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A b s t r a c t

Little is known on the effects of nicotinoid pesticides on behavioural and physiological par-
ameters of microcrustaceans. The aim of the study was to determine the effects of three concentra-
tions (25, 50 and 100 mg l–1) of neonicotinoid insecticide Mospilan 20 SP (containing 20% of the active
ingredient acetamiprid) on swimming velocity and physiological parameters such as heart rate and
thoracic limb activity in Daphnia magna. The results showed that acetamiprid induced concentra-
tion-dependent inhibition of swimming velocity and thoracic limb activity after 2 hours of the
exposure. The insecticide depressed the heart rate at 100 mg l–1 after 24 hours of the exposure,
however stimulation was noted at 25 and 50 mg l–1. The study suggests that neonicotinoids may alter
on behavioural and physiological parameters in Daphnia magna thereby increasing susceptibility
of these animals to higher predator pressure.
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A b s t r a k t

Niewiele wiadomo na temat oddziaływania neonikotynoidów na behawioralne i fizjologiczne
parametry mikroskorupiaków. Celem badań było określenie wpływu trzech koncentracji (25, 50
i 100 mg l–1) neonikotynoidowego insektycydu Mospilan 20 SP (20% acetamipridu) na szybkość
pływania i parametry fizjologiczne, takie jak: częstotliwość skurczów serca i aktywność odnóży
brzusznych u Daphnia magna. Wykazano, że acetamiprid wywołuje zależne od koncentracji
obniżenie szybkości pływania i aktywności odnóży brzusznych po 2 godzinach ekspozycji. Insektycyd
w stężeniu 100 mg l–1 po 24-godzinnej ekspozycji obniża częstotliwość skurczów serca, jednak
w stężeniach 25 and 50 mg l–1 zanotowano efekt stymulujący. Badania sugeują, iż neonikotynoidy
mogą powodować zmiany parametrów behawioralnych i fizjologicznych u Daphnia magna, a tym
samym zwiększać podatność tych zwierząt na presję ze strony drapieżników.

Introduction

Neonicotinoids are widely used water-soluble synthetic insecticides
targetting pest insects on a wide range of crops (ELBERT et al. 2008)
including compunds such as acetamiprid, clothianidin, imidacloprid, niten-
pyram, nithiazine, thiacloprid, thiamethoxam. These molecules are very effi-
cient insecticides able to bind and interact with acetylcholine receptors located
in neurons of central nervous system in target insect causing paralysis leading
to death (MATSUDA et al. 2001). Although their toxicity is known be restricted
only to pest insects many controversies have emerged recently since they were
shown to affect also non-target animals. It was shown that beneficial insects
such as honey bees (SCHNEIDER et 2012, WILLIAMSON et al. 2014) and wild bees
(WHITEHORN et al. 2012) exposed to these insecticides developed various
dysfunctions, in foraging activity and reproduction (CHRISTEN et al. 2016)
which, in a consequence resulted in a decreased pollination, lower reproduction
and finally increased colony mortality due to a lack of food (MOMMAERTS et al.
2010). Neonicotinoids were also found to induce toxic changes in earthworms
(ZHANG et al. 2017) and were linked to increased bird mortality associated with
a reduction of insect populations (HALLMAN et al. 2014). Although acetamiprid
is considered as safe ad not cancerogenic for humans, some cases of accidental
human poisoning with multiorgan dysfunctions and erectile dysfunctions in
males exposed to these insecticides were also described (IMAMURA et al. 2010,
KUMAR et al. 2013, KAUR et al. 2015, XING et al. 2016).

Although neonicotinoids are susceptible to photoderadation (TISLER et al.
2009) and microbial biotransformation, they are considered as environment-
ally persistent in soil and water environment (LA et al. 2013) and may pose
a risk to aquatic invertebrates after their transfer from soil to the aquatic
environment (ARMBRUST and PEELER 2002). Toxic effect of neonicotinoids were
documented in Ephemeroptera, Trichoptera and snails such as Lymnea stag-
nalis, however different sensitivity exists in these animals (ROESSINK et al.
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2013, MORRISSEY et al. 2015, VEHOVSZKY et al. 2015). Some authors showed
that ostracods, amphipods, mayfly nymphs and migde larvae are affected to
these pesticides (SANCHEZ-BAYO et al. 2016). Although zooplanktonic organ-
isms are susceptible to neonicotinoids they present different level of sensitivity
(HAYASAKA et al. 2012). Lethal and sublethal exposure to these pesticides may
impair predator-prey relationship and ecological balance in the aquatic ecosys-
tems. For example, daphnids, important filter feeders subjected to
neonicotinoids may develop disturbances in feeding which in a consequence
may alter the food chain relationships.

Acetamprid (Figure 1) is one of the most widely used neonicotinoid
(MORISSEY et al. 2015, YANG et al. 2016). The insecticide is persistent in water
and may reach concentrations up to 41 μg l–1 (PPDB 2017). A number of
studies indicate that Cladocera seem to be one of the most resistant invert-
ebrates to neonicotinoids, however they present a wide range of sensitivity
with LC50 (Lethal Concentration) from 4100 to >1000 000 μg l–1 (MORRISEY et
al. 2015). LC50 for thiacloprid was estimated to be 4400 μg l–1 in Daphnia
magna after 24-h exposure (BEKETOV and LIESS 2008) and LC50 (48 h) for
acetamiprid was estimated to be 49.8 mg l–1. Current knowledge on the effects
of neonicotinoids od Daphnia magna is limited to mortality or immobilisation
but very little is known on other parameters such as swimming behaviour and
physiology. Therefore, the aim of the present study was to determine the
influence of persistent neonicotionid formulation mospilan (20% acetamiprid)
on swimming velocity and physiological parameters: heart rate and thoracic
limb activity in Daphnia magna.

Fig. 1. Chemical structure of acetamiprid

Material and Methods

Culture method

D. magna were cultured in our laboratory in a continuous parthenogenetic
reproduction for several generations in 6 L tanks with 5 L of aerated Daphnia
culture medium under light: dark period of 16 h:8 h. Daphnia culture medium
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was prepared according to American Society of Testing and Materials stan-
dards (Standard practice for... 1986) with a temperature of 23±1oC. The
number of cultured daphnids was about 30 animals per liter. Daphnia mothers
were fed once daily with a few drops of powdered Spirulina (2 mg l–1) per tank
and supplemented with a few drops per tank of 10 mg l–1 stock suspension of
baker’s yeast. Neonates from fifth-sixth generation ≤ 24 h old were used in the
study and were not fed 24 h before and during the exposure to the
neonicotinoid.

Chemicals and experimental design

Mospilan 20 SP formulation (20% acetamiprid) was used in the form of the
commercially available product in Poland. The insecticide was diluted in
Daphnia culture medium to reach concentrations of 25, 50 and 100 mg l–1,
selected of the basis of toxicological data for acetamiprid (Material Safety Data
Sheet). Swimming velocity, heart rate and thoracic limb movement frequency
was determined after 2, 24, 48 and 72 hours of the exposure. The control
daphnids were kept in clean medium only.

Determination of survival rate

Survival rate of the animals in each experimemtal group and the control
was determined after 2, 24, 48, 72 h of the exposure. Daphnids were treated as
dead when no heart beat was noted during examination under a light micro-
scope.

Determination of swimming behaviour

Swimming velocity of D. magna neonates were determined after 2, 24, 48
and 72 hours according to the experimental setup previously described by
SHIMIZU et al. (2002) and BOWNIK et al., (2015) with some modifications. 10
daphnids were placed in the observation culture dish of 55 mm diameter
containing 6 ml of Mospilan 20 SP solution. Swimming behaviour of the
animals was video recorded for a minimum of 1 min (with a speed of 30 frames
per second) with a digital camera Nikon D3100 mounted on a stand over the
dish and the recorded video was processed with motion analysis software,
Tracker®, version 4.82. Vertical movement of Daphnia was negligible because
of very small depth of the solution present in the observation dish. The video
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file with the recorded trajectories of swimming D. magna was analyzed by
a frame-by-frame method with Tracker®. Briefly, by clicking with the cursor on
Daphnia image in separate frames, the trail left by a single Daphnia (inter-
preted by the program as a mass point) and mean velocity (v) expressed in
millimeters per second (millimeters per second) was measured. As the crusta-
ceans moved in the observation dish virtually in two dimensions swimming
behavior analysis was based on the trajectory represented by x and y coordi-
nates. The velocities of ten daphnids calculated by the software were plotted in
the separate graphs which were then superimposed. Mean velocity of the
experimental group was obtained by statistical calculation of all measurements
taken for each individual animal.

Heart rate and thoracic limb activity

Microscopic measurements of physiological parameters: heart rate and
thoracic limb movement were performed at 2, 24, 48 and 72 hour of the
experiment. A single daphnid was transferred in a 50 μl droplet of appropriate
experimental solution to a microscope slide. After the individual daphnid was
transported for the analysis, the excess of the medium was aspirated. The
microscopic view of the examined daphnid was recorded for more than 1 min
(with a speed of 30 frames per second) with a digital camera Nikon D3100
mounted on a light microscope. The magnification (30–100×) and camera
resolution allowed to perform the analysis with a good visibility of the heart
and thoracic limbs. Heart rate and thoracic limb movement were analyzed with
multimedia player with a frame-by-frame method and separate heart contrac-
tions were counted for 1 min. Thoracic limb movement was also determined by
a frame-by-frame video analysis with the multimedia player and the separate
movements (beats) of the limbs were counted for 1 min.

Statistical analysis

The results are shown as means ± standard deviation (SD). Statistical
analyses were performed using Develve software. All data were assessed for
homogeneity of variance for ANOVA assumptions. Data were analysed using
ANOVA followed by Tukey’s test to find differences between means. The level
of significance was set to be at least p < 0.05.
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Results

Survival rate

The results showed (Figure 2) that survival rate of daphnids exposed to the
insecticide at 100 mg l–1 was reduced to 80% after 48 hours, however no alive
animals were noted after 72 hours. Less reduced survival rates (to 50% and
40%) at 72 hour were observed at 25 and 50 mg l–1 of the neonicotinoid,
respectively.

Fig. 2. Survival of Daphnia magna subjected to mospilan 20 SP (20% acetamiprid): n = 10;
* – statistical significance between the experimental and control groups p < 0.05

Swimming velocity

The most significant reduction of swimming velocity was noted at 100 mg l–1.
The Figure 3 and graph images of velocity (Figure 4) obtained from Tracker®

software demonstrate that this parameter was significantly inibited
after 2-hour exposure (1.06 ± 0.6 cm s–1) when compared to the control
(4.98 ± 0.5 cm s–1). More depressed swimming speed was observed after
24 hours (0.68 ± 0.7 cm s–1). A significant reduction of the parameter at 2 hour
was also observed at 50 mg l–1 (1.73 ± 0.4 cm s–1), however motile daphnids were
noted after 48 hours (0.93 ± 0.6 cm s–1). The neonicotinoid at 25 mg l–1 induced
only slight depression of swimming velocity (3.82 ± 0.5 cm s–1 and 2.33 ± 0.6 cm s–1

after 2 and 72 hours, respectively).
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Fig. 3. Swimming velocity of Daphnia magna exposed to Mospilan 20 SP. The results are presented as
means ± SD; n = 10; * – statistical significance between the experimental and control groups p < 0.05

Fig. 4. Exemplary amplitudes of swimming velocity of 10 Daphnia magna exposed for 2 hours to
different concentrations of neonicotinoid insecticide Mospilan 20 SP. Data from 10 individuals were
obtained from the frame-by-frame- analysis in Tracker® software. The graphs present the superim-

posed amplitudes swimming velocities of 10 animals

Effects of neonicotinoid insecticide acetamiprid... 487



Heart rate

The most depressed heart rate was noted after 48 hours in daphnids treated
with 100 mg l–1 (132 ± 40 bpm) – Figure 5. The animals exposed to the
neonicotinoid at 25 mg l–1 showed stimulated heart rate in comparison to the
control (445 ± 25 bpm). The highest values were noted after 24 (538 ± 20 bpm)
and 48 hours (502 ± 32 bpm), however it decreased to 380 ± 55 bpm after
72 hours. Very similar stimulatory effects were also noted at 50 mg l–1, however
at 72 hour the reduction of heart rate was more significant (300 ± 45 bpm). All
the experimental animals showed no heart arrhythmia (data not shown).

Fig. 5. Heart rate of Daphnia magna exposed to Mospilan 20 SP. The results are presented as means
± SD; n = 10; * – statistical significance between the experimental and control groups p < 0.05

Thoracic limb activity

Daphnia exposed to all tested concentrations of the neonicotinoid showed
a time- and concentration-dependent decrease of thoracic limb beat fre-
quency (Figure 6.). The highest inhibition of this activity was observed at
100 mg l–1 after 48 hours (12 ± 6 bpm) of treatment, however a significant
reduction also appeared after 2 hours (204 ± 46 bpm) when compared to the
control (357 ± 25 bpm). Lower concentrations of the insecticide also induced
supressory effect and after 48 hours of the exposure the limb activity was
224 ± 55 and 280 ± 30 bpm at 50 and 25 mg l–1, respectively. The parameter
was more inhibited after 72 hours and was 180 ± 33 and 220 ± 45 bpm
at 50 and 25 mg l–1, respectively.
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Fig. 6. Thoracic limb activity of Daphnia magna exposed to Mospilan 20 SP. The results are presented
as means ± SD; n = 10; * – statistical significance between the experimental and control groups

p < 0.05

Discussion

Survival rate or immobilisation of Daphnia magna are common endpoints
used for determination of toxicity induced by various compounds. They are
easy for to detection without special equipment or advanced training with
a naked eye. However these parameters may not be suitable as biomarkers in
assessment of sublethal effects in sensitive systems of exposed animals such as
nervous system. Currently, more sensitive parameters as swimming activity
and physiological activity of Daphnia such as heart rate or thoracic limb
activity are becoming more frequently used early biomarkers required for
more detailed information on toxic effects in aquatic invertebrates (BOWNIK et
al. 2015, BOWNIK and STĘPNIEWSKA 2015). This is the first study showing that
neonicotinoids may affect nervous system of Daphnia magna resulting in
changes in swimming behaviour and physiological activity.

Survival rate

Our study confirmed that acetamiprid is moderately toxic compound to
Daphnia magna. The insecticide induced time- and concentration dependent
reduction of survival rate which is in agreement with the LC50 value estimated
for acetamiprid (49.8 mg L–1 after 48 h). These cladocerans are more resistant
to this insecticide when compared to LC50 values for other aquatic invert-
ebrates such as Ephemeroptera (3.9 μg l–1), Trichoptera (6.9 μg l–1), Chironomus
dilutus (9.3 μg l–1) (LEBLANC et al. 20120, ROESSINK et al. 2013). Although
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environmental concentrations of acetamiprid should not be expected to reach
LC50 values, its high persistence, and time-cumulative toxicity to invert-
ebrates (RONDEAU et al. 2014) may pose a risk of intoxication to sensitive
cladoceran species.

Swimming behaviour

Swimming behaviour is a complex endpoint used for assessment of
toxicity in aquatic invertebrates and vertebrates. It can be easily monitored
with the use of frame-by-frame video analysis and its impairments may be
clearly detected (SHIMIZU et al. 2002, ZEIN et al. 2014, BOWNIK et al. 2015).
Our study indicated that although Daphnia could survive at high levels of
acetamiprid these animals responded after 2 hours with inhibition of swim-
ming velocity. A quick response indicates that Daphnia neuromuscular
system is sensitive to neonicotinoids. The inhibition of motility is a conse-
quence of interaction of acetamiprid with nicotine receptors leading to
inhibition of neuronal transmission and depression of swimming velocity. On
the contrary, acetamprid-induced stimulation of locomotor activity in honey
bees (EL HASSANI et al. 2008). This may suggest that nicotinic receptors in
Daphnia and honey-bees have different structure or different mechanisms of
neuronal signal transduction. Our study also indicated that, signalling
through nicotinic receptors seems to be an important pathway in neuromotor
activity in Daphnia magna.

Heart rate

Microscopic observation of Daphnia heart activity is a simple method used
for determination of effects induced by various chemicals (VILLEGAS-NAVARRO

et al. 2003, BOWNIK et al. 2015). Our study showed that acetamprid induced
concentration- and time- dependent chronotropic effect. Interestingly, stimula-
tion of heart rate was noted at 25 mg l–1 and 50 mg l–1 of the neonicotinoids, on
the other hand, negative chronotropic effect was noted at its highest concen-
tration (100 mg l–1). Although no results on the effects of neonicotinoids on
cladoceran heart activity can be available, our findings are similar to those
obtained by BAYLOR (1942), who found stimulatory of higher concentrations or
inhibitory effects at lower levels of nicotine on heart rate of Daphnia magna.
Various responses in different species of aquatic invertebrates may also be
induced towards another ligand of the nicotinic receptor, acetylcholine. It was
found that although the molecule inhibited heart rate in Daphnia (BAYLOR
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1942), its positive chronotropic effect was found in decapods (DAVENPORT

1941). These opposite reactions of various invertebrate species indicate that
different physiological mechanisms are involved in heart responses to neur-
oleptic molecules.

Thoracic limb activity

We found that acetamiprid inhibited activity of thoracic legs in a concentra-
tion- and time-dependent manner which probably suggests inhibitory action of
the neonicotinoid on daphnid cholinergic system. Thoracic limbs play an
important role in cladoceran feeding and ventilation (SEIDL et al. 2002) and
since their activity is modulated by various chemicals they may serve as
a sensitive physiological endpoint in ecotoxicology. However, little is known on
the influence of neurotoxicants. The nicotinoid-induced inhibition of thoracic
limbs may in a consequence cause feeding problems and ventilation disturban-
ces leading to anoxia.

Concluding remarks

The present study revealed that acetamiprid is a potent neuromodulator
altering behavioural and physiological parameters of Daphnia magna. High
persistence in water and the ability to induce cumulative toxicity suggests that
this neonicotinoid may interact with nicotinic receptors and thereby affect
nervous system of sensitive species of cladocerans which may result in
behavioural and physiological changes. Our results also indicate that par-
ameters such as swimming velocity, heart rate and thoracic limb activity may
be treated as sensitive, early biomarkers of neurotoxicity in cladocerans.

Translated by ADAM BOWNIK
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