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Abstract

Encapsulation assays are widely used in eco immunology to assess insect immune responses against
foreign bodies and simulated parasitic challenges. However, locating implanted monofilaments during
recovery can be difficult, time consuming, and highly dependent on the experience and mastery of the
observer, particularly in conditions where surrounding tissues make the filament difficult to see for
retrieval. This study presents a simple and cost-effective ultraviolet assisted method for improving the
localization of implanted ultraviolet reactive monofilaments in insect larvae using fluorescent fishing
lines. Using Zophobas morio as a model organism, detection time was compared under conventional
lighting using the microscope and UV illumination across conditions with different surrounding tissues.
Detection time served as a measure of retrieval efficiency. Ultraviolet illumination substantially reduced
the time required to locate and retrieve implanted monofilaments, with the greatest improvements
observed in cellulose-treated larvae, where surrounding tissues made filament detection more difficult
and detection time decreased by approximately 57-86%. The differences between the two detection
methods were smaller and less consistent under wheat bran conditions. Successful monofilament recovery
was achieved across all treatments, demonstrating that the ultraviolet assisted approach improves
efficiency, with the new method providing a quick, accessible, and reproducible approach. Because of its
simplicity, this method can be used in host—pathogen studies and other research involving implanting
objects to mimic foreign bodies.
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1. Introduction

Organisms constantly face tradeoffs in allocating limited
resources among growth, reproduction, body maintenance, and
immune defense. These tradeoffs are important because
immune responses are energetically costly and can be
influenced by extrinsic conditions such as diet, temperature,
and pathogen exposure. Considering how fast the field of eco
immunology is advancing, it examines the ecological and
evolutionary factors and how they influence variation in
immune function among organisms (Downs and Stewart, 2014;
Schoenle et al., 2018; Ohmer et al., 2021). As a result,
ecologists in this field increasingly rely on mechanism of the
immune system to better understand the extent to which these
extrinsic conditions affect immune responses across different
species. This mutual adaptive interaction has forced hosts to

develop complex defense mechanisms, with the immune
system serving as one of the primary protective systems
(Freitak et al., 2003). Despite the importance of immune
defense, organisms usually have limited resources, and energy
devoted to immune responses may reduce the resources
available for other physiological functions including growth,
survival, and reproduction (Williams, 1966; Strand, 2008;
Daniel et al., 2012; Krams et al., 2015).

Evidence indicates that immune responses are connected to
fundamental life history tradeoffs involving survival, growth,
and reproduction (Schmid- Hempel, 2003; Freitak et al., 2003;
Daniel et al., 2012), with this relationship revealing the
energetic demands associated with immune activation and the
need for organisms to balance immunity with life trade history
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(Strand, 2008; Rapkin et al., 2018). Although invertebrates’
immune response has been extensively investigated for
decades, research on immunity in invertebrates has received
comparatively less attention (Fellowes and Godfray, 2000;
Ayres & Schneider, 2009). Increasing interest in insect
immune systems has expanded understanding of how
invertebrates respond to pathogens, parasites, and other foreign
materials under varying environmental conditions (Demas et
al. 2011). The relationship between immune function and
reproduction may not be at same rate among species due to
their various encounter with pressure from their environment.
(Ryder and Siva-Jothy, 2001; Rantala et al., 2003; Kiss et al.,
2020).

Studies on insect immunity have shown that inbreeding does
not always reduce immune performance or disease resistance,
as observed in the termite Zootermopsis angusticollis, where
inbreeding had no effect on encapsulation response or
resistance to bacterial and fungal infections, and similarly in
the flour beetle Tribolium castaneum, where inbred lines
displayed resistance to parasitic nematodes comparable to that
of stock populations (Calleri et al., 2006; Stevens et al., 1997),
there has also been report in the sand cricket Gryllus firmus,
where individuals from inbred lines were smaller and required
longer developmental periods than individuals from crossbred
lines, yet showed no significant differences in immune function
(Rantala and Roff, 2006).

Encapsulation is an important cellular immune response in
insects used to defend against foreign bodies and invading
foreign object that cannot be eliminated through phagocytosis
alone (Brennan & Anderson, 2004; Ojala et al., 2005; Moreno-
Garcia et al., 2013; Krams et al., 2013), during this process,
multiple hemocytes migrate to the surface of the implanted or
invading object, attach to it and gradually form cellular layers
around the target (Qiu & Govind, 1998; Zettervall et al., 2004).
This response is followed by melanization and the deposition
of immune-related compounds that help isolate and neutralize
the foreign material (Dubovskiy et al., 2016; Gupta, 2019), this
assays is commonly used to evaluate insect immune defenses
against implanted foreign materials and simulated parasitic
challenges(Pham et al., 2007). In addition, antibacterial
responses, including the production of antimicrobial peptides
(AMPs), represent another important component of insect
immunity, playing a critical role in protection against bacterial
pathogens and parasitic infections (Pham et al., 2007;
Hultmark, 1993; Gupta, 2019). These processes are involved
in melanin production, which plays an important role in insect
cuticle pigmentation and in the immune defense mechanism
used to surround and isolate foreign materials within the
hemolymph (G6tz, 1986; Gupta, 2019). The host preference
of A. tabida differs across geographic regions depending.
Differences in encapsulation ability among insect hosts can
influence parasite success and shape host—parasite interactions
within natural populations (Lowenberger et al., 1999;
Kraaijeveld and Godfray, 1999).
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This variation in host selection depicts the importance of
encapsulation as a defensive immune mechanism that can
influence host susceptibility, parasite success, and host—
parasite interactions amongst population in the ecosystem
(Johnsen and Zuk, 1999; Joyce et al., 2004; Schmid-Hempel,
2005; Graham et al., 2011).

The retrieval of implanted monofilaments involves dissection
and several manipulations on the internal body cavity to find
these implants. This is a big challenge that is encountered in
both large and small invertebrates because these implants tend
to shift positions within the body cavity while the invertebrate
makes movement as well as when immune response begins to
occur the filament becomes surrounded by haemocoel and
immune deposits covering the implant from being visible.
Therefore, improving the technique to this retrieval can make
carrying out encapsulation assays efficiently used in eco-
immunology studies. Since detecting monofilaments or objects
used for immune assay takes so much time, it is advantageous
to develop a more reliable method to retrieve monofilament to
improve the efficiency of this assay. Such improvements are
valuable for researchers using implanted objects to mimic
foreign bodies in studies investigating invertebrate immunity,
host—pathogen interactions, and physiological stress responses.
In this paper, we present an enhanced technique to easily locate
monofilaments used in encapsulation assays, with the blue light
beam from the 395-405 nm ultraviolet light, with this method
aiming to streamline and accelerate monofilament retrieval. To
determine its effectiveness, we compared the ultraviolet light-
based retrieval method with the conventional retrieval method
(microscope light).

2. Methods

2.1 Experimental Setup

A total of forty larvae were purchased from a commercial
supplier and randomly assigned to two diet treatments. Twenty
larvae were fed wheat bran (calorie-enriched diet) and twenty
were fed cellulose (calorie-restricted diet). A handheld
ultraviolet torch used during monofilament retrieval is shown
in Fig. 1. Larvae were implanted 2mm monofilament (Fig. 2),
into their third segment from the posterior end using a sterile
injection pen and left in their respective diet for 24hours to
initiate immune response. At the end of the 24 hours, larvae
were frozen at —80°C for 24 hours, allowed to thaw and later
dissected to retrieve monofilaments.

2.2 Comparison of conventional and ultraviolet localization
methods

To evaluate the effectiveness of ultraviolet assisted retrieval,
the time required to locate implanted monofilaments was
compared with conventional light and ultraviolet light. Under
conventional lighting, larvae were examined using microscope
light, whereas under ultraviolet light, a handheld ultraviolet
torch was used. Two observers conducted this trial. The first
observer had one year and one month of experience with
encapsulation assays and monofilament retrieval using
conventional lighting, whereas the second observer had only
two weeks of experience with encapsulation assays before
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using the ultraviolet light-assisted retrieval method. This
essence for using two observers was to evaluate whether the
ultraviolet-assisted method could improve retrieval efficiency
across observers with different levels of experience. For each
larva, the time required to locate the implanted monofilament
was recorded. Retrieval times were compared across both
methods and diet treatments to determine whether ultraviolet
illumination could improve detection speed of the
monofilaments.
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2.3 Retrieval Procedure using ultraviolet

During the monofilament retrieval, the handheld ultraviolet
torch (Fig. 1a), with the beam of light (Fig. 1b), pointed
towards the body of each larva with implants from
approximately 5-10 cm. Observations were performed under a
microscope with screen display to allow magnification.

Figure 1: (a) Ultra Fire (395-405nm) handheld torch (b) Ultra Fire (395-405nm) handheld torch showing the emitted light
beam used to enhance visibility of implanted monofilaments during localization.

a.

b.

Figure 2: (a) Monofilament fishing line (Reactive tackle high performance fishing line) before exposure to ultraviolet light. (b)
Monofilament fishing line after exposure to ultraviolet light, showing fluorescence due to embedded dye.

2.4 Comparison of Filament Visibility under Different
Lighting Conditions

Filament visibility under both lighting conditions was
documented by capturing side-by-side images of the same

implanted larva first under conventional microscope light and
then under ultraviolet illumination, to qualitatively illustrate
the difference in contrast and localization clarity between the
two methods (Fig. 3).
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b.

d.

Figure 3: Side-by-side comparison of the filament localization methods. (a & b) Implanted monofilament is not clearly visible
under microscope light. (¢ & d) Implanted monofilament visible in cyan blue with the assistance of ultraviolet light.

2.5 Statistical Analysis

Detection time was used to evaluate the efficiency of
monofilament retrieval under UV illumination and
conventional light. All analyses were conducted in All analyses
were conducted using R and RStudio software. Analyses were
performed separately for each observer and diet condition, with
each comparison based on five observations per detection
method (UV and conventional light; n =5 per group). Because
of the small sample size and variability in detection time,
differences between observation methods were primarily
assessed using the Wilcoxon rank-sum test (Mann-Whitney U
test). In cases where data met approximate normality
assumptions, Welch’s t-test was additionally applied.
Statistical significance was set at p < 0.05. Detection times are
presented as medians with ranges, and box plots were used to
visualize the distribution of values. In the box plots, higher
positions indicate longer detection times (slower location),
whereas lower positions indicate shorter detection times (faster
location). The spread of each box reflects variability in
detection time, broader boxes indicate greater variation and
lower consistency among observations, while narrower boxes
indicate more consistent detection times across trials.

3. Results

During retrieval using the conventional procedure, the
monofilament was not distinguishable from the surrounding
tissues (Fig. 3a &b), while under ultraviolet illumination the
implanted monofilament appeared more distinct against
surrounding tissues in cyan blue (Fig 3 ¢ & d), using the
microscope with display on screen to aid magnification.

3.1 Method Effects Figures description

The detection times under conventional lighting are higher and
more spread out among the larvae, indicating greater variation,
while detection times under ultraviolet light are lower and more
closely grouped, indicating faster and more consistent
detection and retrieval (Fig. 4a), detection times under
conventional lighting vary widely among the larvae, with both
low and high values, whereas detection times under ultra violet
light are generally lower and more consistent (Fig. 4b). Under
conventional lighting the times are widespread among the
larvae, indicating high variability, while detection times under
ultraviolet light still vary but are more closely grouped within
a moderate range (Fig. 4c). The conventional lighting exhibits
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some variation among the larvae, whereas detection times
under ultraviolet light vary widely, with both low and high
values, indicating less consistency (Fig. 4d).

The time for detection varied across diet conditions or
surrounding tissue conditions, with the most consistent effect
of ultraviolet illumination observed under cellulose conditions.
For the first observer, (Fig. 4a) cellulose treatment, median
detection time decreased from 279 seconds under conventional
lighting to 121 seconds under ultraviolet illumination,
representing a highly significant improvement and difference
(W = 25, p-value = 0.007937). A similar pattern was observed
in second observer, cellulose treatment Fig. 4d, where
detection time decreased from 266 seconds to 38 seconds under
ultraviolet illumination, also showing a highly significant
difference (W = 25, p-value = 0.007937). On the other hand,
under wheat bran conditions, the advantage of ultraviolet
illumination was reduced. In Fig. 4b (first observer) wheat bran
treatment, detection time decreased from 149 seconds under
conventional lighting to 106 seconds under ultraviolet
illumination; however, this difference was not statistically
significant (W = 18, p-value = 0.3095). Similarly, in (Fig. 4c)
wheat bran (second observer), detection times were
comparable between methods, with median values of 93
seconds under conventional lighting and 115 seconds under
ultraviolet illumination, showing no significant difference (W
=13, p =0.8405).

It is important to note that larvae from each wheat bran group
died. Two larvae died from the ultraviolet detection group in
(Fig. 4c), and one larva died from ultraviolet detection group
for (Fig. 4b), and their gut tissues became very dark, making it
difficult to detect monofilament. This likely contributed to the
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increased variability and reduced effectiveness of ultraviolet
illumination observed in wheat bran conditions compared to
conventional light, aside from these cases monofilaments were
generally easier to detect under ultraviolet light. These results
are an indication that ultraviolet assisted retrieval is effective
and faster for detecting implanted monofilaments, under
conditions where the filament was hard to see.

3.2 Diet Treatment Effects Figures description

The (Fig. 5a) depicts that detection times under ultraviolet light
are moderate and consistent for both cellulose and wheat bran,
although wheat bran shows slightly more variation, while (Fig.
5b) shows that under conventional lighting, detection times in
cellulose are higher and more grouped, while detection times
in wheat bran had large variance between larvae in that group
and detection time generally lower than the cellulose group.
Under ultraviolet illumination (Fig. 5a), detection time did not
differ significantly between cellulose and wheat bran
treatments (p = 0.436). The median detection time was 96.5 s
in cellulose and 110.5 s in wheat bran, lack of statistical
significance may have been influenced by three dead larvae,
which increased the time required for monofilament retrieval
in some samples.

However, under conventional lighting (Fig. 5b), detection time
was statistically significantly longer in cellulose-treated larvae
than in wheat bran-treated larvae (p = 0.026). Median detection
times were 269.5s for cellulose and 129.5 s for wheat bran,
indicating that filament detection and retrieval was more
difficult under cellulose conditions when using conventional
light.
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Figure 4: Detection time (s) for monofilament localization under conventional lighting and ultraviolet (UV) illumination across
cellulose (a, d) and wheat bran (b, c) diet treatments. Lines within boxes indicate medians, boxes represent the 25th and 75th

percentiles, and whiskers extend to 1.5x the interquartile range.
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Figure 5: (a) Detection time (s) for monofilament localization under UV illumination and (b) Conventional light across cellulose
and wheat bran treatments. Lines inside boxes indicate medians, boxes indicate the 25th and 75th percentiles, bars indicate the
interquartile range of 1.5, and points represent individual measurements.

4. Discussion

This study introduces a unique approach for locating implanted
monofilaments during immune response assays, and studies
that require implants as a marker demonstrating significant
improvements in detection efficiency. With the use of
ultraviolet illumination, observers achieved a remarkable
reduction in the time required to locate implanted filaments
compared to conventional observation methods. In cellulose-
fed larvae, where background visibility is limited and visual
contrast is low, detection times decreased by approximately
57-86%. This pronounced improvement was most evident in
trials conducted in low-contrast environments, emphasizing
the effectiveness of ultraviolet assisted localization under these
specific conditions. However, filament recovery can be a time-
intensive step and may be subject to observer-dependent
variation, particularly when it is harder to clearly see the
filament against the surrounding tissue.

This conventional method requires a special type of mastery to
locate monofilament, but our method makes it easier for those

who has little or no experience, since all is required to do is to
dissect the study organism around the region the monofilament
wash inserted and flash the ultraviolet light, then the filament
glows immediately and the ultraviolet light hits it, because the
second observer who does not have sufficient experience was
still able to navigate this new method and was 69% faster than
the first observer who has more experience under cellulose
treatment. where detection was more challenging because two
larvae died from the second observer wheat bran treatment.
Since one larva died from the first observer wheat bran
treatment, this makes the detection times similar between
observers under wheat bran treatment, with second observer
being about 9% slower because of the two dead larvae.

Previous studies relied on conventional methods to locate
implanted objects, which can be both time-consuming and
dependent on observer experience, but our study demonstrates
that ultraviolet light assist illumination can substantially reduce
detection time, particularly under conditions where tissue
contrast is bright. However, detection efficiency with
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ultraviolet light is reduced in cases where larvae exhibit
darkened tissues, which can obstruct filament visibility.
Currently, direct comparisons of this study to other studies are
limited due to the absence of prior ultraviolet-based approaches
for monofilament detection in study organisms. The
improvement observed is consistent with the principle that
ultraviolet light enhances fluorescence contrast, thereby
improving visual detection (Williams & Bridges, 1964). When
exposed to ultraviolet light, objects embedded with ultraviolet
reactive dye change from its original color to blue
fluorescence. Such fluorescence can be measured using
instruments such as fluorometers or spectrofluorometers, and
determining the wavelengths associated with maximum
fluorescence and excitation (Bowen & Wokes, 1953).

A potential limitation of this method is that it depends on how
reactive the monofilament or object observed under the
ultraviolet light is, which may not be effective if the material
does not fluorescence or if fluorescence is weak, as well as how
extremely dark the surrounding tissues are. The method is
simple to implement and does not require specialized or
expensive equipment beyond an ultraviolet light source. It also
reduces the need for prolonged manipulation during dissection.
This approach provides a faster, more practical, and accessible
alternative for monofilament retrieval in experimental studies,
while conventional methods often require prolonged searching
and careful manipulation to identify the filament within the
larval body, which can increase handling time.

The technique can be used easily by students who are new to
the field, who find research fascinating and are interested in
learning new things, as all that is needed is to flash the
ultraviolet light beam onto the area from which they wish to
retrieve the monofilament or object, provided it fluoresces.
This accessibility supports active engagement in scientific
investigation and inquiry (Hofstein and Lunetta, 1982) and
enhances hands-on learning experiences that deepen
understanding of experimental concepts (Clough, 2002), With
the technique was developed to overcome limitations of
conventional detection methods by improving visibility of
objects that fluoresce, reducing detection time, and enabling
more consistent detection and retrieval across different
visibility qualities of the study organism.

5. Conclusion

Because the method is simple, cost effective, and easy to use,
it has the potential to improve efficiency and reliability in
experimental and laboratory-based research. The use of
ultraviolet illumination provides a practical and effective
approach for locating fluorescent implanted materials or small
objects in study organisms, with possible applications
extending beyond insect immunity studies, host—pathogen
research, biomedical investigations, and other fields requiring
recovery or visualization of fluorescent markers.
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