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Abstract. Zubaidah S, Fauzi A, Setiawan D, Mulyati Y, Choirunisa’ N, Zahrah NA. 2025. Wing morphological changes in Drosophila
melanogaster exposed to Bisphenol-A and Acrylamide. Biodiversitas 26: 4567-4576. Bisphenol-A (BPA) and acrylamide are two
contaminants commonly found in processed food and beverage products. This study aimed to evaluate the impact of acute exposure to
BPA and acrylamide contaminants on changes in Drosophila melanogaster wing morphology. The use of wings is based on their
sensitivity to environmental changes and is one of the important organs for locomotion and mating in flies. In this study, the wild-type,
black, and white strains of D. melanogaster were cultured for two generations to observe the acute exposure to these two contaminants.
The statistical analysis showed that acute exposure to BPA and acrylamide for two generations did not correlate strongly with wing
length and width changes in the population of the three D. melanogaster strains (p<0.01). We suspect that the lack of correlation may be
influenced by the non-monotonic nature of BPA, the detoxification pathway of acrylamide, and exposure studies that are still limited to
acute exposure. Of all flies observed, no wing morphological changes were found in the control group. However, <15% of the group
exposed to BPA and acrylamide showed wing deformities (e.g., curled, wrinkled, and notched, broken wing veins, detachment, failure
in growth, and imperfections in the formation of wing edges or wing cells). The results of this study require further studies, especially on
other aspects of the study and exposure over several generations, long enough to see the impact of chronic exposure to BPA and

acrylamide over the next few generations.
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INTRODUCTION

Bisphenol-A (2, 2-bis (4-hydroxyphenyl) propane,
BPA) is widely used in the manufacture of polycarbonate
plastics and epoxy resins for food and beverage packaging.
Demand for BPA in 2022 is expected to reach around 34
million tons, representing a 455-fold increase over the past
30 years (Wang et al. 2025) and also expected to increase
by about 4% until 2030 (Tsai 2023). In addition to BPA,
acrylamide is another chemical contaminant frequently
found in heat-processed food, such as those that are fried,
baked, or grilled (Adimas et al. 2024). This contaminant
has been found in excess in biscuits, processed chicken,
and children's snacks (Bonucci et al. 2024), high-
temperature cooked vegetables, and processed potato chips
(Yu et al. 2023). In Indonesia, about 17.4% of the population
has ingested acrylamide above the safe weekly intake limit of
18.2 pg/kg-bw/week (Pratama and Jacxsens 2019).

Food sources are not the only source of BPA and
acrylamide. Indoor dust, surface water, sediments, and
sewage sludge contain BPA, contaminating the
environment (Molina et al. 2021; Sharma et al. 2021).
Acrylamide's high solubility and mobility in water can

contaminate surface and groundwater supplies (Tepe and
Cebi 2019; Naiel et al. 2023). Thus, BPA and acrylamide
exposure are also environmental. BPA and acrylamide
health risks are well known. BPA is linked to polycystic
ovarian syndrome (PCOS), decreased sperm count and
quality (Matuszczak et al. 2019; Praveen et al. 2020), and
cardiovascular diseases like hypertension and vascular
congestion (Nomiri et al. 2019). In addition, acrylamide
metabolites like glycidamide are linked to cardiovascular
risk factors like high glucose and lipid levels, blood
pressure, and obesity (Mérida et al. 2024).

Both compounds are toxic to animals in lab studies.
BPA causes DNA damage in Xenopus laevis (Ge et al.
2021), retinal layer changes in Danio rerio Westaquarium
strain larvae (Volz et al. 2024), outer bone structure
changes in Wistar rats (Prasse et al. 2022), and wing
deformities in Drosophila melanogaster (Zahrah et al.
2025). Acrylamide caused zebrafish morphological
malformations (Park et al. 2021) and D. melanogaster
larval distance (Kharomabh et al. 2025b). Natural organisms
are constantly exposed to contaminants through water or
living environments. Exposure over generations can have
cumulative biological effects (DeCourten et al. 2020).
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Individual responses vary depending on contaminants
(Smorodinskaya et al. 2023), sex (Begum et al. 2021), and
strain (Ramadhan et al. 2025). To assess biological risks
from BPA and acrylamide acute exposure, generation,
concentration, sex, and strain must be considered.

Drosophila melanogaster is a widely used model
organism in toxicology due to its short life cycle, low
maintenance costs, and well-mapped genome (Rovik et al.
2022; Rand et al. 2023; Kusmintarsih et al. 2025). Drosophila
is commonly used as a model organism to study human
diseases because about 60-70% of human disease-causing
genes have homologs in Drosophila (Koehler and Huber
2023). In addition, many key signaling pathways involved
in development and metabolism are conserved between
Drosophila and humans (Megaly et al. 2024).

Wings are one of the sensitive organs that can react to
different environmental changes (Szabla et al. 2024).
Because of this sensitivity, the wing can be used as an
indicator of environmental changes in Drosophila.
Morphological changes in the wings can reflect
developmental instability caused by environmental stress,
including exposure to contaminants (Fatmawati et al. 2023;
Lewandowska-Wosik and Chudzinska 2024). Wings are
essential for flight and overall fitness (Dong et al. 2020). In
males, they also produce courtship songs critical for mating
(Houot et al. 2017). Thus, morphological changes in wings
can impair mating success and lead to population decline.

Previous research found that BPA alters Drosophila
wings (Zahrah et al. 2025). However, the study only
covered one generation. Additionally, acrylamide-induced
wing morphological changes have not been studied. Thus,
this study examined how acute BPA and acrylamide
exposure affected D. melanogaster wing shape. This study
should help the health sector by revealing the effects of
acute BPA and acrylamide exposure disorders, developing
related therapies, and regulating safe consumption. Ecological
toxicology also benefits from understanding how these
contaminants affect Drosophila wing morphology. This study
hypothesizes that exposure to BPA and acrylamide
correlates with morphological changes in fly wings.
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MATERIALS AND METHODS

Drosophila melanogaster preparation

This study used three strains of D. melanogaster, wild-
type (N), black (b), and white (w). Drosophila
melanogaster samples were maintained under optimal
conditions, 24°C temperature, 60% humidity, and a 12:12 h
light-dark cycle. Flies were cultured in standard media
consisting of rajamala banana (MusaXparadisiaca cv.
Rajamala), fermented cassava (Manihot esculenta), and
brown sugar in a ratio of 7:2:1 grams. All ingredients are
blended together and then cooked for 45 minutes, based on
previous research (Fauzi et al. 2020).

Research design

This study comprised two experiments in which BPA
and acrylamide were mixed into the D. melanogaster
culture medium for oral exposure. A true experimental
pretest-posttest control group design was used (Figure 1),
with control (untreated) and experimental groups. BPA was
tested at 0.25 and 0.50 mg/mL, while acrylamide was given
at 24 and 48 mg/kg bw/day, following previous studies
(Kharomah et al. 2025a; Ramadhan et al. 2025). Each
treatment was repeated four times, referring to the
calculation formula of group randomized design, with five
male-female pairs per replicate. At each concentration, 360
flies were observed, totaling around 1,440 flies across all
treatments. The experiment was carried out for two
generations to assess the acute effects of BPA and acrylamide.

Analysis of changes in wing morphology

Flies were anaesthetized using chloroform, then a pair
of wings was removed with a needle or tweezers. Wing
abnormalities were examined with an Olympus SZ61
trinocular stereo microscope, and then the analysis results
were captured with an Olympus EP50 camera. After that,
the length and width of the right and left wings were
measured with Epview software, which had been calibrated
beforehand with a microscope. The reference for measuring
wing length and width was adapted from previous research
(Lack et al. 2016) (Figure 2). For wing length
measurement, a straight line was drawn from the anterior
cross vein across the medial vein. Meanwhile, the width
measurement was measured by drawing b line from the
distal length of the vein across the posterior cross vein.

wild-type strain black strain white strain
BPA Acrylamide BPA Acrylamide BPA Acrylamide
Control . ) Control N ) Control R
'wo concentrations Two concentrations Two concentrations Two concentrations Two Two
Oth
generation X X X X X X X X X
15t
generation X 1 X 11 X 1 X 1 X 11 X 1 X 1 X 11 X 1
l [ LI e e 1 l [ 1 o o o e o o 1 l [ L L 1
2nd [ T T T T T [ T T
1 11 1 1 11 1 1 1 1
generation X 1 X 11 X 1 X 1 X [ X 1 X 1 X 11 X 1
| - L I B e 1 | [ —— I el 1 | R —— | el 1
: Untreated
------- : Treated

Figure 1. Breeding scheme of Drosophila melanogaster
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Figure 2. Measurement of Drosophila melanogaster wings. A.
Width, B. Length

Data analysis

The experimental data were analyzed using Statistical
Package for the Social Sciences (SPSS) 26 and Kendall's
Tau correlation test. This test does not assume linearity or
normality, making it appropriate for analyzing rank-based
morphological changes and their relationship with exposure
variables such as concentration, sex, strain, and generation.
Then, the correlation results were interpreted based on the
correlation coefficient, according to Schober et al. (2018).
Meanwhile, changes in wing morphology were analyzed
descriptively and quantitatively, which was supported by
several previous reference sources (Lack et al. 2016;
Fatmawati et al. 2023; Sun et al. 2023; Sorensen et al.
2024). Significance in this study refers to the results of
Kendall's Tau correlation analysis.

RESULTS AND DISCUSSION

Interpretation of the correlation between generation
and sex
Correlation between generation and sex of BPA acute
exposure

Table 1 shows a significant correlation (t: 0.794;
p<0.01) between D. melanogaster wing length and width,
confirming that acute BPA exposure impacts both

dimensions. Although significant, BPA exposure over two
generations does not significantly correlate with wing
length (t: 0.113; p<0.01) or width (t: 0.057; p<0.01),
suggesting a low contribution to variability. Sex was
moderately correlated with wing length (t: 0.464; p<0.01)
and width (t: 0.357; p<0.01), confirming gender
differences in size. No relationship was found between
generation and sex (1<0.001; p>0.999).

Correlation between generation and sex of acrylamide
acute exposure

Table 2 shows a strong relationship between wing
width and length in D. melanogaster exposed to acrylamide
(t: 0.713; p<0.01). Intergenerational acrylamide exposure
has a weak negative relationship with wing length (t: -0.146;
p<0.01) and width (t: -0.236; p<0.01), suggesting that
increased exposure may reduce the size. Despite their
moderate  strength, these statistically  significant
relationships show acrylamide may accumulate and impact
phenotypic traits. The study found a moderate negative
connection between sex and wing length (t: -0.402; p<0.01)
and a weakened relationship with wing width (t: -0.247;
p<0.01). Males have smaller wings than females. No
connection was found between generation and sex (t:
0.001; p>0.999).

Interpretation of the correlation between concentration
and strain
Correlation between concentration and strain of BPA acute
exposure

Table 3 reveals that BPA levels and strain variation
(wild-type, black, white) did not affect wing morphometric
size sufficiently. Strain showed minimal correlation on
wing length (t: 0.078; p<0.01) and width (t: 0.138;
p<0.01), showing minimal genetic influence on size
variation. High BPA concentrations had little impact on
wing shape, with only small associations with wing length
(t: 0.072; p<0.01) and width (t: 0.044; p<0.01). Despite
significant (p<0.01), modest coefficients suggest minimal
correlation between genetic and environmental factors and
short-term exposure. All groups showed a strong connection
between wing length and width (t: 0.794; p<0.01).

Table 1. Correlation between generation and sex of BPA acute exposure

Length Width Generation Sex
Length Correlation coefficient 1 0.794** 0.113%* 0.464%*
Sig. (2-tailed) 0.000 0.000 0.000
N 2160 2160 2160 2160
Width Correlation coefficient 0.794%** 1 0.057%* 0.357%**
Sig. (2-tailed) 0.000 0.008 0.000
N 2160 2160 2160 2160
Generation Correlation coefficient 0.113%* 0.057** 1 0.000
Sig. (2-tailed) 0.000 0.008 1.000
N 2160 2160 2160 2160
Sex Correlation coefficient 0.464%** 0.357%* 000 1
Sig. (2-tailed) 0.000 0.000 1.000
N 2160 2160 2160 2160

Note: **: Correlation is significant at the 0.01 level (2-tailed)
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Table 2. Correlation between generation and sex of acrylamide acute exposure

Length Width Generation Sex
Length Correlation coefficient 1 0.713%* -0.146** -0.402%*
Sig. (2-tailed) 0.000 0.000 0.000
N 2160 2160 2160 2160
Width Correlation coefficient 0.713%* 1 -0.236%** -0.247**
Sig. (2-tailed) 0.000 0.000 0.000
N 2160 2160 2160 2160
Generation Correlation coefficient -0.416%** -0.236%** 1 0.000
Sig. (2-tailed) 0.000 0.000 1.000
N 2160 2160 2160 2160
Sex Correlation coefficient -0.402%** -.0.247** 000 1
Sig. (2-tailed) 0.000 0.000 1.000
N 2160 2160 2160 2160
Note: **: Correlation is significant at the 0.01 level (2-tailed)
Table 3. Correlation between concentration and strain of BPA acute exposure
Strain Concentration Length Width
Strain Correlation coefficient 1 0.000 0.078%* 0.138%*
Sig. (2-tailed) 1.000 0.000 0.000
N 2160 2160 2160 2160
Concentration Correlation coefficient 0.000 1 0.072%* 0.044*
Sig. (2-tailed) 1.000 0.001 0.039
N 2160 2160 2160 2160
Length Correlation coefficient 0.078** 0.072%* 1 0.794**
Sig. (2-tailed) 0.000 0.001 0.000
N 2160 2160 2160 2160
Width Correlation coefficient 0.138%* 0.044* 0.794%* 1
Sig. (2-tailed) 0.000 0.039 0.000
N 2160 2160 2160 2160

Note: *: Correlation is significant at the 0.05 level (2-tailed), **: Correlation is significant at the 0.01 level (2-tailed)

Figure 3 shows that the control and BPA experimental
groups have similar wing lengths and widths. In
addition, in line with the statistical test results in Table 3,
wild-type, black, and white strains strongly correlate wing
length and width (t: 0.794; p<0.01), meaning that the
longer the fly's wing size, the greater its width.

Correlation between concentration and strain of
acrylamide acute exposure

Table 4 indicates no significant correlation was found
between fly strains and wing length (t: 0.031; p>0.01) or
breadth (t: 0.034; p>0.01) following acrylamide exposure.
The study found no significant link between acrylamide
concentration and wing length (t: 0.016; p>0.01), although
a weak negative correlation (t: -0.084; p<0.01) indicated a
slight decrease in wing width with higher concentrations.
The effect is small, but it suggests marginal morphometric
changes, particularly in wing breadth. A consistently
substantial connection (t: 0.713; p<0.01) exists between
wing length and width.

Based on statistical tests, it should be emphasized that
the correlation values contained therein do not have

significant ecological meaning because the correlation level
is very weak.

Figure 4 shows that the control and acrylamide
experimental groups have similar wing lengths and widths.
In addition, in line with the statistical test results in Table
4, wild-type, black, and white strains strongly correlate
wing length and width (t: 0.713; p<0.01), meaning that the
longer the fly's wing size, the greater its width.

Correlation between the effects of acute exposure to
BPA on wing length and width

BPA exposure caused wing morphological changes in
the three D. melanogaster strains;, however, statistical
analysis showed no strong connection between BPA and
wing length or width (Table 3). This implies that 0.25 and
0.50 mg/mL concentrations do not affect the population.
BPA's non-monotonic dose-response behavior, often
forming a “U”-shaped curve (Kim et al. 2019; Peters et al.
2024), may explain this result, as the tested doses may be
in the middle of the “U” curve or even at the maximum
point where there is no significant effect.
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Figure 3. Comparison of wing length and width of the three Drosophila melanogaster strains exposed to BPA. A. Control group, B.
Treatment group
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Figure 4. Comparison of wing length and width of the three Drosophila melanogaster strains exposed to acrylamide. A. Control group,
B. Treatment group

Table 4. Correlation between concentration and strain of acrylamide acute exposure

Strain Concentration Length Width
Strain Correlation coefficient 1 0.000 0.031 0.034
Sig. (2-tailed) 1.000 0.154 0.113
N 2160 2160 2160 2160
Concentration Correlation coefficient 0.000 1 0.016 -0.084**
Sig. (2-tailed) 1.000 0.470 0.000
N 2160 2160 2160 2160
Length Correlation coefficient 0.031 0.016 1 0.713**
Sig. (2-tailed) 0.154 0.47 0.000
N 2160 2160 2160 2160
Width Correlation coefficient 0.034 -0.084** 0.713 1
Sig. (2-tailed) 0.113 0.000 0.000
N 2160 2160 2160 2160

Note: **: Correlation is significant at the 0.01 level (2-tailed)
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In addition to concentration-related effects, several
studies have shown that BPA may not significantly impact
certain biological parameters when exposure duration is
short. For example, short-term BPA exposure did not
impair LH/hCG-induced steroidogenic potential in human
granulosa or rat Leydig cells (Roy et al. 2023). Another
study found that short-term BPA exposure did not
influence nursing rabbits' body weight, feed intake, or milk
production (Hao et al. 2024). BPA exposure for two
months did not significantly impact sheep femur
metabolism, macro- and microstructure, or biomechanical
behavior (Brankovi€ et al. 2022). However, more research
is needed to determine how concentration and exposure
period affect the test organism.

Correlation between the effects of acute exposure to
acrylamide on wing length and width

In this study, acrylamide concentrations (24 and 48
mg/kg bw/day) exceeded the oral exposure limit (<0.5 pg/L
or <1.43x10~° mg/kg bw/day), but showed little association
with wing length or width among D. melanogaster strains
(Table 4). Acrylamide may activate detoxification
mechanisms at high doses. Wu et al. (2023), found that
acrylamide increases GSTP1, GSH, and CYP2EI activity,
helping the body eliminate toxins. Acrylamide or its
metabolites binding to GSTP1 and CYP2E1 may balance
toxicity and detoxification, limiting morphological
alterations. These mechanisms may explain why wing
morphometrics did not change despite large doses in the
study. In addition, short-term acrylamide exposure does not
boost ROS generation (Johansson et al. 2024). Meanwhile,
D. melanogaster wing disc ROS produces severe
mitochondrial abnormalities (Mumbauer et al. 2019). In
this case, it is suspected that acute acrylamide exposure
may not have caused ROS accumulation; therefore, the cell
division cycle and fly wing growth continued properly.

BIODIVERSITAS 26 (9): 4567-4576, September 2025

Diversity of wing morphology changes of 0" to 2"¢
generation Drosophila melanogaster strains

Despite no statistical relationships, under fifteen percent
of the treatment population had wing morphological
changes. The control groups showed no variation (Figure
5). The treatment groups had three main damage
categories. First, curved, wrinkled, notched wings. Damage
can be small or serious. A single area of minor damage
curls or wrinkles the wingtip or edges without affecting the
structure (Figure 6.F). Major damage causes widespread
deformation in both wings, affecting wing shape compared
to controls (Figure 7.A). Second, vein rupture, separation,
or failure at growth. These are small or major based on
severity and the region affected. Minor injury affects vein
growth in one wing or a small vein portion with limited
distribution (Figure 7.E). Both wings have severe damage,
indicating structural vein disruption (Figure 7.D). Third,
imperfect wing edges. This damage is minor or major.
Major damage comprises vein fractures that change wing
shape (Figure 6.C), while minor damage involves deformed
wing edges without interior vein damage (Figure 8.E).

Wing alterations differ greatly across individuals who
are exposed. Many wings showed vein fractures,
indentations, and uneven edges. Vigneron et al. (2019)
suggest that genetic and phenotypic adaptation increase
pollution tolerance and explain variability. These effects
may be temporary and population-specific, making their
relevance unclear in our investigation.

Figure 5. Wing morphology in the control group of female wild-
type Drosophila melanogaster strain

Figure 6. Diversity changes in wing morphology of Drosophila melanogaster wild-type strain. A-D: Wings in the BPA exposure group.
E-F: Wings in the acrylamide exposure group. A, B, F: Damaged wings in curled, wrinkled, and notched conditions. C-D: Damage to
the wing veins, such as fracture, detachment, or failure of vein growth. C, E: Defective wing in terms of incomplete wing margin

formation or wing cells
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Figure 7. Diversity changes in wing morphology of Drosophila melanogaster black strain. A-E: Wings in the BPA exposure group. F-I:
Wings in the acrylamide exposure group. A, B, F, H, I: Damaged wings in curled, wrinkled, and notched conditions. C-E, G: Damage to
the wing veins, such as fracture, detachment, or failure of vein growth. E, G: Defective wing in terms of incomplete wing margin

formation or wing cells

Figure 8. Diversity changes in wing morphology of Drosophila melanogaster white strain. No obvious wing damage was found in the
BPA treatment group. A-F: Wings in the acrylamide exposure group. A-D, F: Damaged wings in curled, wrinkled, and notched
conditions. A-B: Damage to the wing veins, such as fracture, detachment, or failure of vein growth. E: Defective wing in terms of
incomplete wing margin formation or wing cells

BPA and acrylamide exposure in D. melanogaster
varies by strain and generation. Descriptively, the second-
generation responses varied considerably. Wrinkles and
faulty margins are observed in wild-type strains exposed to
BPA at 0.25 mg/mL. Whereas the first generation showed
only defects. Second-generation wild-type strains given 48
mg/kg BW/day acrylamide displayed broken veins,
notched wings, and imperfect wing edges. Major wing
alterations did not affect the first generation. The damage
to the first and second generations is quantitatively less
than 15%.

Wild-type strains have more wing structure variation
than white strains. Acrylamide exposure in white strains
causes more morphological changes than BPA. The white

and wild-type strains had fewer wing morphological
changes and fewer damage types than the black strain.
Black strains may be more sensitive to pollutants than
wild-type and white strains. Miyagi et al. (2015)
determined that complicated quantitative loci continue to
change D. melanogaster's ecological features, including
wing shape. Unknown processes sustain population
variation. Defective Drosophila strains can harm and
control surrounding genes pleiotropically, like the apterous
gene, which influences wing development. A mutation in
the apterous gene near the black strain's mutation locus
may explain white and black strain responses.

BPA causes wing distortion in wild-type D.
melanogaster (Begum et al. 2021) and damage or size
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reduction in other strains (Zahrah et al. 2025). BPA
downregulates wingless (Wg), decapentaplegic (Dpp), and
vestigial (Vg) genes (Begum et al. 2021). Wg depends on
wing specification and boundary development (Gracia-
Latorre et al. 2022; Rosales-Vega et al. 2023). Dpp might
not directly affect late-stage wing disc formation (Akiyama
and Gibson 2015), but it regulates cell division and tissue
size to promote expansion (Barrio and Milan 2017). Dpp,
Wg, and Vg signals maintain wing structure (Fan et al.
2021).

As with BPA, acrylamide is a fruit fly wing disc cell
mutagen and recombinogen (Tripathy et al. 1991).
Acrylamide causes mitochondrial malfunction and cell
death by disrupting bioenergetic and respiratory
performance (Farodoye et al. 2024). Energy for growth and
development can be reduced by mitochondrial malfunction
(Madan et al. 2022). Mitochondrial diseases can impede D.
melanogaster wing growth, leading in broken veins,
uneven wing margins, and wrinkled or notched wings.
Broken veins, irregular wing margins, and wrinkled or
notched wings can result from mitochondrial disorders in
D. melanogaster. This chemical attaches to DNA via
acrylamide's o,B-unsaturated carbonyl group, causing
oxidative stress and morphological changes (Prasad and
Muralidhara 2012; Ou et al. 2020).

Wing defects could impede Drosophila ecological
adaptation. They can impede flight and mating (Davis et al.
2018), making it harder for predator avoidance, food
acquisition, and habitat change. Males with damaged wings
are less likely to mate, decreasing population growth.
Inability to fly (Rajabi et al. 2020) and move around, as
well as escape from unfavorable conditions (Halder et al.
2025), can reduce lifespan. These influences may affect
population dynamics.

In conclusion, the statistical analysis showed no effect
of two generations of contaminant exposure on wing length
or width. However, several D. melanogaster wild-type,
black, and white strains showed bent, wrinkled, notched
wings, broken veins, and imperfect wing edges. Early
development gene disruption or DNA damage in imaginal
disc cells may cause wing abnormalities after BPA and
acrylamide exposure, showing environmental mutagenesis
effects. This result suggests that BPA's non-monotonic
response, acrylamide detoxification, or limited exposure
period may induce non-linear effects. This study has
several limitations. First, the Alula wing cell may be
separated during wing removal. Therefore, measurements
are only based on predefined length and width. Second,
only two concentrations of each contaminant are used.
Third, cross-generation analysis only uses two generations
and does not examine contaminants on future generations.
Future studies should examine multi-generational effects,
gene expression patterns, analysis using geometric
morphometrics, and ecological consequences to understand
how environmental toxins affect insect development,
reproduction, and population stability.
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