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Abstract. Lead is a pollutant that is often found in various locations that
may affect the behavior of living things. The purpose of this study was to
analyze the effect of lead exposure on behavior changes in Drosophila
melanogaster. Flies were grouped into four levels of lead exposure: 0, 100,
150 and 200 ppm for two generations. Behavioral observations were made
before and after lead exposure. The observed behavior was the ability of the
pupae to climb through the pupa position assay and the success and speed of
the imago climbing through the adult climbing assay. As a result, higher
exposure to lead tends to increase the percentage of pupae in the low zone.
Pupae with tilted orientation always have the highest percentage in all
groups, both in generation 0 and generation 2. Furthermore, the results of
the analysis of covariance inform that lead exposure have no significant
effect on climbing duration and climbing success. Overall, lead exposure has
the potential to affect the behavior of D. melanogaster. Further studies
involving other behavioral assays need to be conducted to observe the effect
of lead on all behavioral variables.

1 Introduction

Lead contamination or pollution has become a serious issue in the environment [1] and
human health [2]. Lead contamination can be found in various locations, including soil [3—
4], water [5], and air [6—7]. In humans, lead can disrupt the nervous system [8], cognition [9],
and the development of children [10]. In particular, children are highly vulnerable to the
adverse effects of lead because their nervous systems are still in the developmental stage [11—
12]. Exposure to lead can also cause cardiovascular problems [13], kidney disorders [14—15],
and other impacts on body systems [16].

In ecosystems, lead contamination can damage water [17] and soil quality [ 18] and disrupt
the lives of organisms within them [19]. Lead may accumulate in aquatic organisms, affecting
fish populations and other aquatic creatures [20]. In the food chain, lead can accumulate and
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reach dangerous levels for higher animals in the food pyramid, including humans who
consume that food [21-22]. Due to the potential dangers posed by lead contamination, it is
important to continue monitoring and reducing lead exposure in the environment and society.

Exposure to heavy metals such as lead not only has short-term impacts, but also the
potential for long-term effects that may not be apparent in the first generation [23-24].
Through cross-generational research approaches, changes in behavior and organism
responses to prolonged environmental exposure can be studied [25]. Such research provides
a more holistic view of long-term adaptation and potential impacts that may emerge in future
generations. Thus, research examining the effects of lead exposure for more than one
generation provides important insights into identifying potential risks to human health and
ecosystems and developing more effective mitigation strategies to protect both aspects from
the negative impacts of lead contamination.

While cross-generational research on humans or other mammals would bring deep
understanding, ethical challenges, long time frames, and practical limitations pose significant
barriers [26-27]. To overcome these obstacles, the use of model organisms such as
Drosophila melanogaster has proven to be an effective solution [28]. With a short
reproductive cycle and the ability to observe cross-generational effects in a relatively short
period of time [29], Drosophila provides an ideal platform for understanding the long-term
implications of lead exposure [25].

In this context, the importance of selecting the right variables becomes a crucial factor in
evaluating the effects of lead exposure on this model organism. Pupa height, which also
serves as an indicator of larval climbing ability [30], reflects how well larvae are able to move
against gravity. Similarly, pupa orientation, imago climbing time, and imago climbing
success can provide insights into organism responses to lead exposure during critical
developmental stages [31-32]. Through a combination of these variables, it is hoped that this
study will open the door to a deeper understanding of behavioral adaptation or changes that
may occur in Drosophila under lead-contaminated environmental conditions. In this context,
careful and comprehensive exploration of the complex interactions between lead exposure
and these variables will help paint a more complete picture of lead’s impact on Drosophila
behavior.

Despite a number of studies attempting to examine the impact of lead exposure, there are
still shortcomings in understanding the long-term cross-generational effects of this heavy
metal. Most research tends to focus on short-term impacts [33—34], while long-term impacts
have not been fully revealed. In particular, research on the influence of lead on the behavior
of Drosophila larvae and imago in a cross-generational perspective is still limited [25].
Therefore, this study aims to fill this gap by examining the impact of lead exposure on
Drosophila behavior over a broader period, namely through two generations. By embracing
the concept of pretest-posttest control group design and utilizing various behavioral
variables, this study proposes a new approach to understanding the influence of lead on
Drosophila behavior.

2 Method

2.1 Research design

This study uses a pretest-posttest control group design to investigate the impact of lead
exposure on the behavior of D. melanogaster larvae and adults. The model organism used in
this study is the wild-type strain of D. melanogaster. This design allows for observation of
treatment effects before and after exposure, as well as comparison with a control group not
exposed to lead. The study consists of four treatment groups, each receiving lead exposure at



BIO Web of Conferences 117, 01020 (2024) https://doi.org/10.1051/bioconf/202411701020
ICoLiST 2023

different concentrations: 0 ppm (control group), 100 ppm, 150 ppm, and 200 ppm. Drosophila
larvae and adults were bred in culture bottles containing standard nutrient media. Lead was
added to the culture media at predetermined concentrations to create different lead exposure
conditions between treatment groups. Observations were made before and after lead exposure
for two generations of Drosophila, with the aim of understanding the long-term effects of
lead exposure.

2.2 Pupa position assay

The method employed to observe the pupa's position in this investigation drew inspiration
from the methodology outlined by Fauzi et al. (2020) [31]. Within each experimental
replication, three pairs of flies were introduced into culture tubes that were 30 cm in height.
The observation took place on the 10" day of the experiment, where the location and
orientation of each pupa were meticulously recorded. The vertical space within the tube was
divided into four distinct zones, demarcating different elevations. Subsequently, the pupae's
orientations were categorized into three groups—upright, tilted, and flat—in correspondence
with their positions within each zone.

2.3 Adult climbing assay

The methodology employed for the Adult Climbing Assay in this study followed a procedure
that outlined in a previous work [31]. The assay involved the measurement of climbing
performance in adult Drosophila. For the climbing duration assessment, the experimental
setup involved preparing culture tubes designed for the climbing behavior of D.
melanogaster. Each tube was designated with a height marker of 8 cm above its base.
Subsequently, five mature D. melanogaster flies from each treatment group were gently
introduced into these tubes. A brief period of acclimation was allowed to mitigate potential
stress effects. Once the acclimation was deemed stable, the tubes were lightly tapped and
shaken to ensure that all flies congregated at the lower portion of the vial. Observations were
made as the adult flies were given the opportunity to climb and reach the predetermined
climbing boundary. The duration taken by each fly to reach the 8§ cm mark was recorded,
with a recording time limit of 60 seconds imposed. In instances where flies did not attempt
to climb or failed to reach the designated height within the recording time, a uniform
recording of 60 seconds was assigned to that individual.

Subsequently, for the assessment of climbing success, a similar experimental setup was
employed. Culture tubes were again prepared, with each tube clearly demarcated at a height
of 8 cm from the base. This time, ten mature D. melanogaster flies from each treatment group
were gently introduced into the designated tubes. Similar to the previous procedure, a short
acclimation period was provided to minimize stress. Once the flies were acclimated, the tubes
were tapped and shaken to gather the flies at the base. Observations were made as the adult
flies were given a 10-second interval to climb and reach the predefined boundary of 8 cm.
The number of flies that successfully reached this height within the stipulated time was
recorded, providing essential data on the climbing success of the flies under different
treatment conditions.

2.4 Data analysis techniques

The number of pupae in each zone was then analyzed using a two-way Analysis of
Covariance (ANCOVA), where treatment is the first factor while the zone is the second
factor. Next, to observe pupa orientation, data was analyzed by calculating the percentage of
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upright, tilted, and flat oriented pupae in each zone, also in both generations (before and after
treatment).

Meanwhile, data on climbing duration and climbing success were analyzed using one-
way ANCOVA with treatment (lead concentration) as the main factor. Previously, data was
tested for normality using the Kolmogorov-Smirnov test and homogeneity of variance using
the Levene test. If the normal distribution and homogeneity requirements are met, one-way
ANCOVA analysis is continued. The significance results of this analysis will provide
information on significant differences between treatments. To determine significant
differences among treatment groups, a post hoc test was performed using the Dunn method.
All these analyses were performed using specific statistical software and were considered
significant at a significance level of o = 0.05.

3 Results and Discussion

This paper will reveal the cross-generational impact of lead exposure on D. melanogaster.
Through the data analysis described earlier, this study aims to gain deeper insights into the
long-term effects of lead contamination on the behavior of larvae and imago of this model
organism. The results of the analysis will be carefully depicted, and their implications will
be discussed to understand behavioral changes in the context of environmental impacts.

The interpretation of the two-way ANCOVA results reveals important insights into the
effects of treatment levels and height zones on the number of pupae. The analysis aimed to
assess the interaction between treatment levels (0, 100, 150, 200 ppm lead) and height zones
(Zone 1, Zone 2, Zone 3, Zone 4) on the dependent variable, which is the number of pupae.
The ANCOVA findings, as summarized in Table 1, indicate that the interaction between
treatment levels and height zones is not statistically significant (£ = 0.728, p = 0.682).
Furthermore, the results demonstrate that treatment levels do not exert a significant influence
on the number of pupae (F = 1.456, p =0.233).

Table 1. Two-Way ANCOVA test results: The effect of treatment and pupation zone on the number

of pupae.
Cases Sum of Squares df Mean Square F P
Treatment 7,308.972 3 2,436.324 1.456 0.233
Zone 19,863.555 3 6,621.185 3.957 0.011
Before exposure 392.588 1 392.588 0.235 0.629
Treatment % Zone 10,965.680 9 1,218.409 0.728 0.682
Residuals 132,190.412 79 1,673.296

On the other hand, the analysis shows a significant effect of height zones on the number
of pupae (F = 3.957, p = 0.011). Further investigation, as presented in Table 2, provides a
comprehensive overview of the post hoc results. The mean number of pupae varies across
the different zones: Zone 1 has the highest mean pupae count (72.083), followed by Zone 2
(46.958), Zone 3 (32.292), and Zone 4 (0.833). The post hoc analysis conducted using the
Dunn Test reveals distinct patterns. Zone 1 displays no significant difference in pupae count
compared to Zone 2, yet it significantly surpasses Zone 3 and Zone 4. Zone 2 also exhibits a
significant increase in pupae count compared to Zone 3 and Zone 4. Additionally, Zone 3
shows a significant elevation in pupae count compared to Zone 4.

These findings underscore the relationship between treatment levels, height zones, and
the resulting number of pupae. The non-significant effect of treatment levels on pupae counts
further contributes to our understanding of the phenomenon. This suggests that, despite the
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introduction of varying lead concentrations over multiple generations, the resulting pupal
distribution remains relatively consistent. On the other hand, the significant influence of
height zones themselves highlights the importance of considering the vertical dimension in
understanding pupal positioning. The post hoc results provide further clarity by revealing
specific zones that exhibit substantial differences in pupae counts, underscoring the complex
interplay between environmental factors and pupal distribution.

Table 2. Two Summary of the Dunn's Post Hoc Comparison analysis.

Comparison z Wi W;j p
Zone 1 - Zone 2 0.521 69.479 65.333 0.602
Zone 1 - Zone 3 3.737 69.479 39.729 <.001
Zone 1 - Zone 4 6.284 69.479 19.458 <.001
Zone 2 - Zone 3 3.217 65.333 39.729 0.001
Zone 2 - Zone 4 5.763 65.333 19.458 <.001
Zone 3 - Zone 4 2.547 39.729 19.458 0.011

The post hoc analysis adds another layer of depth to the discussion, revealing specific
patterns in pupal distribution among the different height zones. The higher mean pupae count
in Zone 1, followed by a decreasing trend across Zones 2 and 3, aligns with the notion that
pupae are more likely to accumulate in areas of greater accessibility and favorability for
pupation. It is evident that factors related to height and accessibility within the culture tubes
play a crucial role in shaping the distribution of pupae.

Upon examining the data presented in Table 3, a consistent trend emerges: pupae with a
tilted orientation consistently exhibit the highest proportion across all experimental groups,
spanning both generation 0 and generation 2. The prevalence of pupae exhibiting a tilted
orientation suggests that this orientation may confer certain advantages or adaptations for
pupae within the context of their environment. It is plausible that the tilted orientation
provides pupae with enhanced stability, potentially aiding in their attachment to the tube's
surface. This could be particularly advantageous during the pupation process, as pupae need
to securely anchor themselves to the chosen substrate.

Table 3. The percentage of pupal orientation in each treatment.

Lead Before Exposure After Exposure
concentration Upright Tilted Flat Upright Tilted Flat
0 ppm 13.15% 29.89% 12.02% 8.22% 23.16% 7.36%
100 ppm 8.83% 30.42% 11.77% 7.30% 32.74% 7.41%
150 ppm 10.80% 35.60% 10.99% 8.78% 45.14% 14.42%
200 ppm 9.57% 39.27% 12.99% 10.97% 46.99% 12.52%

The dominance of the tilted orientation warrants further investigation into its potential
adaptive significance. This orientation may facilitate optimal resource utilization, as pupae
might strategically position themselves to access nutrients or environmental cues critical for
their development. Moreover, the prevalence of the tilted orientation across both generations
suggests that this trait is not merely a transient response but rather a consistent and potentially
adaptive behavior exhibited by Drosophila pupae.

The positioning of Drosophila pupae with respect to the gravitational axis is governed by
a multifaceted interplay of variables. One research study discovered that active larvae
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frequently construct extensive tunnels within agar substrates and encase their pupae within
these tunnels [35]. These embedded larvae exhibit a more extended period of development
from egg to pupariation compared to larvae that pupate on the surface [35]. This implies that
the construction behaviors of larvae, which likely encompass their alignment with the
gravitational axis, may be influenced by developmental timing. Contrarily, another study
found no substantial correlation between larval development duration and pupation elevation
[36], indicating the involvement of additional factors. The underlying reasons for such
wandering behavior remain ambiguous but could be attributed to fluctuations in temperature,
variations in food quality, or ecological factors such as interactions with conspecifics or
exposure to potential threats like parasitoids [37]. Consequently, it appears that the
orientation of D. melanogaster pupae in relation to the gravitational axis is subject to
regulation by a combination of physiological and environmental factors.

The outcomes of the ANCOVA analysis for the climbing duration data are presented in
Table 4. The findings indicated that the treatment did not have a statistically significant effect
on climbing duration (F = 0.446, p = 0.723). This outcome highlights that the exposure to
different lead contamination levels did not yield notable alterations in the climbing duration
behavior of Drosophila. Importantly, it is noteworthy that the mean climbing duration in the
0-ppm treatment group was the shortest (with an average of 5.467 seconds), although this
speed did not exhibit significant differences from the climbing durations observed in the three
treatment groups (ranging from 8 to 10 seconds). This observation emphasizes that even
though the mean duration for climbing was numerically lower in the 0-ppm group, it did not
demonstrate substantial statistical separation from the climbing behaviors in the groups
exposed to lead at concentrations of 100, 150, and 200 ppm. The consistent climbing duration
across treatments prompts us to consider additional factors that may contribute to the
robustness of this behavior. It is plausible that the climbing response in D. melanogaster is
regulated by a complex interplay of physiological and behavioral adaptations, which might
include mechanisms that mitigate the immediate effects of lead exposure [38-39].

Table 4. One-Way ANCOVA test results: The effect of treatment on imago climbing duration.

Cases Sum of Squares df Mean Square F p
Treatment 82.098 3 27.366 0.446 0.723
GO Climbing 1.175 1 1.175 0.019 0.891
Duration
Residuals 1165.338 19 61.334

Turning our attention to the analysis of climbing success, the results of the ANCOVA
provide insights into the influence of lead exposure on the ability of D. melanogaster to
successfully climb (Table 5). The non-significant effect of treatment on climbing success (F
= 0.748, p = 0.537) indicates that the different levels of lead contamination did not have a
significant impact on the flies' ability to successfully climb. Despite the fact that the mean
climbing success in the 0-ppm group was the highest (9.33), the lack of statistical significance
suggests that exposure to lead did not result in a discernible alteration of the flies' capability
to accomplish climbing tasks.

Table 5. One-Way ANCOVA test results: The effect of treatment on imago climbing success.

Cases Sum of Squares df Mean Square F p
Treatment 2.042 3 0.681 0.748 0.537
GO Climbing Success 0.053 1 0.053 0.059 0.811
Residuals 17.28 19 0.909
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The potential impact of lead on climbing speed and climbing success in D. melanogaster
is an intriguing avenue to explore. Lead, as a heavy metal, has well-documented neurotoxic
effects [8—40] that can disrupt various physiological processes [41-42], including neural
signaling [43] and muscle function [44]. As reported in other studies, lead exposure can affect
neurological signals which are also followed by muscle-mass weakness [45]. When
considering the impact of physical exertion on climbing achievement, it becomes evident that
the ability to resist muscle fatigue plays a crucial role [46]. In human, climbing activities
need a combination of sporadic and sustained contractions of the arm muscles [46]. In
instances where climbing poses significant challenges or extends over an extended period,
the muscles resort to anaerobic pathways, resulting in fatigue and, consequently, a decline in
climbing performance [47]. Given the sensitivity of climbing behavior to alterations in
neurological and muscular systems, it is plausible that lead exposure could influence the
speed and success of climbing in these flies.

The non-significant effects observed in our study may stem from several factors. Firstly,
the concentrations of lead used in the experiment might not have been sufficient to induce
noticeable changes in climbing behavior. It is conceivable that higher concentrations of lead
or prolonged exposure periods could yield more pronounced effects on climbing ability. This
statement is in line with the accumulating evidence that long-term and multi-generational
exposure to toxins can result in subtle but significant alterations in behavior, as well as
physiological, morphology, and genetic adaptations [25-48-49]. Lead can also damage
metabolism in cells by changing several important ions which can cause behavioral problems
[23]. As lead exposure persists and accumulates over time, subtle changes in behavior and
physiology could accumulate as well [25], leading to more noticeable alterations in climbing
ability.

Future studies could delve deeper into the transgenerational effects of lead exposure on
D. melanogaster. Investigating the potential changes in climbing behavior across multiple
generations could provide a more comprehensive understanding of lead's impact on this
complex behavior. Moreover, exploring the molecular and cellular mechanisms underlying
these changes could shed light on the adaptive responses of Drosophila to environmental
stressors. Ultimately, this research not only deepens our understanding of lead's effects on
behavior but also highlights the importance of multi-generational studies to uncover the full
scope of these impacts.

4 Conclusion

This study investigated the transgenerational effects of lead exposure on climbing behavior
in D. melanogaster. Through careful examination of pupa positioning, pupa orientation,
climbing duration, and climbing success, we gained valuable insights into the potential
impacts of lead on this complex behavior. Our findings did not reveal any significant effects
of lead exposure on pupa positioning, orientation, climbing duration, or climbing success.
While the lack of significant effects may suggest that the concentrations of lead used were
not sufficient to induce observable changes in climbing behavior, our study highlights the
need for further investigation into the transgenerational effects of lead exposure. The
potential for cumulative impacts to emerge over successive generations highlights the
importance of considering long-term and multi-generational studies to comprehensively
assess the impacts of environmental toxins on behavior. In the broader context, our research
contributes to the growing body of knowledge concerning the complex interactions between
environmental factors and behavior in model organisms, with implications for understanding
similar phenomena in more complex systems.
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