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Abstract 

Rotifers, cladocerans, and copepods constitute the bulk of zooplankton biomass in freshwater 
ecosystems. An increase in salinity levels due to evaporation from freshwater bodies affects species 
richness and zooplankton abundance. We exposed zooplankton in mesocosms to sub-oligohaline salt 
concentrations (0, 50, 100, or 200 µg/L of NaCl) for 18 days. We also measured selective 
physicochemical water parameters. Our results showed that pH, phosphates and chlorophyll a levels 
of the medium in the test jars decreased with time. However, conductivity values did not show any 
clear trends with time. The initial zooplankton composition consisted of 13 rotifer, 1 cladoceran and 
2 copepod species. After being exposed to 200 mg/L salinity level for three weeks, only 5 rotifer 
species and 1 cyclopoid species survived, and in terms of densities, naupliar stages dominated. The 
densities of Brachionus calyciflorus, Keratella cochlearis, and Polyarthra vulgaris decreased with 
increasing salinity level and exposure time, while Brachionus angularis and Brachionus budapestinensis 
were eliminated. The low levels of salt used in this work had also adverse effects on species richness 
and abundances of zooplankton, over just a few days. Therefore sub-oligohaline levels of salinity 
may pose a threat to species richness and abundances of zooplankton in natural waterbodies. 

Keywords: rotifers; nauplii; sub-oligohaline salt 
 

1. Introduction 

The Temperature, pH and salinity are some of the limiting abiotic factors in aquatic ecosystems 
and whose interaction at suboptimal levels can alter the tolerance capacity of organisms [1]. Beyond 
the tolerance limits, aquatic organisms are unable to survive, grow or reproduce optimally [2]. One 
of the environmental factors that regulates the distribution, abundance and development of 
planktonic organisms in aquatic ecosystems is salinity due to the presence of ions at various 
concentrations [3]. Species have particular adaptations that allow them to compete and survive, thus 
resulting in unique species composition and abundances [4]. 

With global warming, excessive use of agrochemicals from intensive agriculture and road salt 
applications etc., world trends indicate salinization of inland water bodies is on the rise [5–7]. There 
are also natural causes, which occur through seasons with changes in the chemical components of 
water (increase or decrease in salts) as a result of evaporation, rains, or melting of ice [8]. These 
influence population dynamics in planktonic communities that are more sensitive to salinity [9]. 

Salinity tolerance is the capacity of a species to withstand salt stress without experiencing 
harmful effects on survival, reproduction or abundance. This tolerance is species-specific, so different 
species of the same genus may have different ranges of tolerance to salinity [10]. Freshwater 
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zooplankton species are mainly composed of rotifers, cladocerans and copepods, of which the first 
two groups are truly freshwater inhabitants. The phylum Rotifera (with about 2100 species) has more 
than 140 genera of which the genus Brachionus is well-studied with reference to both basic and 
applied aspects, including salinity tolerances [11]. Brachionus has some species such as B. dimidiatus, 
B. rotundiformis and B. plicatilis, which can tolerate salinities greater than 50 g/L, while others such as 
B. calyciflorus are generally oligohaline [12,13]. 

Freshwater waterbodies are usually oligohaline 500 mg/L to 5000 mg/L. However, due 
evaporation, even the sub-oligohaline temporary rain-fed waterbodies could become mesohaline (5 
to 18 g/L) or even polyhaline (>18 g/L) [14,15]. Therefore, plankton living in such waterbodies 
experience gradual stress from low levels especially during the initial stages of pond evaporation. 

Most laboratory tests are based on exposing freshwater species to high levels of salinity, usually 
above 5 g/L [16,17]. In many cases, the responses of rotifers to high salinity is to offset osmotic 
pressure and during this process, effects such as reduction in feeding rates, lower survival, reduced 
somatic growth, decreased offspring production, and decreased rate of population growth are 
observed [18]. These changes occur usually within a few days. However, at very low salt 
concentrations, for single species tests, these changes are not evident or at least not quantifiable using 
the available ecological tools [19]. 

Compared to single species tests, exposure of many species to sub-oligohaline (<500 mg/L) 
concentrations permits detection of changes at the community level [20]. This is because a few species 
in a zooplankton community respond to low levels of salinity and this leads quantifiable 
consequences in the composition and structure of coexisting taxa [21]. Further, in a zooplankton 
community species represent different taxonomic groups, from rotifer to crustaceans. Within the 
crustaceans, copepods have different naupliar stages, all of which respond differently leading to 
subtle changes in the community composition [22]. In addition, the phytoplankton species present in 
the plankton when exposed to low concentrations of salt, also respond differentially depending on 
their relative sensitivities [23]. These further affect the feeding rate of zooplankton. Therefore, 
community level exposure of plankton to sub-oligohaline salt levels show responses, which cannot 
be obtained by exposing individual species to the same salinity stress concentrations [24]. 

The aim of this work was to expose the plankton community to different sub-oligohaline levels 
and to record changes in the relative abundances of different species over a period, under laboratory 
conditions. 

2. Materials and Methods 

Plankton for experiments was collected from a freshwater shallow lake (Xochimilco located in 
the Mexico City (20.5° N 86.9° W). 50 liters of lake water was filtered using a 20 µm mesh. To remove 
large organisms such as insect larvae and plant twigs we used different mesh sizes progressively 
from 5000 to 200 µm. Finally, the filtered lake water contained predominantly phytoplankton and 
zooplankton. 

The tests were carried out in transparent circular glass containers each with 3-liter filtered lake 
water, randomly added. To each test container we added pure NaCl solution so as to obtain final salt 
levels of 0 (no salt), 50 mg/L, 100 mg/L and 200 mg/L. For each salt concentration we set up 4 
replicates. Thus in all we used 16 (= 4 salt levels X 4 replicates) test containers. The test containers 
were maintained at 23±1°C temperature with photoperiod 12 :12 L:D. Following the start of the 
experiment and after every 3 day-interval, we measured selective physicochemical parameters 
(temperature, pH, dissolved oxygen and Chl a) [25]. For plankton analysis, we collected three 50 ml 
samples from each replicate. Whole sample analysis was carried out under stereomicroscope to 
quantify the abundances of rotifers, cladocerans, copepods and copepod nauplii. The experiments 
were terminated after 18 days by which time a clear shift from rotifers to copepods in the zooplankton 
community was observed in the test containers. 

Shannon´s species divesity index was calculated using the following formula [26]: H′ =  ̵ Σpi 
ln(pi), where, pi is the proportion of a given species density in the total abundance of a sample. 
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Evenness (J′) was calculated using the following formula [27]: 

J′ = H′/(ln S), 

where, H′ is Shannon index; S is species richness in the sample. 
In order to determine differences in the abundances of rotifers and crustaceans, among the 

treatments we performed two way ANOVA. 

3. Results 

Data on the selective physico-chemical variables are presented in Table 1. Since the test 
containers were placed inside the laboratory, temperature did not vary considerably (21±2°C). 
Similarly dissolved oxygen levels remained similar throughout the test period (around 6 mg/L). 
However, other measured parameters varied. Regardless of salt levels, pH, phosphates and 
chlorophyll a levels of the medium in the test jars decreased with time. However, conductivity values 
did not show any clear trends with time. 

Initial zooplankton composition consisted of 13 rotifer, 1 cladoceran, and 2 copepod species 
(Table 2). In addition, there were many copepod nauplii, which could not be identified to species. 
However, after exposure to 200 mg/L salinity level for 18 days, only 5 rotifer species and 1 cyclopoid 
species survived. Relative abundances of zooplankton varied in treatments over the test period. The 
maximal rotifer abundances (mean±standard error, 1162±122 ind./L) were recorded in controls after 
nine days, while the lowest values (47±18 ind./L) were observed in the highest salinity treatment (200 
mg/L) after 18 days of zooplankton exposure. There was a distinct change from rotifers to crustaceans, 
mainly copepods when exposed to different salinity levels. In all treatments and in controls towards 
the end of experimental period, naupliar stages dominated (Figure 1). 

The densities of Brachionus calyciflorus, Keratella cochlearis and Polyarthra vulgaris decreased 
with increasing salinity level and exposure time, while Brachionus angularis and Brachionus 
budapestinensis were completely eliminated within two weeks (Figure 2). The total densities of 
rotifers and cladocerans in relation to different salinities and exposure periods were statistically 
significant. The interaction of salinity and the exposure time was also significant (p<0.001, Two-way 
ANOVA) (Table 3). 

Shannon’s species diversity index varied from 1.17 to 2.51, depending on the salinity level and 
the duration of exposure of zooplankton to salt concentration. In general, the zooplankton species 
diversity decreased with increasing salt level and the duration of exposure (Figure 3). Pielou´s 
evenness ranged from 0.56 to 0.89 depending on the treatment. The evenness decreased with increase 
in salt level and exposure time (Figure 4). 

Table 1. Selected physicochemical variables (pH, conductivity (µS/cm), PO4 (mg/L) and Chlorophyll a (µg/L)). 
For each variable, data represent mean±SE based on 3 replicates. 

Sampling Variable Control 50 mg/L 100 mg/L 200 mg/L 
0 days pH 9.23±0.07 9.23±0.07 9.23±0.07 9.23±0.07 
 Cond. 1749.80±15.7 1749.80±15.7 1749.80±15.7 1749.80±15.66 
 PO4 1.17±0.07 1.17±0.07 1.17±0.07 1.17±0.07 
 Chl a 119.74±16.5 119.74±16.5 119.74±16.5 119.74±16.5 
3 days pH 9.53±0.03 9.53±0.03 9.37±0.03 9.43±0.03 
 Cond. 456.33±22.34 813.67±17.32 1101.00±2.65 1538.00±43.1 
 PO4 1.35±0.03 1.30±0.20 0.80±0.01 0.50±0.12 
 Chl a 85.01±31.92 99.12±8.90 120.58±26.28 100.60±16.47 
6 days pH 9.23±0.07 9.10±0.06 9.13±0.03 9.17±0.03 
 Cond. 586.00±26.50 910.00±7.21 1336.00±44.2 1926.33±19.75 
 PO4 0.65±0.10 0.78±0.01 0.86±0.10 0.99±0.29 
 Chl a 113.51±17.37 120.52±15.95 123.65±21.41 101.09±27.06 
9 days pH 9.03±0.03 8.90±0.06 8.83±0.03 9.00±0.80 
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 Cond. 627±35.68 940.00±6.43 1528.67±29.2 1740.00±87.18 
 PO4 0.30±0.03 0.52±0.02 0.53±0.03 0.50±0.02 
 Chl a 47.24±6.76 85.82±29.75 56.30±10.10 63.46±6.80 
12 days pH 8.43±0.17 8.47±0.03 8.47±0.03 8.57±0.03 
 Cond. 626.33±45.69 954.33±40.99 1498.67±62.3 1850.00±90.47 
 PO4 0.20±0.03 0.22±0.15 0.33±0.04 0.33±0.13 
 Chl a 25.37±5.68 53.24±13.21 32.43±7.38 58.55±13.82 
15 days pH 8.47±0.09 8.47±0.03 8.47±0.03 8.50±0.75 
 Cond. 788.00±31.53 1201±25.32 1990.00±10.0 2000.00±35.00 
 PO4 0.20±0.03 0.21±0.01 0.33±0.04 0.33±0.13 
 Chl a 23.92±10.85 53.99±11.94 44.22±6.19 40.43±6.52 
18 days pH 7.76±0.03 7.83±0.03 7.83±0.03 7.70±0.06 
 Cond. 735.00±21.03 1115.00±43.4 1757.67±53.7 1900.00±100.0 
 PO4 0.35±0.07 0.54±0.06 0.34±0.02 0.41±0.02 
 Chl a 23.92±10.85 54.00±12.00 44.00±6.20 40.42±65.24 

Table 2. List of zooplankton species encountered during the test period. 

Rotifera 
Family: Epiphanidae 

Proalides subtibilis Rodewald, 1940 
Family: Brachionidae 

Brachionus angularis Gosse, 1851 
B. budapestinensis Daday, 1885 
B. calyciflorus Pallas, 1766 
B. caudatus Barrois & Daday, 1894 
B. quadridentatus Hermann, 1783 
Keratella cochlearis (Gosse, 1851) 
K. tropica (Apstein, 1907) 

Family: Lecanidae 
Lecane closterocerca (Schmarda, 1859) 

Family: Trichocercidae 
Trichocerca pusilla (Hauer, 1929) 

Family: Synchaetidae 
Polyarthra vulgaris Carlin, 1943 

Family: Asplanchnidae 
Asplanchna sieboldii (Leydig, 1854) 

Filiniidae 
Filinia longiseta (Ehrenberg, 1834) 

Cladocera 
Family: Moinidae 

Moina macrocopa (Straus, 1820) 
Copepoda 
Family: Cyclopidae 

Acanthocyclops americanus (Marsh, 1893) 
Family: Diaptomidae 

Arctodiaptomus dorsalis (Marsh, 1907) 
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Figure 1. Changes in the abundances of rotifers (A) and crustaceans (B) (cladocerans and copepods) in relation 
to salinity levels and time. Shown are mean±standard error based on 3 replicates. 

Table 3. Two-way analysis of variance between total zooplankton abundance (rotifers and crustaceans, 
separately) and salinity level and exposure time. DF: degrees of freedom; SS: sum of squares; MS: mean square; 
F ratio; p: probability. 

Source of Variation DF  SS  MS  F  P  
Total rotifer abundances    

Salinity level (A) 3 2419573.99 806524.66 85.05 <0.001 
Exposure time (B) 6 859321.67 143220.27 15.1 <0.001 

Interaction of A x B 18 1365595.73 75866.43 8.00 <0.001 
Error 56 531012.33 9482.36   

      
Total crustacean abundances    

Salinity level (A) 3 358356.75 119452.25 40.32 <0.001 
Exposure time (B) 6 1670145.45 278357.57 93.97 <0.001 
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Interaction of A x B 18 521186.87 28954.82 9.77 <0.001 
Error 56 165871.51 2961.99   

 

Figure 2. Changes in the species abundances of zooplankton under different concentrations of salt in relation to 
duration of exposure. 

 
Figure 3. Shannon diversity index of zooplankton under different concentrations of salt in relation to duration 
of exposure. 
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Figure 4. Evenness values of zooplankton community under different concentrations of salt in relation to 
duration of exposure. 

4. Discussion 

The experiments conducted using sub-oligohaline levels showed significant effects on some 
physicochemical parameters, such as Chl a levels, even though variables such as temperature and 
dissolved oxygen showed little variation due the presence of salt up to 18 days. However, pH, 
phosphates and Chl a levels showed no significant relation (Pearson's correlation) with zooplankton 
abundances during the test period. Therefore, multivariate analysis between abiotic factors with 
zooplankton could not be carried out. In many microcosm experiments, usually abiotic factors often 
fail to correlate with plankton in the presence of stressors such as toxins [28,29]. Duration of test 
conducted in this work was 18 days and at low salt levels, therefore some abiotic factors were not 
significantly correlated with zooplankton. 

Species with a greater salinity tolerance can avoid the harmful effects of high salt concentrations 
on survival, development and/or reproduction [30]. Salinity tolerance is usually species-specific [31]. 
Different species of the same genus may have wide ranges of tolerances [10]. For example, B. plicatilis 
and B. rotundiformis are euryhaline while some such as B. calyciflorus and B. havanaensis have low 
range of salinity tolereance [12,13]. Because of these differences, freshwater zooplankton community 
structure is strongly influenced by salinity and when the salinity is > 2 g/L, quantifiable changes in 
the species richness and abundances take place. However, sub-oligohaline levels also cause changes 
in the abundance dynamics of zooplankton including community composition, but these changes are 
not easily detectable and quantifiable. For example, Sarma et al. [16] cultured 10 species of freshwater 
zooplankton (rotifers and cladocerans) different concentrations of NaCl (375 mg/L to 4500 mg/L). 
Their resulted showed that salt had negative effects on the population densities of the rotifer species 
B. calyciflorus and B. havanaensis only at or beyond 1500 mg/L. On the other hand, salt level of 1500 
mg/L had significant effect on the population abundances of the cladoceran Ceriodaphnia dubia, while 
Moina macrocopa was unaffected. This suggests that relative tolerances of freshwater zooplankton to 
salt stress is possibly species-specific and due to this community responses of freshwater rotifers, 
cladocerans and copepods to salinity are considered as unpredictable [20]. In the present work too, 
at very low salt level (50 mg/L), the total rotifer abundances showed a stimulatory response until day 
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12, thereafter declined. For crustaceans, mainly copepods, their abundances began to increase up to 
100 mg/L of salt level and only at the highest salt level (200 mg/L), they had negative effects. 
Freshwater copepods have usually higher levels of tolerances to salt than rotifers and cladocerans 
([32]. Further, compared to single species tests of zooplankton, in mesocosm tests, zooplankton 
appear to be more sensitive to salt stress [20]. This is because, salt even at sub-oligohaline levels, has 
adverse effects on phytoplankton in micro or mesocosm tests, which eventually structure the 
zooplankton species composition [24]. This is possibly the reason why in our experiments, some 
rotifer species, such as B. angularis and B. budapestinensis, which can tolerate salt concentrations 
higher than 2000 mg/L [33] were completely eliminated at the salinity level as low as 50 mg/L. Our 
study highlights the importance of single species experiments and mixed-species microcosm studies 
in extrapolating findings from experimental studies to nature. 

Species richness is highly vulnerable to salinity. Increase in concentration of salts, causes 
reduced number of species in any freshwater ecosystem. This decrease in species richness is delayed 
at oligohaline levels. However, within a few weeks, the species richness decreases even in sub-
oligohaline conditions [34], as also observed in this work. Decrease in species richness is not 
necessarily a result of a decrease in total abundance of zooplankton. For example, when several 
sensitive species decline under salinity stress, the tolerant species utilizing the existing resources may 
proliferate. We also observed that sensitive rotifer species decreased in both numbers and richnness, 
the relatively more resistant copepods proliferated in abundances. Regardless of the treatment and 
the duration of exposure to salinity, the maximal abundance (1490±165 ind./L) of all zooplankton 
species including copepod nauplii was in the controls on the 9th day. Zooplankton abundances in 
lake Xochimilco from which the test species were obtained are usually >1000 ind./L and in some cases, 
rotifer species alone may reach up to 28,000 ind./L [35]. The richness and abundance of rotifer species 
are characterized by their tolerances to widely fluctuating environmental conditions in shallow water 
bodies [36]. However, the presence of rotifer species such as the members of the genus Brachionus (B. 
budapestinensis, B. calyciflorus, B. quadridentatus, B. havanaensis and B. caudatus) generally indicate 
favourable environmental conditions including low salinity. In our test containers, these species were 
present initially. With time, these brachionids disappeared, first- and -, followed by the others. When 
exposed to salinity, gradually these species were eliminated in accordance with their tolerances. Salt 
concentration and exposure time may have synergistic effects on zooplankton [37]. This is evident 
from the statistical evaluation of the data where the interaction of salt level and exposure time had 
significant effect. 

Species diversity data decreased with time in all salinity treatments including controls. 
However, at salinity concentrations of 200 mg/L, Shannon diversity index was reduced to about 50% 
of its initial value. Reduction in Chl a levels from day 9 onwards was due to a decrease in 
phytoplankton density. Yet, rotifer abundances continued to increase until day 9. During this period, 
brachionid rotifers possibly fed on detritus as an alternative food source. We did not measure the 
detritus levels in our test jars. There is evidence that the rotifer species B. budapestinensis and B. 
caudatus feed on smaller detritus particles [19], which was possibly the case here. The decrease in 
Shannon index values in the test containers may have been due to reduced phytoplankton, which 
serves as food for zooplankton. However, this was accelerated by the salt level, especially at 200 
mg/L. Pielou´s evenness also decreased with salt concentration and duration of exposure. For 
example, at 200 mg/L of salinity level, the evenness was lower by about 32% during 18 days of 
exposure as compared to the initial value. In terms of abundances, when a few species dominate the 
community, evenness decreases [38]. Under stressful conditions, sensitive species become less 
abundant than the resistant species and hence the evenness values decrease. 

5. Conclusions 

Our study showed that sub-oligohaline levels of NaCl had adverse effects on abiotic factors such 
as Chl a, which decreased with increase in salt levels. Further, the effects were not visible during the 
first two weeks. Thus, the effects of sub-oligohaline levels of salt can only be quantified over a period 
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of time. The low levels of salt used in this work had also adverse effects on both species richness and 
abundances of zooplankton, over just a few days. Therefore sub-oligohaline levels of salinity may 
pose a threat to species richness and abundances of zooplankton in natural waterbodies. 
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