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Salinity effects on survival and life history of two freshwater
cladocerans (Daphnia magna and Daphnia longispina)
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Salinity is a serious threat to freshwater ecosystems, particularly those near coastal areas. An increase in salinity produces
drastic changes in community structure of freshwaters, sometimes in an irreversible fashion. Thus, freshwater species must cope
with salinity stress in a manner proportional to their degree of tolerance. Bearing this in mind, we studied the acute and chronic
effects of different salinity concentrations in two species of cladocerans: Daphnia magna Straus, a standard test organism, and
Daphnia longispina O. F. Müller, an autochthonous species. Salinity experiments were based on successive dilutions of a stock
solution of NaCl in a synthetic medium. The results showed that D. magna is more tolerant than D. longispina, both in acute
(EC50 5.9 and 2.9 g/L, respectively) and chronic (EC50 5.0 and 2.2 g/L, correspondingly) exposures. In the chronic exposure,
salinity caused a significant reduction in fecundity and a developmental delay (increase in age at first reproduction), as well as
a decrease in the growth rate of daphnids. However, these effects were mainly observed at salinity concentrations where mortality occurred.
Keywords: saline stress, sodium chloride, toxicity tests, freshwater zooplankton, life history.

Introduction
Salinity intrusion in freshwater ecosystems is a problem that is becoming increasingly serious due to environmental change. These systems can suffer important
alterations with the increase of salinity due to global
climate change, such as the action of rainwater and
wind, evaporation and sea level rise (Schallenberg et
al. 2003). This is particularly important in coastal
freshwater systems or in estuaries, which occupy a
large area in our country (Portugal). Several authors
(e.g., Hall & Burns 2003, Schallenberg et al. 2003)
have reported a reduction in the diversity and abundance of zooplankton communities exposed to salinity
increases. Freshwater species must either adapt or
avoid the saline stress in order to survive and reproduce. The ability of the organisms to survive and reproduce in such unstable environments is as high as their
tolerance (Rokneddine & Chentoufi 2004). Studies
have been carried out in freshwater ecosystems threatened by salinity, in order to evaluate how the raise in
salinity affects zooplankton, altering ecosystem structure and function (Hall & Burns 2003, Nielsen et al.
* Corresponding author : E-mail : ana.goncalves@bio.ua.pt

2003, Schallenberg et al. 2003, Rokneddine & Chentoufi 2004). Still, there is little information on how the
increase of salinity affects ecosystem integrity in order
to predict the impact and rehabilitate aquatic systems
(Nielsen et al. 2003). Therefore, it is important to study
the effect of salinity stress in freshwater organisms.
Among these, zooplankton has long been used as a suitable group to assess the impact of environmental
change, in part due to its key intermediate position in
the trophic food web. Zooplanktonic organisms are frequently used as indicators of water quality due to the
close relationship between environmental factors and
species composition, which are mainly affected by mineralization gradients (Sánchez-Colomer 1996, Boronat et al. 2001). Salinity changes in freshwater systems
may greatly affect survival and life history (growth and
reproduction) of zooplankters and, consequently, have
an impact on higher trophic levels. Cladocerans, one of
the most abundant primary consumer groups in lentic
ecosystems, show different physiological tolerances to
several ionic components (Bos et al. 1996) and are
good indicators of environmental changes (e.g., water
quality and/or historical differences), especially regarding salinity changes (Sánchez-Colomer 1996, Boronat et al. 2001, Amsinck et al. 2003). The genus Daph-
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nia, in particular, is more or less tolerant to salinity and
the differences among species can produce distinct effects in the system dynamics, such as in the abundance
of primary producers, the rate of primary production
and rates of nutrient cycling (Boronat et al. 2001,
Hairston et al. 2005). As an example, euryhaline Daphnia magna lives in fresh, brackish and athalassohaline
waters, while daphnids from the longispina group (D.
longispina, D. galeata, D. cucullata) prefer waters
with low mineralization and are very sensitive to magnesium, for example (e.g., concentrations above
0.6 g.L-1 become lethal for them) (Alonso 1996).
In order to assess the tolerance of Daphnia to salinity
(as NaCl), we tested its effects on immobilisation
(acute toxicity) and life history (chronic toxicity) responses of two Daphnia species: Daphnia magna
Straus and Daphnia longispina O. F. Müller. The former is a common test organism, widely used in standard ecotoxicological procedures, while D. longispina
is an ubiquitous European species (D. longispina corresponds to D. hyalina and D. rosea morphotypes, as
suggested by Petrusek et al. 2005). The main aims of
this study were: 1) to determine salinity thresholds
which cause adverse effects to Daphnia spp., both in
acute and chronic exposures; 2) to compare these thresholds between species (i.e., to compare their tolerance).

Materials and methods
Daphnid cultures
Monoclonal cultures of Daphnia magna (clone A,
sensu Baird et al. 1989a) and Daphnia longispina
(clone EM7, sensu Antunes et al. 2003) have been reared in our laboratory for several generations using widespread procedures for D. magna (see Baird et al.
1989b, Soares et al. 1992, ASTM 1997). Daphnids
were cultured in American Society for Testing and Materials hard water medium (ASTM 1980), to which an
organic additive (Ascophyllum nodosum extract, Baird
et al. 1989b) was added. Cultures were reared under a
16hL:8hD photoperiod (provided by cool fluorescent
white lights) and a temperature of 20±2ºC. The medium was renewed every other day, to a total of three times per week. Animals were fed with Pseudokirchneriella subcapitata (Korshikov) Hindak every other day,
at a concentration of 3.0x105cells.mL-1 for D. magna
and 1.5x105 cells.mL-1 for D. longispina. Algal (food)
ration was determined spectrophotometrically, as described for Chlorella vulgaris Beijerinck by Carvalho et
al. (1995).
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Acute tests
Tests were performed according to standard protocols (ISO 1996; OECD 2000; EPA 2002) under the
same temperature and photoperiod regimes as described for rearing procedures. For both Daphnia species,
experiments were initiated with neonates (< 24-h-old)
obtained from the same bulk culture, born between the
3rd and 5th broods. The experimental saline concentrations were obtained by successive dilutions of a stock
solution of sodium chloride (NaCl) in the synthetic
hard water medium, with salinity concentrations ranging from 4.40 g.L-1 to 7.09 g.L-1 and from 2.50 g.L-1 to
4.03 g.L-1 for D. magna and D. longispina, correspondingly. The culture medium was used as the control
treatment. Tests were carried out in glass beakers (four
per treatment) containing 100 mL of test solutions. A
static design was employed, using 20 animals (randomly divided into four groups of five animals) per
control and per NaCl concentration. Daphnids were exposed to the different salinity concentrations during 48
h without food or organic extract. Vessels were
checked for immobilised individuals, at 24 and 48 h,
for posterior determination of EC50 values (see Statistical analyses).
Chronic tests
Tests were conducted for 21 days according to standard protocols (ASTM 1997; OECD 1998; ISO 2000),
under the same temperature and photoperiod regimes
as described for rearing procedures. Tests were initiated with neonates (< 24-h-old) obtained from the same
bulk culture, born between the 3rd and 5th broods. The
body lengths (from the base of the spine to the top of
the head) of a subsample (n=20) of neonates from the
same batch were measured under stereoscope magnification in order to determine their size at the beginning
of the test (li – initial body length). The saline concentrations tested ranged from 3.42 g.L-1 to 5.50 g.L-1 for
D. magna and from 1.55 g.L-1 to 2.50 g.L-1 for D. longispina. The culture medium was used as the control
treatment. Experiments were carried out using glass
beakers (10 per treatment) containing 50 mL of test solutions (including organic extract, unlike in the acute
tests). A semi-static design was employed, using 10 individualised organisms (i.e. one per replicate) randomly assigned to the control and to each NaCl
concentration. Daphnids were fed daily (with P. subcapitata) and transferred to freshly-prepared test solutions every other day. Animals were checked every day
at the same approximate hour for mortality and reproductive state (presence of eggs or offspring). When
neonates were released, they were counted and discar-
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ded. A life history table was built with the mortality
and fecundity data. At the end of the test, all surviving
organisms (mothers) were measured (from the base of
the spine to the top of the head) under stereoscope
magnification (lf – final body length). This allowed the
calculation of the somatic growth rate, which was estimated from the initial (li, in mm) and final (lf, in mm)
body size of the daphnids, according to the following
expression:

where growth rate is expressed in day-1 and Δt is the
time interval (21 days).
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Results
Acute immobilisation tests showed that D. magna
was more tolerant to salinity than D. longispina. The
acute EC50 value determined for D. magna (5.9 g.L-1)
was about twice the value obtained for D. longispina
(2.9 g.L -1) (Table 1). In absolute terms, the NaCl
concentrations used in the acute test represent low levels of salinity.
Table 1. Acute (immobilisation and chronic (fecundity) EC50 values
of salinity (as NaCl) for D. magna and D. longispina, with respective 95% confidence limits (in brackets).

Survival and fecundity estimates were also used to
compute the intrinsic rate of population increase (r).
This demographic parameter was iterated from the Euler–Lotka equation:

where r is expressed in day-1, x is the age class (1…n
days), lx is the probability of surviving to age x, and mx
is the fecundity at age x. Pseudovalues and standard errors for r were estimated using the jack-knifing technique described by Meyer et al. (1986).
Statistical analysis
For each Daphnia species, the EC50 values for immobilisation (acute tests) and fecundity (chronic tests)
were calculated by probit analysis (Finney 1971). To
test the significance of the effect of salinity on the life
history parameters of the daphnids, a one-way ANOVA
was employed on the chronic test data. When the
ANOVAs were statistically significant, a Dunnett test
was then applied to the data in order to determine
which concentrations were significantly different from
the control group. This procedure allowed the determination of the standard NOEC (No Observed Effect
Concentration) and LOEC (Lowest Observed Effect
Concentration) values. A significance level (Ȋ) of 0.05
was used in all the analyses.

Salinity caused a significant effect on the life history
of both daphnids, affecting all parameters, with the exception of number of broods in D. magna (Table 2). Figures 1 and 2 show the life history responses of D.
magna and D. longispina to salinity, respectively. Mortality was not higher than 10% in D. magna, except in
the last concentration where it achieved the highest value (90%). In D. longispina, mortality increased in the
last two concentrations (30 and 90%, correspondingly). A concentration-dependent decrease in the number of offspring was observed for both species, accompanied by a developmental delay, i.e. an increase in age
at first reproduction (AFR). The number of broods produced per female was significantly reduced only in D.
longispina. As a consequence of the lower fecundity
and of the developmental delay, the intrinsic rate of increase (r) was also significantly reduced in both species in a concentration-dependent manner. A decrease
in the somatic growth rate of both species was also ob-

Table 2. Summary of one-way ANOVAs applied to the life history parameters with D.
magna and D. longispina (d.f. – degrees of freedom; p – probability; NS – non significant).
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Fig. 1. Life history parameters of Daphnia magna exposed to different salinities (as NaCl
concentrations) for 21 days. Error bars represent standard error and * indicates statistically significant differences (Dunnett test, p≤0.05) between the test concentrations
and the control (CTL).

served; however, in D. longispina, this reduction was
preceded by a stimulatory effect at low levels (1.55
g.L-1). The number of offspring was the most affected
parameter, being drastically reduced with the increase
of salinity in both species.

For both Daphnia species, reproductive impairment
and mortality occurred within a narrow range of salinities (5.00-5.50 g.L-1 in D. magna and 1.71-2.50 g.L-1 in
D. longispina).

The EC50 values determined from the fecundity data
showed again that D. magna tolerate salinity concentrations two-fold higher than the salinity concentrations tolerated by D. longispina (Table 1). Indeed, the
LOEC value for all parameters in D. magna was
5 g.L-1, while for D. longispina it ranged between 1.71
and 2.07 g.L-1 (Table 3). Acute and chronic EC50 values
were very close within each species, for both Daphnia
species (Table 1). In fact, the concentrations used in the
chronic test were very close to the acute EC50 value for
each species, with life history impairment occurring
immediately prior to high mortality (see Figs 1 and 2).

Discussion
This study demonstrated that relatively low levels of
salinity are deleterious to both freshwater cladoceran
species: D. magna and D. longispina. The acute and
chronic EC50 values for D. magna (5.9 g.L-1 and 5.0
g.L-1, respectively) were about two-fold the values obtained for D. longispina (2.9 g.L-1 and 2.2 g.L-1, correspondingly), which confirmed that D. longispina is
more sensitive to salinity stress. The higher sensitivity
of D. longispina, relatively to D. magna, has also been
shown for other stressors, namely xenobiotics (e.g. Antunes et al. 2004; Marques et al. 2004a,b), although this
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Fig. 2. Life history parameters of Daphnia longispina exposed to different salinities (as
NaCl concentrations) for 21 days. Error bars represent standard error and * indicates
statistically significant differences (Dunnett test, p≤0.05) between the test concentrations and the control (CTL).

Table 3. NOEC and LOEC values (in g.L-1) for each life history parameter of D. magna
and D. longispina exposed to different salinity concentrations during 21 days.

is not always the case (see e.g. Pereira et al. in press).
This poses questions on the validity of standard test organisms (particularly D. magna) as representative of
related taxa.
The EC50 values obtained in this work are comparable to other studies with Daphniidae (see Table 4). A

high variability of protocols has been used when testing the effects of salinity, so comparisons must be
made with caution. Kefford et al. (2004), for example,
stated that artificial sea salt is less toxic than NaCl. Differences in tolerance to artificial sea salt and NaCl may
be due to pH, which tends to be lower in NaCl treat-
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Table 4. Acute and chronic EC50 values of salinity calculated by this study and other authors for Daphniidae.

ments (Kefford et al. 2004). The juvenile D. carinata
acute EC50 value obtained by Hall & Burns (2002) was
much lower than that obtained by Kefford (2000) (Table 4). Barry et al. (2005) established that salinities of
about 4 g.L-1 were tolerated by some species within the
genus Daphnia, showing 48 h EC 50 s for seven D.
thomsoni clones that were between 7.49 and 8.79 g.L-1
(Table 4). The lowest 48 h EC50 value (0.49 g.L-1) in
the literature was obtained by Semsari & Haït-Amar
(2001) for D. magna, which is an unusual value when
compared to those obtained in this work and in the
works described above (Table 4).
Boronat et al. (2001) demonstrated that cladoceran
species have different halotolerances, ranging from
fresh to saline water bodies, with D. longispina being
estenohaline (range 0.5-1.2 g.L-1) and D. magna euryhaline (range 3.8-38 g.L-1). In fact, D. magna is one of
the most halotolerant Daphnia species (Cowgill & Milazzo 1990, Rokneddine & Chentoufi 2004, Do Hong
et al. 2004, Hairston et al. 2005). Tackx et al. (2004)
observed that cladocerans were mostly present in the
freshwater part (<0.7 p.s.u. – practical salinity units for
ocean seawater: 35 p.s.u. = 35 g.Kg-1) of the Schelde
estuary where a horizontal salinity gradient (0-10
p.s.u.) is present. On the other hand, other small zooplankters (e.g., rotifers and copepods) were abundant
in the brackish water zone (0.7-10 p.s.u.) of the estuary,
in the study. Schallenberg et al. (2003) stated that, at
salinities above 2.7 p.s.u., the zooplankton community
changes from one consisting of copepods, rotifers, cladocerans, amphipods and amoebae at low salinities, to
one represented only by rotifers.

Life history parameters can also be affected by the
increase of salinity, as shown in our study. In this work,
the most drastic reduction caused by NaCl in life history traits was that observed for the number of neonates. Additionally, growth rate of both daphnid species
was also negatively affected and maturation was delayed at the highest concentrations. Similarly, Teschner
(1995) concluded that clones of D. magna under
brackish conditions grew more slowly and matured on
average later than under freshwater conditions. Nevertheless, our results demonstrated that D. magna reproduces and lives well at salinity concentrations below
4.55 g.L-1. These results are comparable to those obtained by Schuytema et al. (1997), who stated that D.
magna reproduce and survive normally at salinity
concentrations below 4 g.L-1. Both species (D. magna
and D. longispina) showed higher rate of mortality in
the higher concentration, being noticeable a drastic reduction in the number of survivors in this concentration.
Nielsen et al. (2003) stated that microinvertebrates,
freshwater algae and aquatic plants appear to be the
biological communities less tolerant to increases in salinity, tolerating concentrations below 3 g.L-1. Other
studies (Barron et al. 2002) proved phytoplankton can
adapt to salinity conditions, although this process becomes slower as NaCl concentration increases. Some
algae (such as the ones belonging to the genus Dunaliella) are haloterant, growing at high saline media due
to physiological adaptations, such as glycerol intracellular accumulation (Avron 1986) and a salt-induced
protein (p60) present in the plasma membrane (Fisher
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et al. 1994). Correspondingly, other authors have stated
that some cladocerans develop mechanisms to adapt to
environmental changes, particularly salinity (Teschner
1995, Schallenberg et al. 2003, Rokneddine & Chentoufi 2004).
Salinity is an important and crucial factor in determining the presence, dominance and succession of organisms. This work has proved how the increase of NaCl
affects significantly survival and life history traits,
which can cause changes in the zooplankton community structure. Other authors (e. g. Nielsen et al. 2003,
Bailey et al. 2004) state that, if salinity changes occur
very rapidly, organisms can not adapt and freshwater
taxa can become locally extinct, transferring dominance to salt tolerant taxa. According to our results,
changes in reproduction and growth occur at a range of
sodium chloride concentrations very close to lethal levels. As a consequence of this, we hypothesize that salinity will produce a drastic “all-or-nothing” effect in
cladoceran assemblages, leading to their extinction, as
they are unable to survive or reproduce as soon as their
tolerance level is reached. A small increase in salinity
seems to be clearly deleterious for indigenous daphnids (D. longispina) and it is not surprising that, under
saline stress, freshwater systems quickly shift to a
more halotolerant assemblage (Nielsen et al. 2003,
Bailey et al. 2004). However, Bailey et al. (2004) demonstrated that resistance eggs of Daphnia sp. hatched
when returned from high levels of salt to freshwater
conditions, suggesting that rapid re-colonization is
possible from local ephippial egg banks.
The results obtained in this work suggest that the increase of salinity in freshwater systems can have drastic implications on biodiversity and species composition, affecting the survival, growth and reproduction of
species and eliminating them if salinity concentrations
remain above their tolerance. Further studies with
freshwater species under brackish and saline conditions are required in order to understand how freshwater species adapt to such a stressful environment, in
terms of their physiology, and to explain the inter-specific differences in halotolerance. Studies in more realistic and complex scenarios (e.g. mesocosms) may be
useful in order to understand the effects of salinity, as
well as its interactions with other factors (e.g., nutrients, fish), at the guild/community level, thus providing more ecologically relevant information.
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