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ABSTRACT

The life-history and population of aquatic crustaceans mainly depend
on water quality. This study is aimed to test the hypothesis that water hardness
and alkalinity affect the life-history parameters of Daphnia carinata .
Experiments were carried out accordingly in laboratory conditions. There
was a significant reduction in the growth of daphnids reaching up to a 14.5%
as compared to high hardness and alkalinity. There were also delayed
reproduction, increased body length during first reproduction and reduced
number in first brood and, consequently, a 36.6% reduction in total fertility,
compared to daphnids reared at high hardness and alkalinity.  The impaired
growth and reproduction at hardness and alkalinity levels was likely a
consequence of increased salt concentrations, and not due to changes in the
feeding activity.

This study raises concerns about the effects of environmental
degradation and increasing acidity in the surrounding medium which is
evident in the form of acid rtain etc due to increasing pollution. The decrease
in populations of D. carinata and similar other planktons will affect the
structure of aquatic ecosystems.
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INTRODUCTION
The water quality has very strong influence on the
biology and distribution of aquatic organisms. Like
other crustaceans, the biological parameters of
cladocerans are affected also by water hardness. For

replacing the calcified cuticle during each molting,
they require profuse amount of Ca++ (Ashforth and
Yan, 2008) which they obtain from water. The
Daphnia has recently been used as a model to study
the effects of Ca decline in aquatic ecosystems
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(Jeziorski et al., 2008).  In most freshwater systems,
daphnid species play an important role due to their
abundance and central position in aquatic food-
webs.  The effects of hardness on Daphnia carinata
as  small-sized cladoceran is not very significant in
most  small-size systems (small lakes, small pools
and ponds) and also in the larger lakes with various
extent of fish predation (Adamczuk, 2012). The
smaller water bodies are particularly prone to
variations in their water chemistry as are not
buffered due to lack of a large water volume.

In aquatic ecosystems hardness is generally
related with alkalinity (Moiseenko et al., 2013). The
main source of alkalinity is usually carbonate rocks,
and, thus soft waters usually have low alkalinity,
whereas hard waters have high alkalinity, except
when the dominant anions in the water are chloride
and sulfate rather than carbonate. The temporal
variation is caused by  acid deposition in lesser hard
water and lesser alkalinity.

It is important to assess the combined effects
of water hardness and alkalinity on the biology of
crustaceans. Therefore, the present study has been
focused upon the effects of these parameters on the
life processes of D. carinata. The parameters taken
up to study are to evaluate growth, reproduction and
population growth of D. carinata with different
water chemistry. This study would be useful to assess
tolerance limit of crustaceans and ecological
relevance of such effects in aquatic ecosystem.

MATERIALS AND METHODS
 The daphnids cultures were maintained in

hard water with a concentration of 3.5 μg dw (dry
weight) mL–1 with a prepared feed material.  A
small flake of acetyl alcohol was placed at the
surface of the medium to reduce surface tension and
the probability of daphnids entrapment. Culture
medium was renewed every alternate day. The
cultures were maintained under a 16:8 h light: dark
cycle at a temperature of 20±1°C.

Females carrying the first brood were
randomly selected and assigned to each medium.
The first two broods were discarded and only
neonates from the third-to-fourth broods were used
in the experiments.

We compared the physical growth, rate of
reproduction and the population growth of D.
carinata reared in two media with different hardness
and alkalinity of two ponds in this study.  The main
chemical parameters of the test media are presented
in Tab. 1.

Table 1. Chemical parameters (mean) of the
test water media.

Parameters Medium L Medium H
Hardness (mg CaCO3L-1 ) 38.4 (2.0 ) 21.4 (1.5)
Alkalinity  (mg CaCO3L-1 ) 157.4 (3.6) 6.80 (0.16)
Conductivity (µScm-1) 6.56 (0.52) 6.12 (0.46)
Ph 15.12 (1.25) 3.84 (0.12)
Concentrations of major ions
Ca 3.22 (0.10) 48.32 (1.72)
Mg 164.3 (4.7) 96.4 (5.0)
Na 545.7 (33.4) 8.10 (0.26)
K 24.76 (1.26) 20.44 (1.36)
Cl 52.54 (2.10) 6.20 (0.42)
SO4 9.48 (0.92) 182.54 (6.40)

Medium L had about 3.5-fold lower hardness
and alkalinity than medium H, being classified as
soft water according to USEPA (2002). Tests were
initiated with neonates (aged less than 24-h)
originated from parental daphnids acclimated to
each test medium, using 15 replicates per medium.
Each organism was kept individually in glass
beakers containing 50 ml of the respective medium,
feed organisms and suitable conditions of the
photoperiod and temperature were maintained as
described for cultures. The test duration was 21
days, during which media were renewed every other
day.

Organisms were checked twice a day for life-
cycle parameters like reproduction, molting and
mortality. The offspring, aborted eggs and embryos
were counted and the shedded carapaces were
collected for determination of daphnids body length
(BL), the measurement was  estimated based upon
the length of the first exopodite of the second
antennae (AL) till the end of carapace released
during each molting using a stereomicroscope fitted
with an ocular rule. The calculation was made with
the help of regression model through equation as:-

BL= 9.11* AL-0.110                (eq. 1)
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There, the unit for both BL and AL is mm, r2=0.904,
n=54, P<0.001.

The effects on growth in pre-reproductive and
reproductive phase were assessed by determining
the growth rate using equation as:-

 Growth rate =   ln ( lf)ln (li)/    t     (eq. 2)
This rate is expressed in day”1 with  lf and li as

the final and initial BL of daphnids. The Δt is the
time interval (days).

The   growth of daphnids was determined using
the Von Bertalanffy equation, as defined by Gurney
and Nisbet (1998):

Lx = Lmax-(Lmax- L 0)e-kt (eq. 3)
Where L represents the BL (mm) of a daphnid

at age t, Lmax and L0 represent the theoretical
maximum BL of adults and the BL of neonates,
respectively, and k is the growth coefficient. The
Von Bertalanffy equation was fitted to the growth
trajectory of each individual, giving independent
parameter estimates for each individual.

The endpoints for assessment of effect on
reproduction were AFR (age of first reproduction),
SFR (length of daphnids when carrying the first
brood in the brood chamber), FFR (number of viable
juveniles produced in the first reproduction), total
fertility (number of viable juveniles produced during
the 21-days period), number of broods and mean
brood size.

Moreover, the effects of water chemistry on
the relationship between body length and  brood
size were also assessed. The effects at the population
level were assessed by determining the intrinsic rate
of population increase (r) using the Euler-Lotka
equation and the jackknife method (Meyer et al.,
1986), following the equation:

      n
 1=     e-r x*lx mx                   (eq. 4)
      x=0
Where r is expressed in day”1, x is the age class

(1 . . . n days), lx is the probability of survival to age
x, and mx is the fecundity at age x.

Feeding experiments: The feeding rate of
daphnids in both test media was determined to assess
whether the effects in growth and reproduction were
related to the feeding activity of daphnids. Feeding

tests followed the procedure outlined by Agra et al.
(2010).  The change in algae concentration during
24 h allowed the determination of individual feeding
rates (μg dw ind-1 h–1), using the equation by Allen
et al. (1995), with slight adaptations, namely on the
units of cell density and by incorporating the number
of animals per replicate (N):

F=V(C0- Ct)/ t N (eq. 5)
Where, F=feeding rate of single individuals

(μg  dw  ind–1 h–1); V=volume of medium (mL);
C0=cell concentration in the vials without daphnids
(μg dw ml–1); Ct=final cell concentration in the
treatment (μg dw ml–1); t=time animals were allowed
to feed (hours); N=number of animals per replicate.

Chemical analyses: Conductivity and pH
were measured using a conductivity meter and  pH

meter, respectively. The concentrations of major
ions were determined in filtered samples. Total
hardness and total alkalinity were quantified by the
EDTA and the bromocresol green titrimetric
procedures, respectively (American Public Health
Association, 2005). All chemical measurements
were performed in fresh and 48h-old media, i.e.,
before and after media renewal.

Statistical analyses: Student’s t-test was used
to test whether each endpoint differed significantly
between both media and the non-parametric Mann-
Whitney U-test was used for impaired data of study.
All statistical analyses were based on a 0.05
significance level.

RESULTS AND OBSERVATIONS
The chemistry of both test water media are presented
in Table 1. As in aquatic systems, higher hardness
and alkalinity levels are related to increased pH,
conductivity and concentration of major ions. The
mortality of test organisms reared in both media was
not observed during the 21 days period.

The water chemistry affected all life-history
characteristic except the initial body length, the
growth rate in initial phase (0-7days) of
development and the number of broods (Table 2).
The growth is more pronounced in medium H in
comparison of medium L (Figure 1).
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Figure 1. Changes in body length of D. carinata reared
in different water media during study period.

The initial body length was not significantly
different in both media (Table 2), however, strong
effect of water chemistry on the growth of daphnids
was observed during study period (Figure 1). After
only 7 days, the difference in the body length of
daphnids reared in both media increased to 0.13 mm
(equivalent to 8%) after only 7 days and the body
length of daphnids differed in 0.35 mm at day 21
corresponding to a 14.5% reduction in low hard
water media, which was  statistically significant
(Pd”0.001, Tab. 2). The growth rate in the pre-
reproductive period (0-7 d) did not differ
significantly between media (p=0.305, Tab. 2) but
in the reproductive period (8-21 d) there were
significant differences (p=0.006; Tab. 2).

The growth coefficient value k in Von
Bertalanffy equation and effect of water chemistry

Table 2. Summary of the major endpoints studied during the 21-days test with both media
expressed as mean (SD) and the appropriate statistical analysis.

Parameter    Medium L    Medium H     Statistics
Initial BL (mm)  0.71 (0.006) 1.42 (0.03) U=62.400, n1=12, n2=15, P=0.062
BL at day 7 (mm) 1.94 (0.03) 0.08 (0.01) U=28.000, n1=n2=15,P<0.001
Final BL (mm) 0.02 (0.00) 8.04 (0.18) U=0.000, n1=n2=15, P<0.001
Growth rate (0-7 d,day-1) 1.36 (0.03) 4.34 (1.52) t27=-1.047, P=0.305
Growth rate (8-21 d,day-1) 42.40 (7.14) 4.53 (0.18) t27=-3.003, P=0.004
AFR (day) 8.76 (1.52) 0.26 ((0.02) U=0.000, n1=n2=15,P<0.001
SFR (mm)  0.76 (0.002) 1.52 (0.06) U=28.000, n1=n2=15,P<0.001
FFR 2.32 (0.08) 0.08 (0.01) U=22.500, n1=n2=15,P<0.001
Total fertility 0.03 (0.01) 7.54 (0.00) t28=-09.183, P< 0.305
No. of Broods 1.53 (0.06) 6.87 (0.75) U=102.000, n1=n2=15,P<0.001
Average brood size  64.40 (4.47) 4.86 (0.00) t28=-08.602, P< 0.001
Population  growth rate(day1) 12.32 (1.08) 0.27 (0.01) U=24.000, n1=n2=15,P<0.001

on Lo were non-significant with 0.856 and 0.299 as
P value between both media. Thus, only low
hardness and alkalinity level reduced Lmax from
2.64 to 2.30 mm (Pd”0.001, Table 3). There was
also slight difference among individuals for each
treatment.

A significant effect of water chemistry was
found in all the studied endpoints in regard to
reproduction, except the number of broods (Table
2). The daphnids reared in medium L released fewer
juveniles (34.9% reduction) at first reproduction
compared to H medium due to  attainment of  smaller
size (8.0% but older (6.7%) in the laboratory. The

number of juveniles per brood was lower for
daphnids reared in low medium (Figure 2).

Figure 2. Brood size (Number of neonates) in
different water media during study period.
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As a consequence, the total fertility and
average brood size both reduced to 36.6% and
35.6%   for daphnids reared in L medium. Therefore,
it might be expected that the brood size was
dependent not only on the size of daphnids, but also
on the hardness and alkalinity of the used media for
culture.

As expected from the all other results, water
chemistry affected the intrinsic rate of population
growth (r) and its value   was lower for medium L
than for medium H (0.27 and 0.31 day–1 respectively,
Tab. 2), representing 13.4% reduction. The effects
of water chemistry on the life-history parameters are
concordant with the effects on the feeding rate of
daphnids. Here, 42.9% lower feeding rate was
observed in L medium in comparison of H medium.

DISCUSSIONS
In present findings, most of the life-cycle parameters
were affected 36.6% reduction was there in the total
fertility, 14.5%   reduction was found  in the final
body length of daphnids and 13.4% reduction in r
with low levels  in comparison to high level of
hardness and alkalinity during the study period.

This study was concerned with both reduced
calcium level and alkalinity in freshwater ecosystem.
Although decreased alkalinity to crustaceans is less
pronounced than those of decreasing hardness
(Cowgill and Milazzo, 1991), it might enhance
calcium susceptibility. The calcium is essential for
moults and thus reduced growth of daphnids
observed in L medium is related to low calcium level
than H medium (Hessen et al., 2000). It is accepted
that growth of Daphnia is most affected by low Ca

in neonates than adults due to shorter moult cycles
(Hessen et al., 2000) and  greater surface-to-volume
ratio increasing Ca demand for  carapace thickness
(Cairns and Yan, 2009).

The results of study were somewhat different
from D. magna reared in media with  3.4-32.5 mg
Ca/L exhibited significant differences in BL at day
7, but no significant differences at day 14 and day
21 (Muyssen et al., 2009) due to growth of daphnids
in L and H media that is  more divergent along the
test period. This might be due to the higher
requirement of the mollt, larger energy demand and
ionic balance during reproduction in the
circumstances.

Although low hardness and alkalinity levels
reduced the maximum body length, the von
Bertalanffy growth coefficient (k) was not
significantly affected. The k value is mostly
determined by the growth of individuals during the
pre-reproductive period, which was not affected by
low hardness and alkalinity. However, reduced
growth during post-reproductive period 8-21 days
have significant difference in the Lmax value. It may
be explained by the resulting small broods and
ultimately reduced total fertility with low hardness
and alkalinity. The relation between body length and
brood size may be determined with considerations
on water chemistry, food quality and possibly also
through the size structure of population (Hülsmann,
2001). In this study, these factors were constant for
both treatments, thus only the metabolic costs
associated with calcium transport and ionic balance
is responsible for the body length and brood size
relationship.

Table 3. Parameter estimates of the Von Bertalanffy equation for each medium expressed as
mean (se) and results from the 2-way ANOVA for medium and individual.

Parameter  Medium L  Medium H            Statistics
Lmax (mm) 2.28 (0.04) 0.69 (0.01) Medium F1,13=14..632, P=0.002

Individual F14,13=0.440, P=0.914
L0 (mm) 0.10 (0.01) 2.622 (0.04) Medium F1,13=1.267, P=0.002

Individual F14,13=1.320, P=0.99114
Growth  coefficient ((k) 0.71 (0.01) 0.10 (0.01) Medium F1,13=0.0862, P=0.741

Individual F14,13=0.460, P=0.807
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 The reproductive parameters as AFR, SFR
and FFR were significantly affected as a
consequence of decreased hardness and alkalinity.
AFR increased with decreasing hardness, is in
agreement with previous study (Cairns and Yan,
2009). However, daphnids in L medium showed
lower SFR and FFR compared to daphnids in
medium H.

The high reduction in total fertility of daphnids
reared in medium L (36.6%) is, hence, a combined
effect of their late start of reproduction, their smaller
size and reduced broods.The effects of water
chemistry on the relationship of body length and
brood size is evident. The r value lower in L medium
is in consonance with a previous study reporting
reduced r with decreasing Ca and pH in D. magna
(Hooper et al., 2008). The smaller cladoceran
seemed to be more sensitive to low hardness and
alkalinity than the large-bodied species. Also, the
Ca concentration is lower in body of D. carinata as
reported by Waervagen et al. (2002) might be
associated with   its ability to extract and retain Ca
from water and food, as suggested by Tan and Wang
(2010) and its low tolerance for low Ca level.

CONCLUSIONS
 This study shows that under conditions of low levels
of hardness and alkalinity, the growth, reproduction
and population growth of D. carinata are
significantly affected. Moreover, low hardness and
alkalinity not only cause direct effects on the life-
history parameters of Daphnia, but can also reduce
the stress-tolerance to other environmental factors
such as temperature, acidity and also to low food
availability. These factors might affect not only the
persistence of populations of D. carinata, but also
the structure of aquatic ecosystems due to the
abundance and key role of these crustaceans on
aquatic food webs. The high sensitivity of this
species to low hardness and alkalinity raises concern
about the effects that has been reported in tropical
freshwater systems. The decreasing hardness
increases the susceptibility of daphnids to increasing
acidity and temperature and also to decreasing food
availability.
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