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México, Mexico
Meral Apaydın Yağcı,
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Zooplankton Dominance Shift in
Response to Climate-Driven Salinity
Change: A Mesocosm Study
Clio A. M. Hall* and Aleksandra M. Lewandowska

Tvärminne Zoological Station, University of Helsinki, Hanko, Finland

Climate change predictions indicate global changes in salinity with negative implications
for plankton food webs; an important baseline for functioning of marine ecosystems.
Current understanding of how salinity change will impact plankton communities is mostly
limited to the salinization of freshwater environments, with little known about the effects of
changing salinity in marine systems. In this study, we investigate the effect of salinity
change on zooplankton communities under different salinity change scenarios of the Baltic
Sea. Projections for future salinity change derived from regional physical-biogeochemical
models were used to set-up an outdoor mesocosm experiment in the coastal area of the
Gulf of Finland. Each mesocosm was inoculated with natural plankton using a mixture of
both marine and freshwater communities, mimicking the natural influx of freshwater
species from rivers into the Baltic Sea. Zooplankton diversity and composition changed
possibly due to different salinity tolerances among the species. Among zooplankton,
rotifers dominated in low salinities (74%) and cladocerans and copepods (69%) in high
salinities. Our results suggest that the zooplankton community will shift to a rotifer
dominated community in areas with declining salinity due to the intolerance of other
zooplankton groups to freshening.

Keywords: salinity, plankton, diversity, Baltic Sea, marine, brackish, habitat loss, climate change
INTRODUCTION

The combined effects of climate change, habitat loss and degradation has put substantial strain on
aquatic ecosystems (Travis, 2003). One specific pressure on both marine and freshwater
environments globally includes changing salinity, as a result of direct human activity such as
‘salting’ roads (Schuler et al., 2017; Hintz et al., 2021) as well as climate change; predicted to affect
precipitation and ice melt (Helm et al., 2010; Ross et al., 2021). Salinity change can have a profound
impact on aquatic organisms, including altering the distribution, phenology, abundance,
composition and trophic interactions of plankton (Intergovernmental Panel Climate Change, 2018).

Zooplankton play a key role in the pelagic food web. They link primary producers (i.e.
phytoplankton) to higher trophic levels (such as fish), thus their abundance and community
in.org June 2022 | Volume 9 | Article 8612971
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structure directly affect the dynamics of fisheries resources
(Sommer et al., 2002) as well as the biodiversity of higher
trophic levels such as birds and mammals. How zooplankton
will be affected by climate warming has been the subject of great
debate (Gyllström et al., 2005; Mackas et al., 2007; Lewandowska
et al., 2014; Šorf et al., 2015). However, current understanding of
how salinity change in aquatic environments will impact
zooplankton communities is mostly limited to the salinization
of freshwater environments (e.g. Hintz et al., 2017; Lin et al.,
2017; Moffett et al., 2020), estuaries (e.g. Gao et al., 2008) or
single-species responses (e.g. Cervetto et al., 1999), while
community-level changes and consequences for food web
interactions in marine environments remain poorly
understood. Studies on the effects of salinization of freshwater
environments, have reported a range of responses including,
dominance shifts and disruption of trophic interactions (Lin
et al., 2017; Gutierrez et al., 2018). These results imply that a
similar response to salinity change could be expected in
marine environments.

Changes in salinity may directly or indirectly influence
zooplankton community composition, leading to the local
extinction of some species and the appearance of others. Based
on existing literature, zooplankton may be directly affected by
salinity depending on their physiology and tolerance to salinity
change (Nielsen et al., 2003; Schallenberg et al., 2003; Hall, 2004).
Direct responses of zooplankton to stressful salinity conditions
include disturbances in reproduction, development and growth
(Hart et al., 2003; Santangelo et al., 2014; Bashevkin and
Pechenik, 2015). Indirect impacts through trophic interactions
are expected because salinity can influence the composition and
physiology of phytoplankton (Flameling and Kromkamp, 1994;
Bisson and Kirst, 1995; Ayadi, 2004; Chakraborty et al., 2011),
affecting the nutritional food quality of zooplankton (van de de
Waal et al., 2010) and causing or contributing to food shortages
(Perumal et al., 2009). Alterations in zooplankton community
composition as a response to salinity change are likely to have
negative consequences on food availability and growth of
planktivorous fish, such as herring and sprat (Möllmann et al.,
2004). This in turn could affect higher trophic levels, such as cod,
seabirds and mammals (Alvarez-Fernandez et al., 2015).

Trophic interactions in plankton communities often differ
between marine and freshwater environments and thus also
their response to environmental perturbations. A recent study
by Murphy et al. (2020) showed that warming conditions had no
effect on zooplankton density in marine environments, whereas it
had a negative effect on zooplankton density and increased grazing
by herbaceous zooplankton in freshwaters. Stronger predator-
herbivore interactions were also found in freshwater plankton
compared to marine plankton communities (Shurin et al., 2002).
Sommer and Sommer (2006) argue the difference in the strength
of trophic cascades between lentic and marine environments is
caused by differences in the zooplankton-phytoplankton link.
Cladocerans dominate in freshwaters, whereas copepods
dominate in marine ecosystems. Contrary to filter feeders such
as cladocerans, copepods can select their food particles based on
prey size (Tiselius and Jonsson, 1990), enabling copepod-
Frontiers in Marine Science | www.frontiersin.org 2
dominated marine communities to be more resilient to
disturbances of trophic cascades due to their selective feeding.

Climate change projections indicate that an increase in
precipitation in northern Europe coupled with faster rates of
ice-melt will lead to a decline in salinity in northern marine
environments (HELCOM, 2013). This includes the Baltic Sea,
where salinity is predicted to decrease by 1.5 to 2 psu by the end
of the century (Meier et al., 2006). These salinity changes have
been shown to be a bottleneck for both marine and freshwater
species distribution and diversity, which could have negative
impacts on marine ecology, monitoring, modelling and fisheries
(Vuorinen et al., 2015). However, these salinity predictions are
often uncertain with large variations depending on which general
circulation models (GCMs) are used for predictions (Saraiva
et al., 2019; Blenckner et al., 2021). Differences in observed data
can also depend on region and vertical stratification (Lehmann
et al., 2021), such as in the Gulf of Finland, where surface salinity
increased by 0.5 psu between 1927-2021 (Merkouriadi and
Leppäranta, 2014). Other areas of the world, including the
Chesapeake Bay and the Baltic Sea, are predicted to show
increasing fluctuations in salinity with climate change
(Muhling et al., 2017; Blenckner et al., 2021).

Following these predictions, we designed a salinity change
experiment using floating mesocosm platform deployed in the
Baltic Sea to investigate the direct and indirect effects of salinity
change on zooplankton communities. The use of mesocosms is a
well-established tool to explore plankton community responses
to environmental change owing to the advantage of
manipulation and replication (Benton et al., 2007; Woodward
et al., 2010). The brackish environment of the Baltic Sea, where
freshwater and marine plankton communities can interact
(Telesh et al., 2008), is an ideal study location to investigate
the effect of salinity change on natural plankton communities.
The general aim of the study was to examine interactions of
zooplankton communities under different scenarios of salinity
change of the Baltic Sea. We hypothesized that:

(1) Zooplankton abundance will be negatively affected by
physiological intolerance to changing salinity,

(2) Salinity change will reduce phytoplankton biomass due to
oxidative stress leading to food limitation for zooplankton and
altered trophic interactions, and

(3) Salinity change will alter community composition and
diversity of zooplankton species depending on their tolerance to
salinity; marine species will dominate in higher salinities and
brackish and freshwater species in lower ones.

Insights from these findings are important to understand how
zooplankton communities may differ under climate driven
salinity change and the possible effects it may have on trophic
transfer efficiency and overall ecosystem functioning.
MATERIALS AND METHODS

Experimental Design and Sampling
We conducted a salinity change experiment during summer 2019
(July-September) using outdoor mesocosms to investigate the
June 2022 | Volume 9 | Article 861297
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effect of freshening on phytoplankton abundance and
zooplankton community composition in pelagic ecosystems.
The experiment was set up offshore the Tvärminne Zoological
Station, Finland (59° 50’ 40” N, 23° 14’ 57” E). It consisted of 12
transparent, manually mixed plastic (200 µm thick LDPE)
enclosures (1600L volume, diameter 0.9 m, depth 2 m, conical
bottom) and combined four salinity scenarios [3.5 (control, no
salt addition); 5.5; 7.5; 9.5 psu] with three replicates. Salinity
levels were based on predicted salinity change scenarios in the
Baltic Sea from Meier et al. (2012) and downscaled to local
conditions using data from the MONICOAST monitoring buoy
deployed offshore the Tvärminne Zoological Station. On 29 July
2019, we partially filled each mesocosm with 800 L of water taken
from Gennarbyviken reservoir (59° 55’ 23” N, 23° 12’ 20” E) due
to its low salinity levels (0 psu) and presence of freshwater
plankton species despite marine origin (the reservoir was
enclosed from the sea in 1957). We then added 800 L of water
to each mesocosm taken from the bay in front of the Tvärminne
Zoological Station due to its marine conditions (5.5 psu) and
associated marine plankton species. The water in the mesocosms
was assessed using light microscope to make sure the plankton
community had survived the water transport and the initial
community composition was similar in all experimental units.
On 212 and 213 day of the year (DOY) we added sea salt
(Aquarium System Instant Ocean) in batches to the
mesocosms to make up four different salinity treatments. We
added the salt to each mesocosm by extracting 10 L of water and
mixing the salt with the water until it was dissolved. We added
the salt to each mesocosm in a slow, circular movement using a
Secchi disk to ensure that the mixture was evenly dispersed. The
control mesocosm was also disturbed using a Secchi disk to make
sure all treatments have received the same agitation. The next
day, we measured the salinity to ensure we had reached our
salinity goals for each mesocosm. To prevent rainfall and
allochthonous nutrient inputs (mainly bird droppings),
transparent plastic lids were installed above each mesocosm
with gaps to allow air circulation in the mesocosm.

Samples for bacterial and phytoplankton as well as nutrient
concentrations were taken every two days. In this article, however,
we concentrate on the effects of salinity on chlorophyll-a
concentration and zooplankton community composition. We
measured all abiotic and biotic parameters at 1m depth from the
middle of the mesocosm. Temperature (°C), salinity, dissolved
oxygen (mg O2/L) were measured every two days using a portable
calibrated digital water meter (MU 6100 H, VWR). 4L of water
from eachmesocosmwas taken every 2 days using a water sampler
and placed into a 10L plastic container for transportation to the
laboratory. The canister was stored in a cold room before gentle
mixing was applied and samples for different uses were syphoned
off from the container (e.g. chlorophyll-a, dissolved nutrients,
bacteria, etc.). For zooplankton, samples were taken every 6 days
as to not over-deplete zooplankton numbers compared to natural
conditions. A 50mmmesh-size plankton net was dragged from 1m
depth from the centre of each mesocosm and then flushed into
250 ml plastic bottles with 30% ethanol for transportation to the
laboratory. Additional in situmeasurements were taken to be able
Frontiers in Marine Science | www.frontiersin.org 3
to compare experimental data to local conditions and assess the
effect of enclosure (data not shown). The experiment was
terminated after 30 days due to apparent damage to some of the
mesocosm bags.

Response Variables
Chlorophyll-a concentration (mgL-1) was used as a surrogate of
phytoplankton biomass. We vacuum-filtered 100-150 ml of
water sample for each mesocosm though glass fibre filters (GF/
F, Whatman, Inc., Massachusetts, USA). Filters were stored in
the dark in -20°C to prevent chlorophyll breakdown. We later
measured chlorophyll-a concentration in each filter using a
fluorometer (Varian Inc., Cary Eclipse) after ethanol extraction.

To quantify zooplankton abundance, the sample was settled in
50 ml sedimentation chambers and counted using an Olympus
CK30 at x10 and x40 magnification using an inverted microscope
technique (Lund et al., 1958). Depending on the density of the
sample, a Forsblom plankton splitter was used to split the sample
into ¼, ½ or ¾ of the original sample. Identification to genus level
(and species where possible) was made using Telesh et al. (2008).
Abundance was measured as individuals per litre (ind.L-1). Few
adult copepods were recorded, therefore we grouped adults and
copepodites together in analyses. Nauplii were analysed separately
as copepods exhibit different feeding modes during their life cycle
(Brandl, 2005) and therefore may differ in their response to
treatment effects. Zooplankton richness was quantified as
number of species and zooplankton evenness (as opposite of
dominance) was quantified using Pielou’s Index (Pielou, 1966).
We measured how the community richness changed immediately
after salt addition to see if there was an immediate effect of ‘salt
shock’ on zooplankton community structure. No statistically
significant change in richness was observed (treatment, F= 0.87,
p= 0.4963, time, F= 4.20, p= 0.0650). All subsequent analyses are
computed from the first sampling after salt addition (DOY 217).

Statistical Analysis
We conducted mixed effects models to test the effect of salinity
change on chlorophyll-a concentration, zooplankton community
structure (rotifers, cladocerans and copepods) and diversity
indices (richness, Pielou ’s evenness). Chlorophyll-a
concentration and zooplankton group abundances were log
transformed to fulfil the normality and variance homogeneity
assumptions. A linear mixed effects model fitted using restricted
maximum likelihood estimation (REML) was used to determine
effect of salinity change over time on response variables. Model
selection was made by using Akaike information criteria (AIC)
and autocovariance estimates (ACF) (see Supplementary
Material). The response variable was x and the fixed effects
were salinity treatment, time and their interaction. Mesocosm ID
was included as a random factor. Significance levels were set at
p<0.05. Model residuals were checked for homogeneity of
variances and normality. All analyses were performed in R
v4.0.3 (R Core Team, 2020) using package nlme (Pinheiro
et al., 2020). Graphs were produced using R package ggplot2
(Wickham, 2016) with a Local Regression (loess) smoother set at
the default smoothing span of 0.75.
June 2022 | Volume 9 | Article 861297
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RESULTS

Food Availability for Zooplankton
Salinity was an important factor for determining chlorophyll-a
concentration (a proxy for phytoplankton biomass and therefore
also zooplankton food availability) during the experiment
(P<0.01, Table 1). Overall, the lowest and highest salinities (3.5
and 9.5 psu) displayed significantly more chlorophyll-a than the
intermediate salinities (Figure 1 and Table 1). Chlorophyll-a
concentration also varied over time (P=< 0.01, Table 1). In the
extreme salinity treatments (3.5 and 9.5 psu) chlorophyll-a
concentration peaked in initial stage of the experiment (DOY
213), with a secondary peak during the second half of the
experiment (DOY 227 and DOY 229). Chlorophyll then
declined for the rest of the experiment (DOY 241). In the 5.5
and 7.5 psu treatments chlorophyll-a was highest in the initial
stage of the experiment (DOY 213) before declining for the rest
of the experiment (DOY 241). Overall, chlorophyll-a
concentration was highest during the first 3 days of the
experiment for all treatments.

Zooplankton Abundance and
Community Composition
Total zooplankton abundance was not affected by salinity
(P=0.251, Table 1) but varied over time (p<0.001, Table 1).
Abundance of zooplankton increased from the start of the
experiment and peaked between DOY 217 and 223. Abundance
then declined in the last two weeks of the experiment.

Rotifers were the most abundant zooplankton group during
the whole course of the experiment. Rotifer assemblages were
dominated by Keratella quadrata and Keratella cochlearis in all
treatments. A significant effect of salinity treatment over time
was found for rotifer abundance (P=<0.05, Table 1). Rotifers
were most abundant in 3.5 psu and least abundant in 9.5 psu
salinity treatment. Overall, abundance of rotifers increased
during the first two weeks of the experiment before declining
for the rest of the experiment in all treatments.

The most abundant cladoceran species was Bosmina
longirostris in all treatments. Abundance of cladocerans was
not affected by salinity (P=0.4891, Table 1) but varied over
time (P<0.001, Table 1). Abundance was initially low at the start
Frontiers in Marine Science | www.frontiersin.org 4
of the experiment before a rapid increase during the second and
third weeks of the experiment.

The most dominant copepod species in all samples were
Acartia tonsa and Eurytemora affinis . Total copepod
abundance (sum of adults and copepodites) was not affected by
salinity (P=0.8371, Table 1) but varied over time (P=<.001,
Table 1). Abundance was low at the start of the experiment
before exhibiting a rapid increase during the first week of the
experiment. The population then declined during the second and
third week. Nauplii abundance was not affected by salinity
(P=0.8131, Table 1) but varied over time (P<0.01, Table 1).
Initially there was a low abundance of nauplii before increasing
during the first week of the experiment. Abundance then
declined in the second and third weeks of the experiment
before increasing again during the fourth and final week of the
experiment. Among the two dominant copepod species, E. affinis
abundance was affected by salinity change (P=<0.05, Table 1) as
well as time (P<0.01, Table 1). They were most abundant in 9.5
psu salinity treatment and least abundant in 3.5 psu. Abundance
increased over the first four weeks of the experiment, until the
final week when abundance rapidly decreased in all treatments.
A. tonsa was not affected by changing salinity but its abundance
varied over time (P<.001, Table 1) with a large spike in
abundance during the first week of the experiment and
population decline thereafter.

Zooplankton Richness and Evenness
A total of 18 zooplankton taxa (9 rotifer, 4 cladoceran, 3
copepod, 1 barnacle larvae and 1 chironomidea larvae) were
recorded in the experiment (Supplementary Material, Figure
S1). Zooplankton richness was not affected by salinity treatment
and did not vary over time (Table 1).

A significant treatment-by-time interaction was found for
zooplankton evenness (P=<0.05, Table 1 and Figure 2). In the
3.5 psu treatment, initial low zooplankton evenness was
associated with a community dominated by rotifer K. quadrata
(72%) and K. cochlearis (18%) (Figure 3). Evenness increased
over time when other rotifer species become more abundant and
reached the maximum at the end of the experiment (Figure 2)
with the greatest contribution of K. cochliaris (48%) followed by
Brachionous (18%) and an 8% contribution of K. quadrata.
TABLE 1 | Results of the mixed effect models for response variables with salinity, time, and their interaction.

Response Transformation Salinity Time Treatment x Time

Chlorophyll-a Log F=8.8434, P=0.0064** F=18.6951, P<.001**
Total Zooplankton Abundance Log F=1.66355, P=0.251 F=11.03389, P<.0001***
Rotifers Log F=4.3379, P=0.0431* F=17.8307, P=<0.001 *** F=2.4379, P=0.0236*
Cladocerans Log F=1.51600, 0.2831 F=6.06417, P=0.0006***
Copepods Log F=1.4856, P=0.2903 F=22.8703, P<.0001***
A. tonsa Log F=0.4686, P=0.7123 F=63.6297, P= <.0001***
E. affinis Log F=5.4863, P=0.0242* F=8.8578, P= 0.0001***
Nauplii Log F=1.0004, P=0.4409 F= 5.0064, P= 0.0022**
Zooplankton Richness F=1.108, P=0.4010 F=1.997, P=0.1125
Zooplankton Evenness F=0.1313, P= 0.9387 F= 1.9031, P= 0.1358 F= 2.2681, P= 0.0341*
June 2022 | Vol
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In the 5.5 psu salinity treatment evenness was initially low
and heavily dominated by K. quadrata (74%) and K. cochliaris
(19%) (Figure 3). A steady increase in evenness was observed
until the end of the experiment with a reduction in the
Frontiers in Marine Science | www.frontiersin.org 5
dominance of K. quadrata (10%) and increase in dominance of
B. longirostris (36%).

In the 7.5 psu salinity treatment, there was initially low
evenness in the community dominated by K. quadrata (73%)
FIGURE 1 | Chlorophyll a concentration (dashed green line) and abundance of zooplankton groups (rotifer, cladoceran and copepod) over time for each treatment.
The dashed grey line at DOY 211 indicates salt addition.
FIGURE 2 | Zooplankton community evenness for each treatment over time. The dashed blue line at DOY 211 indicates salt addition.
June 2022 | Volume 9 | Article 861297
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and K. cochliaris (21%) (Figure 3). Rapid increase of
zooplankton evenness in the third week of the experiment was
related to the dominance shift towards B. longirostris (40%) and
E. affinis (16%). At the end of the experiment the 7.5 psu
treatment was comprised of B. longirostris (31%), K. cochliaris
(21%), Euchlanis (18%), and K. quadrata (10%).

In the 9.5 psu salinity treatment, evenness was initially low.
The community was dominated by K. quadrata (68%) and K.
cochlearis (24%) (Figure 3). Evenness rapidly increased in the
first two weeks with a reduction in dominance of K. quadrata
(39%) and an increase in B. longirostris (25%), E. affinis (14%),
Keratella testudo (10%) and A. tonsa (9%). At the end of the
experiment, evenness decreased again after dominance shift to B.
longirostris (56%), followed by K. cochliaris (24%) and E.
affinis (13%).
DISCUSSION

Our results imply that changing salinity will lead to a re-
organisation of the zooplankton community structure
(evenness and community composition). Salinity change had a
direct impact on zooplankton evenness and caused a dominance
shift from rotifers to cladocerans and later to copepods in high
salinity treatments (Figure 3). No such shift was observed in low
salinity mesocosms, suggesting that rotifers will dominate
zooplankton communities in low salinity environments in the
future, such as with declining salinity of the Baltic Sea. Rotifers
Frontiers in Marine Science | www.frontiersin.org 6
make up a significant proportion of the mesozooplankton
community (Telesh and Heerkloss, 2002), are mostly found in
freshwater environments and are generally intolerant to salinity
increase (Sarma et al., 2006; Medeiros et al., 2010). Jansson et al.
(2020) reported that rotifer abundance has been increasing in the
Baltic Sea since the 1960s, but this increase was linked to
warming and eutrophication and not declining salinity. This
may have been due to the relatively narrow salinity range (5.2-6.4
psu) where their study was conducted (Gulf of Riga). In contrast,
our experiment, which simulated future salinity change scenarios
(Meier et al., 2012), confirms that rotifers are directly affected by
salinity change (Table 1) and dominate in low salinities,
accounting for 82% of the community composition (Figure 3).

In contrast to the lowest salinity treatment (3.5 psu), where
different rotifer species dominated zooplankton community
during the whole experimental period, in the higher salinity
treatments (7.5 and 9.5 psu) rotifers were outcompeted by
cladocerans and copepods (B. longirostris and E. affinis,
Figure 3). Hence, we see a reduction in zooplankton evenness
at the end of the experiment in 9.5 psu salinity treatment when
some zooplankton groups are reduced or lost (e.g. K. quadrata,
K. testudo and Brachionus) the shift is complete and the majority
of the community is dominated by B. longirostris (Figure 2). In
the 7.5 psu salinity treatment the same shift in dominance was
found as in 9.5 psu, but it took longer to reach a cladoceran-
dominated community (Figure 1). B. longirostris has been found
to adapt to a wide range of salinities (Jeppesen et al., 1994;
Deasley et al., 2012), thus it was able to outcompete rotifers in 7.5
FIGURE 3 | Proportional abundance of taxa on DOY 211, 217, 229 and 241 of the experiment for all salinity treatments. Taxa under 5% abundance are excluded
for simplicity. Note that DOY 211 is before salt was added to the treatments and is included to show similarity in community at the start of the experiment.
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and 9.5 psu treatments. However, as filter feeders, cladocerans
can be negatively affected by toxic cyanobacteria blooms
expected to proliferate with projected freshening and warming
of the Baltic Sea (Meier et al., 2011) promoting rotifer and
copepod abundance. Some rotifers were able to persist in high
salinities however, namely K. cochlearis. This could be due to K.
cochlaris being able to tolerate fluctuations in salinity (Paturej
and Gutkowska, 2015).

Zooplankton richness increased directly after salt addition in all
experimental units, with dominant rotifers suffering and copepods
benefiting from the disturbance (Figure 3). Copepods dominated by
A. tonsa and E. affinis were most abundant in the 9.5 psu salinity
treatment. Over the course of the experiment population of A. tonsa
declined and was replaced by E. affinis (Figure S1, supplementary
online material), indicating competitive exclusion, as both species
have similar feeding strategies and prey size preferences (Richman
et al., 1977; Engstrom, 2000). A. tonsa exhibit a broad tolerance to
salinity, being able to survive salinities as low as 0.5 psu, but with an
optimum salinity of between 10 and 20 psu (Cervetto et al., 1999;
Calliari et al., 2006). E. affinis, which is generally regarded as a
brackish species (Lee and Petersen, 2003), has salinity optimum of
10 psu (Karlsson et al., 2018), which is close to our highest salinity
treatment and therefore may be better adapted to this salinity range
than A. tonsa.

An alternative reason for the increased abundance of E. affinis
found in high salinities could be a potential hormetic response to
salt addition whereby, in rapidly producing more nauplii, the
population of E. affinis is able to adapt to stressful conditions by
guaranteeing the survival of at least a few individuals. Further
evidence of this is given by an increase in juvenile and adult
copepods found in the second week of the experiment, suggesting
the nauplii produced in the first week were able to survive the high
salinity environment. A hormetic response is when an
environmental stressor (e.g. toxins, herbicides) stimulates an
adaptive response that increases the resistance of the organism to
a level of stress (Calabrese et al., 2007). This phenomenon has been
studied elsewhere in nature (Calabrese and Baldwin, 1998; Beckers
et al., 2009; Alyokhin et al., 2013; Vargas-Hernandez et al., 2017).

In intermediate salinities (5.5 and 7.5 psu) copepods were
outcompeted by cladocerans, which reflects their different salinity
optima, copepods preferring marine and cladocerans freshwater
conditions (Sommer and Sommer, 2006). In the lowest salinity
treatment (3.5 psu), rotifer abundance did not affect the
population dynamics of cladocerans or copepods (Figure 1),
with groups tracking the pattern of food availability without
apparent competition. This result has also been found elsewhere:
a study by MacIsaac and Gilbert (1989) showed that a high
abundance of rotifers can be maintained in the presence of
small cladocerans such as B. longirostris. We found that in the
3.5 and 9.5 psu salinity treatments an increase in community
evenness over the first two weeks of the experiment (Figure 2)
corresponded to a reduction in chlorophyll-a concentration.
Conversely, when evenness declined in those treatments in the
third and fourth week, we saw a recovery in chlorophyll-a
concentration. We suggest this could be due to a more diverse
zooplankton community using their resources more efficiently and
therefore being able to reduce producer biomass (phytoplankton)
Frontiers in Marine Science | www.frontiersin.org 7
more greatly (Duffy, 2002). In contrast, constant grazing from
multiple zooplankton groups keeps phytoplankton concentrations
low in the second half of the experiment in the intermediate
salinity treatments (Figure 1). Rotifer dominated communities
have also been found to be less efficient in controlling
phytoplankton biomass than other zooplankton groups
(Jakobsen et al., 2003), which might be a reason why we
observed recovery of phytoplankton biomass (measured as
chlorophyll a concentration) in low salinity treatments by the
end of the experiment (Figure 1). This suggests with declining
salinity of the Baltic Sea a shift to a rotifer dominated community
may lead to less efficient grazing of phytoplankton and the
increased risk of intense algal blooms in summer months.

In conclusion, we show that salinity change results in the
restructuring of the zooplankton community. In low salinities, the
dominance of rotifers throughout the experiment suggests they are
most well adapted to freshwater environments, though some
brackish species that are able to tolerate fluctuations in salinity
(e.g. A. tonsa copepods and B. longirostris cladocerans) can persist
in low abundance. With environments predicted to decline in
salinity, such as the Baltic Sea, shifts from marine to brackish
conditions will result in reduced food availability and increased
resource competition between copepods and cladocerans,
benefitting the latter due to their better adaptation to brackish
conditions. This will therefore lead to a shift from a community
comprised of complex organisms (copepods) to simpler ones
(cladocerans and rotifers), potentially strengthening the negative
effects of warming and eutrophication on zooplankton (Daufresne
et al., 2009; Jansson et al., 2020), and consequently altering the
functioning of pelagic food web. Although this study focusses on
salinity change, in nature environmental variables are rarely acting
in isolation to one another. Other stressors such as warming can
affect the metabolic activity of zooplankton (Mayor et al., 2015)
and lead to multistressor effects (Souissi et al., 2021). Trophic
interactions may also be affected by salinity change and effects on
other trophic levels, especially with regards to toxic cyanobacteria
and phytoplankton should be considered in future studies
(Viitasalo and Bonsdorff, 2022).
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