied in food webs
(Hébert and Beisner 2020). We ﬁrst extracted trait information
from existing syntheses and known trait relationships
(McCauley 1984; Barnett et al. 2007; Hébert et al. 2016a,b); then
compiled remaining data as described in the Appendix
(Section II). The assembled trait matrix can be found in Hébert
et al. (2021). Data were not compiled for rotifers, as traits were
either known to be strongly phylogenetically constrained or
redundant across species.
We calculated functional diversity indices using a Gower
dissimilarity matrix, with the function dbFD in the R package
FD (Laliberté et al. 2014). We performed a principal coordinate analysis and used the axes to estimate functional richness and evenness, as per Villéger et al. (2008). We calculated
functional dispersion as an extension of the average distance
from the centroid (Laliberté and Legendre 2010). For taxonomic diversity, we quantiﬁed richness, diversity (Shannon),
and evenness (Pielou) separately for crustaceans and rotifers.
We performed diversity calculations and all subsequent data
analyses in R (R Core Team 2020).
Statistical analyses
For each set of analyses, we included experimental sites
(referred to as sites hereafter) with either ≥3 functionally distinct crustacean groups or different rotifer taxa; we analyzed
the two groups separately. We used mean chloride concentrations for each mesocosm as the predictor variable. We applied
a log10-transformation to abundances but left diversity indices
untransformed. We quantiﬁed the effect of chloride using linear mixed-effects models (LMMs), with the lmer function in
the R package lme4, setting site as a random effect. To model
taxon richness, we used generalized LMMs to accommodate
the discrete nature of the data (Poisson distribution) with a
log link and the glmer function.
To identify which taxa and traits were most sensitive to
chloride, we used linear models adapted to multivariate abundance data with the R package mvabund (Wang et al. 2012).
We built site-speciﬁc models using the manyany function,
ﬁtting a model for each taxon (Appendix Section III). To
assess crustacean functional trait responses, we performed a

Results
Increasing chloride reduced crustacean abundance, taxon
richness, and Shannon diversity across sites (Fig. 1a–c; H1).
Declines in abundance and richness were most pronounced,
with highly similar rates of decrease along the chloride gradient (slopes declining in parallel; Tables S3 and S4). Evenness
did not respond signiﬁcantly (Fig. S2). For rotifers, only abundance and richness decreased signiﬁcantly, although weakly
(Fig. 1d,e).
Taxon-speciﬁc sensitivity to chloride was more common
(proportions of sensitive taxa) and pronounced (magnitude of
response) in crustaceans of all sizes than in rotifers (Figs. 2a,b,
3; H2). Among-site analyses identiﬁed 35 sensitive crustaceans, spanning all major taxonomic units (Fig. 2a). Most
4
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Fig. 1. Variation in (a–c) crustacean and (d–f) rotifer community abundances and diversity metrics in response to chloride additions across lake experiments. Each colored line distinctly represents one of the source lakes (individual lake linear regression models), while thicker black lines represent the general trend across lakes (LMM; signiﬁcant models only, slope coefﬁcients provided). For among-lake LMMs, both marginal and conditional R2 are provided
(Rm2 and Rc2, respectively). See Table S3 for parameter estimates.
functional evenness did not respond to salinity (Fig. S2). Overall, chloride caused weaker loss of functional than taxonomic
diversity in crustaceans (Figs. 1b,c vs. 2b,c; Table S4). Furthermore, none of the tested biotic and abiotic drivers (H3–H4)
could explain zooplankton community responses to salinization (Fig. S4; Table S7).
Across sites, we found that many metrics of crustacean
community structure showed 50% reductions at concentrations slightly exceeding 500 mg Cl L 1 (Fig. 4a). Furthermore, most crustacean metrics showed  10% and  20%
decreases when chloride levels reached Canadian (120 mg Cl
L 1) and U.S. (230 mg Cl L 1) water quality guidelines,
respectively (Fig. 4b,c). Rotifer community responses showed
greater variation across sites, with no apparent pattern
(Fig. 4d–f).

sensitive genera (highest quartile; Table S5) were also found
across major groups: Calanoida (Eudiaptomus), Cyclopoida
(Microcyclops, Acanthocyclops, Diacyclops), and Cladocera
(Chydorus, Bosmina, Ceriodaphnia, Diaphanosoma). Daphnia
pulex x pulicaria was the sole member of Daphnia that declined
signiﬁcantly. Most rotifers were unresponsive to chloride
(Fig. 2b), with only ﬁve taxa declining. No zooplankton taxon
responded positively to chloride, indicating that no compensatory increases occurred.
We found no detectable pattern with chloride in crustacean trait assemblages. Feeding type and body size responded
idiosyncratically to chloride across experiments (Figs. 3a, S4;
H1–H2). Despite substantial among-site variation in traitbased responses, chloride weakly reduced crustacean functional richness and dispersion (Fig. 3b,c). Crustacean
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Fig. 2. Taxon-level abundance responses of (a) crustaceans and (b) rotifers to chloride additions across lake experiments. Color saturation represents
lake-speciﬁc slopes of models, reﬂecting taxon-level sensitivity to chloride. Unframed, gray squares represent nonsigniﬁcant relationships whereas white
areas indicate the absence of taxa in each lake. Abundance data are log10-transformed. See Table S5 for parameter estimates.

Discussion

on the multifaceted response of crustaceans (i.e., community
vs. individual taxa, taxonomic vs. functional), our results indicate
that salinization: (1) leads to marked, highly consistent declines
in abundance and taxon richness; (2) impairs multiple taxa across
Cladocera, Cyclopoida, and Calanoida; and (3) causes greater
losses of taxonomic than functional diversity, with substantial
among-site variation in trait-based responses. Despite among-site
variation in community structural responses, many crustacean
metrics showed 50% reductions at ca. 500 mg Cl L 1; although

Through coordinated experiments of lake salinization, we
compared the response of zooplankton density and community
structure along a gradient of chloride concentrations (4 to
ca. 1400 mg Cl L 1), while accounting for differences in regional
assemblages and environmental conditions. We found that crustaceans were more sensitive to elevated chloride than rotifers,
with no evidence of compensatory increases by the latter. Based
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press) showed that Chl a increased as a result of cascading
effects in most experiments (as observed by Moffett
et al. 2020), suggesting that rotifers were not limited by phytoplankton availability. Although we found no evidence of
compensatory increases, the concomitant decrease in crustaceans and maintenance of rotifer abundance support the general suggestion that lake salinization is likely to induce weaker
top-down control by zooplankton, with implications for algal
proliferation and food web stability (Jeppesen et al. 2015).
Crustacean community-wide responses were attributable to
declines in multiple species, rather than a few distinct (“sentinel”) sensitive taxa (H2). Surprisingly, chloride sensitivity was
common across all major crustacean groups, with 25% of taxa
showing declines in all of Cladocera (23/89), Calanoida
(3/12), and Cyclopoida (9/34). While salt sensitivity has been
observed in copepods (Van Meter et al. 2011), toxicological
effects are mainly documented for large cladocerans, especially Daphnia. Such toxicity tests form the basis of most water
quality guidelines, representing the criteria upon which governmental agencies base monitoring programs. Yet, our study
reports only one sensitive Daphnia taxon, and suggests that
copepods and various other cladocerans may be equally or
even more sensitive to chloride. Furthermore, our results indicate that a given species may exhibit variable chloride sensitivity across lakes, highlighting the role of environmental
forcing and intraspeciﬁc variation in crustacean responses to
increased salinity. Current knowledge based on toxicity tests
may, thus, be insufﬁcient to properly predict and protect lake
communities from the effects of anthropogenic salinization.
Relative to effects on taxonomic structure, salinization
weakly affected crustacean functional structure (H1–H2). This
result is consistent with our a priori hypothesis, whereby
functional diversity may be buffered from salinity effects

adverse effects of salinity already occurred at lower concentrations. Our study demonstrates that key community metrics can
be affected at chloride levels relevant to anthropogenic salinization, pointing to broad implications for lake ecosystems.
Salinization altered crustacean abundance and taxonomic
structure, in agreement with previous studies (H1; Schallenberg
et al. 2003; Jensen et al. 2010; Hintz et al. 2017). Elevated chloride strongly reduced richness and Shannon diversity but had
no effects on evenness. While richness declines could result
from an inability to detect taxa reduced to very low abundances, this observation suggests that diversity loss was potentially driven by local extinctions. The striking consistency in
the loss of abundance and taxa for each chloride level increment across sites highlights a general response pattern to salinization; that is, independent of initial abundance and richness.
Salinity can induce mortality and diversity loss in freshwater
crustaceans in different ways, interfering with osmoregulation,
ionoregulation, and egg hatching (Nielsen et al. 2003b;
Grifﬁth 2017). Irrespective of the causal mechanisms, the
trends uncovered in our study indicate that increased chloride
may impair crustacean biomass stocks, biodiversity, and associated functions (e.g., grazing control, dietary supply for upper
trophic levels), which may in turn reduce food chain length
and energy transfer in lakes (Golubkov et al. 2018).
Chloride additions had weak to no effect on rotifer communities and individual taxa (H1–H2). This result is consistent with studies reporting relatively high salt tolerance in
rotifers (Schallenberg et al. 2003). However, in contrast to our
expectation, the decrease in crustacean abundance and, therefore, competition for phytoplankton, was not accompanied
by an increase in rotifer abundance, as observed elsewhere
(Jeppesen et al. 2007; Van Meter and Swan 2014; Lin
et al. 2017). Furthermore, the parallel study by Hintz et al. (In

Fig. 3. Variation in crustacean (a) trait assemblages and (b, c) functional diversity in response to chloride additions across lake experiments. (a) For each
lake, fourth corner coefﬁcients show the strength of association between traits and chloride concentrations, from positive (blue) to negative (red). See
Table S5 for parameter estimates. (b, c) Each colored line distinctly represents one of the source lakes (individual lake linear regression model; colors as in
Fig. 1), while thicker black lines represent the general trend across lakes (LMMs, slope coefﬁcients provided). For among-lake LMMs, both marginal and
conditional R2 are provided (Rm2 and Rc2, respectively). See Tables S3 and S4 for parameter estimates.
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Fig. 4. Comparisons of chloride sensitivity among (a–c) crustacean and (d–f) rotifer community-level measures (abundance and diversity metrics) and
across source lakes. (a, d) Chloride concentrations correspond to 50% reductions in community-level measures (analogous to half maximal effective concentration EC50), and (b, c, e, f) speciﬁc proportions (%) of reduction are shown at Canadian (120 mg Cl L 1, middle column) and U.S. (230 mg Cl
L 1, right column) water quality guidelines. Each colored point distinctly represents one of the source lakes (individual lake linear model; colors as in
Figs. 1 and 3); large transparent circles illustrate the overall value across lakes (among-lake LMMs). Only values from signiﬁcant models are shown.

community responses using drivers of known relevance highlights the need to further investigate how abiotic and biotic factors may operate at large scales to modulate salinization effects.
Each of our 16 experiments includes limitations that are
generally associated with mesocosm-based studies. For example, the diversity of species in the mesocosms was likely lower
than that of natural lakes, and we did not allow dispersal from
the regional species pool or allot sufﬁcient time for adaptation, reducing natural pathways by which salt-tolerant species
or genotypes may buffer communities over longer timescales.
Furthermore, our set of experiments also includes site-to-site
variation that must be considered. Notably, mesocosm volume varied among experimental sites and plankton dynamics
may differ based on mesocosm volume; however, volume differences were rarely associated with the strength of community responses to Cl (Appendix Section III). Nevertheless,
despite variation in mesocosm volume and local site characteristics, our among-site comparisons revealed similar effects
of Cl on some community properties, highlighting a general
response to salinization.
The salinization of inland waters threatens water quality
and biota globally. Yet current management practices rely on
benchmarks that may be too permissive to protect the structure of freshwater communities. Our study shows that aggregate properties of crustacean communities can be adversely
affected at chloride concentrations relevant to salt contamination (Dugan et al. 2017a), even below common water quality
guidelines. Although we estimated that the 50% decline in
many crustacean community metrics occurs at ca. 500 mg

owing to functional redundancy among taxa. Losses of functional diversity were overall minor in our experiments, especially when compared to effects reported in studies using
similar size- and feeding-related traits (Gutierrez et al. 2018;
Setubal et al. 2020). Divergence in initial trait composition
could be a possible explanation for this discrepancy between
studies; although generally, salinity is a weak driver of zooplankton size structure (Brucet et al. 2010). For a deeper
understanding of the mechanisms underlying functional
responses to salinization, future studies could incorporate
direct measurements of traits more closely related to stress
coping strategies.
Local water chemistry, algal availability, and (taxon and
trait) diversity could not explain among-site variation in community responses (H3–H4). History of exposure to chloride had
no detectable effect, likely owing to the narrow range of ambient chloride concentrations across source lakes (≤ 18 mg Cl
L 1). Our sites covered relatively wider ranges of calcium (2.5–
77 mg L 1) and Chl a concentrations (up to 14.7 and
22.6 μg L 1 across source lakes and control mesocosms, respectively); yet, we found no indication that neither calcium nor
algal availability mitigated chloride toxicity, unlike previous
studies (Soucek et al. 2011; Brown and Yan 2015). Perhaps
more surprising was that neither the taxonomic nor the functional diversity of communities inﬂuenced responses to salinization, despite our diverse arrays of species and traits. Other
unmeasured factors could have mediated chloride toxicity in
our experiments, such as the dietary quality of algae (IsantaNavarro et al. 2021). Overall, our inability to predict
8
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Cl L 1, a 50% loss of abundance or species have serious
implications for ecosystems and declines of smaller magnitude
at lower chloride concentrations can already have far-reaching
ecological consequences (e.g., cascading effects on lake food
webs). Given the global trends in anthropogenic freshwater
salinization, we believe that national water quality criteria
should be revised downwards whenever a “one-size-ﬁts-all”
approach is adopted.
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