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Abstract: Insects, including cricket, fly, locust, and cockroach species, exhibit growth and escape (thigmotactic) responses to
aversive stimuli. This study aimed to investigate the growth rate and thigmotactic behavior of Turkestan cockroaches (Blatta
lateralis) under different illumination conditions: natural (direct) sunlight, artificial white light, and dark control in Davao City,
Philippines. In this study, gentle agitation of the container (i.e., wind puffs and food drops during feeding) stimuli stimulated B.
lateralis, and the more they are exposed to natural (direct) sunlight and other bright displays, the lesser they survive, and their
growths are. Thigmotaxis and body length were measured weekly starting on the 5th week of observation, utilizing the six
experimentally nymphal organisms as subjects starting with 1.1 cm in size each organism to a 7" x 55" container with the 20 cm x
28 cm paper shelters folded within a 10° angle in a room with direct sunlight, a dark edge, and floor lit by a 60-W light bulb with 1
inch above the center of the container, and plain darkness. The results demonstrated that the organism's selection from a finite set
of preferred escape trajectories (ETs) could cause variation in ETs where overall thigmotactic stimuli response was higher and had
the largest growth with a body length of 2.05 cm for nymphs placed under artificial white light. In conclusion, Turkestan
cockroaches exhibited flight responses even to impending and particularly gentle agitation stimuli and had a more dark or natural
light condition survival rate.
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l. Introduction

Turkestan Cockroach (Blatta lateralis) is a significant invasive species that inhabit inground containers in urban areas [1] and is
considered a household pest along clay floors [2]. They are native to Central Asia [3] and India [4], occasionally inhabiting the
indoors but primarily thriving on piles of dung in garden soils [5]. Their dispersal has been widely associated with human commerce
and movement [6] and also served as significant models in numerous disciplines, including neurology and chemical ecology [7].
Despite their invasiveness and habitation across peridomestic areas, there is limited information on strategies for managing these
pests [8]. Moreover, despite their known popularity among reptile breeders and availability for marketing (both online and
traditional markets), there is scarce information regarding their biology [1] and comparative data on cockroach mating and
behavioral patterns are the most extensive [7].

In California, cockroaches are the most chronic and problematic species, living and breeding in indoor sites linked with
food preparation, causing health risks owing to food contamination and indoor allergen generation. Cockroaches feed on garbage,
rotting food, and feces, allowing them to become vectors of diseases through infecting surfaces and leaving droppings that contain
pathogenic microorganisms; partnered with the nocturnal habits that make them ideal carriers of microbes [9]. That aside, they can
become a nuisance in schools, homes, hospitals, restaurants, warehouses, apartments, and nearly any other building with food
processing or storage capabilities. They spoil food and dining utensils, damage the fabric and compostable bags, and leave surfaces
with stains and foul odors [10].

The mentioned impression elucidates that the cockroach's demand for food, water, and refuge from potential predators and
unfavorable microclimate significantly impacts its behavior and longevity [11]. The adult B. lateralis is three cm tall, with females
shorter than males. Female B. lateralis generate between two and twenty-five ootheca, or egg capsules, in their lifecycle. Each
ootheca has approximately 18 eggs. The species matures after five molts, and the nymphal development period at 26.7°C is around
224 days. It takes roughly three years for five generations of Turkestan cockroaches to mature [1].

Since these organisms cause water and food contamination, transfer viruses that cause human disease, and provoke allergic
reactions and disorders [12], it is gaining a growing interest, especially with the scarcity of studies on the biology, behavior, and
development of B. lateralis. A recent study by [13] revealed that B. lateralis’ orientation is impacted by illumination, also known
as phototaxis. The roaches were subjected to different light wavelengths (red, green, yellow, blue, white, and dark control), where
data obtained showed that sensitivity to illumination is directly proportional to light intensity. Cockroach orientation was highest
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in dark control and lowest in the blue light of 2500 lux intensity. Additionally, roaches’ orientation to red light was higher than
green, yellow, blue, and white light. The researchers then concluded that blue light has a repellent effect on B. lateralis, and red
light is more attractive for them than other wavelengths; with such, illumination can help develop an alternative for chemical control
against these pests. However, no study exists on the effect of illumination, or deprivation from phototactic behavior, on the
hemimetabolous development of B. lateralis.

Furthermore, [14] studied the impact of depriving German cockroaches (Blatella germanica) of their natural thigmotaxis
(i.e., the movement of an organism in response to a stimulus) by placing them in shelters with different geometric features. Results
reveal that thigmotactic deprivation results in stress responses of B. germanica where survival and fecundity in shelters with angles
90-180 degrees are relatively low as cockroaches cannot hide away from any stimuli, including illumination (light/dark cycle). They
suffered from prolonged duration of nymph stage, low fecundity and survival rate, and high energy cost. Nevertheless, the result is
limited to B. germanica, leaving out other species, such as B. lateralis.

Moreover, even though B. lateralis is introduced in the Philippines and is known best by reptile breeders in the country,
fewer studies were conducted in the Philippines, and no existing studies have been conducted in the locality of Davao City.
Philippine cockroaches are understudied, resulting in limited information available in the country [15], possibly because they have
been regarded as household pests [16]. Recent local studies involving cockroaches include cave cockroaches of Pollilo Island and
Nocticolidae, conducted by [15][16], respectively. Another analysis is limited to selected areas in Metro Manila, focusing on the
parasitic infestation of Periplaneta americana (American cockroach) [17]. Further, cockroaches were discovered in two caverns:
Baga Cave and Manan-ao Cave, out of the thirty caves on Samal Island for bat variety in 2019. Periplaneta banksi was collected
in Baga Cave, whereas P. americana, widely known as the common house cockroach, was collected in Manan-ao Cave; however,
only P. americana has been noted and emphasized since it was reported to outcompete and cause the extinction of other species
[18]. These revealed no indications of in-depth assessment among studies conducted locally.

As such, this paper aimed to qualitatively assess the growth rate and thigmotactic behavior of B. lateralis under different
illumination conditions: natural (direct) sunlight, artificial white light, and dark control. Additionally, the proponents intend to
provide additional qualitative data on the limited biological information on B. lateralis, especially on the effect of thigmotactic and
phototactic deprivation on their growth and development in Davao City, Philippines. This study is significant for future
research to develop integrated pest management against B. lateralis. This may suggest illumination as a factor of the fecundity,
mortality, and behavior of B. lateralis. The information garnered from this venture is also fundamental for understanding the
biology, development, and behavior of B. lateralis, filling the gaps in the scarcity of studies across the globe.

I1. Methodology

This study was carried out on the basis of experimental, was used through comprehensive and in-depth experimentation
that strictly adheres to the scientific research design in the set research locale at Catalunan Pequefio, Davao City, located explicitly
at Malachite Street, Wellspring Village (Fig. 1) with the consistency of temperature and precipitation extremes ranges from 25°C-
30°C above and below desired range for the cockroaches to survive. Cockroaches can reproduce the fastest in these range of
temperature according to the study conducted by [19]. The experimentation started on February 2023 and ended in April 2023. The
independent variable is the illumination, while the dependent variables are the growth rate and thigmotactic behavior of B. lateralis.
Purposive Sampling Method was used in selecting samples that fit the purpose of scrutiny rather than the level or area of sampling
[20]. The first instar nymphs of B. lateralis colony were purchased online for this experiment.

Fig. 1. (A) Davao City radar map and (B) Catalunan Pequefio, Philippines radar map
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B. lateralis nymphs were placed in a 7" x 55" container with the 20 cm x 28 cm paper shelters folded into a zigzag step
shape within a 10° angle (see Fig. 2). Pinholes were established around the container for ventilation. Three set-ups were prepared,
containing two nymphs for each set-up.

Fig. 2. Experimental design and set-up (Day 0). (A) B. lateralis nymphs were placed in a 7" x 55" container with the 20 cm x 28
cm paper shelters folded into a zigzag step shape within a 10° angle. Pinholes were established around the container for ventilation.
(B) B. lateralis nymphs subjected to artificial white light (T1). (C) B. lateralis nymphs subjected to total darkness (T2). (C) B.
lateralis nymphs subjected to natural (direct) light (T3).

The set-ups (Fig. 3) were subjected to different illumination conditions: artificial white light (T1), darkness (T2), and
natural (direct) sunlight (T3). Moreover, the set-ups were placed in the same room to ensure equal room temperature and humidity.
The specimens were subjected to the same feeding (frequency, amount, and type of food and water) every three days. Weekly
observations and updates were recorded and reported to monitor the progress of the study.

=

Fig. 3. Experimental design and set-up illumination conditions (Day 0). (A) B. lateralis nymphs subjected to artificial white light
(T1). (B) B. lateralis nymphs subjected to total darkness (T2). (C) B. lateralis nymphs subjected to natural (direct) light (T3).

Weekly qualitative observations were recorded. Thigmotaxis was investigated in a parametric way, utilizing the six
experimentally nymphal organisms as subjects starting with 1.1 cm in size each organism to a 7" x 55" container with the 20 cm x
28 cm paper shelters folded within a 10° angle in a room with direct sunlight, a dark edge, and floor lit by a 60-W light bulb with 1
in above the center of the container, and plain darkness. Insects, including species of cricket, fly, locust, and cockroach, have been
seen to respond to aversive stimuli by escaping [21], as shown in Fig. 4. Hence, in this study, stimulus direction was used as the
reference (i.e., zero) point, these ETs are uncovered by applying circular statistics concepts [22].

+1 80

Fig. 4. Typical Angular Coordinate System [21]. The right turn wasreported as a positive angle; the left turn was reported as a
negative angle.
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Taking everything into account, given the angle of paper shelters, assessing the thigmotactic behavior of B. lateralis takes
advantage of the organisms’ tendency to explore new environments. It is used to analyze their preferences interpreted as being
determined by thigmotaxis [23]. Considering that there are no experiments assessing the role of thigmotaxis intrinsically, the goal
was to present data to investigate the said behavior [24] and emphasize the significance of the organisms’ personality for
developmental processes in a more parametric way the organisms prefer [25].

In gaining more statistical power, two statistical methods were used in this study: Parametric test and non-Parametric test.
Analysis of variance (ANOVA), using IBM® SPSS® Statistics 26.0 in windows x86-64, a parametric test of hypothesis analysis,
was used to assess the main and interaction effects of categorical factors on a continuous dependent variable (growth rate and
thigmotactic behavior) while accounting for the impact of a subset of other variables (illumination). In simpler terms, a one-way
ANOVA is a method for collecting data about one independent variable and one quantitative dependent variable [26] where the
independent variable should have at least three levels (i.e., darkness, artificial white light, and natural (direct) sunlight). ANOVA
reveals whether the dependent variable's level varies with the independent variable's level [27]. Kruskal-Wallis rank-sum test
(RStudio Version: 2023.0.6.0+421; Programming language for the functions: R-4.3.1), on the other hand, a non-parametric test,
directed the stability (test-retest reliability) and thus the validity of the analysis, which yielded the same result and evidently showed
approximation had been drawn correctly. In B. lateralis, this technique has been simplified. The growth rate of B. lateralis nymphs
was observed through the span of their nymphal stage and molting rate under the different treatments. Body length was measured
weekly in centimeters starting on the fifth week of evaluation (1.1 cm) until maturity. The level of activeness was measured through
their fleeing behavior. In Fig. 5, ANOVA and Kruskal-Wallis rank-sum test compare the influence between the continuous response
variable (growth rate and thigmotactic behavior) of B. lateralis and levels of a factor variable (illumination).

Independent Variable
. Artificial light
. Darkness

. Natural Light

!

Dependent Variable
. Growth Rate
. Thigmotactic behavior

Fig. 5. The Conceptual Paradigm of the Study

In addition, the Kaplan-Meier curve, devised by Kaplan and Meier, is a statistical tool extensively employed in medical
research to estimate and compare survival probabilities over time was used using IBM® SPSS® Statistics 20.0. It constructs a
graphical representation of the proportion of individuals surviving at each time point, with a descending pattern indicating
decreasing survival probability as events occur. This visual representation assists researchers in estimating key measures such as
median survival time and allows for comparisons between different groups or treatments. Furthermore, repeated measures of
ANOVA was also used to further investigate the growth and growth rate differences of the specimens over the experiment’s
duration. Multivariate tests scrutinized whether there are differences between or among the treatment groups with respect to their
changes of growth means over time.

I11. Results And Discussion

Thigmotactic Behavior of B. lateralis under different illumination conditions. Thigmotaxis in cockroaches and other insects is
associated with foraging and hiding behaviors to escape threats, and the degree of thigmotactic behavior affects the fleeing behavior
of cockroaches. It has also been demonstrated that cockroaches that develop in areas with shelters show faster development rates,
higher adult body weights, and more fertile oothecae than those that develop without shelters. It has also been hypothesized that
stimuli reflecting the geometric features of their environment, specifically the angles of the potential shelter, can affect their
developmental homeostasis [14].
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In this study, thigmotactic behavior was observed in B. lateralis by noting their shelter preference and fleeing behavior in
response to a stimulus (i.e., gentle agitation of the container) under different illumination conditions inside the 20 cm x 28 cm paper
shelters folded into a zigzag step shape within a 10° angle. The nymphal organisms as subjects preferred to hide inside after being
allotted for shelter selection. Many B. lateralis chose to hide in such shelters in response to x*, and even gentle agitation of the
container, which may signal a predator attack by making a swift turn followed by a forward acceleration. In other studies, however,
the wind did not elicit the escape reaction [28]. It has been recently shown that their escape trajectories exhibit directional
preferences when assessed relative to the placement of the threatening stimuli [29]. Preliminary studies have frequently
discriminated between the most common form of escape turn, which begins with a rotation away from the stimulus, and the
comparatively uncommon type, which begins with a rotation towards the stimulus [22].

In light of this current laboratory on preferred escape paths assessing thigmotactic behavior of B. lateralis, away and
towards responses (ETs) have been investigated. It has been found that the frequency distribution of the ETs of responses in the
direction of the observer is identical to that of responses away from the observer. However, the range of body-turn angles toward
reactions is substantially lower than that of away responses. This shows that nymphs reduce their turn while making a toward
reaction, which may be an efficient anti-predator behavior that enables them to reach one of their chosen ETs in a relatively short
amount of time.

Moreover, this paper has proven that the organism's selection from a finite set of preferred escape trajectories (ETs) can
cause variation in ETs. Using stimulus direction as the reference (i.e., zero) point, these ETs are uncovered by applying circular
statistics concepts [22]. Insects, including species of cricket, fly, locust, and cockroach, have been seen to respond to aversive
stimuli by escaping [21]. The study of [29] revealed that electrical stimulation of both cerci and antennae could trigger an escape
response.

In Fig. 6, the responses of B. lateralis to stimulation (vertical blue arrow) are either away (A), towards (B), or overshooting
towards (C). In the away response (A), organisms rotate their bodies in the opposite direction of the stimulus. The final direction of
motion (black arrow) corresponds to the sum of the stimulus angle (blue curve) and turn angle (red curve) (red curved arrow). In
direction reactions (B), nymphs rotate their bodies toward the stimulus. The resulting ET is proportional to the stimulus angle minus
the turn angle. In overshooting towards responses (C), nymphs continue to rotate away from the stimulus following an initial rotation
in its direction. As with other towards reactions, the resulting ET is calculated as stimulus angle minus turn angle, i.e., 45° 135° =
90°, which corresponds to an ET of 270°. This data is further supported based on the obtained results by [22].

Fig. 6. Circular statistics concepts in B. lateralis using stimulus direction as the reference (i.e., zero) point (Escape Trajectories
(ETs). Responses of B. lateralis to stimulation (vertical blue arrow) are either away (A), towards (B), or overshooting towards (C).

Taking everything into account, although the nymphs’ escape translation was oriented away from both food drop during
feeding and gentle agitation of the container regardless of the illumination conditions they were treated under, the overall
thigmotactic stimuli response was higher for T1 (see Fig. 8) - nymphs placed under artificial light - than for T2 (see Fig. 7) - nymphs
placed under darkness condition.
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Frame 2 (500 ms)

ﬂ D

Fig. 7. A typical escape trajectory of B. lateralis nymph treated under dark conditions stimulated by food dropped during feeding
and gentle agitation of the container. (A) 1st frame (0 ms) of escape trajectory; (B) 2nd frame (500 ms) of escape trajectory; (C)
3rd frame (1000 ms) of escape trajectory. (D) The stick diagram of the same escape trajectory as A. The filled circles correspond to
the twotracked white marks on the nymph. The arrows correspond to the stimulus location (back-left tarsus).

The relationship between the turning angle and stimulus location or direction differed for T1 and T2. For T1 in Fig. 6, the
turning angle was always close to 0° and was independent of the stimulus angle. The direction of T2 in Fig. 5 varied between 50°
and depended heavily on stimulus location.

Fig. 8. A typical escape trajectory of B. lateralis nymph treated under artificial whitelight illumination stimulated by food dropped
during feeding and gentle agitation of thecontainer. (A) 1st frame (0 ms) of escape trajectory; (B) 2nd frame (25 ms) of escape
trajectory; (C) 3rd frame (50 ms) of escape trajectory. (B) The stick diagram of the same escape trajectory as A. The blue dots
correspond to the two tracked white marksof the nymph. The arrows correspond to the agitation direction.

These findings indicated that B. lateralis nymphs, like other insects and contrary to previous research, perform an escape
behavior in response to unpleasant stimuli. Remarkably, the variables affecting their growth and behavior elicit significantly
stronger responses than stimuli that resemble predators. These results raise questions regarding the normal level of danger posed
by predators and potential risk agitation to B. laterlis cockroaches. Apart from that, the result further elucidates that cockroaches
developing in areas with shelters show faster development rates, higher adult body weights, and more fertile ootheca than those that
develop without shelters, which is further supported in the study of [14] that stimuli reflecting the geometric features of their
environment, specifically the angles of the potential shelter, can affect their developmental homeostasis.

Growth rate of B. lateralis under different illumination conditions. The growth rate of B. lateralis under different illumination
conditions, Body length from head to abdomen (M1), abdomen width (M2), head length (M3), and pronotum length (M4) and
pronotum width (M5) were measured weekly starting on the 5th week of observation, utilizing the six experimentally nymphal
organisms as subjects starting with 1.1 cm in size each organism to a 7" x 55" container with the 20 cm x 28 cm paper shelters
folded within a 10° angle in

a room with direct sunlight (T3), a dark edge and floor lit by a 60-W light bulb 1 inch above the center of the container (T1), and
plain darkness (T2 - control).
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Table 1. Weekly average body measurements of B. lateralis under different illuminationconditions (in cm): A Profile Analysis

freatment 1 (Artifical ight _

Week My M: M: My M; My Mo M: My Ms My Mz M: My Ms

0.0 0.0 0.0

5 11 05 009 01 003 11 05 %0 01 %0 14 05 00 01 O
6 12 05 009 01 006 12 06 % 01 %0 11 05 % 02 &
7 14 06 01 02 007 13 06 0.1 02 %0 12 05 01 02 &0
8 18 07 02 03009 16 060102 °% 0 0 0 0 0
9 185 08 02 03 01 g 070102% 0 0 0 0 0
10 205 1 02 05 02 P os0103% 0 0 0 0 o

5 7

1567 0683 0.147 02 nogy 14 06010100 0502000000

Mean 5 f 3 0 9 5 7 5 5 8 3
Overall
Mean 0.548 0.485 0.194

Note: Mean was rounded up while overall mean was based on the actual
summation of (mean) data ]

Results revealed in Table 1 that B. lateralis under artificial white light (T1) has the largest growth with a body length of
2.05 cm at the end of the 10th week of the experimentation, followed by organisms under complete darkness (T2) with 1.85 cm
body length, and lastly, the organisms under direct natural sunlight (T3) that were found to be deceased on the 8th week of
observation. Unsurprisingly, none of the organisms have undergone molting throughout the experimentation since the average
developmental period for B. lateralis for male and female organisms is 222 + 25.1 days, with a range of 126-279 days and 224 +
30.6 and 126-279 days, respectively [1].

Ultimately, this suggests that B. lateralis nymphs under artificial white light are found to have the most favorable
illumination condition in this experimentation. One of the underlying reasons for this could be the light adaptation that the organisms
developed in the experimentation, given that cockroaches are known as negatively phototactic organisms. When exposed to light,
nocturnal insects become light-adapted, influencing their circadian rhythms such as flight, mating, locomotion, feeding, and
courtship [30].

In a study conducted by [31], rapid light adaptation in blowfly Protophormia terraenovae, the hoverfly Volu- cella
pellucens, and the cockroach Periplaneta ameri- cana were scrutinized by examining how properties of quantum bumps change
after light stimulation and multiquantal impulse responses during repetitive stimulation. Their results discovered three distinct light
adaptation mechanisms where P. periplenata exhibited quantum bump amplitude decrease without changes in kinetics, showing
decreased availability of transduction channels.

Researchers [32] defined light adaptation as a “deterministic and reversible process” where the increase or decrease in
ambient light can stimulate the increase or decrease of the gain of transduction for the detection of stimuli, and this adaptation
involves molecular pathways and transduction channels. As specified by [33], insects, including cockroaches, have undergone
evolution to develop rhabdomeric photoreceptors that detect light sources. These receptors are found in insect compound eyes and
respond to photons of light with quantum bumps due to microvillus activation. In night-active species such as P. americana,
relatively slow phototransduction has been observed, along with increased photoreceptor size, allowing them to see in the dark.

In line with this, B. lateralis possibly exhibited the exact mechanisms for light adaptation where the organisms could have
optimized their photoreceptor functioning in their compound eyes in response to artificial white light by modifying single-photon
response since insects under taxonomic groups generally have similar phototaxis [34]. The researchers hypothesized that B.
lateralis also exhibited a quantum bump amplitude decrease. In other words, the quantum bumps or the voltage fluctuation in the
photoreceptor of the species have hypothetically been decreased to adjust to the presence of the artificial white light, thus, altering
the availability of transduction channels for negative phototactic mechanisms. This can be correlated to the activeness and
thigmotactic responses of the experimental species.

On the other extreme, it is important to note that the low survival rate of organisms under natural (direct) sunlight can be
rooted in three factors: (a) cuticular water loss and permeability, (b) thigmotactic deprivation, and (c) disrupted circadian rhythm.
Direct sunlight increases the temperature of the container and thus leads to cuticular water loss and permeability. This is supported
by the findings of [35] that suggest that cuticular water loss and cuticular permeability are directly proportional to temperature with
respective exponential increases. Consequently, this directly affects body water and inversely impacts body lipid content, disrupting
cellular responses and homeostasis. High cuticular permeability at high relative humidity stimulates water loss, and ambient
humidity affects water loss rates through the cuticle at constant environmental temperature.
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On the other hand, thigmotactic deprivation [14] is also another factor for this. Under normal conditions, cockroaches are
nocturnal, and they explore, feed, and mate overnight, avoiding illuminated areas [13]. However, due to the direct effect of sunlight
on their experimental environment, they cannot eventually hide away from light and heat, causing stress and inescapable
impermanence.

Addendum, their circadian rhythm has been disrupted, given that they cannot rest during the day due to negative phototaxis
and nocturnal nature; hence this disruption also disorients their homeostatic and circadian regulation [36].

Table 2. Means and median for Survival Time in Kaplan-Meier Curve

Means and Medians for Survival Time

Meanz Median

95% Confidence Interval 95% Confidence Interval
Treatment Types Estimate Std. Error Lower Bound Upper Bound Estimate Std. Error Lower Bound  Upper Bounc
Treatment 1 (Arificial light) ~ 7500 764 6.003 8997 7000 12% 4,600 9.40(
Treatment 2 (Darkness) 7500 764 6.003 8997 7000 122 4,600 9.40(
Treatment 3 (Natural light) ~ 8.000 850 6.334 9666 7.000 . .
Overall 1648 A4 6.768 8529 7000 849 5.331 8.66:

Nonetheless, according to the information presented in Table 2, the means and standard errors (SE) for survival rates are
as follows: Treatment 1 (T1) has a mean of 7.5 with an SE of 0.76, Treatment 2 (T2) has a mean of 7.5 with an SE of 0.76, and
Treatment 3 (T3) has a mean of 8.0 with an SE of 0.85. These means indicate that there is no significant difference in survival rates
among the treatments. Additionally, the average survival time for the nymphs in the study is a maximum of 7 weeks. For the overall
comparison, the log-rank (Mantel-Cox) survival analysis test was performed. The chi-square test statistic yielded a value of 1.497
(with 2 degrees of freedom) and a p-value of 0.743. This result suggests that, at a significance level of 0.05, there is no statistical
difference in the distribution of survival times among the treatments.

Survival Functions

10 Treatment Types

M Treatment 1 (Artificial light)
— 1 Treatment 2 (Darkness)
M Treatment 3 (Natural light)

Treatment 1 (Artificial light)-
08 -+ censored

—Treatment 2 (Darkness)-
{

censored

Treatment 3 (Natural light)-
06 +censnred

Cum Survival
+

o 2 4 8 8 10

Time (weeks)

Fig. 9. Kaplan-Meier Survival Analysis Curve

Furthermore, Fig. 9 displays a Kaplan-Meier survival analysis curve. The graph indicates that Treatments 1 to 3 likely
produced similar survival rate distributions. Only in Treatment 3, during weeks 8 to 10, were there instances of cockroaches dying.
Nevertheless, statistical evidence indicates that there is no significant difference in their survival time distributions.

Moreover, the Kruskal-Wallis rank-sum test and ANOVA revealed that the average body measurement of B.
lateralis under the first illumination condition of artificial white light is 0.5477 cm (SD = 0.1662). At one extreme, the average
body measurement of the B. lateralis under the second illumination condition of darkness is 0.4847 cm (SD = 0.0980); On the third
illumination condition, which is natural (direct) sunlight, the average body measurement of the B. lateralis is 0.3873 cm (SD =
0.0230). The analysis of the variance shows that the difference between the three illumination conditions is not statistically
significant, F (2,12) = 1.658, with a p value equal to 0.231, which is greater than the 0.05 significance. Hence, it can be concluded
that the groups are different, indicating strong evidence of no relationship between the treatments. Considering the short range of
time enough for the nymphs to develop into an adult, it is impossible to determine whether two or more population means differ
based on the results of a single sample or experiment with a short interval of days given [37].
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Table 3. Multivariate test table: interaction of growth means and illumination conditions

Multivariate Tests®
Hypothesis ~ Emor Partial Eta Nongeni, Observed
Effect Value F df di Sig Squared Parameter -
growih Pillai's Trace 637 2.810° 5000 8000 094 831 14052 535
Wilks' Lambda 363 2.810° 5000 8000 094 831 14052 535
Holeling's Trace 1.756 2.810° 5.000 6000 094 631 14052 535
Roy's Largest ~ 1.756 2.810° 5000 8000 094 831 14052 535
Root
growth * Pillai's Trace 979 1724 10.000 18.000 151 489 17242 598
begroup Wilks' Lambda 183 2137 10.000 16.000 .085 a1 21.369 686
Holelings Trace 3.572  2.500 10.000 14.000 057 641 25.005 736
Roy's Largest 3305 5.949° 5000 9000 011 768 29745 899
Root

a. Design: Intercept + txgroup

Within Subjects Design: growth

b. Exact stafistic

c. The statisfic is an upper bound on F that yields a lower bound on the significance level
d. Computed using alpha = .05

Additionally, the multivariate test, as shown in table 3, showed that the interaction of growth means and illumination
conditions resulted to Wilks” Lambda value with an F-value equal to 2.137 with a p-value = 0.085, which means that 0.05 level of
significance, the interaction effect is not statistically significant. This means that the growth means of cockroaches are just
statistically the same across treatment groups in terms of their respective changes.

Table 4. Tests of Within-Subjects Effects

Tests of Within-Subjects Effects

Measure: time

Type lll Sum of Mean Partial Eta Nongeni. Observed

Source: Squares af Square F__ sig Squared Parameter jers
growth Sphericity 847 5 129 10641 100 470 53208 1.000

Assumed

Greenhouse- 847 1126 574 10641 105 470 11.979 881

Gelsser

Huynh-Feldt 647 1.369 472 10641 .103 470 14.567 925

Lower-bound 647 1.000 .647 10.641 107 470 10.641 849
growth * Sphericity 294 10 029 2417 .067 .287 24.166 906
arQuR Assumed

Greenhouse- 294 2251 130 2417 123 287 5441 424

Geisser

Huynh-Feldt 294 2738 107 2417 107 287 6616 479

Lower-bound 294 2000 147 2417 131 287 4833 393
Error(growth)  Sphericity 729 80 012

Assumed

Greenhouse- 729 13.509 054

Gelsser

Huynh-Feldt 729 16427 044

Lower-bound 729 12.000 061

a. Computed using alpha = .05

In table 4, the sphericity assumed indicates the test of the main effect for growth means of cockroaches. In this study, the
sphericity assumed generated an F-value of 10.641 with a p-value of 0.100 which means that there is no statistically significant
result.

Table 5. Tests of Within-Subjects Contrasts

Tests of Within-Subjects Contrasts

Measure: time

Type Il Sum Mean PatialEta  Noogeni | Observed

Source growih __of Squares a Square F Sig Squared  Parameter T
growth Linear 638 1 638 11.529 .003 490 11.529 876

Quadratic .002 1 .002 1.628 226 19 1628 217

Cubic .000 1 .000 199 664 016 199 .070

Order 4 .004 1 .004 3819 074 241 3819 436

Order & .002 1 .002 2224 162 156 2224 279
growth * Linear 273 2 136 2463 127 291 4927 400
txaroup. Quadratic 010 2 003 4335 .038 419 8.669 636

Cubic .002 2 .001 370 699 058 739 .096

Order 4 .005 2 .002 2633 13 308 5.266 424

Order & .004 2 .002 2147 160 264 4.294 354
Error(growth)  Linear 664 12 055

Quadratic 014 12 .001

Cubic 028 12 002

Order 4 011 12 .001

Order & 012 12 .001

a. Computed using alpha = .05

However, in table 5, the tests within-subjects contrasts showed that the main effect of time to growth means, without
considering any type of interaction, showed a statistical significance of having linear curve (F = 11.529, p = 0.005) This suggested
that there is differential change between groups following a straight-line manner with respect to the estimated marginal means of
time as shown in Fig. 10 below.
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Estimated Marginal Means of time

Estimated Marginal Means

growth

Fig. 10. Tests Within-Subjects Contrasts: Effect of time to growth without interaction

Meanwhile, the interaction effect between time and growth means of cockroaches depict a quadratic trajectory (F = 4.335,
p = 0.038) as shown in Fig. 11 below.

Estimated Marginal Means of time

) txgroup

Treatment]
Treatment2
Treatmentd

Estimated Marginal Means
\

growth

Fig. 11. Interaction Effect between Time and Growth means of Cockroaches

According to [38], the lifespan of cockroaches differs based on species, humidity, and temperature in each phase, ranging
from 6 to 15 months of observation to maintain significant differences to more than a year. Even German cockroaches mature in
about two months, and American cockroaches take about 600 days to reach adulthood. Nevertheless, the results have been
considered considering that there are still differences unveiled throughout the laboratory report, and thus valuable insights into the
behavior and growth of B. lateralis nymphs are considered: i.e., illumination conditions influence the overall response to
thigmotactic stimuli, with nymphs exposed to artificial light exhibiting a stronger response than those exposed to darkness.

IV.Conclusion

The study was conducted in Malachite Street, Wellspring Village, Catalunan Pequefio, Davao City. Independent and
dependent variable were identified before the conduct of the study. The illumination is the independent variable, while the dependent
variables are the growth rate and thigmotactic behavior of B. lateralis. This study was carried out based on an experimental set-up
using the Purposive Sampling Method. First instar nymphs from the colony were selected for the purpose of this study.

In this study, gentle agitation of the container (i.e., wind puffs and food drops during feeding) stimuli stimulated B.
lateralis, and the more they are exposed to natural (direct) sunlight and other bright displays, the lesser they survive, and their
growths are. The results demonstrated that the organism's selection from a finite set of preferred escape trajectories (ETs) could
cause variation in ETs where overall thigmotactic stimuli response was higher and had the largest growth with a body length of
2.05 cm for nymphs placed under artificial white light. The growth rate of B. lateralis under different illumination conditions, body
length from head to abdomen (M1), abdomen width (M2), head length (M3), and pronotum length (M4) and pronotum width (M5)
were measured weekly starting on the 5th week of observation, utilizing the six experimentally nymphal organisms as subjects. In
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conclusion, contrary to the literature, Turkestan cockroaches exhibited flight responses even to impending and particularly gentle
agitation stimuli and have a more dark or natural light condition survival rate.

V. Recommendations

It is essential to note that the experimental species obtained in this paper are first-instar nymphs, which suggests the
exclusion of their early embryonic development under different illumination conditions, and the observations were only done for
ten weeks. It is recommended that research ventures related to this scrutiny should include early and postembryonic and adulthood.
In addendum, this study is a qualitative descriptive study focused on morphological development; hence, it is suggested that future
scrutiny must involve molecular and biochemical data, including circadian gene expression and quantum bumps, under different
illumination conditions. The sex of the species was not also determined, which is fundamental in the rate of development of the
species. Additionally, the discussions provided are based on previous research and, fundamentally, the mentioned correlation and
possible mechanisms relating to thigmotactic responses, and light adaptation should be proven molecularly and biochemically given
that transduction channels and quantum bumps are complex pathways that are foundational to the developmental biology of species
and should not be underappreciated and require in-depth scientific analysis founded upon actual results.
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