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ABSTRACT: Recent advancing industrialization and urbanization have increased salt concentrations in formerly-
freshwater habitats. Freshwater animals are being affected, especially those like crustaceans that are unable to
emigrate to escape the problem. Daphnia magna is mainly recognized as a freshwater cladoceran, but there are some
strains that grow in brackish waters. There has been an increasing interest in using the freshwater crustacean
Daphnia magna as a toxicological test species for water systems. The determined 48h-LC50s from studied salinities
were 2.99, 3.92 and 4.82 %o, for Sodium chloride (NaCl), synthetic sea water and filtered natural sea water
respectively. The effect of salinity on reproduction, growth and survival rates of D. magna was studied under
laboratory conditions. All individuals were fed with Scenedesmus obliquus. Salinity effects on daphnids was
investigated at sublethal salinities LC10, LC15, LC20, LC25, LC30, LC35, and LC40 for the three tested saline
waters. The number of progeny per female was the most at 0.44%o (LC10) for synthetic sea water, at 1.67%o0 (LC10)
for NaCl, but for natural sea water at 2.48%o (LC10) and 2.82%o (LC15) were more or less like that of control. Time
to the first brood was 9, 9 and 8 for the tested waters respectively indicating delay because of salinities effects when
compared with those of control which was 7 days. Survival and growth rates of daphnids were decreased with
increasing salinities of the three tested waters. Among three salinity series tested, daphnid survival rate was the
highest in control; 97% followed by 80-90 % at LC10 after 21 days experimental period. The highest total
reproduction 95+9 neonates per female (mean £S.D.) were achieved at 0.44 %o (LC10) for synthetic sea water, over
a period of 21 days. Data showed that, groups of D. magna reared in synthetic sea water 0.44%o showed highest
length and specific growth rate. Four essential amino acids were detected for D. magna reared in 0.44%. synthetic
sea water while for control group only two. Fatty acids profile of D. magna showed four groups of saturated fatty
acids dominated by myristic acid (14:0). Moreover, unsaturated fatty acids (USFAs) represented by nine groups and
the most abundant USFAs was linoleic acid (18:2n-6).From this study, it is concluded that the strain of Daphnia
magna used in our study can not withstand high salinities; it may need a long period of time to accommodate to such
high salinities to be maintained in aquacultures to be used as live food for higher crustaceans or various species of
fish. Besides, low salinities at LC10 (0.44%o) for synthetic sea water, or below may enhance reproduction for this
test organism. [Nature and Science. 2009;7(11):28-41]. (ISSN: 1545-0740).
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INTRODUCTION concentrations and low osmotic pressure, however,
Since saline and freshwater environments require are presently being subject to an unexpected test in
completely different adaptations if the animals waters enriched with salts due to ongoing
inhabiting them are to retain suitable osmotic industrialization and urbanization, e.g. with mine
pressure and cell homeostasis, most aquatic waters and storm drain runoff from streets treated
organisms are unambiguously characteristic of either with salt in winter. As the tolerance (or lack of
one habitat or the other (Young et al. 1989). tolerance) to high salinity in freshwater animals is
Nevertheless, as salinity varies markedly in many poorly recognized, particularly in invertebrates which
habitats, such as estuaries or coastal lakes (Hall and are not mobile enough to swim away from affected
Burns 2002, Schallenberg et al. 2003), local habitats.
populations may be characterized by the presence of Zooplankton production plays an important role
micro-evolutionary  changes, the widening of in the functioning of aquatic ecosystems by making
tolerance ranges and greater phenotypic plasticity. part of the production of phytoplankton available to
Freshwater invertebrates have been submitted higher trophic levels. Crustaceans, which often
over a long period of time to selection to cope dominate the zooplankton are the major herbivores in
successfully with the low osmotic pressure of their many aquatic communities and are the main food for

present habitat. Their adaptations to live in low salt
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bigger crustaceans, various species of fish and
representative from many other taxa.

Cladocerans are very important components of
zooplankton, usually restricted to freshwater
environments (Arnér and Koivisto, 1993) with
salinity values lower than 1gL" (Hart et al., 1991) or
conductivity values less than 500 mS cm™ (Hebert et
al., 2002). The genus Daphnia is freshwater in its
origin and distribution (Peters, 1987; Teschner,
1995); for North America, there are 34 species in
freshwater environments and only one for saline
lakes; Daphnia salina (Hebert et al., 2002). Daphnia
are hypertonic to the medium and the fluxes of water
and solutes with the surrounding water could be
considerable, but they have reduced their osmotic
loads through the impermeability of their bodies and
the low internal concentration of solutes, being
sodium pumping from the epithelial cytoplasm to the
hemolymph the major mechanism for osmoregulation
in freshwater cladocerans (Peters, 1987). According
to Arnér and Koivisto (1993), although it is possible
to find D. magna in rock pools with salinity values up
to 12.5% in the Baltic Sea, they experimentally
determined that the best development was achieved at
4%. Schuytema et al. (1997) also concluded that the
best growth of D. magna occurs at salinity values
lower than 4%.. The freshwater Cladocera that
successfully colonize brackish environments are
smaller in size and have a reduced reproduction
(Arnér and Koivisto, 1993). Cowgill and Milazzo
(1990, 1991) demonstrated that reproduction,
population growth rate, and survival in D. magna
decreased as NaCl concentration increased in the
range of 0.08—6000 mgL™".

Materials
Experimental animals and food:

A freshwater D. magna strain that has been
successfully grown in our laboratory of
Hydrobiology in National Research Center for more
than 19 years in synthetic freshwater media (Fayed
and Ghazy, 2000) was used as the test organism for
this study.

Gravid females were transferred at regular
intervals to 1-L glass beakers, in which the culture
medium; synthetic freshwater medium (pH; 7.9, total
hardness; 90 mg/L as Ca CO;, alkalinity; 34 mg/L as
Ca CO;, conductivity; 260umhos) was renewed 3
times a week and were checked daily for the release
of neonates to be used in starting experiments. In
these beakers, the animals were fed 3 times a week
with 14X10" cells/ml of the green micro alga
Scenedesmus obliquus, it was previously determined
that this cell concentrations is an optimal food dosage
for this strain ( Ghazy,1997). The algal culture was
renewed once a week to maintain the algae solution

http://www.sciencepub.net/nature

29

There is relatively little information available
on the responses and adaptations of freshwater
organisms penetrating into brackish water. Among
cladocerans, a great majority are exclusively
freshwater animal, although a few genera such as
Podon, Evodne, Bosmina and Penilia , have recently
colonized brackish and marine environments and
some species like Moina hutchinsoni and
Daphniopsis pusilla live in saline lakes (Potts and
Durning, 1980). In previous studies Daphnia magna
has been found in springs of high salinities up to
62%o (Ghazy, 2003).

Martinez-Jerébnimo and Martinez-Jerénimo (2007)
also stated that Daphnia magna is mainly recognized
as a freshwater cladoceran, but there are some strains
that grow in brackish waters. Some species have been
observed in salinities up to 4 ppt, and salinities of 1.5
to 3ppt are common in pond cultures in the orient.
Even though salinity is one of the niche dimensions
that affect the distribution of D. magna, there are
only a few experimental studies on the salinity
tolerance of D. magna (Lagerspetz, 1955; Cowgill
and Milazzo 1990, 1991).

The aim of this study was to investigate the
effect of salinity of each of sodium chloride as a
model compound, synthetic sea water and natural sea
water, on survival, growth and reproduction of
Daphnia magna and to establish the maximum
salinity level in which Daphnia can survive and
reproduce to be used as a natural food in aquaculture
where Daphnia magna is of high nutritive value for
aquatic animals.

MATERIALS AND METHODS

in good condition. The algae and the daphnids were
kept at a temperature 22+ 2°C with a light period of
16 L: 8 D both during culturing and experimental
periods.

Facilities and protocols:

The experiments were carried out in 250-ml
glass beakers contained 100 ml synthetic freshwater
media for control and inoculated with 10 neonates <
24 h.

The effect of salinity treatments were conducted
using three test waters; sodium chloride (NaCl)
solution, Synthetic sea water (Instant Ocean® Salt,
Aquarium Systems,France) and natural filtered sea
water. Every treatment ran in parallel with control in
three replicates, each replicate contained 10 neonates
in 100 ml test water in 250 ml glass beakers. The
natural or artificial test water was diluted with the
synthetic freshwater media to the respective test
salinity. Test media were prepared by diluting saline
water with synthetic freshwater media until the
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required salinities were recorded with a salinity-
conductivity-temperature Meter (Y'SI Model 33).

Temperature in a 70x60x30 cm aquarium in
which test beakers were conducted, was maintained
constant by automatic heater (thermostat), Model
"hydor",Italy. A mercury thermometer was used to
measure temperature in test containers to be at 22+2’
C. Natural day length during the experiment period
was 16L: 8D. Synthetic freshwater media was used as
dilution water and for control.

Methods
Acute tests:

Acute toxicity testing were in triplicates where
groups of 10 < 24 h-old daphnids are placed in 250-
ml beakers, each containing 100 ml medium and
subjected to test conditions for 48 h. Tests were run
without food addition. The number of live organisms
after the elapse of 48h is recorded. Control test is run
in parallel. Salinities series 0, 2, 3, 4, and 5%o (parts
per thousand, ppt) for NaCl solution, 2, 4, 6, 8, 10, 20
%o for synthetic sea water and 3.5, 4, 4,2, 5.8, 6.1 %o
for filtered natural sea water, were studied.

Chronic tests:

Ten neonates (<24h-old, standard length of 1.60
to 2.00 mm) were placed in each 250 ml - glass
beakers containing 100 ml of synthetic freshwater for
control or saline water for each treatment which were
renewed with addition of  fresh food three times a
week .These experiments lasted for 21 days. Tests
were run with food addition three times a week
during changing test water.

Salinities effects on daphnids was investigated at
series: 1.67, 1.86, 2.04, 2.20, 2.35, 2.51, 2.66 %o for
NaCl, for synthetic sea water 0.44, 0.67, 0.93, 1.24,
1.60, 2.03, 2.54 %o, and for natural filtered sea water
at 2.48, 2.82, 3.12, 3.40, 3.68, 3.95, 4.42 %o which
were corresponding to sub-lethal salinities LCI10,
LC15, LC20, LC25, LC30, LC35, LC40 for each
series, determined from acute tests.

For chronic tests, three times a week, Daphnia
were removed from their container and placed
immediately into a new prepared synthetic freshwater
media, as control and different salinity-adjusted
treatments containing algal food, Scenedesmus
obliquus at 14x10 coenobia/ ml.

Survival, growth and reproduction rates of
daphnids were recorded three times a week. The
survival rate was calculated by dividing the numbers
counted every time by the number of neonates at the
beginning of the experiment.

Growth was determined from the body lengths
which were measured under the microscope with an
ocular micrometer (160 X magnification) from base
of caudal spine to the anterior edge of the head.
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Growth is described as the increase in body
length over time. Growth in crustaceans is a
discontinuous process, i.e. the succession of molts (=
exuvia, ecdyses) is separated by intermoult periods.
Each time an individual moults , the old integument
is shed and a rapid, extensive growth occurs during
the short period before the standard length at
subsequent moults was tested in function of salinity
using a repeated measures analysis of variance
(ANOVA).

The age at release of first brood was noted. After
every reproduction the offspring were counted and
taken away until end of experiment to calculate the
number of progeny per D. magna female.

Biochemical analysis:

At the end of experiment the biochemical
composition (proximate analysis), amino and fatty
acids of D. magna were determined for the best
concentration of synthetic sea water LC10 (0.44%o)
and control (0%o).

Proximate analysis: Protein content of daphnids was
determined according to Daughaday et al. (1952).
Lipid content was determined according to the
method of Knight et al. (1972). Ash and moisture
were analyzed according to the method of AOAC
(1999).

Analysis of amino acids: The sample was ground
and filtered. The residue was washed with a few ml
of 75% ethanol and the volume was made up to 100
ml. Several amino acids were examined using a
HPLC system (HP1050) with a UV detector at 254
nm. The separation was accomplished with an APS,
NH2, (5 um. 4 x250 mm) column. The mobile phase
consists of 32% (methanol/water), 60/40 with 0.3 ml
acetic acid. The flow rate was 0.9 ml/min. The
temperature of column was 45°C, while the injection
volume was one pl according to the method of
(Christian, 1990).

Analysis of Fatty acids:Lipids were extracted from
daphnids using the procedure of Folch et al. (1957)
by homogenizing them in a mechanical blender with
a mixture of chloroform and methanol (2:1 v/v). To
prevent oxidation, crystals of hydroquinone were
added to all samples. The chloroform extract was
evaporated at 55°C under vacuum and the residue
weighed.
Following the extraction of lipids from daphnids,
methyl esters of fatty acids were prepared for
subsequent use in gas-liquid chromatography. Lipid
extracts were converted to their methyl esters
according to Hartman and Lago (1973).

Analysis of methyl esters were performed on a
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CG-17 Gas Chromatography (CG Instrumentos, Sao
Paulo, Brazil), equipped with a flame ionization
detector.

A stainless steel column, 2m x 5mm, packed
with chromosorb W coated with 18% (by wt) of
diethylene glycol succinate (DEGS) was used. The
operating conditions were as follows: column
temperature, 195°C; sample vaporizer temperature,
225°C; detector temperature, 245°C. The carrier gas
used was nitrogen, at a flow rate of 40 ml/min.
Injected sample size were in the range 2.0-3.0 ml.
Fatty acids were identified by comparison with the
retention time of standards and by equivalent chain
length (Ackman, 1969).

Statistical Analyses:

Probit Analysis was used to calculate the 48h-
LC50s for acute tests and 21day - LC50s for chronic
tests on Daphnia magna, from studied salinities as
described by Finney's method (1977). The
terminology recommended by Sprague (1969), lethal
concentration (LC) was used for survival and, as

given here, represents an interpolation from three or
more partial-effect concentrations.

Data were analyzed by ANOVA using the SAS
ANOVA procedure (SAS, 1988). Fisher's least
significant difference test was used to compare
treatment means.

RESULTS AND DISCUSSION
Median lethal concentrations:

The probit estimated 48h-LC50 for NaCl was
2.99 %o, the tested concentrations ranged from 0 to 6
%o, for Synthetic sea water and natural sea water 48h-
LC50s were 3.92 and 4.82 %o, and their tested
concentrations ranged from 0 to 22%o and 0 to 6.2,
respectively (Table 1) and at the highest salinity, in
all the tests, all neonates died during 48 hours.
Mortality rates are also elevated where the salt
concentration is high, though susceptibility to salt
differs both between species and between clones of
the same species (Grzesiuk& Mikulski, 2006). The
probit estimated 21d-LC50s for the three tested
waters were 2.54, 2.27 and 3.48 %o respectively
(Table 1).

Table (1): Comparison between effects of salinities of each of sodium chloride (NaCl), synthetic sea water and
natural filtered sea water in acute (48h) and chronic (21 days) tests

Toxicity Salinity (%o)
(LC) .
NaCl Synthetic Sea Water Natural Sea
Water

48h- 21day- 21day- 48h- 21day-

acute test chronic acute test chronic test  acute chronic
test test test
LC10 1.66 1.70 0.44 0.43 2.48 2.14
LC15 1.86 1.83 0.67 0.58 2.82 2.34
LC20 2.04 1.95 0.93 0.76 3.12 2.52
LC25 2.20 2.05 1.24 0.94 3.40 2.69
LC30 2.35 2.15 1.60 1.15 3.68 2.85
LC35 2.51 2.25 2.03 1.37 3.95 3.00
LC40 2.66 2.34 2.54 1.63 4.23 3.16
LC45 2.82 2.44 3.16 1.93 4.52 3.31
LC50 2.99 2.54 3.92 2.27 4.82 3.48

The effect of salinities on the survival, growth and reproduction rate of D. magna:

Effect of NaCl salinity:

Table (2) and Fig. (1) shows the effect of different sub-lethal concentrations of NaCl on survival rate of D.
magna at the end of experimental, generally it was found that the survival rate decreased with increasing the
cultured period and also with increasing the concentrations from 0%o ( control ) to 2.66 %o ( LC40). Groups of D.
magna cultured in 0%o showed the highest significant (P <0.01) survival rate represented by 97% after 21 days.
While the lowest significant survival rate (P <0.0001) for those cultured in the highest concentration, 2.66%o
represented by 43% after 21 days. There were no significant differences between control and LC10 groups. Strong
negative correlations was observed from the first 2 days of the experiment r = -0.69 and increased till the end of

experiment to reach r = -0.99 at P<0.005.
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Table (2): Effect of salinity as sodium chloride, NaCl on % survival, growth and reproduction rate of Daphnia
magna cultured in static renewal system for 21 days.

NacCl % survival Time to Number of Mean Ilength Average weight
addition to at21®day the first progeny per of adult of adult
exposure brood female at females at 21" females at 21
medium (days) 21% day day in mm day (mg)
(%0) (meantSD)  (meanzSD)
Wet Dry
weight  weigh
t
Control 97° 7 (40+24) (3.74+0.06)" 8.7 0.322
1.67LC10 90 9 (54+9)° (3.73+0.08)" 8.3 0.375
1.86LC15 83" 9 (49+6)* (3.70+0.00)* 7.6 0.369
2.04LC20  77° 9 (49+7)* (3.61£0.07)° 7.5 0.325
2.20LC25  70° 9 (48+8)* (3.59+0.29)° 7.5 0.288
2.35LC30 60d‘ 9 (45+9)* (3.55+0.20)° 7.2 0.272
2.51LC35 503‘t 9 (33£7)° (3.42+0.13)° 6.4 0.230
2.66LC40 43" 9 (32£3)° (3.38+0.07)° 6.2 0.220
[T i lisi f - L
L | p
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Total ol N\ i | . i .
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| ' sl :
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Synthetic sea water salinity

Natural sea water salinity

Fig. (1) Survival and Reproduction of Daphnia magna grown at different salinities at the 21* day

Table (2) and Figure (3) illustrate the effect of
different concentrations of NaCl on growth rate of D.
magna at the end of experiment. Generally it was
found that the length of D. magna increased with
increasing period of culture for all concentrations.
At the end of experiment, control group (0%o
salinity) showed the highest significant (P<0.001)
lengths which represented by 3.74mm. While the
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lowest significant (P<0.001) lengths were observed
for group cultured at the highest NaCl concentrations
(2.66 %o) corresponding to LC 40, which represented
by 3.38 mm after 21 days. There were no significant
differences (P<0.001) between control group and
‘groups cultured in concentrations 1.67, 1.86 and
2.04%o0 corresponding to LC10, LC15, LC20,
respectively.
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Figure (2): Effect of different concentrations of NaCl,
synthetic sea water, and nature sea water on survival
rate (mean+SE) of D. magna during the experimental
periods (21 days).

Salinity affected reproduction of females during
the experiments the number of progeny per female at
21 day for NaCl salinity (Table 2 and Figure 1) was
highest (54 neonates/female) at 1.67%o corresponding
to LC10, but not differ significantly (P>0.01) than
those reared on 1.86%o, 2.04%o, 2.20%0 and 2.35%o.
The lowest number of progeny (32 neonates/female)
was observed for those reared at the highest

concentration (2.66%o) corresponding to LC40. So it
was noticed that the number of progeny per female
decreased as salinity increased. Arnér and Koivisto
(1993) demonstrated that the freshwater Cladocera
that successfully colonize brackish environments are
smaller in size and have a reduced reproduction.
Cowgill and Milazzo (1990, 1991) demonstrated that
reproduction, population growth rate, and survival in
D. magna decreased as NaCl concentration increased
in the range of 0.08—6000 mgL™.

Effect of synthetic sea water salinity:

Effect of different salinity treatments of synthetic
sea water on survival rate of D. magna during the
experimental period is in Fig. (2). In general the
survival rate decreased with increasing the culture
periods and increasing the concentrations of salinity,
the highest survival rate (97%) noticed for control
groups, followed by those cultured in LC10. Also,
survival decreased gradually as the concentration of
salinity increased until the highest concentration
(2.54%0) corresponding to LC40, where the survival
rate was 47%. From the first two days data showed
negative correlation r = -0.57 and increased as the
experiment progress r = -0.93 at P<0.005 (Table 3
and Fig. 2).

From Figure (3), it is clear that the length of D.
magna increased with increasing culture period for
all concentrations. It was found that the highest
length; 3.88 mm was observed for group reared in
0.44%o (LC10) which differed significantly (p<0.001)
than those reared in the other concentrations. While
the lowest length was found for those reared at the
highest concentration; 2.54%o corresponding to LC40
represented by 3.28 mm.

Mean total progeny per female, over the
experiment period ranged from 38 to 95
neonates/female .The maximum significant count
(P<0.01) was at LC10, and represented by 95
neonates/female, which differ than the other
concentrations even the control group. The age at
first reproduction was 9 days for all treatments but
was 7 days for control (Table 3 & Fig. 1).

Table (3): Effect of synthetic sea water salinity on % survival, growth and reproduction rate of Daphnia magna

cultured in static- renewal system for 21 days.

Synthetic sea

% survival

water addition
to exposure
medium (%o)

http://www.scien

at21% day  first

Time to the Number of Mean length of Average weight of adult
brood progeny per adult females at females at 21* day (mg)
(days) female at 21% 21" day in mm Wetweight Dry weight
day mean£SD) (mean+SD)
cepub.net/nature 33 naturesciencej@gmail.com




Nature and Science, 2009;7(11) Ghazy et al, Effects of Salinity on Water Flea

Control 97° 7 (46£7)" (3.35+0.27)" 7.8 0.288
0.44LC10 83" 9 (95+9)° (3.88+0.13)° 7.9 0.292
0.67LC15 80° 9 (88+7)° (3.74+0.13)° 7.8 0.288
0.93LC20 73¢ 9 (77£7)° (3.42£0.21)" 7.4 0.273
1.24LC25 70¢ 9 (66+8)° (3.40+0.3)" 7.0 0.265
1.60LC30 60° 9 (56+9)" (3.40+0.10)° 6.9 0.259
2.03LC35 53% 9 (56+7)F (3.35+0.13)" 6.3 0.255
2.54LC40 47° 9 (38+6)2 (3.28+0.2)" 5.5 0.225

Such delays in the onset of reproduction have been observed for salt-stressed horseshoe crabs Limulus
polyphemus (L.) (Ehlinger and Tankersley 2004), copepods of the species Gladioferens imparipes Thompson (Payne
and Rippingale 2001) and cladocerans Daphnia carinata King (Hall and Burns 2002) and D. magna (Arner and
Koivisto 1993). Salinity can cause both delayed maturity and a smaller size at first reproduction, as Teschner (1995)
showed for Daphnia magna.

Effect of natural sea water salinity on D. magna:

For natural sea water treatments, the salinity could affect the survival rate of D. magna (Fig. 1). At the end of
the experiment, the highest significant survival rate (P<0.0001) for control group (0%o), followed by those cultured
in the lowest salinity, 2.48%o (LC10) were represented by 97 and 80%, respectively. While the lowest significant
survival rate (27%o) at (P<0.0001) was observed for those cultured in the highest salinity of 4.42%. corresponding to
LC40 (Table 4).

Figure (3) indicate the effect of different salinities of natural sea water on the growth rate of D. magna during
the experimental period. It was found that the length of D. magna increased for all different concentrations with
increasing culture period.

For control group (0%o salinity) the daphnids lengths was 3.76 mm at the end of experiment which differed
significantly (P<0.01) than the groups cultured in different concentrations except for group cultured in concentration
2.48 %o corresponding to LC10, it was found that length of D. magna not significantly differed (P>0.01) between
control group and those cultured in 2.48%o (LC10). While the lowest significant length (p<0.01) was observed for
those cultured in the highest concentration represented by 3.23 mm (Table 4). The highest production of offspring
per female at the end of experiment (58 neonates/female) were observed at 0, 2.48 and 2.82%., which did not differ
significantly (P>0.01). However, the production declined gradually with increasing salinity till reach the lowest
significant value (P<0.01); 33 neonates/female at 4.42%o (Table 4 and Fig. 1).

Thus the growth, survival and reproduction rate of the adult daphnids decreased in a high salinity environment.
It is known that D. magna is a freshwater crustacean organism and it is adapted to low salinity condition, but on the
other hand, it was found in a previous study (Ghazy, 2003) that a strain of D. magna could survive in salinities up to
62%o in El-Imam El-Shaffie spring.

Table (4): Effect of natural sea water salinity on % survival, growth and reproduction rate
of Daphnia magna cultured in static renewal system for 21 days.

Natural sea % survival Time to the Number of Mean length of Average weight of
water at21% day first brood progeny per adult females at adult females at 21"
addition to (days) female at 21% 21" day in mm day (mg)
exposure day (mean£SD) (mean+SD) Wet Dry
medium (%o) weight weight
Control 97° 7 (58+2.8)" (3.76+0.18)" 8.7 0.32
2.48LC10 80° 8 (58+3.0)° (3.70+0.23)™ 8.1 0.30
2.82LC15 73P 8 (58+1.00)° (3.69+0.25)° 75 0.28
3.12LC20 60° 8 (48+2.0)° (3.52+0.22)° 7.2 0.28
3.40LC25 53¢ 8 (46£1.8)° (3.48+0.25)° 7.0 0.26
3.68LC30 47° 8 (4242.7)° (3.36+0.05)" 6.9 0.25
3.95LC35 33" 8 (33£2.1)° (3.35+0.11) 6.6 0.23
4.42LC40 27" 8 (33+2.0)° (3.23+0.07)° 6.1 0.23
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Figure (3): Effect of different concentrations of NaCl, synthetic sea water, and nature sea water on survival rate of
D.magna during the experimental period (21 days), 1= Sodium Chloride, 2= Synthetic Sea Water, 3= Nature Sea
Water

Comparing results in the three concentration ranges tested, we can conclude that the impairment effects on
reproduction and survival under the current treatments were provoked by salinity stress. It has been demonstrated
that various freshwater invertebrate species (including cladocerans) are more sensitive to NaCl salinity than to the
effect produced by the array of chemical compounds present in sea salt (Kefford et al., 2004). In this study, D.
magna is more sensitive to NaCl salinities than to that of synthetic- and natural sea waters. The present results
might be useful for a better understanding of how salinity affected the survival, growth and reproductive responses
of a freshwater D. magna strain. These data provide support for the use of this strain, based on this capability to
endure brackish waters, as test organism in toxicity assays performed in slightly saline conditions (up to 2.99, 3.92
or 4.82%o for the three salinities studied).

Casey et al. (2000) stated that the LC50 lethal salt concentration for Daphnia magna varies from 5491 to 5736
mg NaCl L-1).

Also, for D. magna, Schuytema et al. (1997) determined a median lethal concentration (LC50) at salinity
concentration of 6.6 gL 1 (measured conductivity, 10.0mScm_1). Cowgill and Milazzo (1990) estimated an LC50
for NaCl at 6.034 gL 1, and pointed out that the ‘‘non observable effects level’”” (NOEL) for NaCl was
approximately 1.2 gL 1. In the present study, 48h-LC50 was determined to occur at the NaCl concentration of
2.99%o, and was lower than previously reported values. This situation could be related to a greater sensitivity to
salinity by the experimental strain we used, a plausible situation since this strain has been grown with outstanding
reproductive results in freshwater conditions for more than 15 years. On the other hand, Arnér and Koivisto (1993)
reported that D. magna grew in salinities of 4%o and 8%o.

Kikuchi (1983) stated that the gills and digestive tracts of crustaceans are their basic osmoregulatory organs,
with changes in salinity capable of modifying gill morphology in Daphnia, for example. These changes affect the
so-called dark cells in particular, these being rich in mitochondria and possessed of an elaborate tubular system and
modified cell membrane. It is probable that they play an important role in osmoregulation.

Aladin (1991) described round nuchal (neck) organs in Daphnia magna embryos, whose cytoplasm is seen to be
very condensed and capable of intensive cellular absorption of salt on account of high permeability to ions. Adult
Daphnia do not rely on such neck organs, relying instead on the absorption of salt with food.

Williams (1998) remarked that D. magna in slightly brackish waters has a narrow range of salt tolerance,
whereas varieties found in highly saline lakes display a wide tolerance to this factor, as observed in Moina
hutchinsoni, a cladoceran that flourishes in saline lakes in North America at up to 40 psu, but M. hutchinsoni can be
grown under laboratory conditions at salinity values as low as 4 psu with similar results to those recorded at a higher
salinity (Martinez-Jerénimo et al., 2004; Martinez- Jerénimo and Espinosa-Chavez, 2005).

Considering its tolerance to salinity, Green et al. (2005) established that D. magna is a euryhaline species that is
particularly tolerant to salinity conditions in brackish lakes; nevertheless, they concluded that the reproductive
and/or survival rates of cladocerans are reduced at higher water conductivities. In our study, we demonstrated that
the freshwater strain we used has in fact a relatively small range of tolerance to studied salinities; nevertheless there
was a strain of D. magna has been acclimated to thrive at the upper salinity values (Ghazy,2003).
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It was found that two published examples of behavioral responses to salinity in freshwater crustaceans were
studied. First, Baillieut and Blust (1999) found that high salinity level reduced swimming speed in Daphnia magna.
Harder (1968) observed aggregation behavior in zooplankton responding to increased salinity but did not suggest
any advantages in terms of fitness.

Grzesiuk and Mikulski (2006) stated that the effect of salinity can be modified by other abiotic factors, albeit
with the pattern of these modifications varying. A strong interaction between effects of temperature and salinity on
survival of Daphnia magna has been demonstrated, a high temperature compounding the harmful effect of the
salinity (Casey et al. 2000). Even where it does not reduce lifespan, salinity may limit individuals’ growth rates,
with freshwater animals transferred to a brackish environment found to grow more slowly: as with Daphnia carinata
(Hall and Burns 2002) and D. magna (Teschner 1995, Arner and Koivisto 1993).

Biochemical composition of Daphnia magna
The protein, lipid, ash and Moisture content of D. magna reared in 0%o (control group) and 0.44%o
corresponding to LC10 synthetic sea water are given in Table (5).

Table (5): Biochemical composition of Daphnia magna reared in 0%o (control)
and 0.44%o (LC10) synthetic sea water (g/100g wet weight)

Treatment Control (0%o) Synthetic sea water LC10( 0.44%o)
Total protein 4.18+0.63 5.240.85
Total lipid 1.09+0.135 1.154+0.02
Moisture% 81£2.5 79+3.1
Ash% 8.7+1.22 8.8+1.5

Values are given as means + SE for triplicate determination

Both groups of D. magna had high moisture (81% and 79%, respectively). Protein, lipid and Ash content
slightly increased for D. magna reared in 0.44%. than those reared in control group and are represented by
5.2(g/100g wet weight), 1.15(g/100g wet weight) and 8.8%, respectively. A similar results was obtained by
Habashy (1998) suggesting that the composition of the same species (D. magna) was 6.9 (g/100g wet weight) for
protein content, 0.91 (g/100g wet weight) for the total lipid, 8.9% Ash and 84.6% for moisture. In this respect, other
studies recorded the protein content of Daphnia carinata and Moina australiensis is 54.34% and 64.80%,
respectively (Kibria et al., 1999) and in Daphnia sp. it is reported to be 49.70% (Yurkowski and Tabachek, 1979;
Watanabe et al., 1983), whereas for Moina it varies between 59% and 77.85% (Tay et al., 1991). The present
investigation showed that protein content of both groups of D. magna were 4.18 and 5.2 g/100g wet weight which is
lower than reported earlier (Tay et al., 1991) which may be due to analytical methods used.

On the other hand, these results differ from those of Das et al. (2007) who observed some variation in the
moisture, total protein and a considerable variation in the lipid level between un- enriched and enriched Moina. The
highest lipid content of 20.03% was observed for those enriched with cod liver oil emulsion and the difference
between this study and our investigation may be due to the difference in the type of foods and enriched process
(Watanabe et al., 1982; Leger et al., 1987). In this respect, Macedo and Pinto-Coelho (2001) observed that the lipid
level of Moina varied from 11.4% to 19.9% and this due to feeding effect of different algal diets.

In addition, Mitra et al. (2007) recorded lipid content in mixed zooplankton from different ponds varied from
10.79 to 14.55% DM (dry matter) and were inversely related to water temperature. Watanabe et al. (1983) analysed
various zooplankton; Daphnia containing 13% and Moina 12-27% lipids whereas in D. carinata and Moina
australiensis it ranged from 7.29-7.73% (Kibria et al., 1999).

The amino acid profile of Daphnia magna reared in 0%o (control group) and 0.44%. synthetic sea water which
corresponding to LC10, are shown in Table (6).

It was found that four essential amino acids were detected for D. magna reared in 0.44%o synthetic sea water,
while for control group only two essential amino acids (lysine and phenylalanine) were detected. Aspartic acid
showed the highest value for both groups and represented by 32.06% for D. magna reared in 0.44%o and 4.43% for
control group. On the other hand, aspartic acid, tyrosin and cysteine constituted more than 50% of the total amino
acids for group reared in 0.44%o synthetic sea water. While phenylalanine represented the lowest value (0.974%) for
control group and glutamic (0.591%) for those reared in 0.44%o synthetic sea water. Tryptophan showed
approximately similar values for both groups of D. magna. Other previous studies revealed that both D. carinata and
Moina australiensis contained appreciable levels of both essential and non-essential amino acids for fish (Kibria et
al., 1999). However, Yurkowski and Tabachek (1979) and Hepher (1988) reported lower values of some essential
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amino acids for Daphnia and Moina sp.

Table (6): Amino acids composition of Daphnia magna (% relative concentration

EAA™

Non-EAA™*

EAA,
Non-EAA

Amino acids

Lysine acid
Phenylalanin acid
Leucine acid
Isoleucine acid
Tryptophan acid
Tyrosin acid
Aspartic acid
Alanine acid
Glutamic acid
Glycine acid
Cysteine acid
Total AA
> EAA

> Non-EAA
EAA/Non-EAA

Control (0%o)

1.25+0.01

0.974+0.003

ND*
ND*

1.119+0.01

ND*

4.4340.02
1.47+0.04

ND*
ND*
ND*

9.243
2.224

7.019
0.32

Synthetic sea water (0.44%o)

1.84+0.08
1.785+0.05
0.6850+0.01
0.695+0.11
1.241+0.01
6.985+0.52
32.06+0.58

ND*

0.591+0.06
1.31+0.18
3.79+0.65

50.982
5.005
45977
0.11

* Not detected; **Essential amino acids; ***Non-essential amino acids;

Values are given as means + SE for triplicate determinations

Table (7): Fatty acids composition of Daphnia magna (mg/100 gm)

SFA"

USFA™

SFA,
USFA

Fatty acids

Lauric acid
Myristic acid
Palmitic acid
Stearic acid
Myristolic acid
Palmitoleic acid
Oleic acid
Linoleic acid
Linolenic acid
Arachidonic acid
Eicosapentaenoic acid (EPA)
Docosahexaeaenoic acid (DHA)
Erucic acid
Total FA

> SFA

> UFA

> n-6

> n-3

> PUFA

n-6/n-3
EPA/DHA

12:0
14:0
16:0
18:0
14:1n-6
16:1n-7
18:1n-9
18:2n-6
18:3n-3
20:4n-6
20:5n-3
22:6n-3
22:1n-9

Control
mg/100 g %
1.203+0.12 0.89
2.122+0.01 1.58
0.465+0.06 0.35
1.225+0.07 0.91
1.221+0.13 091
8.176+£0.58 6.1
4.857+0.47 3.63
64.457+0.59 48.12
0.488+0.01 0.36
47.46+0.58 35.43
0.733+0.01 0.55
1.2934+0.06 0.97
0.262+0.06 0.2
133.962
5.015
128.947
113.138
2514 100
115.652
45.003
0.57

Synthetic sea water

mg/100 g
1.265+0.03

2.231+£0.02

0.489+0.06
1.288+0.11
1.284+0.06
8.597+0.19
5.107+0.58
67.778+0.58
0.514+0.06
48.577+0.09
0.77+0.06
1.36+0.06
0.276+0.04
139.536
5.273
134.263
117.639
2.644
120.283
44.49
0.57

%
0.91

1.6

0.35
0.92
0.92
6.16
3.66
48.57
0.37
34.81
0.55
0.97
0.2

100

* Saturated fatty acids; ** Unsaturated fatty acidsValues are given as means + SE for triplicate determinations
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On the other hand, Watanabe et al. (1983)
reported that Artemia nauplii of different origin had
different amino acids profiles. Mitra et al., (2007)
detected all the ten essential amino acids with low
level of methionine in mixed zooplankton samples
collected from fertilized earthen ponds.

Moreover, fatty acids play a major role as an
energy source, affect cellular membrane structure and
function, are important for cell growth differentiation
and metabolism, improve resistance to stress (
starvation and osmotic shock) and regulate gene
expression ( Kamler et al., 2008)

The fatty acids composition of Daphnia magna
cultured in 0%o salinity and concentration 0.44%o of
synthetic sea water were shown in Table (7). noticed
that myristic acid was the dominant saturated fatty
acids followed by stearic acid and lauric acid for
control group (0%0S) and those cultured in
concentration 0.44%o0S, whereas, palmitic acid was
found in trace amount. It was found that D. magna in
both control and those reared in 0.44%o contain high
level of unsaturated fatty acids linoleic acid; omega-6
(48.12% of total fatty acids for control group and
48.57% for those reared in 0.44%0S) and arachidonic
acid (20:4n-6) 35.43% for control group and 34.81%
for concentration 0.44%.S, this finding in agreement
with that obtained by Aman and Altaff (2004) who
stated that Mesocyclop aspericomis contain high
level of these unsaturated fatty acids. Also, the
present study is in agreement with Das et al. 2007
who reported that the linoleic acid in sunflower oil-
enriched Moina is much higher than un-enriched
Moina. It indicates the role of linoleic acid on the
growth enhancement of M. rosenbergii ( Guary et al.,
1976; kanazawa et al., 1977b, 1979¢ and Read,
1981). Zooplankton contain high levels of
arachidonic acid which help in the growth and
survival of larvae of turbot fish as documented by
Bell et al., (1995), Sargent et al.(1995) and Tidwell et
al., (1997). Also in the present study, it was found
that Daphnia in control and those reared in 0.44%.,
not have adequate amount of eicosapentaenoic acid
(EPA) (0.55%0 of total FAs) or docosahexaeaenoic
acid (DHA) (0.97%o of total FAs) were found in
small amounts. This result was in agreement with that
obtained by Lim et al. (2000) who found very small
amounts of EPA (2.3 mg/g" dry weight) and DAA
(0.2mg/g" dry weight) in Artemia and Das et al
(2007) with Moina. From data presented total fatty
acids were similar or slightly different for D. magna
reared in concentration 0.44%.S (139.536mg/100gm)
than those cultured in control (133.962mg/100gm);
this similarity may be due to the similar food
conditions as reported by Bengtson et al. (1991), who
stated that the fatty acid composition of Artemia
nauplii is considered to be more environmentally than
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genetically determined and reflect the fatty acid
profile of the diet direct received by the original adult
population (Lavens et al., 1989).

On the other hand Das et al. (2007) reported that
the enrichment of Moina mircrura with different oils
improve the eicosapentaenoic acid (EPA) and DHA
which affect positively on growth and survival of M.
rosenbergii larvae fed on it. Daphnia like Moina may
be a beneficial alternative to Artemia especially in
developing countries where imported Artemia are
costly and sometimes scarce. Daphnia spp. is known
to be suitable live food source for raising fish and
prawn larvae (Masters, 1975; Rasawo and Radull,
1986; Habashy, 1998). However, Abdel Rahman
(1996) proved that enrichment of Artemia with
HPUFA greatly increase growth and survival of fish
and shrimp larvae. Fujita et al. (1980) clarified that
the high mortality observed in red sea bream culture
is due to the lack of HUFA in Artemia nauplii given
as a single food.

Like Artemia, Moina and Daphnia does not meet
the requirement of the predator crustaceans with
respect to EPA and DHA though it contains 60-70%
protein (dry wet). This nutritional quality can be
enhanced with HUFA (Das et al., 2007).

CONCLUSION

In conclusion, the salinity significantly
influenced the growth, survival and reproduction
rates of D. magna and 0.44%o of synthetic sea water
was the optimal salinity.

Reproduction and survival rates of D. magna
which lived at the same salinity during study differ
with different salinities. The influences of salinity on
cumulative progeny per female differed. All rates
were greater at LC10 than those at higher salinities.
However, daphnids survival rate was best at 0%o
followed by LC10 for the three saline waters studied
and decreased gradually with increasing salinities.
This study indicated that reproduction of daphnids
was favored at the low salinity and survival was
favored in control.

The salinity could influence to some extent the
time of first reproduction but increased the number of
progeny per female at low salinities.

It can be concluded that the best reproduction of
D. magna occurs at salinity values lower than 3%o.

D. magna like Moina can be used as a
substitution of Artemia in aquaculture. This is
because it contains suitable levels of protein, amino
acids and unsaturated fatty acids (USFA), and we
recommend that its nutritive value can be enhanced
by enrichment processes. USFA have been found to
be critical for maintaining high growth, survival and
reproduction rates and high food conversion
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efficiencies for a wide variety of marine and
freshwater organisms.
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