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Abstract

Rotifers due to their relatively short lifespan, high fecundity and high rate of population
growth are ideal for chronic toxicity tests. The aim of this research was to determine the
lethal concentrations (LCsy 24 h) of deltamethrin and imidaclopride and their impacts on
the reproduction and growth of the freshwater rotifer, Brachionus calyciflorus.
Experiments were carried out based on the guidelines of the standard methods of OECD.
Based on LCs levels of pesticides, different concentration treatment groups designated and
rotifer population responses in the five different concentrations of deltamethrin (0.00, 0.05,
0.10, 0.21 and 0.53 mg L™ and imidacloprid (0.00, 6.22, 12.45, 24.91 and 62.27 mg L™)
were studied during ten days. The LCsy 24h of deltamethrin and imidacloprid for
freshwater rotifer determined as 1.06 mg L™ and 124.54 mg L™, respectively. The density
of rotifers in all treatment groups of pesticides decreased significantly compared to the
control group at tenth day (p<0.05). The ratio of ovigerous females to nonovigerous
females (OF/NOF) and the ratio of mictic females to amictic females (mic/amic) were
significantly affected (p<0.05) in all concentrations of both insecticides. The results of this
study suggested that B. calyciflorus are severely sensitive to deltamethrin rather than to
imidacloprid pesticide.
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Introduction

Life-cycle toxicity tests are important
components for realistic evaluation of
ecological risks of pesticides. The life-
cycle tests of fish provides excellent
data on toxicity (Jafar Nodeh and
Hosseini, 2013), but these tests are
costly and time consuming. Recently,
researchers sought ways for shortening
the time of toxicity tests, while critical
stages, sensitivity and ecological
originality are to be considered.
Therefore, use of the early life stages of
fish proposed (McKim, 1985; Norberg-
King, 1989; Kalbassi et al., 2013). On
the other hand, aquatic invertebrates
appear to be a good representative,
because their life cycle is much shorter
than fish and their small size decreases
the test volume (Snell and Persoone,
1989).

In recent decades, industrial progress
has led to increasing the use of
detrimental bio-chemicals  which
ultimately have led to the accumulation
of toxicants in our environment and
living organisms (Sanchez-Bayo, 2012;
Torre et al., 2013; Faggio et al., 2016;
Pagano et al., 2016). Potential risk of
toxins in aquatic ecosystems can be
investigated by modelling their study in
laboratory or field (Aliko et al., 2015;
Savorelli et al., 2017). The information
of toxicology experiment in
ecotoxicology science can point out the
effects of toxicants on population of
aquatic animals in freshwater resources.
Laboratory data are used to assess
potential environmental impact of
poisons and to limit using of toxic
materials. So, the aim of pollutant
toxicity measurement is to access their

acceptable standard level in order to
protect aquatic resources (Handy and
Penrice, 1993).

Among the multicellular organisms,
rotifers have short life cycle (Wallace
and Snell, 1991) and they are very
important in freshwater and coastal
marine environments, as the main food
of many invertebrates and larval period
in fishes. Many chemicals, such as
heavy metals, nanoparticles, pesticides,
fly  ashes, and perfluorinated
compounds, have been assessed using
rotifers as a model receptor (Marcial et
al., 2005; Snell and Hicks, 2011;
Cooper et al., 2014; Wang et al., 2014;
Zhang et al., 2013, 2014, 2015a,
2015b). Population dynamics of rotifers
are well-known in laboratory and field
conditions (Edmondson, 1965). Rotifers
are so important for population
dynamic studies, that are considered
and presented as pollution indicators,
and bioassay organisms (Snell, 1991) as
well as models in experiments of
population dynamics (Snell, 1978).
They  work as grazers on
phytoplanktons and involve in nutrient
recycle  procedures in  aquatic
ecosystems (Ejsmont-Karabin, 1983).

Early studies, in ecotoxicological
experiments, were only emphasized on
asexual reproduction phase of rotifer
life cycle. Snell and Carmona (1995)
compared sexual and asexual sensitivity
of freshwater rotifer B. calyciflorus to
toxins. The influence of endocrine
disrupters on the sexual reproduction of
freshwater rotifers was studied by
Preston et al. (2000). Nowadays,
investigations on full life cycle of
rotifers are required to evaluate the
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ecological effect of pollutants. A lot of
tests exist in bibliography about the
acute and chronic toxicity of different
pesticides on freshwater rotifer but due
to differences in genotype and
environment, these results are very
different. Therefore, it is recommended
that these experiment, to be performed
at various locations (Sarma, 2000).

Pyrethroid  pesticides such  as
deltamethrin are widely used in the
world. Application of these pesticides
are considered to be a potential danger
for various environments including
aquatic ecosystems (Richterovd and
Svobodova, 2012; Qadir et al., 2015).
Utilization of imidacloprid has been
greatly increased in the last two decades
(Jemec et al., 2007). This neoticotinoid
insecticide is considered as a potential
pollutant for surface and ground water
in the world (Tippe, 1987).

Chemical pesticides with stable
molecules (long half-life) will pose a
threat on aquatic organisms and human
populations  that consume them
(McKim, 1985). Therefore, the present
study attempts to evaluate the effect of
deltamethrin and imidacloprid
insecticides on the population growth
and  reproduction  dynamics  of
freshwater rotifer, Brachionus
calyciflorus.

Materials and methods

The rotifer B. calyciflorus used in this
experiment  was  isolated  from
Chahnime water reservoirs (30'45"N
61'38"E) in northern part of Sistan and
Blouchestan Province-Iran. Rotifers
were cultured for three months in hard
synthetic freshwater (EPA, 2002) and

fed on Chlorella vulgaris (1-2x10° cells
m L™ during adaptation period and
attempts to obtain the required amounts
of resting eggs. Resting eggs were
produced under highly controlled
conditions and stored at 4 °C in
darkness. Hatching of resting eggs was
started by transferring them to EPA
medium (Peltier and Weber, 1985) at
25 °C and 3000 lux of light intensity.
Pure algae (Chlorella vulgaris) stock
was obtained from the Hamoun
International Wetland Research
Institute, Iran. They were cultured in
semi-intensive system in Zinder (Z-8)
medium at 25+1°C temperature and
16:8h light-dark regime (3000 lux)
(Lucia-Pavon et al., 2001).

In order to gain the same
chronological age of rotifers, after 16-
18 hours, the homogeneous group
(same age) of neonates were isolated
and transferred to test tubes using
pipette (0.4 mm in diameter). Each test
tube was containing 10 mL of culture
medium and 100 newly hatched
neonates (with average age of less than
2 hours). Advantage of using hatched
resting eggs is that it is working with
the homogeneous groups with similar
physiological and genotype conditions
and this will greatly reduce the
experiment errors (Fernandez-
Casalderrey et al., 1991).

Acute toxicity experiments were
carried out statically based on standard
methods (Opschoor and Vos, 1989) in
order to determine the LCso 24h.
According to range-finding test and
logarithmic calculations that were
carried out based on the method
described by Snell and Persoone


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

591 Gharaei et al., Population growth of Brachionus calyciflorus affected by...

(1989), we defined eight concentrations
of deltamethrin (0.7, 0.8, 0.9, 1, 1.2,
1.3, 1.4 and 15 mg L%, nine
concentration of imidacloprid (17.5, 35,
70, 105, 140, 175, 210, 245 and 280 mg
L) and a control treatment with three
replicates to determine the lethal
concentrations of these pesticides.
Then, the LC1, LCs and LCq of
deltamethrin and imidacloprid were
determined using Probit  Analysis
(Kugukgul Gulec et al., 2015).

For evaluation of pesticides effects,
the rotifers were exposed to five
concentrations of deltamethrin (0.00,
0.05, 0.10, 0.21 and 0.53 mg L) and
imidacloprid (0.00 (control), 6.22,
12.45, 24.91 and 62.27 mg L™) based
on results of LC tests. To begin the test,
27 tubes [((2x4 level of toxin
concentration)+1 control)x 3 replicates]
containing 10 ml of EPA medium,
chlorella (2x10° cells mL™) and toxin
were prepared and 100 newly hatched
neonates were added to each tube. The
number of mictic females, amictic
females, ovigerous females and
nonovigerous females were determined
according to their color, shape and body
size and monitored (Snell, 1978) and
then the rotifers were transferred to new
tubes which was supplied with fresh
food and toxin solution daily
(Fernandez-Casalderrey et al., 1991).

During the experiment, test tubes were
kept under 3000 lux of light intensity
and 16:8h of light/dark regime without
aeration, and the algae were suspended
by micropipette every 12 hours (Xi
and Feng, 2004). The rate of population
growth in different treatments were
calculated by the following exponential
equation 1 (Fernandez-Casalderrey et
al., 1992):
r = (LnN; - LnNg) t*

1)
Where No is the initial population
density, N; is the final population
density and t is time.

Data analysis performed using SPSS
Ver.16 and
normality of data distribution was
tested using the Shapiro-Wilk test.
Analysis  of variance  (One-way
ANOVA) and Duncan test used for the
general comparison  between the
treatments and for the segregation of
different groups (p<0.05). The LC50
values for pesticides were measured
using probit analysis test.

Results

According to lethal concentration tests,
the LCsg 24h of deltamethrin and
imidacloprid for freshwater rotifer (B.
calyciflorus) were obtained as 1.06 and
124.54 mg L™, respectively (Table 1).

Table 1: Acute 24 h toxicity of technical deltamethrin and imidacloprid insecticides in Brachionus

calyciflorus.
LCs,95%
NOEC ~ LOEC  LCs Confidence limits LCuo LCao
Deltamethrin (mg L™) 0.70 0.80 1.06 1.02-1.11 0.81 1.40
Imidaclopride (mg L™) 17.5 35 124.54 93.98-155.11 55.51 279.43

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]
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Principally, pesticide concentrations
selected for the chronic toxicity test
were based on the result of lethal
concentration test, in a manner that the
highest concentration of LCsy was half
a fold and the lowest concentration was
0.05 times of LC50 for each insecticide.
In this study, the result showed that
population density of rotifer exposed to
6.22 mg L™ of imidacloprid had the
same trend as the control group until
the sixth day and the same trend was
observed for deltamethrin (0.05 mg L™)

until  the fifth day. Moreover,
deltamethrin at 0.53 mg L™ (half of
LCso) and imidacloprid at 24.91 mg L™
and 62.27 mg L' (half of LCs)
indicated a decreasing trend of
population density during the trial
period (Figs. 1, 2). The growth rate of
rotifer population significantly
decreased in concentrations of 0.01,
0.21 and 0.53 mg L™ deltamethrin, and
12.45, 2491 and 62.27 mg L' of
imidacloprid in 10 days (Figs. 3,4).
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Figure 1: Population density of Brachionus calyciflorus exposed to five concentrations
of deltamethrin (0.00 (control), 0.05, 0.1, 0.21 and 0.53 mg L™) at 10 days.
The values are meanzstandard error and shown based on three replicate

recordings.
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Figure 2: Population density of Brachionus calyciflorus exposed to five concentrations of
imidacloprid (0.00 (control), 6.22, 12.45, 24.91 and 62.27 mg L™) at 10 days. The
values are meanzstandard error and shown based on three replicate recordings.
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Figure 3: Population growth rate of Brachionus calyciflorus exposed to five
concentrations of deltamethrin (0.00 (control), 0.05, 0.1, 0.21 and 0.53
mg L™) at 10 days. The values are mean+standard error and shown
based on three replicate recordings.
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Figure 4: Population growth rate of Brachionus calyciflorus exposed to five
concentrations of imidacloprid (0.00 (control), 6.22, 12.45, 24.91 and
62.27 mg L) at 10 days. The values are meanzstandard error and
shown based on three replicate recordings.

Discussion

Results of our research clearly indicated
that B. calyciflorus has more sensivity
to deltamethrin in comparison to
imidacloprid. This result might be
related to the rapid effect of
deltamethrin on the nervous system of
target organisms. Deltamethrin  at
sublethal concentrations had no effect
on duration of embryonic stage of
rotifer but it prolongs the juvenile stage
at 0.06 and 1.2 mg L™ (Xi and Hu,
2003). The effect of acute toxicity of

deltamethrin  studied on Daphnia
magna, showed that the 24 and 48
hours LCsy for this toxicant were 0.11
and 0.037 mg L, respectively (Toumi
et al, 2015). In another study,
deltamethrin caused 50% mortality in
Mysid  shrimp, Mysidopsis babhia,
population after 96h at 0.0017 ppb
(EPA, 2002). Based on the report of
Oros and Werner (Oros and Werner,
2005), it seems that fish embryos are
more resistant than larvae against
pyrethroids. The  48-hour lethal


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]

Iranian Journal of Fisheries Sciences 19(2) 2020 594

concentration of deltamethrin  for
Common carp embryos and larvae has
been reported as 0.21 and 0.74 ppb,
respectively (Koprici and Aydin,
2004). The imidacloprid toxicity to
aquatic invertebrates is very diverse and
Daphnia is one of most resistant
invertebrates to this insecticide (Jemec
et al., 2007). It means that toxicity of
imidacloprid is largely depended on the
species and the results could not be
generalized.

Roex et al. (2000) reported that in
high toxin stresses, the density may
increase at first, but then the growth
rate could decline significantly. In our
research, when the population growth
rates in all treatment groups were
compared with the control group, it
showed that this index decreased
significantly (p<0.05) in deltamethrin at
concentrations higher than 0.05 mg L™
and imidacloprid at concentrations
higher than 6.22 mg L™.

Rao and Sarma (1986) and Janssen et
al. (1994) found that DDT at 30.0 pg L™
and lindane at concentrations from 15.0
to 20.0 mg L™ decreased significantly
the population growth rate of B. patulus
and B. calyciflorus, respectively. Xi et
al. (2007) reported that DDT at 0.64 mg
L concentration significantly decreased
the population growth rate of B.
calyciflorus.  Toxicants at  low
concentrations could not cause the death
of phytoplanktons because in general
phytoplanktons are more resistant than
zooplanktons (Kerrison et al., 1988), but
at high concentrations they may Kill
algal cells. Due to the fact that dead
Chlorella has much less effect than live
Chlorella on the rotifer population

growth, at least Brachionus sp. (Sarma
et al.,, 2001), the reduction in the
population growth rate of B.
calyciflorus under toxic stress could be
the result of a reduced swimming
speed, egg production and food uptake
because filtration and ingestion rates of
B. calyciflorus after exposure to sub-
lethal levels of imidacloprid and
deltamethrin (Halbach, 1984;
Fernandez-Casalderry et al., 1992).
Based on the reproductive strategy of
rotifer in favorable environmental
conditions is asexual reproduction that
makes resting egg production and
sexual reproduction can be
physiologically more complex, energy
consuming and difficult. But with
deterioration of the conditions, rotifer
tends to undergo sexual reproduction in
order to be able to maintain its genetic
resources. By comparing the results of
population growth and mic/amic ratio,
we found that in concentrations of 0.05
and 0.10 mg L™ of deltamethrin and
concentrations of 6.22 and 12.45 mg L™
of imidacloprid, the resting egg
production and mic/Amic proportion
increased significantly in the middle of
the trial period (Figs. 5, 6), while we
had seen that the growth rate was
increasing  before that. But at
concentrations of 021 mg L™ of
deltamethrin and 24.91 mg L* of

imidacloprid that are % of LC50

concentrations, the sexual reproduction
and resting egg production occurred
from the beginning of experiment. Xi et
al. (2007) found DDT at 0.0025 and
0.01 mg L™ increased significantly the
mic/amic ratios in B. calyciflorus. On
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ninth day, mic/amic ratio in control
treatment was significantly over the
other  treatments  (p<0.05), that
indicating the dominance of sexual
reproduction in rotifer life cycle
because of the increase in population
density of B. calyciflorus and the results

stated here supported the general
hypothesis that repression of sexual
reproduction was a general response to
environmental stresses of many types
(Snell and Boyer, 1988).
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Figure 5: Effect of five concentrations of deltamethrin (0.00 (control), 0.05, 0.1, 0.21
and 0.53 mg L™ on mic/amic proportion of Brachionus calyciflorus during 10
days. The values are meantstandard error and shown based on three

replicate recordings.
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Figure 6: Effect of five concentrations of imidacloprid (0.00 (control), 6.22, 12.45, 24.91 and
62.27 mg L™) on mic/amic proportion of Brachionus calyciflorus during 10 days. The
values are meanzstandard error and shown based on three replicate recordings.

The results showed that deltamethrin at
0.21 mg L™ concentration on the eight
day and imidacloprid at 24.91 mg L™
concentration on the third and eight
days increased OF/NOF ratio (Figs. 7,
8). According to the results, it can be
explained that the effect of pollutants
on OF/NOF extremely depends on

pesticide type. In 0.21 mg L™ treatment
of deltamethrin from second to ninth
day of the test, the OF/NOF ratio was
significantly higher than the other
treatments and control group (p<0.05)
(Figs. 7, 8). Xi et al. (2007) reported
that lindan at 7 mg L™ concentration
increased the OF/NOF proportion on
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the third day but DDT at concentrations
higher than 0.24 mg L™, dicophol at 1.2
mg L™ and Andosulfan at 7 mg L™ in
third day decreased this proportion. It

200 DELTAMETHRIN
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might explain the effects of pollutants
on the OF/NOF ratio in a rotifer
population.
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Figure 7: Effect of five concentrations of deltamethrin (0.00 (control), 0.05, 0.1, 0.21 and

0.53 mg L) on OF/NOF proportion of Brachionus calyciflorus during 10 days.
The values are meanzstandard error and shown based on three replicate
recordings.
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Figure 8: Effect of five concentrations

of imidacloprid (0.00 (control), 6.22, 12.45,

24.91 and 62.27 mg L) on OF/NOF proportion of Brachionus calyciflorus

during 10 days. The values are
three replicate recordings.

Our results demonstrated that B.
calyciflorus is a more resistant species
to imidacloprid than to deltamethrin
pesticide. Since, rotifers are very
important in freshwater and coastal
marine environments as the main food

mean = standard error and shown based on

of many invertebrates and larval period
of fish, they can play the role of
toxicant carrier in chain food. As these
pollutants accumulate in the
environment, a higher amount of them
will accumulate into the fish body.
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Therefore, we hope that the findings of
the current study can be helpful for
further studies in aquatic environments
s, aquaculture and fisheries sciences.
Moreover,  these  studies  could
contribute to create a network for the
production of new supplements.

Acknowledgment

We thank Prof. Sarma for manuscript
review and Dr. Ghaffari for technical
assistance in toxicity analysis, and all
staff of Hamoun International Wetland
Research Institute for financial support
and corporation. The research project
was funded by University of Zabol
(Grant cod: UOZ-GR-9517-16).

References

Aliko, V., Hajdaraj, G., Caci, A. and
Faggio, C., 2015. Copper induced
lysosomal membrane destabilisation
in haemolymph cells of
Mediterranean green crab (Carcinus
aestuarii, Nardo, 1847) from the
Narta Lagoon (Albania). The
Brazilian Archives of Biology and
Technology, 58, 750-756.

Cooper, C.A., Tait, T., Gray, H.,
Cimprich, G., Santore, R.C,
McGeer, J.C., Wood, C.M. and
Smith, D.S., 2014. Influence of
salinity and dissolved organic carbon
on acute Cu toxicity to the rotifer
Brachionus plicatilis. Environmental
Science and Technology, 48, 1213-
1221.

DOI: 10.3390/molecules21020144.

Edmondson, W.T., 1965.
Reproductive rate of planktonic
rotifers as related to food and

temperature in nature. Ecological
Monographs, 35, 61-111.

Ejsmont-Karabin, J., 1983. Ammonia
nitrogen and inorganic phosphorus
excretion by the planktonic rotifers.
Hydrobiologia, 104, 231-236.

EPA., 2002. Short-term methods for
estimating the chronic toxicity of
effluents and receiving waters to
freshwater organisms. EPA-821-R-
02-013, fourth eds. us
Environmental Protection Agency,
Washington, DC. Available at
http://www.dep.state.fl.us/
water/wastewater/docs/ctf.pdf.

Faggio, C., Pagano, M., Alampi, R.,
Vazzana, I. and Felice, M.R., 2016.
Cytotoxicity, haemolymphatic
parameters, and oxidative stress
following exposure to sub-lethal
concentrations of quaternium-15 in
Mytilus galloprovincialis. Aquatic
Toxicology, 180, 258-265.

Fernandez-Casalderrey, A,
Ferrando, M.D. and Andreu-
Moliner, E., 1992. Filtration and
ingestion rates of Brachionus
calyciflorus after exposure to
endosulfan and diazinon.
Comparative  Biochemistry  and
Physiology Part C: Pharmacology,
103, 357-361.

Fernandez-Casalderrey, A,
Ferrando, M.D., Gamon, M. and
Andreu-Moliner, E., 1991. Acute
toxicity and bioaccumulation of
endosulfan in rotifer (Brachionus
calyciflorus). Comparative
Biochemistry and Physiology Part
C: Pharmacology, 100, 61-63.

Halbach, U., 1984. Population
dynamics of rotifers and its


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]

Iranian Journal of Fisheries Sciences 19(2) 2020 598

consequences for ecotoxicology.
Hydrobiologia, 109, 79-96.

Handy, R.D. and Penrice, W.S., 1993.
The influence of high oral doses of
mercuric chloride on organ toxicant
concentrations and histopathology in
rainbow trout, Oncorhynchus mykiss.
Comparative  Biochemistry  and
Physiology. Part C. Toxicology and
Pharmacology Endocrinology, 106,
717-724.

Jafar Nodeh, A. and Hoseini, S.M.,
2013. Toxicity of  potassium
permanganate to Caspian kutum
(Rutilus frisii kutum) at two sizes (1
and 3g). Ecopersia, 1, 291-298.

Janssen, C.R., Persoone, G. and
Snell, T.W., 1994. Cyst-based
toxicity tests. VIII. Short-chronic
toxicity tests with the freshwater
rotifer  Brachionus calyciflorus.
Aguatic Toxicology, 28, 243-258.

Jemec, A., TiSler, T., Drobne, D.,
Sep€i¢, K., Fournier, D. and
Trebse, P., 2007. Comparative
toxicity of imidacloprid, of its
commercial liquid formulation and
of diazinon to a non-target
arthropod, the  microcrustacean
Daphnia magna. Chemosphere, 68,
1408-1418.

Kalbassi, M.R., Johari, S.A., Soltani,
M. and Yu, I., 2013. Particle size
and agglomeration affect the toxicity
levels of silver nanoparticle types in
aquatic environment. Ecopersia, 1,
273-290.

Kerrison, P.H., Annoni, D., Zarini,
S., Ravera, O. and Moss, B., 1988.
Effects of low concentrations of
heavy metals on plankton
community dynamics in a small,

shallow, fertile lake. Journal of
Plankton Research, 10, 779-812.

Kopricu, K. and Aydin, R., 2004. The
toxic  effects of  pyrethroid
deltamethrin on the common carp
(Cyprinus carpio L.) embryos and
larvae. Pesticide Biochemistry and
Physiology, 80, 47-53.

Kucukgul Gulec, A., Altinterim, B.
and Aksu, O., 2015. Determination
of lethal concentration (LC50) values
. IJFS. 2013; 12 (1), 34-44.

Lucia-Pavon, E., Sarma, S.S.S. and
Nandini, S., 2001. Effect of
different densities of live and dead
Chlorella vulgaris on the population
growth of rotifers Brachionus
calyciflorus and Brachionus patulus
(Rotifera). Revista de Biologia
Tropical, 49, 895-902.

Marcial, H.S., Hagiwara, A. and
Snell, T.W., 2005. Effect of some
pesticides on reproduction of rotifer
Brachionus plicatilis Mdller.
Hydrobiologia, 546, 569-575.

McKim, J.M., 1985. Early life stage
toxicity tests. In Rand, G.M. and
Petrocelli, S.R., 1985. Fundamentals
of aquatic toxicology: methods and
applications. FMC Corp., Princeton,
NJ. pp. 58-95.

Norberg-King, T.J., 1989. An
evaluation of the fathead minnow
sevenday  subchronic test for
estimating chronic toxicity. Hazard
Assessment, 8(11), 1075-1089.

Opschoor, J.B. and Vos, H.B., 1989.
Economic instruments for
environmental protection.
Organization for Economic, 241p

Oros, D.R. and Werner, 1., 2005.
Pyrethroid insecticides: an analysis


https://setac.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Norberg-King%2C+Teresa+J
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]

599 Gharaei et al., Population growth of Brachionus calyciflorus affected by...

of use patterns, distributions,
potential toxicity and fate in the
Sacramento-San Joaquin Delta and
Central Valley. Oakland, CA: San
Francisco Estuary Institute, 415p.

Pagano, M., Capillo, G., Sanfilippo,

M., Palato, S., Trischitta, F.,
Manganaro, A. and Faggio, C.,
2016. Evaluation of functionality
and biological responses of Mytilus
galloprovincialis after exposure to
quaternium-15  (methenamine  3-
chloroallylochloride). Molecules, 21,
144,

Peltier, W.H. and Weber, C.I., 1985.

Methods for measuring the acute
toxicity of effluents to freshwater
and marine organisms. In EPA 600
(\Vol. 4). EPA, 85p.

Preston, B.L., Snell, T.W., Robertson,

T.L. and Dingmann, B.J., 2000.
Use of freshwater rotifer Brachionus
calyciflorus in screening assay for
potential  endocrine  disruptors.
Environmental  Toxicology and
Chemistry, 19, 2923-2928.

Qadir, S., Bukhari, R. and Igbal, F.,

2015. Effect of sub lethal
concentration of imidacloprid on
proximate body composition of
Labeo rohita. I1JFS, 14 (4), 937-945.

Rao, T.R. and Sarma, S.S.S., 1986.

Demographic parameters of
Brachionus patulus Muller
(Rotifera) exposed to sublethal DDT
concentrations at low and high food
levels. Hydrobiologia, 139, 193-200.

Richterova, Z. and Svobodova, Z.,

2012. Pyrethroids influence on fish.
The effect of pyrethroid based
pesticides on  fish.  Slovenian
Veterinary Research, 49, 63-72.

Roex, E.W., Van Gestel, C.A., Van

Wezel, A.P. and Van Straalen,
N.M., 2000. Ratios between acute
aquatic toxicity and effects on
population growth rates in relation to
toxicant mode of action.
Environmental ~ Toxicology and
Chemistry, 19, 685-693.

Sanchez-Bayo, F.P., 2012. Insecticides

mode of action in relation to their
toxicity to non-target organisms.
Journal of Environmental &
Analytical Toxicology. S4, 002.

Sarma, S.S.S., 2000. The use of rotifers

for ecotoxicological studies in
Mexico. Estudios sobre plancton en
México y el Caribe, pp. 8-11.

Sarma, S.S.S., Nandini, S. and Flores,

J.L.G., 2001. Effect of methyl
parathion on the population growth
of the rotifer Brachionus patulus
(OF Muiller) under different algal
food (Chlorella vulgaris) densities.
Ecotoxicology and Environmental
Safety, 48, 190-195.

Savorelli, F., Manfra, L., Croppo, M.,

Tornambe, A., Palazzi, D,
Canepa, S., Trentini, P.L., Cicero,
A.M. and Faggio, C., 2017. Fitness
evaluation of Ruditapes
philippinarum  exposed to Ni.
Biological Trace Element Research,
177, 384-393.

Snell, T.W., 1978.  Fecundity,

developmental time, and population
growth rate. Oecologia, 32, 119-125.

Snell, TW. and Boyer, E.M., 1988.

Thresholds  for mictic female
production in the rotifer Brachionus
plicatilis (Muller). The Journal of
Experimental Marine Biology and
Ecology, 124, 73-85.


http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Qadir
http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Bukhari
http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Iqbal
http://jifro.ir/article-1-318-en.pdf
http://jifro.ir/article-1-318-en.pdf
http://jifro.ir/article-1-318-en.pdf
http://jifro.ir/article-1-318-en.pdf
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]

Iranian Journal of Fisheries Sciences 19(2) 2020 600

Snell, T.W. and Persoone, G., 1989.
Acute toxicity bioassays using
rotifers. 1. A test for brackish and
marine environments with
Brachionus  plicatilis.  Aquatic
Toxicology, 14, 65-80.

Snell, T.W., 1991. Improving the
design of mass culture systems for
the rotifer, Brachionus plicatilis.
Rotifer culture and microalgae
culture systems, pp. 61-71.

Snell, TW. and Carmona, M.J.,
1995. Comparative toxicant
sensitivity of sexual and asexual
reproduction in  the  rotifer
Brachionus calyciflorus.
Environmental  Toxicology and
Chemistry, 14, 415-420.

Snell, TW. and Hicks, D.G., 2011,
Assessing toxicity of nanoparticles
using  Brachionus  manjavacas
(Rotifera). Environmental
Toxicology, 26, 146-152.

Tippe, A., 1987. Evidence for different
mechanisms of action of the three
pyrethroids, deltamethrin,
cypermethrin, and fenvalerate, on the
excitation threshold of myelinated
nerve. Pesticide Biochemistry and
Physiology, 28, 67-74.

Torre, A., Trischitta, F. and Faggio,
C., 2013. Effect of CdCl, on
regulatory volume decrease (RVD)
in Mytilus galloprovincialis
digestive cells. Toxicology in Vitro,
27, 1260-1266.

Toumi, H., Boumaiza, M., Millet, M.,
Radetski, C.M., Felten, V. and
Férard, J.F., 2015. Is
acetylcholinesterase a biomarker of
susceptibility in Daphnia magna
(Crustacea, Cladocera) after

deltamethrin exposure?
Chemosphere, 120, 351-356.

Wallace, R.L. and Snell, T.W., 1991.
Rotifera: Ecology and systematics of
North American freshwater
invertebrates. Academic Press, New
York, pp. 187-248.

Wang, Y., Niu, J., Zhang, L. and Shi,
J., 2014. Toxicity assessment of
perfluorinated  carboxylic  acids
(PFCAs) towards the rotifer
Brachionus calyciflorus. Science of
the Total Environment, 491, 266-
270.

Xi, Y.L. and Feng, L.K., 2004. Effects
of thiophanate-methyl and
glyphosate on asexual and sexual
reproduction in  the  rotifer
Brachionus calyciflorus Pallas. The
Bulletin of Environmental
Contamination and Toxicology, 73,
644-651.

Xi, Y.L. and Hu, H.Y., 2003. Effect of
thiophanate-methyl on the
reproduction and survival of the
freshwater  rotifer Brachionus
calyciflorus pallas. The Bulletin of
Environmental Contamination and
Toxicology, 71, 0722-0728.

Xi, Y.L, Chu, ZX. and Xu, X.P,
2007. Effect of four organochlorine
pesticides on the reproduction of
freshwater rotifer Brachionus
calyciflorus pallas. Environmental
Toxicology and Chemistry, 26, 1695-
1699.

Zhang, G., Xi, Y.L, Xue, Y.H,
Xiang, X.L. and Wen, X.L., 2015a.
Coal fly ash effluent affects the
distributions of Brachionus
calyciflorus sibling species.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html

[ Downloaded from jifro.ir on 2025-12-12 ]

[ DOR: 20.1001.1.15622916.2020.19.2.29.3 ]

601 Gharaei et al., Population growth of Brachionus calyciflorus affected by...

Ecotoxicology and Environmental
Safety, 112, 60-67.

Zhang, L., Niu, J., Li, Y., Wang, Y.
and Sun, D., 2013. Evaluating the
sub-lethal toxicity of PFOS and
PFOA wusing rotifer Brachionus
calyciflorus. Environmental
Pollution, 180, 34-40.

Zhang, L., Niu, J., Wang, Y., Shi, J.
and Huang, Q., 2014. Chronic
effects of PFOA and PFOS on
sexual reproduction of freshwater
rotifer ~ Brachionus calyciflorus.
Chemosphere, 114, 114-120.

Zhang, Q.Q., Ying, G.G., Chen, Z.F.,
Zhao, J.L. and Liu, Y.S., 2015b.
Basin-scale emission and multimedia
fate of triclosan in whole China.

Environmental Science and
Pollution Research, 22, 10130-
10143.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.29.3
http://jifro.ir/article-1-2987-fa.html
http://www.tcpdf.org

