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ABSTRACT

The behavior, i.e., observable response of an organism can serve as a useful indicator of environmental quality. In
the absence of death and other sublethal effects, behavioral changes can represent early warning signs of toxic
effects. In the present contribution, we present two novel bioassays useful for the quick assessment of chemical
effects on the behavior of mosquito larvae (Culicidae) and adult earthworms (Lumbricidae). These bioassays could
have applications in ecological risk assessment and laboratory based ecotoxicological testing. The novel assays
are:

e A bioassay for the assessment of chemical toxicity on the swimming, breathing and resting behavior of
Culicidae larvae.

e A bioassay for the assessment of chemical toxicity on the escape behavior of Lumbricidae in water.

e These bioassays were carried out using the systemic insecticide imidacloprid and documented the relatively
rapid onset of the neurotoxic effects of imidacloprid to experimental organisms.
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Specifications table

Subject Area; Agricultural and Biological Sciences
More specific subject area; Behavioral Ecotoxicology
Method name; e Bioassay for the assessment of chemical toxicity on the

swimming, breathing and resting behavior of Culicidae
larvae

Bioassay for the assessment of chemical toxicity on the
escape behavior of Lumbricidae in water

Name and reference of original method; Both methods are novel.
Resource availability; NA
Materials

Bioassay for the assessment of chemical toxicity on the swimming, breathing and resting behavior of
Culicidae larvae

o Aphicide Plus® insecticide - containing 20g/L of Imidacloprid (IMI or N-{1-[(6-Chloro-3-
pyridyl)methyl]-4,5-dihydroimidazol-2-yl}nitramide)

o Fourth, instars culicids larvae

Distilled water

e 250 ml glass measuring cylinders (x 3)

5 ml plastic Pasteur pipettes (x 3)

e HD camera (1080p/30 frames per second)

Bioassay for the assessment of chemical toxicity on the escape behavior of Lumbricidae in water

e OECD artificial soil [10% sphagnum peat, 20% kaolin clay and 70% sand] [6]
e Cow dung (5 g per 10 worms per week)

e Eisenia fetida earthworms

o Paper towels

» Non-toxic food dye (Moir’s Sky Blue)

e Permanent marker

o Distilled water

o 2-Liter rectangular plastic tubs [Length 220 mm, Width 162 mm, Height 76 mm] (x 4)
¢ 10 ml electrolube plastic syringes (x 4)

e HD camera (1080p/30 frames per second)

o Image ] software (https://imagej.net/)

Procedure
Test organisms

Mosquito larvae
1. Collect fourth, instars culicids larvae from standing waters, in a relatively pristine environment
with no history of chemical exposure.
2. Use in behavioral assessments within 24 hours.

Earthworms
1. Culture a population of Eisenia fetida earthworms on OECD artificial soil and feed with cow
dung. Such a culture can also be purchased.
2. Prior to exposure, carefully hand-sort earthworms. Select adults, wash them in tap water and
gently dab them with a paper towel to remove any dirt and excess water.

Assessment of chemical toxicity on the swimming, breathing and resting behavior of Culicidae
larvae


https://imagej.net/
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1. Dilute Aphicide Plus in distilled water to make solutions of 1 and 2 mg IMI/L. Control solution
(0 mg IMI/L), is distilled water. Depending on experimental design, more concentrations can be
used, as long as they remain sublethal.

2. In separate measuring cylinders, fill each solution prepared in step 1 to the 210 ml mark.

3. Using a Pasteur pipette, place a single organism in each cylinder (at the surface of the water
column).

4. Allow the solitary larva to acclimatize to each solution for 5 min, at room temperature, before
filming (this step is optional because exposure starts the moment the organism enters the
water).

5. Using the HD camera, film/record the larva in the water column for 10 min.

. Repeat steps 3 — 5 twenty times at least, with a new larva each time.

7. Assess the following behavioral responses: breathing, swimming, and resting. Breathing occurs
when the larvae are positioned upside-down with their breathing tubes (tail ends) protruding
beyond the surface of the water column; Swimming is defined as the free exploration of the
water column by the larvae; and resting is the behavior typified by the larvae lying motionless
at the bottom of the water column.

[«

Assessment of chemical toxicity on the escape behavior of Lumbricidae in water

1. Dilute Aphicide Plus in distilled water dyed with blue food dye (1:12 v/v), and
prepare solutions of 5, 10 and 20 mg IMI/L. Control solution (0 mg IMI/L) is made of
the blue food dye and distilled water. The coloration of the treatments is necessary
to visualize pesticide movement in the test container.

2. Using the permanent marker, mark each rectangular plastic tub along the width, to
divide the base of the container into three equal parts. Marking helps in visualizing
the movement of earthworms in the tubs during experimentation. This step is
optional.

3. Fill each tub with 210 ml of tap water.

. Place a single earthworm in the first section of the tub.

5. Using the electrolube plastic syringe, pump 2 ml of each solution (separately) directly

onto the earthworm.

6. Using the HD camera, record the worm’s response on video for 2 min from a high
vantage point.

7. Replicate steps 3-6 at least ten times.

8. To measure the initial escape distance covered by the earthworm, i.e., the distance
travelled by the worm before stopping, backtracking, or recoiling, after the release of
the imidacloprid solution:

i) pause the video on the last frame showing this maximum distance travelled.

ii) take a screenshot of that frame.

iii) using the Image ] software, upload the screenshot and measure the distance (in
pixels, which is then converted to millimeters using the actual size of the plastic
tub as a reference).

iv) Measure the distance traveled by the tip of the head (prostomium) from the
beginning to the end of the initial flight response.

9. To calculate escape speed, divide the distance travelled by the earthworm by the
time it took to travel that distance [i.e., escape speed = distance travelled (mm)/
duration of travel (s)]. Duration of travel is calculated using the video time stamp.

N

Data analysis

1. In the present case, behavioral data of the Culicidae (i.e., time spent swimming, resting, or
breathing) were non-parametric and consequently analyzed using the Kruskal-Wallis ANOVA
followed by Dunn’s comparison test.

2. One Way-ANOVA followed by Turkey post-hoc test was used to analyze the distance and speed
data of the earthworms.
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Fig. 1. The effects of imidacloprid on the breathing rate of culicids. Solitary culicids were exposed to 0, 1 and/or 2 mg IMI/L
and recorded by HD camera. The total time recorded = 600 seconds per culicid larvae and per concentration. All values are
means £ SD, n = 20 culicid larvae per treatment.

3. All data were analyzed using GraphPad Prism (GraphPad Prism version 5.00 for Windows,
GraphPad Software, San Diego, CA, USA, www.graphpad.com). The level of significance was p
< 0,05.

Method validation
Assessment of chemical toxicity on the swimming, breathing and resting behavior of Culicidae larvae

We investigated the effect of imidacloprid exposure on the breathing, swimming, and resting
behavior of Culicidae larvae. Briefly, Aphicide Plus pesticide (containing Imidacloprid) was diluted in
distilled water and solutions of 1 and 2 mg IMI/L were made (control, 0 mg IMI/L, distilled water
only). The solutions were separately filled into measuring cylinders, prior to placing solitary larvae in
the cylinders. The larvae were then filmed using an HD camera for 10 min.

Breathing

Fig. 1 shows the effects of imidacloprid on the breathing behavior of the Culicidae larvae. In the
1 mg IMI/L and 2 mg IMI/L imidacloprid treatments, the culicids spent 52% and 56% (respectively)
of their time breathing, which was much lower than the culicids in the control (0 mg IMI/L), which
spent 75% of their time breathing. These data indicate a slight decrease in breathing after the addition
of imidacloprid, albeit not significantly different within the concentration range assessed (p > 0,05).

Swimming

Swimming was the least common behavior displayed by the culicids, amounting to 13% of the time
in the control, and 11% and 21% of the time in the 1 mg IMI/L and 2 mg IMI/L imidacloprid treatments,
respectively (Fig. 2). Despite there being no statistical difference in the effect of imidacloprid on
the swimming behavior of culicids within the concentration range assessed (p > 0,05), the near
doubling of the swimming time between 1mg IMI/L (11%) and 2 mg IMI/L (21%) suggests that with
an increasing presence of imidacloprid in the testing medium, the culicid larvae spend more time
swimming (perhaps floating away or transitioning to the bottom of the water column as the next
finding would imply).
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Fig. 2. The effects of imidacloprid on the swimming rate of culicids. Solitary culicids were exposed to 0, 1 and/or 2 mg IMI/L
and recorded by HD camera. The total time recorded = 600 seconds per culicid larvae and per concentration. All values are
means + SD, n = 20 culicid larvae per treatment.
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Fig. 3. The effects of imidacloprid on the resting rate of culicids. Solitary culicids were exposed to 0, 1 and/or 2 mg IMI/L and
recorded by HD camera. The total time recorded = 600 seconds per culicid larvae and per concentration. All values are means
+ SD, n = 20 culicid larvae per treatment. Letters indicate significant difference between groups (p<0,05).

Resting

Fig. 3 shows that the resting behavior was significantly higher in both imidacloprid treatments
relative to the control (p < 0,05). This suggests that imidacloprid caused the culicid larvae to spend
considerably less time at both the surface and within the water column (breathing and swimming)
and significantly more time resting motionless at the bottom. This could be explained based on the
mode of action of this pesticide on the nervous system. Imidacloprid, like other neonicotinoids, binds
irreversibly to postsynaptic nicotinic acetylcholine receptors (nAChRs) as it cannot be degraded by
acetylcholinesterase [8,13]. The organisms’ inability to break down this xenobiotic neurotransmitter
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Fig. 4. Initial escape distance of the earthworm Eisenia fetida (in mm) after topical exposure to different imidacloprid
concentrations via 10 ml electrolube plastic syringes. All values are means + SD, n = 10 earthworms per treatment. Different
letters indicate statistical differences (p < 0,05).

ultimately leads to over-stimulation of the central nervous system, causing uncontrolled muscular
contraction, paralysis, and death- if the effects are sustained [8,13].

Assessment of chemical toxicity on the escape behavior of Lumbricidae in water

Eisenia fetida earthworms were exposed to imidacloprid stock solutions of 0 (control), 5, 10 and 20
mg IMI/L, dyed using a non-toxic food dye for visualization of pesticide movement. In a plastic tub
marked into three equal parts, and filled 210 ml of tap water, a single worm placed in the first section
of the tub. Each pesticide solution was then directly pumped directly onto the worm and the worm’s
response was recorded using an HD camera, for 2 min.

Initial escape distance

Figure 4 shows that after topical application of imidacloprid to the earthworms, the initial
escape distance, from the starting point to the point the earthworms stopped and recoiled, was
significantly longer after exposure to the 5 mg/L solution when compared to the control, 10 and
20 mg/L concentrations (p < 0,05). The distance covered in reaction to the 5 ml/L solution was,
however, comparable to that found after topical application of the control (p > 0,05). Escape distance
following exposure to the 10 and 20 mg/L solutions did not differ significantly from the control (p >
0,05). Nevertheless, overall, as the imidacloprid concentration increased, the earthworm initial escape
distance decreased. These findings suggest that initially, in the lower concentration of imidacloprid,
the earthworms could sense it and act by displaying a flight behavior. However, as the concentration
of imidacloprid increased, the worms seemed to show less of that behavior, only escaping to shorter
distances. In the two highest concentrations of imidacloprid, the initial escape distance was even
shorter than observed in the control, albeit insignificantly. It is possible that the higher concentrations
of imidacloprid exerted more significant adverse effects on the central nervous system and locomotion
of the worms than the lowest one, thus preventing the worms from escaping further [8,13].

Initial escape speed

The speed of initial flight by E fetida is shown in Figure 5. The results showed a similar trend with
those of escape distance (Figure 5). Following topical exposure of the earthworms to imidacloprid,
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Fig. 5. Initial escape speed of the earthworm Eisenia fetida (in mmy/s) after topical exposure to different imidacloprid
concentrations via 10 ml electrolube plastic syringes. All values are means + SD, n = 10 earthworms per treatment. Different
letters indicate statistical differences (p < 0,05).

the speed of escape, from the starting point to the point the earthworms stopped and recoiled,
was significantly higher only after exposure to the 5 mg/L solution (p < 0,05), relative to the
other concentrations. Overall, higher imidacloprid concentrations caused a decrease in the earthworm
initial reaction speed. Imidacloprid has been found to negatively affects flight behavior, locomotion
and decision making in several other invertebrates such as beetles [10,14,7], honeybees [12,5,11,15],
harlequin flies [1] and vertebrates such as amphibians [4,9] and zebrafish [2]. A standardized
earthworm avoidance protocol already exists for the soil environmental [3]. The protocol in question
recommends a test duration of 2 days to establish the avoidance response of the test subjects. In the
approach presented here, we establish such a response in less than 2 minutes. This novel protocol is
therefore substantially quicker to perform and less laborious.
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