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Abstract

We quantified the combined effects of three food levels (0.01 X108, 0.1 X108 and 1.0X108 cells ml") and three
temperature levels (15,20 and 25°C) on the somatic and the clonal population growth of two cladocerans
Ceriodaphnia dubia and Daphnia pulex for 24 to 42 days. The somatic growth data showed that both the
cladoceran species began to increase their body size within 3 days and remained stable beyond a week.
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Atlow food level and low temperature, the rate of populationincrease (r) of C. dubia was much lower than that
of D. pulex at comparable conditions. On the hand, at higher food levels and temperature regimes, the rof D.
pulexwas much higher than that of C.dubia. Regardless of the food levels and temperature, the rof C. dubia
varied from 0.03 to 0.07 while that of D. pulex varied from 0.01 to 0.08 day™".
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Introduction

Freshwater zooplankton species in nature are subject to
both abiotic and biotic factors (Wetzel, 2001). Cladocerans being a
dominant group in zooplankton in many freshwater waterbodies

variable affecting both survival and reproduction of all organisms
(Lynch, 1989). In nature food concentrations vary seasonally.
However, cladocerans grow and reproduce only within a certain
range below which reproduction is not possible and very high food

often respond rapidly to changes in the environment (Dodson &
Frey, 2001). The changes in environmental factors are generally
gradual and this permits the cladocerans to adapt so as to maximize
fitness (Stearns, 1992). Among biotic factors food is an important

levels too do not permit optimal reproductive output (Dodson &
Frey, 2001). Under culture conditions most parthenogenetical
cladocerans grow, reproduce and maintain a population on a food
concentration in the range of 0.01x10° to 1.0 x10° cells mI* of
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simple algae such as Chlorella. In terms of carbon content, it is
about 0.58 to 5.8 ug ml* (Nandini and Sarma, 2003).

Temperature is among the important abiotic factors
influencing biological processes such as growth and development,
respiration, reproduction, behaviour and survival of all organisms
including cladocerans (Gillooly, 2000). Extremes of temperature
intervals also cause inhibition of reproduction and reduction in
survival of cladocerans. Most tropical specimens reproduce at an
interval of 20-35°C (Sarma et al., 2005). Both, food and temperature
are related to metabolic aspects and so their combined impact on
the individuals of a population is linked to the responses of life
history to resource availability (Savage et al., 2004, Tessier et al.,
2000).

Body size and population growth in cladocerans have been
subject of interest in relation to various environmental factors such
as food levels (Ebert et al., 1993), seasonal effects (Sommer, 1989),
salinity (Teschner, 1995) and temperature (Gillooly, 2000). The
majority of studies from literature only report the effect of changes in
one environmental factor at a time, such as temperature or food
type and concentration.

By including different levels of temperature and food
concentrations in experimental conditions, it is possible to evaluate
the response of cladocerans, which can explain their seasonal
changes under natural conditions. Therefore, the aim of this work
was to examine the combined effects of food and temperature levels
on somatic and population growth of Ceriodaphnia dubia and
Daphnia pulex.

Material and Methods

Ceriodaphnia dubia and Daphnia pulex were first isolated
from local waterbodies from the State of Mexico. Clonal populations
were separately established and raised for each of the two species
using moderately hard water as the medium (hereafter EPA medium)
and fed Chlorella vulgaris as the diet. The EPA medium was
prepared by dissolving 0.9 g of NaHCO,, 0.6 g CaSO,, 0.6 g
MgSO0, and 0.002g KClin one liter of distilled water (Weber, 1993).
The test conditions that consistently resulted in healthy growth of
both the cladoceran species were temperature 22 £1°C, continuous
but diffused fluorescent light and pH 7.1 - 7.3. The EPA medium was
changed daily and with Chlorella density of 0.5 x10° to 1.0 x108
cellsml,

C. vulgaris was batch-cultured using defined medium (Bold's
basal medium, Borowitzka and Borowitzka, 1988). We harvested
log phase Chlorella vulgaris, centrifuged at 3000 rpm for 5 min.,
rinsed and re-suspended in distilled water. The algal density was
estimated using haemocytometer.

The somatic and population growth experiments of the two
cladoceran species were conducted under three food levels
(0.01x10° 0.1x108 and 1x10° cells ml" of C. vulgaris), and three
temperature (15, 20 and 25°C) levels. Four replicates were set for
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each treatment. This resulted in a total of 36 test jars for each
cladoceran species. The experimental jars were maintained in
temperature-controlled incubators. Population growth for each
cladoceran species began using 10 neonates (< 36 h old) present
in 50 ml of EPA medium with one of the three chosen algal food
concentrations. Following initiation of the growth experiments, daily
the number of living individuals of each species from each replicate
was daily counted and transferred to fresh jars containing
appropriate algal food level and temperature conditions. This
processes continued until population in each replicated started to
decline.

From the data collected we calculated the rate of population
increase using the exponential growth formula (Lampertand Sommer
1997): r= (In N-In N )/t, where, N, = final density and N = initial
density, {=time in days.

For the somatic growth, the carapace length of a few
individuals of each species was registered since the beginning and
at an interval of every 3 days for 8 weeks during experimental
duration. For this, depending of the density of the population in each
test jar, a few individuals (5-15) from each replicate were fixed 10%
formalin and the body length was measured using calibrated ocular
micrometer fitted to compound microscope or photographed at a
known magnification. These were later measured using the Motic
Plus 2.0 software program.

Differences in the somatic growth and on the population
growth rates of each species grown under different food concentration
and temperature regimes were quantified using two-way ANOVA.

Results and Discussion

Algal food quantity as well as temperature influenced the
clonal population growth of the tested cladoceran species. In general,
both species showed reduced population growth at 15°C. At higher
temperatures, the population of both the cladoceran species began
toincrease soon after a short lag phase. At 15°C, C. dubia showed
little growth at the highest food density, while at low food level there
was some increase in the population abundances, especially after
along lag phase of about 2 weeks (Fig. 1). Optimal population
growth of C. dubia was observed at 25°C and under the highest
food level.

The population density of D. pulex was mainly regulated
by the food level while lower levels of temperature delayed or
enhanced the exponential growth phase. At 15°C and under the
lowest tested food level, the population of D. pulex did notincrease
beyond the inoculation density while at this temperature under the
highest food level, there was some increase in the population
abundance and optimal population growth of D. pulexwas observed
at intermediate temperature and under 1.0x10° cells ml* of food
level (Fig. 2).

The patterns of body size in relation to food level and
temperature during the population growth of C. dubia and D. pulex
are presented in Fig. 3 and 4. In general both the cladoceran
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Table - 1: Results of two-way analysis of variance performed on the somatic growth (body size) and the population growth rate of Ceriodaphnia dubia and
Daphnia pulex subjected to different algal food and temperature regimes (DF: degrees of freedom; SS: sum of squares; MS: mean square; F: F-ratio)

Source of variation DF SS MS F P
Body sizeC. dubia

Temperature (A) 2 5031271 251563.5 255 0.078
Food Level (B) 2 1013098.1 506549.0 5.14 0.006
Interaction of AX B 4 147489.8 368724 0.37 0.827
Error 2499 245980483.9 98431.5

D. pulex

Temperature (A) 2 6640565.1 3320282.5 18.110 0.001
Food Level (B) 2 4497021.0 2248510.5 12.264 0.001
Interaction of AX B 4 4571562.3 1142890.5 6.234 0.001
Error 1312 183342.2

Rate of population increase per day

C. dubia
Temperature (A) 2 0.00205 0.00103 951 0.001
Food Level (B) 2 0.00242 0.00121 1.23 0.001
Interaction of AX B 4 0.00623 0.00156 1443 0.001
Error 2 0.00291 0.000108
D. pulex
Temperature (A) 2 0.00256 0.00128 5.09 0.013
Food Level (B) 2 0.0384 0.0192 76.32 0.001
Interaction of AX B 4 0.0154 0.00384 15.27 0.001
Error 27 0.00679 0.000251
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Fig. 1: Population growth curves of C.dubia cultured under different levels of algal food and temperature. Shown are the mean and the standard error based
onfour replicates

Journal of Environmental Biology oJuly 20110



492 Gama-Flores et al.

0.01x108 0.1x10° ) 1.0x108
[ 15°C [ 15°C 15°C
50 F L
4r - -

20

10 10000000000000000000000P

60
50

30
20

10 990000000000P000007

Population density (ind.40 ml)

60
50
40T r r

] AU WO <o NP M e S

0 1 1 1 1 1 1 L 1 1 1 1 ! 1 1 1 I L 1

0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (days)

Fig. 2: Population growth curves of D. pulex cultured under different levels of algal food and temperature. Shown are the mean and the standard error based
onfour replicates
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Fig. 3: Somatic growth (carapace length) of C.dubia cultured under different levels of algal food and temperature. Shown are the mean and the standard error
based on four replicates
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Fig. 4: Somatic growth (carapace length) of D. pulex cultured under differentlevels of algal food and temperature. Shown are the mean and the standard error

based on four replicates

species began to increase their body size within 3 days and
remained stable beyond a week. However, the body size of each
species varied depending on the food and temperature. Only food
density had a significant effect on the body size of C. dubiawhile the
temperature and its interaction with food level were not significant
(p<0.05). For D. pulex, food level and temperature as well as their
interaction had significant effect on the body size (p<0.05, F-test,
two-way ANOVA, Table 1).

Data on the rate of population increase (r) per day of C.
dubia and D. pulex grown under different food levels and temperature
were shown in Fig. 5. In general, atlow food level and low
temperature, the rof C. dubia was much lower than that of D. pulex
at comparable conditions. On the hand, at higher food levels and
temperature regimes, the rof D. pulexwas much higher than that of
C.dubia. Regardless of the food levels and temperature, the rof C.
dubia varied from 0.03 to 0.07 while that of D. pulex varied from
0.011t0 0.08 perday.

Several studies have demonstrated that food and
temperature have significant effect on the life histories of planktonic
species (Ebert et al., 1993; Gillooly, 2000; Savage et al., 2004)
which in turn affect the population growth of zooplankton. For
example, low temperatures delay the onset of maturity and thus the
population growth is delayed due to long lag phase. This was
evidentin C. dubia cultured at lowest temperature. Regardless of
food level, C. dubia at 15°C had about 3 weeks of lag phase. Food
density also affects the peak population density of a given species.

For example, Nandini et al. (2003) have shown that when cultured
on different algal food levels, the peak population densities of several
genera of cladocerans increased with increasing food levels. This
was also evident in this study where at optimal temperature (25°C
for C. dubia and 20°C for D. pulex) the peak population densities of
both the cladoceran species increased with increasing food level.
For both the cladoceran species 15°C did not appear suitable since
their population abundances did not increase even when offered a
wide range of food level. It is not surprising because both the
cladoceran species were originally isolated from a tropical lake in
winter where the mean temperature was about 20°C. Each species
has a temperature threshold below which the population growth
can not occur, and an optimal one at which maximal growth can take
place (Savage et al., 2004). In addition, compared to Ceriodaphnia,
Daphnia is generally cold-water adapted (Sarma et al., 2005) and
therefore it grows well at temperatures lower than Ceriodaphnia.
This was also evident in this study where D. pulex showed the
highest population abundances at 20°C when fed Chlorella at 1.0
x108 cells ml"; under comparable food level, C. dubia had the
higher peak population density at 25°C. Cleuvers et al. (1997)
have shown that the population density is a good indicator of food
limitation which causes a life-strategy shift. Thus in this work too a
decrease infood concentration caused a reduction in the population
density as well as a decrease in the rate of population increase of
both species.

Body size of cladoceran species is influenced by many
factors such as food density and temperature (Vijverberg, 1980;
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Fig. 5: Rate of population growth of both cladocerans cultured under different

levels of algal food and temperature. Shown are the mean and the standard
error based on four replicates

Savage et al., 2004). Usually during the initial stages of the
population growth if the test individuals contain neonates, then
average body size increases with age, reaching an asymptote and
thereafter stabilizes (Nandini and Rao, 1998). In a growing population
atany time there are neonates, juveniles and reproducing individuals
and therefore body size of a sample population varies depending
on the proportion of individuals of different age groups. However,
as population growth ceases due to food limitation, the mean body
size of the population reaches an asymptote (Bradley et al., 1991).
This was probably the reason why body size of both the cladocerans
in most test jars remained as plateau after 3 weeks and until the
termination of the experiments. It is also known that at low carbon
concentrations, the somatic measurements of pure clones of a few
cladoceran species have significantly lower values (McCauley, et
al., 1990). In our case, the food concentrations offered are within
the normal levels for positive growth of both Ceriodaphnia and
Daphnia (Sarma et al., 2005).

Peak population density and the time to attain this determine
the population growth rates (r) (Sibly and Hone, 2002). The ris
directly related to the level of reproduction and so it is not surprising
that food concentration has a significant influence on this variable
(Rose et al., 2000). Our results also showed that the reproductive
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performance was a direct function of the food level but the magnitude
of the effect depended on temperature (Xi et al., 2005), and the
nature of the cladoceran species. Normally, under optimal range of
culture conditions, the population growth rates of cladocerans are
directly related to food density and temperature levels (Nandini et al.,
2003; Sarma et al., 2005; Xi et al., 2005). Thus C. dubia and D.
pulex had optimal growth rates at 25 and 20°C, respectively and at
other temperatures the growth rates were lower. For both the
cladoceran species food density too influenced the growth rates. For
example for C. dubia under the lowest tested temperature, the higher
food levels resulted in lower growth rates compared to those at low
food level. Low temperatures reduce the metabolic activities including
the filtration rates of cladocerans. High algal food levels if not cleared
by the cladocerans from the medium lead to clogging of their thoracic
appendages, the cleaning of which by the post abdomen leads to
considerable loss of assimilated energy and loss of feeding time
(Dodson and Frey, 2001). In this sense, McCauley et al. (1990)
have documented thatindividuals of D. pulex may allocate aproximately
60 and 45% of their assimilated energy at high and low food levels,
respectively. These events lead to further reduction in the growth
rates of cladocerans cultured under lower temperatures. This may
be the reason for the reduced growth rates of this clone of C. dubia
cultured under higher food level and lower temperature. In addition,
C. dubia appeared to be more tolerant to low food under lower
temperature conditions than D. pulex. This is in agreement with the
field observations of Bunioto and Arcifa (2007).

In conclusion our results showed that both food level and
temperature had affected, separately and/or together, the somatic
growth rate and the population growth rate. Regardless of food
level, the lowest tested temperature (15°C) did not support higher
population growth of both the species. Thus the response (body
size and population growth rate) of the chosen cladocerans not
only varied depending on the food and temperature levels but also
dependent on the species in question.
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