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Abstract

Artificial Intelligence (Al) is transforming technology. GhatGPT-4 is a cutting-edge language model that enhances human-computer
interaction and understanding. This study addresses the resurgence of bed bugs, a global concern due to increased international travel,
pesticide resistance, and evolving pest control practices. It focuses on the distinct morphological features of Cimex lectularius and Cimex
hemipterus, two species of bed bugs that predominantly feed on humans. These morphological differences facilitate their accurate identi-
fication, which is vital for effective pest management and public health. By developing a user-friendly application, this research contrib-
utes to various aspects of bed bug control. It promotes collaboration among researchers, enables the public to easily identify these pests,
aids communicable disease control centers, expedites survey studies, and offers practical applications in places like airports, hotels, and
ports for efficient pest species recognition, ultimately enhancing bed bug management efforts. This study emphasizes the morphological
differences between C. lectularius and C. hemipterus, which can significantly impact the monitoring and management of bedbug infesta-

tions.
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1. Introduction

Artificial Intelligence (Al) stands at the forefront of technological
innovation, promising to revolutionize the way we interact with
computer systems and automate complex tasks. Al encompasses
a diverse range of techniques and approaches, all aimed at ena-
bling machines to mimic human intelligence, learning, and prob-
lem-solving abilities. From natural language processing to com-
puter vision and machine learning, Al has found applications
across numerous domains, transforming industries and shaping
the future of technology.

One significant milestone in the Al landscape is the development
of advanced language models. GhatGPT-4 represents a remarka-
ble evolution in this field, building upon the foundations laid by
its predecessors. This model is designed to enhance human-
computer interaction and understanding by providing nuanced
responses and comprehensive insights into a wide array of topics
[1, 2]. In this exploration of Artificial Intelligence and GhatGPT-
4, we will delve into the fundamental concepts of Al, its real-
world applications, and the unique capabilities that GhatGPT-4
brings to the table. We will discuss how GhatGPT-4 is positioned
at the forefront of AI development, with its extensive training
data and knowledge, enabling it to provide valuable assistance
and insights to users across various domains. Furthermore, we
will explore the potential impact of GhatGPT-4 on industries,
research, and society as a whole.

Consequently, it has entered most health and medical fields [3,4]
science fields [5-8], engineering [9] and agricultural journals.
Moreover, recently, GPT-4 has proven its efficiency in analyzing
various types of images [10]. Therefore, our study will primarily
focus on its importance in the field of classifying insect images.
The Bed bugs, one of the members of the Cimicidae family (He-
miptera: Cimicidae), are nocturnal parasitic insects that feed
mainly on humans, domestic animals, birds and bats [11, 12].
Two species feed preferentially on humans: tropical bed bugs
Cimex hemipterus and common bed bug Cimex lectularius [13].

The ability to transmit infectious agents between humans has not
yet been proven, but there is suspicion [14].

The resurgence of bed bugs worldwide has been a growing con-
cern in recent years. After decades of relative obscurity, this
blood-feeding insect has reappeared noticeably in many regions
worldwide. Several factors have contributed to the return of bed-
bugs: increased international travel, pesticide resistance, and
changes in pest control practices [15-17].

Identification of medically important arthropods is essential for
any monitoring procedure. Morphological identification requires
expertise in entomology, which may lead to misidentification by
ordinary people, especially since distinguishing between the two
main species of bed bugs is difficult. For this reason, diagnostic
technicians need to be taught how to identify them. These pests
and their control [18].

This study emphasizes the morphological differences between C.
lectularius and C. hemipterus, which can significantly impact the
monitoring and management of bedbug infestations. We used
ChatGPT-4 for this purpose. The Contribution in this study a)
The study also contributes to increasing the exchange of experi-
ences between researchers. 5) Helping ordinary people identify
bed bugs and distinguish between their species easily. ¢) Facili-
tating the task of workers at the Communicable Disease Control
Centers in identifying the types of bed bugs. d) The speed of
morphological identification will help prepare survey studies on
this public health pest easily. e) The study also benefits from the
possibility of using this application in airports, hotels and ports in
order to identify the types of bed bugs.

2. Research Methodology

In order to evaluate the effectiveness of GPT-4 to identification
species of bed bugs based on the discriminative morphological
characteristics. These species are tropical bed bug C. hemipter-
us, and Common bed bug C.lectularius. The recognition of the-
se discriminative features, we provide within the GPT-4’s
prompt input box a sample of bed bugs as illustrated in figure 1
and six questions have been asked to evaluate the ability of GPT-
4, as shown below. The utilized on morphological characteristics
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for identification purpose are based on "pronotum" measurement
such that discrimination between the two species in terms of the
size, shape, width to length of the pronotum. Moreover, identify
the provided sample and specify the scientific name based on the
provided measurement. In addition, discrimination is based on
morphological characteristics such as pronotum measurement.

The prompt questions are listed below:

RQI: Can you identify the image?

RQ2: Can you discriminate between these two species of bed
bugs according to the pronotum measurement?

RQ3: Can you give me more information in terms of 2.5mm
measurement?

RQ4: Can you indicate precisely the scientific name based on the
provided measurement?

RQS5: How to discriminate between image A and B of these two
species of bed bugs according to the pronotum measurement?
RQ6: Can you discriminate based on other features of pronotum
measurement?

Figure 1 Tropical bed bugs C. hemipterus. 2. Common bed
bug C. lectularius [19], in the same image.

3. Results

? RQI: Can you identify the image? ( Figurl.)
m  Yes, the image depicts bed bugs. They are small, oval,
brownish insects that feed on the blood of animals or hu-
mans. Adult bed bugs have flat bodies about the size of an apple
seed. After feeding, however, their bodies swell and are a reddish
color.

? RQ2: Can you discriminate between these two species of
s bed bugs according to the pronotum measurement?
The image you provided shows two bed bugs, and you're
asking about discrimination between the two species
based on the "pronotum" measurement.
The pronotum is the plate-like structure that covers the thorax
(upper part) of insects, just behind the head. In bed bugs, the
shape and size of the pronotum can be a distinguishing feature
between different species.
For instance, the common bed bug (C. lectularius) and the tropi-
cal bed bug (C. hemipterus) are two of the most prevalent species
that affect humans. The pronotum of C. lectularius is more ex-
panded laterally and is more squared off at the sides, while the
pronotum of C. hemipterus is more rounded. To differentiate
between the two species based on the pronotum:
Look at the width of the pronotum in relation to its length. Check
the overall shape: squared-off vs. rounded. Examine the front
margin of the pronotum to see if it's straight or concave.
However, accurately distinguishing between bed bug species
usually requires a detailed examination, possibly under magnifi-

cation, and might also involve considering other morphological
features. To make an accurate identification between the two bed
bugs in the image based on the pronotum measurement, you'd
need a clear and closer image, ideally with a scale, and potential-
ly some expert knowledge or reference material.

RQ3: Can you give me more information in terms of 2.5
« mm measurement?
. If you're using a specific measurement of 2.5mm related
to the pronotum to differentiate between the two species
of bed bugs, it likely pertains to the width or length of the prono-
tum.
In some entomological studies or guides, measurements of specif-
ic anatomical structures like the pronotum are provided to help
distinguish between closely related species.
For example, if one species has a pronotum width that is typically
less than 2.5mm and another species has a width greater than
2.5mm, then that measurement can be used as a distinguishing
criterion.
To use the 2.5mm measurement:
Measure the width or length (as specified in your reference) of
the pronotum of the bed bug using precise instruments like a
calibrated micrometer.
Compare the measurement to the 2.5mm benchmark.
If the measurement is less than 2.5mm, it would indicate one
species, and if it's greater, it would indicate the other species.
However, it's essential to note that such measurements can some-
times vary based on the age and feeding status of the insect, so
it's always a good idea to consult an entomological guide or ex-
pert when making species-level identifications.
If you have a specific guide or source mentioning this 2.5mm
measurement, referring directly to that would provide the most
accurate answer.

RQA4: can you indicate precisely the scientific name based
= on the provided measurement?
(&)| you're looking for a scientific name based on the 2.5mm
measurement of the pronotum, it would help to know
which specific species reach this measurement and which do not.
Generally, when distinguishing between species, entomologists
use a combination of morphological features, including size
measurements. However, based on the commonly known bed bug
species:
Cimex lectularius (common bed bug): This species is widespread
in temperate regions and might have a specific pronotum meas-
urement that differentiates it from other species.
C. hemipterus (tropical bed bug): Found mainly in tropical re-
gions, this species may differ in pronotum size and shape com-
pared to C. lectularius. To conclusively provide a scientific name
based solely on a 2.5mm pronotum measurement, I'd need specif-
ic information or a reference indicating which species corre-
sponds to that particular measurement. Without that reference, |
can only provide general knowledge about the species.

RQS5: How to discriminate between image A and B of the-
se two species of bed bugs according to the pronotum
9 measurement? (Figure 2.)

Figure 2 Tropical bed bugs C. hemipterus. 2. Common bed bug
C. lectularius [19], in separate image.
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Given the two images (Image A and Image B) and focusing on
the pronotum measurements:
The pronotum is the plate-like structure on the dorsal side of the
insect right behind the head. In the images, the differences in the
pronotum can be visually analyzed.
Image A: The pronotum appears to be broader, with more round-
ed sides.
Image B: The pronotum looks more squared off at the sides and
might be narrower.
If we were to differentiate species like Cimex lectularius (com-
mon bed bug) and Cimex hemipterus (tropical bed bug):
Cimex lectularius typically has a pronotum that is more squared
off at the sides.
Cimex hemipterus has a more rounded pronotum. Based on this
general knowledge:
Image A could be indicative of Cimex hemipterus due to its
rounded pronotum, and Image B might be Cimex lectularius be-
cause of its squared-off pronotum.
However, to make a definitive identification, precise measure-
ments of the pronotum's width and length should be taken and
compared to known standards for each species. Additionally,
cross-referencing with a detailed entomological guide or consult-
ing with an expert in bed bug identification is recommended for
conclusive results.

’2 RQ6: Can you discriminate based on other features of
- 1 pronotum measurement?
Certainly, let's dive deeper into the distinctions.
When differentiating between C. lectularius (common bed bug)
and C. hemipterus (tropical bed bug), several morphological fea-
tures, apart from the pronotum shape, can be consid-
ered:Pronotum: As mentioned, the pronotum's shape is a primary
distinction. The common bed bug has a more rectangular or
squared-off pronotum, while the tropical bed bug has a pronotum
that is rounded at the sides.
Size: While both species are roughly similar in size, their exact
size can vary depending on factors like recent feeding. A well-fed
adult bed bug can be larger and more elongated than a hungry
one.
Color: After feeding, bed bugs tend to become redder. However,
this is not a reliable method for species identification since the
color can change based on the bug's last feeding time.
Geographical Distribution: While both species can be found
worldwide due to human travel, C. lectularius is more common in
temperate regions, while C. hemipterus is more prevalent in trop-
ical and subtropical areas.
Hair Length: The hairs or setae on the body, especially on the
lower margin of the pronotum, can be of different lengths in vari-
ous species. Comparing these with known standards can aid in
identification.
Eggs: The eggs of the two species can also differ slightly in size
and shape.
For a precise identification:
It's essential to have good quality images that show the insect
from different angles. Using a microscope or a magnifying lens
can aid in observing small features that might not be visible to the
naked eye.Consultation with entomological literature or experts
specializing in bed bugs can provide a more accurate identifica-
tion. Remember, while visual distinctions are helpful, molecular
methods like DNA barcoding have also been employed for pre-
cise species identification in recent years.

4. Discussion

Regarding the fact that the study will contribute to increasing the
exchange of experiences between researchers, the Chat GPT did
not provide sufficient information about the scientific name,
which is essential for the exchange of knowledge among re-
searchers worldwide. Another contribution that the Chat GPT
will help ordinary people to identify bed bugs and distinguish
between their species easily.

Regarding the fact that ChatGPT-4 will facilitate the task of
workers at the Communicable Disease Control Centers in identi-
fying the species of bed bugs, the ChatGPT-4 provided infor-
mation about the environment and ecology of bed bugs without
indicating the scientific name. This information may be some-
what useful for those working in communicable disease control
centers. Another notable shortcoming of ChatGPT-4 is its failure
to provide information on how to differentiate between the two
species of bed bugs based on measurements. ChatGPT-4 briefly
mentioned measurements, such as the requirement for a meas-
urement of less than 2.5 mm for species B, but it did not provide
specific answers for distinguishing species A or measurements
less than 2.5 mm. This lack of information remains a significant
drawback. Therefore, the process of morphological classification
becomes incomplete and becomes more complex. Although the
ChatGPT does not provide the correct information about the sci-
entific name of the bed bug from the images, it remains difficult
to employ it in airports or hotels. This is primarily due to the
striking resemblance of the bedbug's morphological form to other
insects, which leads to confusion in the classification or diagnosis
process.

5. Conclusion and Future Work

Artificial Intelligence, exemplified by GhatGPT-4, represents a
transformative force in technology, enhancing human-computer
interaction and understanding. However, the potential applica-
tions of Al extend beyond language modeling. Turning our atten-
tion to the study on bed bugs, while the morphological differ-
ences between C. lectularius and C. hemipterus are indeed vital
for effective pest management and public health, there are limita-
tions to the assistance provided by GPT-4. Gaps in the knowledge
base include the failure to provide scientific names, essential for
global research collaboration. Additionally, the model lacks spe-
cific information on distinguishing these species based on meas-
urements, which impacts the completeness of the morphological
classification process. Moreover, despite the potential for using

Al in environments like airports or hotels, the inherent challenge

of morphological similarity among insect species hinders practi-

cal application.

This study underscores the potential and limitations of Al in as-

sisting with real-world challenges, emphasizing the need for fur-

ther research and a holistic approach to pest management and
public health efforts.

According to the analysis of the results, the current research

reached many future recommendations as the following:

¢  Enhancing Species Identification Accuracy: Future work
could focus on improving Al models, like GPT-4, in accu-
rately providing scientific names and specific information
for distinguishing insect species. This could involve train-
ing the AI with more comprehensive datasets that include
detailed morphological measurements and characteristics of
various insect species.

e Integrating Image Recognition Capabilities: Incorporat-
ing image recognition and analysis capabilities into Al
models could significantly improve the identification and
classification of insect species. This would allow for more
accurate differentiation, especially among morphologically
similar species, enhancing the effectiveness of pest man-
agement strategies.

e  Developing Al-Assisted Diagnostic Tools: Future re-
search can explore the development of diagnostic tools that
use Al to assist in the rapid and accurate identification of
pest species in various environments, such as airports and
hotels. These tools could combine Al-powered language
processing with image recognition and other sensory data
analysis.

e  Collaborative AI Research Platforms: Establishing glob-
al research collaboration platforms that leverage Al could
facilitate the sharing of knowledge and data across borders.
This would enhance the global understanding of pest spe-
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cies and their management, benefiting public health efforts
worldwide.

e Al in Environmental Monitoring: Investigating the use of
Al in environmental monitoring to track and manage pest
populations. Al could analyze data from various sources to
predict infestations, aiding in proactive pest control
measures.

e  Addressing Ethical and Privacy Concerns: With the in-
creased use of Al in public spaces, future work should also
consider the ethical and privacy implications of deploying
Al-driven tools in environments like hotels and airports.

e Interdisciplinary Research: Encouraging interdisciplinary
research that combines entomology, Al, public health, and
environmental science could lead to more holistic and ef-
fective pest management solutions.

e Al Training and Education in Pest Management: Lastly,
integrating Al training into pest management and public
health education programs can prepare professionals for the
evolving landscape of technology-driven solutions in these
fields.
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