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1. Introduction
Lakes and reservoirs are one of the major potable water 
resources for humans and other living beings and are 
habitats for a wide variety of species (Cooke et al., 2005). 
Unfortunately, more than 40% of lakes and reservoirs in 
the world are in eutrophic condition, which is favorable for 
cyanobacterial bloom events (Chorus and Bartram, 1999). 
Cyanobacteria are harmful to aquatic organisms in water 
bodies due to their ability to produce a variety of toxic 
secondary metabolites, particularly during their mass 
development (Sivonen, 1996). Therefore, cyanobacterial 
blooms are major concerns for both human and ecological 
health (Bláha et al., 2009). In general, cyanobacteria 
can induce numerous negative effects on zooplankton 
including inhibition of feeding rate and reductions in 
survival rate, reproduction, and somatic growth (Ferrao-
Filho et al., 2000; Dao et al., 2010). However, zooplanktonic 
species can respond differently to toxins or other bioactive 
compounds produced by cyanobacteria (Ferrao-Filho et 
al., 2000). 

Among the toxic secondary metabolites produced by 
cyanobacteria, microcystins (MCs) are most commonly 
investigated (Guzmán-Guillén et al., 2017), particularly as 
they relate to zooplankton (e.g., Daphnia spp.), due to their 
toxicity and ubiquitous distribution (Díez-Quijada et al., 
2019). Therefore, the adverse effects of the microcystin-
producing strain of cyanobacteria on zooplankton have 
been extensively investigated (Liang et al., 2017). Although 
the microcystin-free strain does not contain known 
microcystin toxins, its negative effects on Daphnia magna 
have been reported (e.g., Lurling, 2003; Hulot et al., 2012). 
A number of previous studies used living cells (Ferrao-
Filho et al., 2000; Lurling, 2003; Dionisio Pires et al., 2005; 
da Costa et al., 2013; Pham et al., 2015a), purified MCs 
(Chen et al., 2005; Ortiz-Rodríguez et al., 2010; Ortiz-
Rodríguez et al., 2012; Hulot et al., 2012), or cyanobacterial 
crude extracts (CCEs) (Pietsch et al., 2001; Dao et al., 2010; 
Hulot et al., 2012; Dao et al., 2013a; Pham et al., 2016; 
Pawlik-Skowrońska et al., 2019; Toporowska et al., 2020) 
in toxicity tests. In fact, water from cyanobacterial blooms 
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contains MCs as well as a mixture of multiple substances 
which can cause unpredictable effects on zooplankton (e.g., 
Daphnia spp.) (Okumura et al., 2007). Therefore, the use 
of CCEs as the toxicant to evaluate the harmful effects of 
water bodies on aquatic organisms during cyanobacterial 
bloom events is highly recommended (Pietsch et al., 2001). 
Our current knowledge about the response of D. magna 
(e.g., life-history characteristics and feeding rate) to the 
microcystin-free crude extract (NCCE) of Pseudanabaena 
sp. is limited. 

In Vietnam, toxicities of the microcystin-containing 
crude extract (MCCE) of Microcystis spp. sampled from 
Dau Tieng Reservoir, which is the largest irrigation 
reservoir in Vietnam and largest potable water resource 
in Southern Vietnam (Pham et al., 2015b), has not been 
evaluated completely. Although a few notable studies (Dao 
et al., 2013b; Dao et al., 2014; Pham and Ngo, 2017; Pham 
et al., 2017; Dao et al., 2018) have indicated the adverse 
effects of cyanobacterial blooms (including the Microcystis 
spp. living cells and MCCE) collected from Dau Tieng 
Reservoir on several model organisms, the life-history 
traits and feeding rate of D. magna in early development, 
a highly important stage that can influence the lifespan of 
organisms (e.g., reproduction) (Van Leeuwen et al., 1985), 
have not been reported. As a continuation of previous 
work, the aim of this study was to investigate the effects of 
subchronic MCCE and NCCE toxicity on the life-history 
traits and feeding rate of D. magna in its early stage of 
development. 

2. Materials and methods
2.1. Test organisms
Samples of D. magna obtained from Microbiotests Inc. 
(Belgium) were used for the toxicity test. These organisms 
were raised in ISO medium (Dao et al., 2010) and fed a 
mixture of viable green algae Chlorella sp. and Scenedesmus 
sp., which were cultivated in COMBO medium (Kilham et 
al., 1998) with continuous aeration. Both D. magna and 
green algae were maintained at a temperature of 25 ± 1 °C 
and a 12/12 h light/dark cycle.
2.2. Cyanobacterial crude extract preparation
Biomasses extracted from Microcystis spp. and 
Pseudanabaena sp. blooms were used as cyanobacterial 
materials for the toxicity tests. The scum of cyanobacteria 
produced during blooms events, mainly Microcystis spp., 
was collected from Dau Tieng Reservoir located around 
85 km northwest of Ho Chi Minh City, Vietnam. The 
cyanobacterial sample was dried under sunlight and 
kept at −20 °C prior to extraction. The microcystin-free 
cyanobacterial strain (Pseudanabaena sp.) isolated from 
the Dau Tieng Reservoir (Pham et al., 2015b) was cultured 
in Z8 medium and harvested onto GF/C glass fiber 
filters (Whatman, Kent, England). The filters containing 

Pseudanabaena sp. were dried at 45 °C and kept at −20 
°C until the experiment. The CCEs were prepared as 
previously reported by Pietsch et al. (2001): two gram dry 
weight (DW) of the bloom material or Pseudanabaena 
sp. isolate were put into distilled water, frozen at −70 °C, 
and then thawed at room temperature. After the materials 
were thawed completely, they were sonicated for 3 min. 
This freeze-thaw-sonicate cycle was repeated five times, 
and then the samples were centrifuged at 2000 × g for 10 
min to remove cell debris. The supernatants were collected 
and kept at −20 °C until the toxicity experiments. For 
analysis of MC content, a concentration of 8 g L−1 of CCEs 
(w/v) was prepared. Subsamples of the CCE supernatant 
were used for MC analysis as previously reported (Pham 
et al., 2015b): one hundred mL of the supernatants were 
centrifuged at 6000 × g at 4 °C for 15 min. The supernatants 
were collected, dried completely, and redissolved in 500 
µL of 100% MeOH. The samples were analyzed by a high-
performance liquid chromatography (HPLC) system with 
an ultraviolet-visible photodiode array detector (Shimadzu 
10A series, Kyoto, Japan), and MC-RR, MC-LR, and 
MC-YR (Wako, Osaka, Japan) were used as standards. 
The HPLC analysis showed that CCE from natural 
cyanobacterial blooms contained three MC congeners, 
MC-RR, MC-LR, and MC-YR, at a total concentration of 
670 µgg−1 DW(Pham et al., 2015b), whereas MCs were not 
detected in the Pseudanabaena sp. extract.
2.3. Ecotoxicologicalexperiments
Experiment on life-history traits of D. magna
The ecotoxicological test on life-history traits of D. 
magna was conducted according to Dao et al. (2010). The 
experiments consisted of control and CCE exposures. 
For the control, D. magna was raised in ISO medium 
without the addition of cyanobacterial extract. For CCE 
exposures, MCCE was added into the medium to reach 
the desired concentrations (1, 10, and 50 µg MCL−1), 
i.e. those MC concentrations that are often found in 
the natural environment during cyanobacterial blooms 
(Chorus and Bartram, 1999). T﻿hen, NCCE was used at the 
same concentrations (i.e. the injected volume) as MCCE, 
and they are hereafter referred to as M1, M10, and M50 
(MCCE) and N1, N10, and N50 (NCCE), respectively. For 
each exposure, fifteen neonates (<24h old) were randomly 
collected and individually transferred into 50 mL beakers 
containing 30 mL of ISO medium. The organisms were fed 
with Scenedesmus sp. at a concentration of 1 mg carbon 
source L−1 (approximately 140,000 cells mL−1) during the 
test. Test medium and food were renewed simultaneously 
every two days. In addition, the pH and dissolved oxygen 
in each culture beaker were measured for fresh and spent 
medium. The measured pH and dissolved oxygen (mg 
L−1) in culture medium were within a range of 7.1 to 7.6 
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and 7.4 to 7.7, respectively; the test lasted for 14 days. 
During experiments, the life-history trait responses 
were evaluated based on survival rate, reproduction, and 
somatic growth. The survival rate of the initial maternal 
D. magna was recorded daily. The reproduction endpoints 
included the number of neonates per female, brood 
size, time to maturation, time to first reproduced brood, 
number of broods per female, and the intrinsic rate of 
natural increase. Note that the produced neonates were 
counted daily and discarded. The degradation of eggs and 
neonates represented by dead eggs, dead neonates, and 
neonate malformation, if any, was recorded when the dead 
eggs, dead neonates, and neonate malformations were 
detectable. The intrinsic rate of natural increase (r) was 
calculated according to the jackknife procedure (Meyer et 
al., 1986):
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where, lx is the proportion of individuals surviving to age 
x, mx is the number of neonates produced per surviving 
females at age x, and x is days. Calculations of the intrinsic 
rate of natural increase over 14 days are indistinguishable 
from those for an entire lifespan; due to the great 
importance of early-stage reproduction (Van Leeuwen et 
al., 1985), calculations of intrinsic rate of natural increase 
based on 14-day experiments were considered acceptable. 
The somatic growth of surviving individuals of each 
exposure was determined when the test was completed. 
Specifically, the body length of each surviving individual 
was measured from the apex of the helmet to the base of 
the tail spine under an inverted microscope (Villarroel et 
al., 2003).

Experiment on the feeding rate of D. magna
The feeding rate experiment was conducted according 

to the description of Ferrando et al. (1993), with minor 
modifications. Briefly, three concentrations (the same 
used in the life-history trait experiment) of CCEs 
(MCCE and NCCE) were used for the feeding rate study, 
and each concentration consisted of five replicates. 
Another exposure in which D. magna was incubated in 
medium without CCEs was implemented for control. 
One additional replicate without D. magna was used for 
calculating the correction factor. The experiment was 
conducted in 50 mL glass beakers containing 50 mL of ISO 
medium and 10 of D. magna (<24 h old) without green 
algae as food. The beakers were kept at 25 ± 1 °C under 
dark and static conditions. After 24 h, Scenedesmussp. was 
added to each beaker to reach the desired concentration 
of 105 cells mL−1, and the experiment lasted for 5 h . At the 
end of the experiment, D. magna was removed, and the 
density of Scenedesmus sp. in the beakers was estimated 

by hemocytometer counting chamber under an inverted 
microscope. For the calculations of filtration rate (µL 
individual−1 h−1) (FR) and ingestion rate (cells individual−1 

h−1) (IR), the equations of Gauld (1951) were used:
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where, C0 and Ct are initial and final algae densities, 
respectively (cells µL−1), t is time (period of the experiment 
in hours), and n is the number of D. magna in volume V 
(µL). A correction factor (A) is a change in the initial (C’0) 
and final (C’t) algae densities after time t (in one additional 
replicate). The expression 
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<C4C7  represents the geometric 
mean of algae density during time t.
2.4. Data mining and analysis
All data were presented as mean ± standard deviation except 
the survival rate. Type I error level was set at P≤.05, which is 
considered the statistically significant level to reject the null 
hypothesis. The statistical analysis was carried out using R 
software (version 3.4.3, Lucent Technologies, Inc., Murray 
Hill, New Jersey, USA) combined with R Studio (version 
1.2.5033, Lucent Technologies, Inc.). One-way analysis of 
variance (ANOVA) was applied to detect the significant 
difference of reproduction and somaticg  rowth, as well 
as the feeding rate of D. magna, between control and CCE 
exposures (CCE concentrations were assigned as the factor 
variables), followed by many-to-one comparison Dunnett’s 
test using the multcomp package. The assumptions of the 
ANOVA test were confirmed prior to the test. Levene’s test 
(in multcomp package) and Shapiro–Wilk’s were applied 
to check the homogeneity of variances and normality 
of residuals, respectively. If the assumptions were not 
satisfied, the nonparametric Kruskal–Wallis rank–sum 
test was applied, followed by the nonparametric Wilcoxon 
rank–sum test for multiple comparisons. The highest 
correlation between the D. magna responses (reproduction 
endpoints, somatic growth, and feeding rates) and CCE 
concentrations, if any, was evaluated by running simple 
linear (or nonlinear) models for each of the CCEs with the 
CCE concentrations assigned as the numeric variables.

3. Results
3.1. Effects of cyanobacterial crude extracts on life-
history traits of D. magna
Effects on survival rates
No mortality occurred in the control, M1, N10, N50, 
and M50 exposures over 14 days of the test, whereas 
exposures to M10 and N1 decreased the survival rates of 
D. magna slightly at 6.7% and 13.3% of total initial females, 
respectively.
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Effects on reproduction
The number of neonates per female in MCCE-and 

NCCE-exposed D. magna at all exposures was significantly 
higher than the control (Table 1). The time to maturation 
of D. magna exposed to both CCEs at all exposures 
(except M1 exposure) was significantly earlier than the 
control (Table 1). Subsequently, D. magna belonging to 
all MCCE and NCCE exposures (except M1 exposure) 
reached their first reproduced brood days sooner relative 
to the control D. magna (Table 1). The number of broods 
per female in N10, N50, M10, and M50 exposures was 
significantly greater than the control (Table 1). Under 
exposures to M1, M10, M50, and N50, the first brood 
size was significantly larger than the control, whereas all 
MCCE and NCCE exposures significantly increased the 
second brood size compared to the control (Figures 1A, 
1B). The intrinsic rate of natural increase of D. magna at 
all MCCE and NCCE exposures was significantly higher 
than the control (Table 1). Dead eggs, dead neonates, and 
neonate malformations of gravid females were observed in 
the M50 and N50 exposures (represented by Figures 2A–
2D as control represented by Figures 2A–2D as control), 
whereas only dead neonates were observed in M1, M10, 
N1, and N10 exposures (Figure 2B). Among reproduction 
endpoints, somatic growth, and feeding rate of D. magna, 
the number of neonates per female analyzed had the 
highest correlation with the tested concentrations of both 
CCEs (Figure 3).The regression equations were calculated 
by the nonlinear model (or quadratic equation) (Figure 3).

Effects on somatic growth
Daphnia magna body length in all MCCE and NCCE 

exposures was significantly longer than the control (Figure 
4).
3.2. Effects of cyanobacterial crude extracts on the 
feeding rate of D. magna
The filtration and ingestion rates of D. magna in all MCCE 
exposures were significantly higher than those in the 

control, whereas no change in D. magna feeding rate in 
all NCCE exposures was observed relative to the control 
(Figures 5A, 5B).

4. Discussion
Daphnia magna mortality rates under the effects of 
MCCE and NCCE were insignificant according to OECD 
(2012), where the regulated the survival rate was ≥80%. 
As expected, NCCE did not cause strong adverse effects 
on survival rates because iit was MC-free crude extracts” 
with “it did not contain the known survival-toxic MC 
(Ortiz-Rodríguez et al., 2012). As evidenced by Hulot et 
al. (2012), the survival rate of D. magna exposed to NCCE 
did not significantly decrease over a long-term test. In 
terms of MCCE effects on survival rates, Dao et al. (2010)
reported that MCCE at a low concentration of 5 µg MC L−1 

insignificantly decreased D. magna survival rates  over the 
60 days of the test. Moreover, Smutná et al. (2014) pointed 
out that MCCE at a medium concentration of 9.2 µg MC 
L−1 did not significantly reduce the D. magna is italicized 
over 21 days of testing. At a high concentration (50 µg MC 
L−1) the harmful effects of MCCE on D. magna were likely 
to come about over time. Thus the adverse effects of MC 
and/or harmfully bioactive compounds on D. magna over 
14 days were not enough to induce mortality. As proof, Dao 
et al. (2010) revealed that MCCE at a high concentration 
(50 µg MCL−1) caused high mortality for D. magna after the 
21st day. In addition, the dissolved MC content in aqueous 
extracts was likely to decline as a consequence of the process 
of adsorption on particulate materials, photo degradation, 
and biodegradation (Schmidt et al., 2014).Therefore, 
we suggest that future research should measure the MC 
concentration in spent medium (the second-day medium 
before renewed) to confirm remaining MC concentrations. 
Moreover, the toxic effects of MCCE on survival rates were 
perhaps compensated by multiple substances (considered 
nutrients); hence, MC in a mixture did not cause negative 

Table 1. The reproduction of Daphnia magna exposed to cyanobacterial crude extracts over the 14-day test.

Exp. The number of neonates 
per female (ind.)

Time to 
maturation (d.)

Time to first 
reproduced brood (d.)

The number of broods 
per female (br.) r (day −1)

CT 8.9 ± 2.9 9.1 ± 1.4 11.4 ± 1.2 1.8 ± 0.4 0.15 ± 0.03
M1 16.8 ± 4.2a 7.9 ± 1.6 10.6 ± 1.3 2.3 ± 0.6 0.20 ± 0.02c
M10 42.2 ± 8.9c 5.5 ± 0.8c 7.7 ± 0.8c 3.6 ± 0.6c 0.26 ± 0.02c
M50 74.3 ± 13.0c 5.1 ± 0.8c 7.1 ± 0.8c 4.3 ± 0.6c 0.31 ± 0.01c
N1 19.3 ± 5.8b 7.3 ± 0.5b 9.4 ± 0.5c 2.5 ± 0.5 0.20 ± 0.02c
N10 45.3 ± 5.7c 5.3 ± 0.6c 7.3 ± 0.5c 3.7 ± 0.5c 0.27 ± 0.01c
N50 60 ± 20.0c 5.1 ± 1.3c 7.1 ± 1.3c 3.6 ± 0.8c 0.29 ± 0.04c

*Small letters indicate significant differences by the ANOVA test, followed by the many-to-one comparison Dunnett’s test (aP ≤ 
.05, bP ≤ .01, cP ≤ .001). Exp.: exposure, ind.: individual, d.: day, br.: brood, r: the intrinsic rate of natural increase.
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effects on the survival of D. magna compared to purified 
MC (Ortiz-Rodríguez et al., 2012). A meta-analysis 
(Smutná et al., 2014) indicated that the toxic effects of MC-
containing cyanobacterial bloom materials on survival 
rates in D. magna decreased significantly depending on 
the complexity of tested materials with a toxic rank of 
several-substances-containing extract > total aqueous 
extract > biomass. Our MCCE consisted of a mixture of 
MC-RR, -LR, and -YR, in which MC-RR was the dominant 
congener (Pham et al., 2015b). Thus, MC-RR is likely to 
induce low toxicities compared to MC-YR or MC-LR by 
a toxic rank of MC-YR > MC-LR > MC-RR (Puerto et al., 
2009). In addition, Campos et al. (2014) offered proof of a 
multixenobiotic resistance mechanism of D. magna which 
could recognize a wide variety of toxicants (e.g., MC and/
or harmfully bioactive compounds in MCCE) and keep 
them in cells at low levels (Epel et al., 2008).

Our results of reproduction-stimulated effects,  in 
which D. magna was exposed to MCCE at concentrations 
of 5 and 50 µgMC L−1, were in good agreement with Dao 
et al. (2010). However, the higher levels of stimulation of 
reproduction in our study compared to the previous study 
(Dao et al., 2010) were probably due to the lower total MC 
content in MCCE. Specifically, the MCCE of Dao et al. (2010) 
contained 6.92 mg L−1 of total MCs, whereas our MCCE 
contained 5.36 mg L−1 of total MCs derived from 670 µgMC 
g−1 DW of cyanobacterial bloom materials (see Section 2.2). 
Therefore, higher beneficial compound concentrations, 
which are considered nutrients, were injected into the 
culture medium provided with the specific concentrations 
(e.g., 50 µgMC L−1). The bioactive compounds in CCEs 
included vital components, such as lipopeptides (40%), 
amino acids (5.6%), fatty acids (4.2%), macrolides (4.2%), 
and amides (9%) (Lau et al., 2015), which likely improved 
D. magna fitness and, probably, reproduction (Hulot et 
al., 2012). The possible effects of CCEs were definitely 
dependent on species-specific cyanobacteria (Hulot et al., 
2012). Our study yielded interesting results showing that 
the reproduction-stimulated effects of two CCEs from two 
kinds of cyanobacteria species on D. magna were close 
to each other, implying that the two CCEs had similar 
properties or that some of the compounds that stimulate 
dreproduction were contained in both CCEs (Hulot et 
al., 2012). Our results were in line with Dao et al. (2010) 
who observed the death of eggs and neonates and neonate 
malformations of D. magna females exposed to 5 and 50 
µgMC L−1 of MCCE or purified MC. Interestingly, in our 
study, harmed offspring of MCCE-and NCCE-exposed 
D. magna were observed; this implies not only that MC 
is responsible for the harmed offspring but that other, 
unknown harmful compounds should be considered. In 
fact, Bednarska and Slusarczyk (2013) also proved that the 
microcystin-free filamentous cyanobacteria could cause 
maternal abortion of Daphnia pulicaria. It is likely that 
the offspring of MCCE- and NCCE-exposed D. magna 
suffered from toxic pressures and therefore needed to 
pay the energy cost for resisting the toxins, even from 
the embryonic development stage (Dao et al., 2010). In 
addition, the degradation of offspring was derived directly 
from maternal biotransformation of MC and/or harmfully 
bioactive compounds to eggs (Wiegand, 2009). To the best 
of our knowledge, modelizations of stimulated responses 
of life-history traits and physiological endpoints versus 
CCE concentrations have not yet been implemented. A 
few meta-analyses (Lurling, 2003; Herrera et al., 2015) 
indicated that the linear and logistic models were usually 
applied for describing correlations of adverse responses 
versus CCE concentrations or cyanobacterial cells. In 
this study, we suggested the quadratic equation, which 
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Figure 1. The effects of cyanobacterial crude extracts on the 
brood size. A: the first brood, B: the second brood. Asterisks 
indicate significant differences by the Kruskal-Wallis test, 
followed by the Wilcoxon rank-sum test for multiple comparison 
(*P < .05, **P < .01, ***P < .001).
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is able to demonstrate the correlation between D. magna 
responses and CCE concentrations. Specifically, CCEs at 
concentrations assumed to be undera tolerance threshold 
did support D. magna reproduction (e.g., number of 
neonates per female) as the nutrient supplement, whereas 
when CCE concentrations increased beyond this tolerance 
threshold, harmful expressions were observed (Herrera et 
al., 2015). We recommend further research with higher 
CCE concentrations to test the aforementioned hypothesis. 
Interestingly, among many endpoints belonging to the 
life-history traits and physiological responses evaluated, 
the number of neonates per female endpoint exhibited the 
highest correlation to both MCCE and NCCE exposures. It 
is reasonable as Cui et al. (2016) and Sancho et al. (2016) 
observed that the number of neonates per female was a 
very important endpoint for ecotoxicological evaluation 
because it was highly reflective of the toxic levels of tested 
substances on model organisms.

y = -0.0472x2 + 3.6278x + 10.924
R² = 0.9964

y = -0.0604x2 + 3.983x + 11.936
R² = 0.9871
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Figure 2. The degradation of eggs and neonates (red arrows) of the Daphnia magna gravid females exposed to cyanobacterial crude 
extracts. A: dead eggs, B: dead neonate, C: malformation of the tail, and D: normal tail of control Daphnia magna.

Figure 3. Regression equations and correlation coefficients 
(R2) describing the highest correlations between the number of 
neonates per female (as mean) and CCE concentrations. The red 
color indicates the microcystin-containing crude extract and the 
green color indicates the microcystin-free crude extract.
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The enhanced somatic growth of D. magna exposed 
to MCCE in our study was in line with Dao et al. 
(2010), in which D. magna was exposed to MCCE at 
concentrations of 5 and 50 µgMC L−1. However, purified 
MC at concentrations of 5 and 50 µg L−1 also increased 
D. magna somatic growth (Dao et al., 2010). Therefore, 
our results confirmed that MC is likely to enhance D. 
magna somatic growth, and beyond that it is reasonable 
to consider other compounds that may be responsible 
for the increase in somatic growth in CCE-exposed D. 
magna. Another highly possible scenario is additional 
nutrients stimulating somatic growth, and this has been 
proven by Herrera et al. (2015). Specifically, the body 
length of Moinamicrura and Daphnia similis increased 
significantly relative to the control when exposed to 
MCCE at concentrations of 4.5–21.7 µgMC L−1 (Herrera 
et al., 2015).

In our results the stimulated feeding rate only  
occurred in MCCE-exposed D. magna not in NCCE-
exposed D. magna. Interestingly, according to Ghadouani 
et al. (2004), exposure to purified MC at a concentration 
of 50 µg L−1 did not change the feeding behavior of 
Daphnia pulicaria. In addition, exposure to MCCE at 
a concentration of 134.5 µgMC L−1 strongly inhibited 
Daphnia similis feeding behavior (Herrera et al., 2014). 
Thus, there must be some unknown substances at 
the relevant concentrations contained in the MCCE 
investigated in the current study. We suggest the further 

determination of chemical composition of the two CCEs  
in order to facilitate clear interpretation of the differences 
in the feeding rate effects of both CCEs.

In summary, the D. magnasurvival rate was 
insignificantly reduced by both CCEs. In addition, 
the fertility of D. magna exposed to both CCEs was 
drastically improved, even at the lowest concentration. 
Although the reproduction-stimulated effects on D. 
magna were expressed clearly at the evaluated endpoints, 
offspring-toxic effects were also recorded in all MCCE 
and NCCE exposures. Additionally, somatic growth in D. 
magna increased under exposures to MCCE and NCCE 
at all tested concentrations. However, the feeding rate 
was only enhanced by MCCE exposures, which indicated 
dissimilar properties between CCEs that remain 
unknown. Our results are new and ecotoxicologically 
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indicate feeding rate as well as life-history trait responses 
of D. magna exposed to MCCE and NCCE at an early 
stage of development. The toxicities of Pseudanabaena sp. 
extract on D. magna obtained in our study are considered 
the first report for further investigations. Ecotoxicological 
tests with reservoir water collected directly from locations 
of cyanobacterial blooms using D. magna and/or a variety 
of species will provide material for future investigations.

Acknowledgments
This research was funded by the Vietnam National Foundation 
for Science and Technology Development (NAFOSTED) (grant 
no: 106.04-2018.314)” with “Vietnam Academy of Science and 
Technology (VAST) (grant no.: KHCBSS.02/19-21) Wehighly 
appreciate the contribution of Dr. Bijeesh Kozhikkodan 
VEETTIL (Duy Tan University, Vietnam) for the revision of 
the manuscript, which is reflected in the improved English.

References

Bednarska A, Slusarczyk M (2013). Effect of non-toxic, filamentous 
cyanobacteria on egg abortion in Daphnia under various 
thermal conditions. Hydrobiologia 715: 151-157. doi:10.1007/
s10750-012-1424-2

Bláha L, Babica P, Maršálek B (2009). Toxins produced in cyanobacterial 
water blooms–toxicity and risks. Interdisciplinary Toxicology 2 
(2): 36-41. doi:10.2478/v10102-009-0006-2

Campos B, Altenburger R, Gómez C, Lacorte S, Pina B et al. (2014). 
First evidence for toxic defense based on the multixenobiotic 
resistance (MXR) mechanism in Daphnia magna. Aquatic 
Toxicology 148: 139-151. doi:10.1016/j.aquatox.2014.01.001

Chen W, Song L, Ou D, Gan N (2005). Chronic toxicity and responses 
of several important enzymes in Daphnia magna on exposure 
to sublethal microcystin-LR. Environmental Toxicology 20 (3): 
323-330. doi:10.1002/tox.20108

Chorus I, Bartram J (editors) (1999). Toxic Cyanobacteria in water: 
A guide to their public health consequences, monitoring and 
management. London, UK: E & FN Spon (on behalf of World 
Health Organisation) Press. 

Cooke GN, Welch EB, Peterson SA, Nichols SA (editors) (2005). 
Restoration and management of lakes and reservoirs. 3rd ed. 
Boca Raton, USA: CRC Press.

Cui F, Chai T, Liu X, Wang C (2016). Toxicity of three strobilurins 
(kresoxim-methyl, pyraclostrobin, and trifloxystrobin) on 
Daphnia magna. Environmental Toxicology and Chemistry 36 
(1): 182-189.  doi:10.1002/etc.3520

da Costa SM, Ferrão-Filho AS, Azevedo SMFO (2013). Effects 
of saxitoxin- and non-saxitoxin-producing strains of the 
cyanobacterium Cylindrospermopsis raciborskii on the fitness of 
temperate and tropical cladocerans. Harmful Algae 28: 55-63. 
doi:10.1016/j.hal.2013.05.017

Dao TS, Do-Hong LC, Wiegand C (2010). Chronic effects of 
cyanobacterial toxins on Daphnia magna and their offspring. 
Toxicon 55 (7): 1244-1254. doi:10.1016/j.toxicon.2010.01.014

Dao TS, Le TH, Pham TL, Do-Hong LC, Nguyen PD (2014). 
Influences of cyanobacterial toxins microcystins on the seedling 
of plants. Journal of Environmental Protection 05 (01): 35-41. 
doi:10.4236/jep.2014.51005

Dao TS, Ortiz-Rodriguez R, Do-Hong LC, Wiegand C (2013a). 
Non-microcystin and non-cylindrospermopsin producing 
cyanobacteria affect the biochemical responses and behavior of 
Daphnia magna. International Review of Hydrobiology 98 (5): 
235-244. doi:10.1002/iroh.201301626

Dao TS, Tran TL, Pham TL, Do-Hong LC, Nguyen PD (2013b). 
Impacts of cyanobacterial toxins from Dau Tieng Reservoir, 
Vietnam, on the early life stage of zebrafish. In: 4th 
International Conference on Biology, Environment and 
Chemistry; Singapore, IPCBEE, 58: 41-46.

Dao TS, Vo TM, Wiegand C, Bui BT, Dinh KV (2018). 
Transgenerational effects of cyanobacterial toxins on a tropical 
micro-crustacean Daphnia lumholtzi across three generations. 
Environmental Pollution 243 (Pt B): 791-799. doi:10.1016/j.
envpol.2018.09.055

Díez-Quijada L, Prieto AI, Puerto M, Jos Á, Cameán AM (2019). In 
Vitro mutagenic and genotoxic assessment of a mixture of the 
cyanotoxins microcystin-LR and cylindrospermopsin.Toxins 
(Basel) 11 (6), pii: E318. doi:10.3390/toxins11060318

Dionisio Pires LM, Bontes BM, Van Donk E, Ibelings BW (2005). 
Grazing on colonial and filamentous, toxic and non-toxic 
cyanobacteria by the zebra mussel Dreissenapolymorpha. 
Journal of Plankton Research 27 (4): 331-339. doi:10.1093/
plankt/fbi008

Epel D, Luckenbach T, Stevenson CN, Macmanus-Spencer LA, 
Hamdoun A et al. (2008). Efflux transporters: newly appreciated 
roles in protection against pollutants. Environmental Science 
& Technology 42 (11): 3914-3920. doi:10.1021/es087187v

Ferrando MD, Janssen C, Andreu E, Persoone G (1993). 
Ecotoxicological studies with the freshwater rotifer 
Brachionuscalyciflorus III. The effects of chemicals on feeding-
behavior. Ecotoxicology and Environmental Safety 26 (1): 1-9. 
doi:10.1006/eesa.1993.1035

Ferrao-Filho AS, Azevedo SMFO, Demott WR (2000). Effects of 
toxic and non-toxic cyanobacteria on the lifehistory of tropical 
and temperate cladocerans. Freshwater Biology 45 (1): 1-19. 
doi:10.1046/j.1365-2427.2000.00613.x

Gauld T (1951). The grazing rate of marine copepods. Journal of the 
Marine Biological Association of the United Kingdom 29 (3): 
695-706. doi:10.1017/S0025315400052875

Ghadouani A, Pinel-Alloul B, Plath K, Codd GA, Lampert W (2004). 
Effects of Microcystis aeruginosa and purified microcystin-LR 
on the feeding behavior of Daphnia pulicaria. Limnology and 
Oceanography 49 (3): 666-679. doi:10.4319/lo.2004.49.3.0666

Guzmán-Guillén R, Puerto M, Gutiérrez-Praena D, Prieto AI, 
Pichardo S et al. (2017). Potential use of chemoprotectants 
against the toxic effects of cyanotoxins: A review. Toxins 
(Basel) 9 (6): 175. doi:10.3390/toxins9060175



NGUYEN et al. / Turk J Zool

506

Herrera N, Palacio J, Echeverri F, Ferrão-Filho A (2014). Effects of 
a cyanobacterial bloom sample containing microcystin-LR on 
the ecophysiology of Daphnia similis. Toxicology Reports 1: 
909-914. doi:10.1016/j.toxrep.2014.10.017

Herrera NA, Echeverri LF, Ferrão-Filho AS (2015). Effects of 
phytoplankton extracts containing the toxin microcystin-LR 
on the survival and reproduction of cladocerans. Toxicon 95 
(2015): 38-45. doi:10.1016/j.toxicon.2014.12.016

Hulot FD, Carmignac D, Legendre S, Yéprémian C, Bernard C (2012). 
Effects of microcystin-producing and microcystin-free strains 
of Planktothrixagardhii on long-term population dynamics of 
Daphnia magna. Annales de Limnologie - International Journal 
of Limnology 48 (3): 337-347. doi:10.1051/limn/2012023

Kilham SS, Kreeger DA, Lynn SG, Goulden CE, Herrera L 
(1998). Combo: a defined freshwater culture medium for 
algae and zooplankton. Hydrobiologia 377 (1): 147-159. 
doi:10.1023/A:1003231628456

Lau NS, Matsui M, Abdullah AAA (2015). Cyanobacteria: 
photoautotrophic microbial factories for the sustainable 
synthesis of industrial products. Journal of Biomedicine and 
Biotechnology 2015 (2): 754934. doi:10.1155/2015/754934

Liang Y, Ouyang K, Chen X, Su Y, Yang J (2017). Life strategy and 
grazing intensity responses of Brachionuscalyciflorus fed 
on different concentrations of microcystin-producing and 
microcystin-free Microcystis aeruginosa. Scientific Reports 7: 
43127. doi:10.1038/srep43127

Lurling M (2003). Effects of microcystin-free and microcystin-
containing strains of the cyanobacterium Microcystis aeruginosa 
on growth of the grazer Daphnia magna. Environmental 
Toxicology 18 (3): 202-210. doi:10.1002/tox.10115

Meyer JS, Ingersoll CG, Mcdonald LL, Boyce MS (1986). Estimating 
uncertainty in population growth rates: Jacknife vs. Bootstrap 
techniques. Ecology 67 (5): 1156-1166. doi:10.2307/1938671

OECD (2012). Guideline for the Testing of Chemicals No 211. 
Daphnia magna Reproduction Test. Organization for 
Economic Cooperation and development, Paris, p. 202.

Okumura DT, Sotero-Santos RB, Takenaka RA, Rocha O (2007). 
Evaluation of cyanobacteria toxicity in tropical reservoirs 
using crude extracts bioassay with cladocerans. Ecotoxicology 
16 (2): 263-270. doi:10.1007/s10646-006-0126-9

Ortiz-Rodríguez R, Dao TS, Wiegand C (2012). Transgenerational 
effects of microcystin-LR on Daphnia magna. The Journal of 
Experimental Biology 215 (Pt 16): 2795-2805. doi:10.1242/
jeb.069211

Ortiz-Rodríguez R, Wiegand C (2010). Age related acute effects of 
microcystin-LR on Daphnia magna biotransformation and 
oxidative stress. Toxicon 56 (8): 1342-1349. doi:10.1016/j.
toxicon.2010.07.020 

Pawlik-Skowrońska B, Toporowska M, Mazur-Marzec H (2019). 
Effects of secondary metabolites produced by different 
cyanobacterial populations on the freshwater zooplankters 
Brachionuscalyciflorus and Daphnia pulex. Environmental 
Science and Pollution Research 26: 11793-11804. doi:10.1007/
s11356-019-04543-1

Pham TL, Dao TS, Shimizu K, Do-Hong LC, Utsumi M (2015b). 
Isolation and characterization of microcystin-producing 
cyanobacteria from Dau Tieng Reservoir, Vietnam. 
Nova Hedwigia 101 (1-2): 3-20. doi:10.1127/nova_
hedwigia/2014/0243

Pham TL, Ngo XQ (2017). Detection of potentially toxigenic 
microcystis strains from Dau Tieng Reservoir. Journal 
of Biotechnology 15 (4): 745-752. doi:10.15625/1811-
4989/15/4/13418

Pham TL, Shimizu K, Dao TS, Hong-Do LC, Utsumi M (2015a). 
Microcystin uptake and biochemical responses in the 
freshwater clam Corbicula leana P. exposed to toxic and 
non-toxic Microcystis aeruginosa: Evidence of tolerance to 
cyanotoxins. Toxicology Reports 2: 88-98. doi:10.1016/j.
toxrep.2015.01.012

Pham TL, Shimizu K, Dao TS, Motoo U (2017). First report on free 
and covalently bound microcystins in fish and bivalves from 
Vietnam: Assessment of risks to humans. Environmental 
Toxicology and Chemistry 36 (11): 2953-2957. doi:10.1002/
etc.3858

Pham TL, Shimizu K, Kanazawa A, Gao Y, Dao TS et al. (2016). 
Microcystin accumulation and biochemical responses in 
the edible clam Corbiculaleana P. exposed to cyanobacterial 
crude extract. Journal of Environmental Sciences 44: 120-130. 
doi:10.1016/j.jes.2015.09.018

Pietsch C, Wiegand C, Ame MV, Nicklisch A, Wunderlin D et 
al. (2001). The effects of cyanobacterial crude extract on 
different aquatic organisms: Evidence for cyanobacterial toxin 
modulating factors. Environmental Toxicology 16 (6): 535-
542. doi:10.1002/tox.10014

Puerto M, Pichardo S, Jos A, Cameán AM (2009). Comparison of 
the toxicity induced by microcystin-RR and microcystin-YR 
in differentiated and undifferentiated Caco-2 cells. Toxicon 54 
(2): 161-169. doi:10.1016/j.toxicon.2009.03.030

Sancho E, Villarroel MJ, Ferrando MD (2016). Assessment of 
chronic effects of tebuconazole on survival, reproduction 
and growth of Daphnia magna after different exposure 
times. Ecotoxicology and Environmental Safety 124: 10-17. 
doi:10.1016/j.ecoenv.2015.09.034

Schmidt JR, Wilhelm SW, Boyer GL (2014). The fate of microcystins 
in the environment and challenges for monitoring. Toxins 
(Basel) 6 (12): 3354-87. doi:10.3390/toxins6123354

Sivonen K (1996). Cyanobacterial toxins and toxin production. 
Phycologia 35 (6S): 12-24. doi:10.2216/i0031-8884-35-6S-12.1

Smutná M, Babica P, Jarque S, Hilscherová KL, Maršálek B, Haeba 
M, Bláha L (2014). Acute, chronic and reproductive toxicity 
of complex cyanobacterial blooms in Daphnia magna and 
the role of microcystins. Toxicon 79: 11-18. doi:10.1016/j.
toxicon.2013.12.009

Toporowska M, Mazur-Marzec H, Pawlik-Skowrońska B (2020). 
The effects of cyanobacterial bloom extracts on the biomass, 
Chl-a, MC and other Oligopeptides contents in a natural 
Planktothrixagardhii population. International Journal of 
Environmental Research and Public Health 17 (8), pii: E2881. 
doi:10.3390/ijerph17082881



NGUYEN et al. / Turk J Zool

507

Van Leeuwen CJ, Luttmer WJ, Griffieon PS (1985). The use of cohorts 
and populations in chronic toxicity studies with Daphnia 
magna: a cadmium example. Ecotoxicology and Environmental 
Safety 9 (1): 26-39. doi:10.1016/0147-6513(85)90031-4

Villarroel MJ, Sancho E, Ferrando MD, Andreu E (2003). Acute, 
chronic and sublethal effects of the herbicide propanil on 
Daphnia magna. Chemosphere 53 (8): 857-864. doi:10.1016/
S0045-6535(03)00546-0 

Wiegand C (2009). Proteomic changes in Daphnia magna due to 
cyanobacterial toxins. In: SETAC Europe 19th, Protecting 
ecosystem health: facing the challenge of a globally changing 
environment; Göteborg, Sweden.


