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Kiitahya sehir merkezindeki zeminlerin yapay sinir agi ile siniflandirilmasina dair
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Ersel G6z*", Yunus Emre Yagan®, Ali Samet Ongen®

Kiitahya Dumlupinar Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Kiitahya, 43100, Tirkiye
ORCID: 0000-0001-7515-2808
PKiitahya Dumlupinar Universitesi, Miihendislik Fakiiltesi, Elektrik-Elektronik Miihendisligi, Kiitahya, 43100, Tiirkiye
ORCID: 0000-0002-1523-0306
¢ Kiitahya Dumlupinar Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Kiitahya, 43100, Tirkive
ORCID: 0000-0002-4019-7157

Oz

Zemin smiflamasi, jeoloji ve insaat miihendisliginde 6zellikle jeoteknik projelerde nemli bir konudur. Onceki zemin siniflandirma
caligmalari, zeminleri tammlamak igin klasik yontemleri kullanmaktadir. Ancak klasik yontemler zaman kaybina ve bazen hatali
zemin tammlamalarina yol acabilmektedir. Bu ¢alismada Yapay Sinir Ag1 (YSA) kullanilarak bu sorunu ¢6zmek amaglanmustir.
Calismada Kiitahya sehir merkezinden toplanan 72 adet zemin 6rnegini dort farkli zemin sinifina ayirmak icin siniflandirici bir
YSA modeli 6nerilmistir. Onerilen YSA, ileri beslemeli ii¢ katmanli bir oriintii tanima ve simflandirma agidir. YSA’nin ilk katmam
girdi katmani, ikinci katmam gizli katman ve t¢iincii katmani ¢ikt1 katmanidir. Girdi katmani, giris elemanlari olarak bes zemin
ozelliginden meydana gelmektedir: ¢akil, kum, kil+silt, likit limit ve plastisite indisi. Gizli katmanda dokuz néron bulunmaktadir
ve gizli katmandaki néronlarda tanjant hiperbolik aktivasyon fonksiyonlart kullanilmigtir. YSA ¢ikisi, zemin &rneklerini, diigiik
plastisiteli kil, yiiksek plastisiteli kil, killi kum, killi ¢akil olmak iizere dort farkli sinifa ayirmak igin dort elemanli olarak
tasarlanmustir ve bu nedenle ¢ikis katmaminda dort néron bulunmaktadir. Cikis katmaninda Softmax aktivasyon fonksiyonlari
kullanilmigtir. Sonuglar1 degerlendirmek ve analiz etmek i¢in kullanilan Karisiklik Matrislerine gore, onerilen smiflandirict YSA
%98,6’lik bir smniflandirma performansina sahiptir. Bu sonug, dnerilen siniflandirict YSA’nin zeminleri tanimlamada kullanisl1
oldugunu ve kentsel alanlarda planlama ve gelistirme icin degerli bilgiler verdigini gostermektedir.

© 2023 DPU All rights reserved.

Anahtar Kelimeler: Kiitahya; makine 6grenmesi; yapay sinir aglari; zemin siniflama.
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Preliminary approach to artificial neural networked based soil classification in
Kutahya city centre

Abstract

Soil classification is an important subject of geology, and civil engineering, especially in geotechnical projects. Previous soil
classification studies have classical methods to identifying soils. However, these classical methods can be very time-consuming
and sometimes lead to erroneous definitions of soils. Here, we aim to solve this problem for using Artificial Neural Networks
(ANN). In this study, a classifier ANN model is proposed for classifying seventy-two soil samples collected from the city center
of Kutahya into four different soil classes. The proposed ANN is a feed-forward three-layer pattern recognition and classification
network. The first layer of the ANN is the input layer, the second layer is the hidden layer, and the third layer is the output layer.
The input layer consists of five soil properties as input elements: gravel, sand, clay+silt, liquid limit and plasticity index. There are
nine neurons in the hidden layer, and tangent hyperbolic activation functions are used in the neurons in the hidden layer. The output
of the ANN is designed with four elements to classify the soil samples into four different classes: low plasticity clay, high plasticity
clay, clayey sand, clayey gravel, and therefore four neurons are in the output layer. Softmax activation functions are used in the
output layer. According to the Confusion Matrices used to evaluate and analyze the results, the proposed classifier ANN has a
classification performance of 98.6%. This shows that the proposed classifier ANN is useful at identification of soils, and gives
valuable information to the planning and development in urban areas.

© 2023 DPU All rights reserved.

Anahtar Kelimeler: Kiitahya; machine learning; artificial neural networks; soil classification.

* Corresponding author. Tel.: +90-274-443-4365
E-mail address: ersel.goz@dpu.edu.tr

1. Giris

Zemin smiflamasi, 6zellikle bina, kopri, otoyol, baraj gibi miihendislik projelerinin insasindan once, ilgili
projelerde karar alinmasini saglayan en temel unsurlardan biri olup farkli ortamlarda ve gerilme kosullarinda zemin
davraniginin tahmin edilmesi ve jeoteknik risklerin degerlendirilmesi i¢in 6nemli veriler saglamaktadir. Zemin
siiflamasma yonelik geleneksel yaklagimlar, uzun siire¢ gerektiren ve yiiksek maliyetli islemlerdir. Giiniimiizde
bilisim alanindaki gelisim ve degisimler ile birlikte daha hizli ve etkin zemin siniflamasi i¢in aragtirmacilar Makine
Ogrenmesi yaklasimma ydnelmislerdir.

Bir makine 6grenmesi modeli olan Yapay Sinir Aglar1 (YSA), zemin verilerinin dogasinda olabilecek degiskenlik
ve bagimliliklar1 yonetmede ve zemin veri kiimelerindeki karmagik, dogrusal olmayan iligkileri yakalamada yiiksek
performans gostermektedir. U¢ katmanli ileri Beslemeli YSA’lar, hesaplama hiz1 ve tahmin hassasiyeti acisindan
o6nemlidir. Bu yapinin, genel zemin siniflamasinda nasil performans gosterdigine dair bazi ¢alismalar yiiriitiilmiistir.
Ornegin [1] tane boyu dagilim1 ve su igerigine dayal1 olarak zemin tiirlerini tahmin etmek igin ii¢ katmanli YSA’y1
kullanmugtir. Caligmadaki YSA’ nin performansi lojistik regresyon modellerinden ¢ok daha yiiksektir. Ayrica yine
literatiirde yer alan galismalarda [2], zeminlerin sinmiflandirilmasinda ii¢ katmanli YSA’larin etkili bir sekilde
kullanilabilecegini gostermektedir. Daha giiglii karsilastirmalarin yapildigi bir ¢alismada [3], zemin siniflandirmasi
icin gilivenilecek tek bir makine 6grenmesi araci secilmesi gerekiyorsa, bunun ti¢ katmanli YSA olmasi gerektigi
belirtilmistir. Ayrica [4], mineralojik bilesim ve farkl fiziksel 6zelliklere sahip karmasik jeolojik ortamlarda zemin
tirtiniin tanimlanmasinda ti¢ katmanli YSA kullanmistir. Bunun yani sira, YSA’lar zemin 6zelliklerinin tahmini igin
de uygulanmustir. [5], kentsel arazi kullaniminda zeminin hidrolik 6zeliklerini modellemek i¢in ii¢ katmanli YSA’lart
kullanirken, [6] ve [7]’de YSA’lar sirastyla toprak erozyonu ve kuraklik riskinin modellenmesi i¢in kullanilmistir.
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YSA’lar dogru bir zemin siniflamasi yapmak i¢in ¢esitli veri arttirma teknikleri kullanan [8] tarafindan belirtildigi
gibi, ozellikle verilerin az oldugu durumlarda son derece kullaniglidir. Siniflandirmanin dogrulugu, YSA’y1 genetik
algoritmalar [9] ve bulanik mantik [10] gibi diger yaklagimlarla entegre eden hibrit modellerle daha da gelistirilmistir.
Bu g¢alismanm amaci, Kiitahya sehir merkezindeki zeminlerin siniflandirilmasinda ii¢ katmanli YSA modeli
kullanilarak, zemin smifin1 pratik bir sekilde saglayacak verimli bir analiz yontemine ulagilmasidir. Ayrica
calismamizda ileri beslemeli ti¢ katmanli YSA’larin, zemin smiflandirmast igin etkinligi, geleneksel yontemlere gore
hiz1, dogrulugu ve verimliliginin arastirilmasi amaglanmistir.

2. Materyal ve metot
2.1. Calisma alanin jeolojisi

Calisma alaninda temel kayag olarak mermer, kristalize kiregtasi, mikasist, metakonglomera, kuvarsit ve fillitten
meydana gelen Paleozoyik yasli metamorfik kayaglar bulunmaktadir [11]. Bu kayaglar, Mesozoyik yasl ofiyolitik
seriye ait gabro, serpantinit, peridotit tarafindan tektonik dokanak ile tistlenmektedir [12]. Bu ofiyolitik seri tstiine
uyumsuz olarak Neojen yasl volkanik, volkano-tortul kayaglar ve akarsu-gol ¢okelleri yer almakta, yine bu birimlerin
tizerine uyumsuz olarak Kuvaterner yash aliivyon gelmektedir. Calisma alanindaki giincel aliivyon birikiminde Porsuk
ve Felent Caylar1 etkilidir. Kuvaterner aliivyon gesitli tane boylarindan olugsmaktadir ve ¢alisma alanindaki gesitli
jeolojik birimlerden tiiremistir. Kiitahya Ovast igerisinde yaygin olarak gozlenen aliivyon birim baslica olarak ¢akil,
kum, silt ve kilden meydana gelmektedir. Cakillar nadiren gozlenmistir [13]. [14]’e gore Porsuk Cayr havzasinda
Devlet Su Isleri (DSI) verilerine gore aliivyon kalinhgr 5-20 m’dir. Calisma alaninin iginde bulundugu Kiitahya
Havzas1 BKB-DGD dogrultusunda uzanan bir ¢okiintli alanidir ve giiney kenarinda Kiitahya Fay Zonu tarafindan
siirlanmaktadir [15].

2.2. Veri toplama

Caligma kapsaminda Kiitahya Merkez ilgesinde yapilan zemin etiitlere ait raporlar incelenmistir. Makine 6grenmesi
ile zemin smiflandirilmasinin yapilabilmesi i¢in, sehir merkezinin farkli bélgelerini temsil eden mahallelerde yapilan
zemin etiitlerinden elde edilen veriler 6zetlenmistir. Toplamda 72 adet sondajdan zemin veri seti elde edilmistir (Tablo
1). Elde edilen veri seti makine 6grenmesi algoritmasinin, zemin tiirlerini siniflandirmada etkinligini degerlendirmek
amaci ile egitimi ve testi igin kullanilmustir.

Tablo 1. Calismada kullanilan 72 adet zemin etiit raporundan elde edilen verilerin degisim aralig1.

Cakil Kum Silt+Kil Likit Limit, Plastisite Indeksi,
(%) (%) (%) LL (%) P1 (%)
Veri araligi 0-55 1-48 23-99 25-81 12-48

3. Onerilen yapay sinir agi modeli

Caligma kapsaminda, Kiitahya sehir merkezinden toplanan 72 adet zemin &rnegi verilerini dort sinifa ayiran bir
YSA modeli énerilmektedir. Onerilen 6riintii tanima ve siniflandirma ag1, Sekil 1°de gosterildigi gibi ileri beslemeli,
¢ok katmanli YSA yapisindadir. Agm ilk katmani girdi katmani, ikinci katmani gizli katman ve {iglincli katmani ise
¢ikt1 katmanidir. Girig katmani bes elemandan meydana gelmektedir: ¢akil (G), kum (S), kil+silt (FM), likit limit (LL),
plastisite indisi (PI). Gizli katmanda dokuz adet néron bulunmaktadir ve gizli katmandaki ndronlarda tanjant
hiperbolik (tanh) aktivasyon fonksiyonlar1 kullanilmistir. YSA ¢ikis katmani, zemin 6rneklerini diisiik plastisiteli kil
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(CL), yiiksek plastisiteli kil (CH), killi kum (SC), killi ¢akil (GC) olmak iizere dort farkli sinifa ayirmak i¢in dort
elemanli olarak tasarlanmistir. Cikis katmaninda Softmax aktivasyon fonksiyonlar1 kullanilmigtir. Tasarlanan
YSA’nin gizli katmaninda kullanilan ndronlarm sayisi, gizli katmanda ve ¢ikis katmaninda kullanilan aktivasyon
fonksiyonlarmin tiirii deneme yanilma yoluyla belirlenmistir. YSA’nin ¢ikis katmaninda 4 adet néron kullanilmasinin
sebebi ise tasarlanan YSA’nin 4 adet ¢ikis eleman iiretmesinden kaynaklanmaktadir. YSA ¢ikisindan elde edilen
bilgiler, zeminin ait oldugu smifi belirlemek i¢in Tablo 2°de gosterildigi gibi kullanilmastir.

Onerilen smiflandirict YSA’nin egitimi igin 72 adet zemin Srneginden egitim verileri hazirlanmistir. YSA egitim
verileri 5x72°lik bir giris matrisinden ve 4x72’lik bir ¢ikis matrisinden meydana gelmektedir. Tasarim ve egitim siireci
MATLAB yazilimindaki Neural Network Start grafiksel kullanici arayiizli kullanilarak gergeklestirilmistir. Egitim,
Scaled Conjugate Gradient geri yayilim algoritmasi kullanilarak yapilmistir. Ag egitimi sirasinda veriler iice
ayrilmstir: %84,722 egitim verisi (5x61 giris ve 4x61 ¢ikis verisi), %5,556 dogrulama verisi (5x4 giris ve 4x4 ¢ikis
verisi) ve %9,722 test verisi (5x7 giris ve 4x7 ¢ikis verisi). Egitim verileri dnerilen agin egitimi sirasinda kullanirken,
dogrulama verileri ise egitim siireci boyunca agin genelleme kabiliyetinin devam edip etmedigini denetlemek icin
kullanilir. Dogrulama siireci egitim siirecine paralel olarak devam etmektedir ve genellemenin iyilesmesi durdugunda
egitim siirecinin sona ermesini saglamaktadir. Test verileri agin egitimi sirasinda kullanilmamakta olup sadece
egitimini tamamlanan agin dnceden gérmedigi 6rneklerle test edilmesi i¢in ayrilmstir.

1
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Sekil 1. Onerilen siniflandirict YSA.

Tablo 2. YSA ¢iktilar1 kullanilarak zemin sinifinin belirlenmesi.

Cikis CL CH SC GC
Y1 1 0 0
Y2 0 1 0 0



Goz E., Yagan Y.E. ve Ongen A.S., (2025) / Journal of Scientific Reports-C, 9, 1-8
Goz E., Yagan Y.E. & Ongen A.S., (2025) / Journal of Scientific Reports-C, 9, 1-8

Y3 0 0 1 0
Y4 0 0 0 1

4. Analiz sonuglari

Calisma kapsaminda onerilen siniflandirici YSA’nin egitim performans sonuglart Sekil 2’de sunulmustur. Sekil
2’de smiflandirict YSA’nin egitim, dogrulama, test ve toplam veriler igin performansimi gosteren karisiklik matrisleri
yer almaktadir. Bir karigiklik matrisinde kdsegeni olusturan yesil renkli kutular hedef ¢ikti ile gercek ¢iktinin cakistig
(ayn1 oldugu) durumlari, késegen disimda kalan kirmizi renkli kutular ise gercek ¢iktinin hedef ¢giktidan farklilastigi
durumlar1 temsil etmektedir. Hedef ¢ikt1 ile ger¢ek ¢iktinin ¢akismasi, YSA’nm zemin 6rnegini dogru siniflandirdigi
anlamma gelmektedir. Hedef ¢ikt1 ile gercek cikti arasindaki fark, YSA’ nin zemin 6rnegini yanlis smiflandirdigi
anlamina gelmektedir.

Sekil 2°deki Egitim Karigiklik Matrisi incelendiginde, altmis bir zemin 6rneginden olusan egitim verileri ile
gerceklestirilen YSA egitimnin, sadece bir zemin 6rneginde yanlis siniflandirma ile sonuglandigi goriilmektedir. Bu
sonug, smiflandirict YSA nin Egitim siirecinin %98,4 basar1 orani ile tamamlandigim gostermektedir. Sekil 2°den
Dogrulama Karigiklik Matrisi incelendiginde, smiflandirict YSA'nin dogrulama ve egitimin sonlandirilmasi i¢in
kullanilan dért zemin 6rnegini %100 dogrulukla siniflandirdig anlagilmaktadir. Test Karigiklik Matrisi incelendiginde
ise egitim ve onaylama siiregleri tamamlanan smiflandirici YSA’nin yedi zemin oOmegini %100 dogrulukla
siniflandirdigr goériilmektedir. Son olarak, Sekil 2’den Toplam Karigiklik Matrisi incelendiginde ise smiflandirict
YSA’nin tiim veri seti i¢in toplam siniflandirma performansinin %98,6 oldugu sonucu okunmaktadir.
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Sekil 2. Onerilen siniflandirict agin performansi.

5. Sonug ve oneriler

Arastirmada gelistirilen YSA modeli, Kiitahya sehir merkezi zemin &rneklerinin smiflandirilmasi igin bes farkli
giris parametresi kullanmaktadir. Onerilen ag, igerisinde dokuz adet néron olan, tanjant hiperbolik aktivasyon
fonksiyonuna sahip bir adet gizli katman icermektedir. Agin ¢ikisi ise zeminin ait oldugu sinifi gosteren, dort
parametreden olusmaktadir. Agin ¢ikis katmanindaki noronlarda softmax aktivasyon fonksiyonlari kullanilmistir.
YSA girisleri zemine ait ¢akil, kum, kil+silt, likit limit ve plastisite indisi degerleridir. YSA ¢ikisindan elde edilen
bilgiler ise zeminin, diisiik plastisiteli kil, yiiksek plastisiteli kil, killi kum ve killi ¢akil siniflarindan hangisine ait
oldugunu géstermektedir. Onerilen modelin siniflandirma performanst, egitim verileri, dogrulama verileri, test verileri
ve toplam verilerden elde edilen karisiklik matrisine gore degerlendirilmistir. Karisiklik matrisleri incelendiginde,
smifladirict YSA’nin egitim, onaylama, test ve tim veriler i¢in smiflandirma performanslarmin sirasiyla %98.4,
%100, %100 ve %98.6 oldugu goriilmektedir. Bu sonug, onerilen siniflandirict YSA’nin zeminleri tanimlamada
basarili oldugunu gostermektedir. [16] tarafindan Istanbul Gayrettepe-Havaliman1 metro hattinda 805 zemin sondaji
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verisi kullanilarak gerceklestirilen ¢alismada, farklt makine 6grenmesi teknikleri kullanarak (SMOTE, KNN vb.)
zemin siniflandirilmasi i¢in en uygun modelin belirlenmesi amaglanmistir. Bu ¢alismada ise softmax fonksiyonlu 9
noronlu gizli katman kullanilmistir. [16] ¢apraz dogrulama yontemi ile ¢esitli teknikleri kullanmuis, bu ¢alismada YSA
modelinde tek bir yapay sinir agi kullanilmis ve %98.4 ile %100 arasinda degisen dogruluk oranlar1 elde edilmis,
boylelikle olusturulan YSA modelinin performansi analiz edilmistir. Bu dogrultuda genellestirilebilirlik agisindan [16]
daha kapsamli bir yaklasima sahipken, uygulama basarisi agisindan bu ¢alisma Kiitahya ili agisindan yiiksek dogruluk
oranlar1 ile giiclii bir model sunmaktadir. Onerilen modelin kentsel alanlarin tasarim, planlama ve gelistirme
stireclerine 6nemli katkist olacagi diisiiniilmektedir. Gelistirilen modelin genellenebilirligi i¢in veri sayisinin
artiritlmasi, daha biiyiik veri setleri kullanilmasi, farkli makine 6grenmesi yontemleri ile kiyaslanmasi, farkli jeoloji ve
zemin kosullarinda denenmesi gerekmektedir.

Yazar katkisi

Ersel Gz ve Ali Samet Ongen veri seti olusturulmasi, metnin yazilmasi ve Yunus Emre Yagan MATLAB
programinda makine 6grenmesi algoritmasini gelistirme ve metin yaziminda katki sunmuslardir.

Tesekkiir

Hazirlanan makalede herhangi bir kisi/kurum ¢ikar ¢atismasi bulunmamaktadir. Yazarlar, calisma kapsaminda
kullanilan verilerin teminini konusunda yardime1 olan Zemin Miihendislik (Kiitahya) firmas1 sahibi Oktay SONMEZ
ve firmanin tiim c¢alisanlarina, tiim hakemlere ve editorlere tesekkiir ederler.

Kaynaklar

[1] J. Shi, B. Li, and X. Hu, "Soil classification using particle size distribution and moisture levels via artificial neural networks," Geotechnical and
Geological Engineering, vol. 36, no. 6, pp. 3235-3247, 2018, doi: 10.1007/s10706-018-0512-1.

[2] Y. Li, H. Wang, and Q. Zhang, "Application of artificial neural networks in soil texture classification: A case study in China," Soil Science
Society of America Journal, vol. 84, no. 4, pp. 973-981, 2020, doi: 10.2136/ss5aj2019.12.0001.

[3] A. Elshorbagy, F. Diallo, and D. S. Nash, "Comparison of artificial neural network and support vector machine models for soil classification,"
Computers and Geosciences, vol. 140, pp. 104-119, 2020, doi: 10.1016/j.cage0.2020.104119.

[4] N. Duc, H. Nguyen, and T. Tran, "Application of artificial neural networks for soil classification in challenging geologi cal settings," Engineering
Geology, vol. 319, pp. 107-122, 2023, doi: 10.1016/j.engge0.2023.107122.

[5] L. M. Nunes, D. M. de Souza, and R. Silva, "Predicting soil hydraulic properties using artificial neural networks for urban planning," Journal
of Hydrology, vol. 594, pp. 125-132, 2021, doi: 10.1016/j.jhydrol.2021.125132.

[6] X. Wu, Y. Zhao, and L. Zhang, "Modeling soil erosion using artificial neural networks," Catena, vol. 199, p. 105120, 2021, doi:
10.1016/j.catena.2020.105120.

[7]1 S. Singh, K. Thakur, and P. Kumar, "Assessing desertification risk using artificial neural networks," Arid Land Research and Management, vol.
34, no. 4, pp. 413-430, 2020, doi: 10.1080/15324982.2020.1729571.

[8] M. S. Rahman and M. A. Islam, "Soil classification using artificial neural networks in data-scarce rural regions," Geoderma Regional, vol. 29,
p. e00318, 2022, doi: 10.1016/j.geodrs.2022.e00318.

[91 W. Zhang, Y. Luo, and H. Chen, "Optimizing soil classification with a genetic algorithm-enhanced neural network model in flood-prone areas,"
Soil and Tillage Research, vol. 231, p. 105703, 2023, doi: 10.1016/j.still.2023.105703.

[10] G. Kaur, R. Singh, and A. Gupta, "Hybrid neural network model with fuzzy logic for soil classification in arid regions," Environmental
Modelling & Software, vol. 157, p. 105280, 2023, doi: 10.1016/j.envsoft.2022.105280.

[11] 1. Temizel, M. Arslan, C. Ozkul, M. Ozburan, “Kiitahya (Bat1 Anadolu) ve gevresinde yiizeylenen Miyosen yasli volkanik kayaglarin mineral
kimyas1 ve piiskiirme oncesi kristallenme kosullar1, Pamukkale Universitesi Miihendislik Bilimleri Dergisi, vol. 30, no. 4, pp. 564-585, 2024,

[12] A.l. Okay, “Kuzeybati Anadolu’daki ofiyolitlerin jeolojisi ve mavisist metamorfizmasi (Tavsanli-Kiitahya),” Tiirkiye Jeoloji Kurumu Biilteni,
vol. 24, pp. 85-95, 1981.

[13] 1. Yilmaz, A. Bagci, “Soil liquefaction susceptibility and hazard mapping in the residential area of Kiitahya (Turkey)”. Environ Geol, vol. 49,
708-719, 2012. https://doi.org/10.1007/s00254-005-0112-1.

[14] M. Ozburan, O.F. Giirer, “Late Cenozoic polyphase deformation and basin development, Kiitahya region, western Turkey”. International
Geology Review, 54(12), 14011418, 2012.



Goz E., Yagan Y .E. ve Ongen A.S., (2025) / Journal of Scientific Reports-C, 9, 1-8
Goz E., Yagan Y.E. & Ongen A.S., (2025) / Journal of Scientific Reports-C, 9, 1-8

[15] S. Altinok, V. Karabacak, C. C. Yalciner, A. N. Bilgen, E. Altunel, N. G. Kiyak, “Kiitahya Fay Zonu’nun Holosen Aktivitesi,” Tiirkiye Jeoloji

Biilteni, vol. 55, no. 1, pp. 1-17, 2012.
[16] Aydin, Y., Isikdag, U., Bekdas, G., Nigdeli, S. M., & Geem, Z. W. (2023). Use of machine learning techniques in soil classification.

Sustainability, 15(3), 2374. https://doi.org/10.3390/su15032374


https://doi.org/10.3390/su15032374

Contents lists available at Dergipark SRIg

JOURNAL OF

SCIENTIFIC REPORTS.C

Journal of Scientific Reports-C

journal homepage: https://dergipark.org.tr/en/publ/jsrc

E-ISSN: 2717-8633 Sayi(Number) 9, Nisan(April) 2025

ARASTIRMA MAKALESI/RESEARCH ARTICLE
Gelis Tarihi(Receive Date): 18.03.2025 Kabul Tarihi(Accepted Date): 30.04.2025

Biiyiik 6lgekli e-ticaret web trafigi analizi: kullanici etkilesimlerinin
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Oz

E-ticaretin yayginlagmasiyla birlikte web trafiginin analiz edilmesi, isletmeler i¢in 6nemli bir rekabet avantaji haline gelmistir. Bu
calismada, alt1 aylik bir siireyi kapsayan 35 milyon HTTP isteginden olusan biiyiik 6l¢ekli bir e-ticaret web giinliikleri veri seti
analiz edilmistir. Kullanic1 davraniglarim anlamak, en popiiler iirtinleri belirlemek, ziyaret saatlerini analiz etmek ve yonlendirme
kaynaklarin1 incelemek amaciyla cesitli veri isleme ve analiz teknikleri uygulanmigtir. Zaman serisi analizleri ve makine
6grenmesine dayali yontemler kullanilarak kullanici segmentasyonu gergeklestirilmis ve kullanicilarin siteyle etkilesim desenleri
cikarilmustir. Ayrica, veri gizliligini korumak i¢in anonimlestirme ve maskeleme teknikleri kullanilmistir. Bu ¢alismanin sundugu
bulgular, e-ticaret sitelerinin kullanici deneyimini iyilestirmek, satis stratejilerini optimize etmek ve bot aktivitelerini tespit etmek
icin kritik i¢goriiler saglamaktadir. Ayrica, gelistirilen analiz yaklagimi, biiyiik veri ortaminda kullanict davramslarinin daha
derinlemesine incelenmesine olanak tamimakta ve gelecekte e-ticaret sektoriinde veri odakli karar alma siireglerine yon verecek
yeni metodolojilerin gelistirilmesine zemin hazirlamaktadir.
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Large-scale e-commerce web traffic analysis: evaluating user interactions
Abstract

With the widespread adoption of e-commerce, analyzing web traffic has become a crucial competitive advantage for businesses.
In this study, a large-scale e-commerce web log dataset comprising 35 million HTTP requests over six months was analyzed.
Various data processing and analysis techniques were applied to understand user behavior, identify the most popular products,
analyze visit times, and examine referral sources. Time series analysis and machine learning methods were employed for user
segmentation and interaction pattern extraction. Additionally, anonymization and masking techniques were implemented to ensure
data privacy. The findings provide critical insights for enhancing user experience, optimizing sales strategies, and detecting bot
activities in e-commerce websites. The analytical approach developed in this study and the obtained findings enable a deeper
understanding of user behavior in large-scale data environments, laying the foundation for new methodologies to guide data-driven
decision-making in the e-commerce sector.

© 2023 DPU All rights reserved.
Keywords: E-commerce, Web log analysis, User behavior, Machine learning

1. Giris

Internet kullanmiminimn artmasiyla ticaret sektorii biiyiik bir doniisiim gegirmis ve geleneksel aligveris yontemleri
hizla dijital platformlara, yani e-ticarete kaymistir [1]. Bu doniisiim, isletmelere ve tiiketicilere yeni firsatlar sunarken,
e-ticaret sitelerinin web trafigi analizini kritik hale getirmistir. Web trafigi analizi, kullanic1 davranislarini anlamak,
pazarlama stratejilerini gelistirmek ve web sitesinin performansini artirmak i¢in biiyiik 6nem tagimaktadir.

Kullanicilarin elektronik cihazlar tizerindeki etkilesimleri, giinliik kayitlar1 (loglar) araciligiyla izlenebilir. Bu
giinliikler; uygulamalar, isletim sistemleri, e-postalar, web siteleri ve arama motorlar1 gibi gesitli kaynaklardan
toplanabilir [2]. Giinliik kayitlarinin analizi; performans izleme, degisikliklerin takibi, erisilebilirlik degerlendirmesi,
hata tespiti ve yonetimi, giivenlik sorunlarmin belirlenmesi ve kullanict memnuniyetinin Slgiilmesi gibi cesitli
amagclarla yapilmaktadir [3].

Bu ¢alismada, bir e-ticaret web sitesinin trafigi, sunucu giinliikleri kullanilarak analiz edilmistir. HTTP giinliikleri,
siteye yapilan tiim istekleri ve bu isteklere verilen yanitlari igeren dosyalardir. Bu veriler, kullanicilarin web sitesiyle
nasil etkilesimde bulundugunu anlamak igin kritik bilgiler sunmaktadir. Veriler temizlenmis, islenmis ve analiz
edilerek e-ticaret sitesinin trafigi kapsamli bir sekilde incelenmistir. Yapilan analizler sonucunda, sitenin en yogun
ziyaret edilen giinleri, popiiler triinleri ve ziyaret saatleri belirlenmistir. Ayrica, kullanicilarin hangi yonlendirme
kaynaklarindan geldigi ve sitenin farkli boliimlerine ne siklikla eristikleri tespit edilmistir. Analiz sonuglari, sitenin
kullanici deneyimini iyilestirmek, satiglart artirmak ve genel performansi yiikseltmek igin degerli bilgiler
saglamaktadir.

Calismanin kapsami, sunucu giinliiklerinin belirlenen kriterler dogrultusunda detayli bir analizini icermektedir. Bu
analiz ile kullanicilarin web sitesinde nasil etkilesimde bulundugu, hangi {iriinlerin daha fazla ziyaret edildigi ve hangi
aramalarin yapildig: gibi bilgiler elde edilmistir. Ayrica, kullanicilarin siteyi tekrar ziyaret edip etmedikleri, sitenin
hangi diger sitelerden yonlendirme aldigi gibi veriler de degerlendirilmistir. Kullanict davraniglari daha
derinlemesine analiz etmek ve belirli kriterlere gore kullanict verilerini gruplandirmak, calismanmn 6nemli bir
bilesenidir. Bu gruplandirmalarin, farkli kullanict tiirlerinin ihtiyaglarmin ve beklentilerinin daha iyi anlasilmasina
katki saglayacagi diistiniilmektedir.

Yapilan analizler, belirli zaman dilimlerinde ilgili web sitesine olan kullanici ilgisinin arttigini ve 6zellikle Mart
2020 sonu itibartyla giris sayilarinda bir yiikselis yasandigini ortaya koymustur. Aragtirmada, bot kaynakli trafik ile
gercek kullanici trafigi arasindaki farklar, IP adresi izleme, kullanici ajani incelemesi gibi analitik yontemlerle tespit
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edilmistir. Giris sayisinin ¢ikis sayisindan fazla olmasi, kullanicilarin oturumlarini uzun siire agik tutmalar1 ya da siteyi
tamamen terk etmek yerine acik birakmalariyla agiklanabilir. Elde edilen veriler web sitesinin kullanict sadakatini
artirmaya ve kiiresel erigimini genisletmeye yonelik stratejik oneriler gelistirilmesine katki saglamaktadir. Bu 6neriler
arasinda Polonya digindaki iilkelerde tanitim ¢aligmalarinin yogunlastirilmasi, ¢ikis islemlerinin nedenlerinin analiz
edilmesi ve farkli kullanici gruplarina 6zel igerik ve kampanyalarin tasarlanmasi yer almaktadir.

Calismanin literatiire katkilar1 agagidaki gibi 6zetlenebilir:

e Uzun vadeli veri seti sunumu: Calisma, e-ticaret sitelerinden elde edilen ve alt1 aylik bir siireyi kapsayan uzun
vadeli bir HTTP trafik veri seti kullanarak, literatiirdeki kisa siireli ve sinirli veri seti problemlerine bir ¢dziim
sunmaktadir.

e Kapsaml trafik analizi: 35 milyon HTTP istegini iceren biiyiik hacimli veri seti, miisteri davranislari, web bot
aktiviteleri ve gevrimici magaza trafigi ile ilgili genis kapsamli analizlere olanak tanimaktadir.

e Zaman serisi analizi: Veri seti, farkli donemleri kapsayarak, ¢evrimigi miisteri davraniglarindaki degisimleri
inceleme imkan1 sunmaktadir.

o Gelecek caligmalar i¢in kaynak: Calisma, daha iist diizey yapay zeka tabanli kullanict davranisi modelleme, bot
tespiti ve Oneri sistemleri gelistirme igin ideal bir veri kaynagi saglamaktadir.

Bu makale su sekilde diizenlenmistir: Girig boliimiinden sonra, 2. boliimde, ¢aligma ile ilgili literatiirde mevcut
olan diger arastirmalara yer verilmekte ve bu calismanin digerlerinde ile olan farkindan bahsedilmektedir. 3.
boliimde, kullanilan veri seti ve ¢alismanin yontemi agiklanmistir. 4. boliimde ise analizler sonucunda alinan
sonuglar verilmektedir. 5. boliimde makale, ¢alismayla ilgili son sozler, oneriler ve gelecek projeksiyonu ile
sonlandirilmaktadir.

2. ilgili calismalar

Teknolojik gelismeler ve internetin yayginlagmasi, internetin giinliik yasamda 6nemli bir rol oynamasina neden
olmustur. Bu siireg, e-ticaret, reklamcilik, iletisim ve bilgi paylasimi gibi alanlarda biiyiik degisiklikler getirmistir.
Web siteleri iizerinden iretilen biiylik veri miktari, bu verilerin analiz edilmesini zorunlu kilmaktadir. Sunucu
giinliikleri, web sitelerinin performansini ve kullanici davranislarini anlamak igin dnemli bir veri kaynagidir [4].
Literatiirde bu kavram, kullanicilar hakkinda davranigsal veri toplamaya y6nelik uygun ve basit bir yol, seklinde ifade
edilmektedir.

Sunucu giinliikleri, web sitesine yapilan her istegi kaydeden veri dosyalaridir ve kullanicilarin siteyi nasil
kullandigina dair ayrintili bilgiler saglar. Bu giinliiklerin analizi, kullanict davraniglarini gézlemleme, sistem
performansini izleme ve giivenlik tehditlerini belirleme gibi amaglarla kullanilir. Ornegin, kullanicilarin hangi
sayfalara eristigi, siteyi hangi noktada terk ettigi ve sayfalarda ne kadar zaman gecirdigi gibi bilgiler, sitenin kullanici
deneyimini ve performansini degerlendirmek i¢in kritik 6neme sahiptir [5].

Log dosyast analizi bir siirectir ve giivenlik izleme ve performans iyilestirmeleri agisindan da kritik bir rol oynar.
Bu analiz, sistemlerin giivenligini saglamak, potansiyel tehditleri tespit etmek ve sistem performansini optimize etmek
icin kullanilir. Ayrica, log kayitlarinin analizi, uyumluluk gereksinimlerini karsilama ve kriz durumlaria yanit verme
gibi 6nemli yonetim ve giivenlik ihtiyaglarini destekler [6]. Cesitli calismalar, sunucu giinliiklerinin analizinin
giivenlik, performans, hata ayiklama ve yasal uyumluluk gibi konularda énemli oldugunu vurgulamaktadir. Bu
analizler, web sitelerinin performansini iyilestirmek ve kullanici deneyimini artirmak igin stratejik kararlar alinmasina
olanak saglar. Ancak, dogru sonuclar elde etmek igin veri kalitesi ve analiz yontemlerinin dikkatle segilmesi
gerekmektedir [7].

2017 yilindaki calismada [8] arastirmacilar, ¢evrimi¢i magazalarda satin alma olasiligini degerlendirmek igin iliski
kurallarin1 (association rules) kullanmayr amaglamaktadir. Calismada, kullanicilarin aligveris davraniglarini analiz
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etmek ve tiriinler arasinda gizli iliskileri ortaya ¢ikarmak igin veri madenciligi (data mining) teknikleri uygulanmistir.
Ozellikle, iliski kurallar1 algoritmasi kullanilarak, farkl iiriinlerin birlikte satin alinma olasiliklar1 degerlendirilmistir.
Arastirma, bu yaklagimm ¢evrimi¢i magazalarin {iriin oneri sistemlerini iyilestirmede ve miisteri memnuniyetini
artirmada etkili oldugunu gostermistir. Elde edilen sonuglar, satin alma olasiligimi tahmin etme ve kisisellestirilmis
pazarlama stratejileri gelistirme agisindan degerli bulgular sunmaktadir.

2018 yilindaki bir ¢aligmada [9] ise arastirmacilar, web magazalarindaki kullanici profillerini kesfetmek amaciyla
Bilgi Darbogazi (Information Bottleneck) yontemini uygulamayr hedeflemistir. Calismada, kullanici davranislarini
analiz ederek onlar belirli gruplara ayirmak ve anlamli profiller olusturmak igin veri madenciligi ve makine 6grenimi
tekniklerinden faydalanilmistir. Bu yontem, kullanicilarin gezinme ve satin alma aligkanliklarini temel alarak bilgi
yogunluklarimi optimize etmeyi saglamistir. Arastirmanin sonuglari, kisisellestirilmis pazarlama stratejilerinin
gelistirilmesi ve kullanici deneyiminin iyilestirilmesi acisindan degerli i¢goriiler sunmus, web magazalarinin miisteri
odakli stratejiler gelistirmesine katki saglamistir.

Rovetta ve arkadaslari ise 2020 yilindaki ¢alismalarinda [10], web magazalarindaki bot aktivitelerini tespit etmek
i¢in denetimsiz 6grenme (unsupervised learning) tabanl bir yaklasim gelistirmeyi amaglamistir. Calismada, bot ve
insan kullanict davranislarint ayirt etmek igin veri kiimesi Ozelliklerini analiz eden bir model tasarlanmustir.
Denetimsiz 6grenme algoritmalari, Ozellikle alisilmadik veya siipheli davranig kaliplarini tespit etmek igin
kullanilmistir. Arastirma, yontemin botlarin belirlenmesinde yiiksek dogruluk sagladigini ve web magazalarinda
giivenligi artirma ve kaynaklarmn kétiiye kullanimini 6nleme konularinda etkili oldugunu gdstermistir.

2020 yilindaki ¢alismada [11] Bilgi Darbogaz1 yontemi arastirmacilar tarafindan bu sefer farkli trafik profillerine
sahip gercek web kullanicilarini ve botlari ayirt etmek igin kullanilmistir. Calismada, web trafigi verileri analiz edilerek
kullanic1 davramislar arasinda anlamli farkliliklar ortaya ¢ikarmak i¢in bu yontem uygulanmistir. Model, kullanici
profillerini sikigtirirken 6nemli bilgileri korumayr basarmis ve bot ile insan kullanicilarin giivenilir bir sekilde
siiflandirilmasint saglamistir. Arastirma, 6zellikle web sitelerindeki giivenlik ve kaynak yonetimini iyilestirme
acisindan etkili sonuglar sunmus ve bu yaklagimin pratik uygulamalar i¢in uygun oldugunu gostermistir.

Bu calismada, ¢cevrimigi bir magazadan elde edilen alt1 aylik HTTP erisim loglart, literatiirdeki diger caligmalardan
farkli olarak, uzun vadeli misteri davraniglarini incelemek ve e-ticaret trafigi iizerine kapsamli bir analiz yapmak
amaciyla hazirlanmistir. Onceki caligmalar genellikle kisa vadeli verilerle smirli kalmis veya belirli trafik profilleri
tizerine odaklanmigtir. Bu aragtirma, veri setinin hem boyutu (35 milyon kayit) hem de zaman araligi (6 ay) itibartyla
literatiirdeki veri setlerinden daha kapsamli bir kaynak sunmaktadir. Ayrica, veri anonimlestirme ve hassas bilgilerin
maskelenmesi gibi teknikler kullanilarak, veri gizliligi ve dogrulugu 6n planda tutulmustur. Bu 6zellikler, veri setinin
yalnizca kullanici davraniglarinin analizi ve yapay zeka modellerinin gelistirilmesi i¢in degil, ayni zamanda ilgili
donemde web trafigi lizerindeki etkilerin incelenmesi gibi zaman serisi analizi ¢aligmalarinda da kullanilmasini
miimkiin kilmaktadir.

3. Kullanilan veri seti ve yontem

Bu c¢alismada, Wroclaw Bilim ve Teknoloji Universitesi'nden saglanan, 1 Aralik 2019 - 31 Mayis 2020 tarihleri
arasinda kaydedilen toplam 35.157.691 HTTP istegini iceren veri seti kullamlmigtir [12]. Istatistiksel analizlerde
zaman serisi analizlerinden ve ¢esitli makine 6grenimi algoritmalarindan yararlanilmistir. Analiz ve modelleme
calismalart Python programlama dili [13] kullanilarak yapilmistir. Veri manipiilasyonu ve analizi i¢in cesitli
kiitiiphanelerden faydalanilmistir. Tiim bu islemler, Jupyter Notebook ortaminda [14] gergeklestirilmistir.

Calismada kullanilan veri seti, ilgili e-ticaret sitesinin HTTP sunucu erisim giinliiklerini ve isteklerini igermektedir.
Kullanilan veri setinin temel formati Tablo 1’de verilmistir.
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Tablo 1. Calismada kullanilan veri setinin formati

Orijinal Ip User Time Http ) Http Response User
Siitun Uri . Bytes Referrer
Adi Id Id Stamp Method Version  Code Agent
Agiklama ] Iletilen
IP Kullanict ~ Zaman HTTP Istenen HTTP Yanit veri Yonlendirilen  Kullanict
adresi  kimligi damgasi  yontemi  URI stirtimii kodu ikt site ajani
miktar

Veri 6n isleme yapilarak hatali ve eksik kayitlar temizlenmis, zaman damgalar1 standart bir formata
donistiirilmiistiir. Analiz sirasinda ziyaret sayilari, popiiler iiriinler ve kullanict segmentleri incelenmistir. Veri seti,
Pandas kiitiiphanesi [15] kullanilarak ilgili kaynaktan yiiklenmistir. Trafik trendleri ve kullanic1 davranislari, grafikler
ve tablolarla gorsellestirilmistir. Makine 6grenimi tarafinda, Scikit-learn [16] kiitiiphanesi tercih edilmistir. Bu
analizler, web sitesinin performansini ve kullanici deneyimini iyilestirmeyi hedeflemektedir.

Veri setinin bellekte kapladigr alan 2.6 GB’tir. Bu biiyiikliik ve ¢esitlilik, web trafigini analiz etmek i¢in kapsamli
bir kaynak saglamaktadir. Yapilan ilk inceleme, veri setinin yapisinin, siitunlarin ve veri tiplerinin veri temizleme ve
on isleme gerektirdigini gdstermistir. Ornegin “Time Stamp” siitununun “datetime” formatma déniistiiriilmesi ve “Ip
Id” ile “User Id” siitunlarmin uygun veri tiplerine ¢evrilmesi, analizlerin verimliligini artiran bir unsurdur. Ayrica,
“User Agent” ve “Referrer” siitunlarmin detayli analizinin yapilmasinin, kullanici davranislarinin daha iyi
anlasilmasina katki saglayacagi diisiiniilmektedir. Veri temizleme ve 6n isleme ile veri setindeki birgok siitun, kategori
veri tipine donistiiriilerek bellek kullaniminda &nemli bir azalma saglanmis, veri boyutu 2.6 GB’tan 1.4 GB'a
diistiriilerek veri isleme ve performansi iyilestirilmistir.

Yukarida anlatilanlar diginda, “Time Stamp” siitunu “datetime” formatina ¢evrildikten sonra, tarih, saat, giin, ay
gibi yeni ozellikler eklenmistir. Kullanict kimlikleri ve tilke bilgileri de diizenlenmis, “Ip 1d”den “User 1d” ve iilke
kodlarindan “Country Name” bilgisi olusturulmustur. “Uri” stitunundan kategori, tiriin ID’si, 6deme durumu, giris ve
¢ikis bilgileri ¢ikarilmig, arama terimleri ve “Referrer” siitununda yonlendiren sitenin alan adi elde edilmigtir. “User
Agent” siitunundan tarayici, isletim sistemi ve bot bilgileri ¢ikarilmistir. Gereksiz ve tekrarli veriler temizlenmis,
bdylece bellek kullanim1 optimize edilmistir.

Zaman serisi analizi [17], web trafiginin zaman i¢indeki degisimlerini anlamak i¢in temel bir yontemlerden biridir.
Web trafigi, belirli dénemlerde ve mevsimlerde farklilik gosterebilmektedir. Bu nedenle zaman serisi analizi
yontemleri, trendleri ve diger zamanla degisen faktorleri belirlemek i¢in kullanilmaktadir.

Makine 6grenimi, web trafigi verilerinin daha karmasik analizlerini gerceklestirmek i¢in kullanilan bir diger 6nemli
aractir. Bu algoritmalar, biiyiik veri kiimelerindeki gizli desenleri tanimlamak, kullanici davranislarini smiflandirmak
ve gelecekteki trafigi tahmin etmek icin kullanilmaktadir. Ornegin, k-ortalama (k-means) [18] kiimeleme algoritmast,
web trafiginin farkli segmentlerini belirlemek i¢in kullanilabilmektedir.

Bu analizler, web sitesi sahiplerine degerli bilgiler saglamaktadir. Bu bilgiler, trafigi anlama, pazarlama
stratejilerini optimize etme, kullanici deneyimini gelistirme ve isletmelerin hedeflerine ulasma konularinda yol
gosterici olabilmektedir. Ancak, bu analizlerin dogru ve giivenilir sonuglar iiretebilmesi igin veri kalitesinin ve analiz
yontemlerinin dikkatlice secilmesi gerekmektedir.

4. Deneysel sonuglar

Bu béliimde, web trafigi ve kullanict davraniglarini anlamak i¢in yapilan analizlerin sonuglar1 6zetlenmistir. Trafik
egilimleri, arama sikliklar1, yonlendirmeler ve bot trafigi gibi unsurlar detayl sekilde incelenmistir. Kullanicr tiirii ve
kiimeleme analizi ile farkli kullanici gruplarinin davranislari incelenerek bilgi kazanimmin saglanabildigi

bilinmektedir [19]. Bu kullanic1 davranislar1 incelenmis ve pazarlama stratejileri hakkinda bilgiler saglanmistir. Satin
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alma davraniglar1 ve trendler, tiriinler, kategoriler ve zaman dilimleri agisindan degerlendirilmistir. Bu analizlerin, site
performansini ve kullanict deneyimini iyilestirmek i¢in 6nemli veriler sundugu diisiintilmektedir.

4.1. Ulkelere gore trafik dagilim:

Ulkelere gore trafik dagilimi, web sitesine gelen trafigin hangi iilkelerden geldigini belirlemektedir.

Tablo 2. Ulkelere gore trafik dagilimi

Ulke Polonya ABD  Hollanda  Almanya E:alﬁ?]l(k Singapur Kanada irlanda isve¢  Fransa
Oran (%) 84.29% 7.07% 3.15% 2.60% 0.56% 0.47% 0.26% 0.25% 0.19% 0.16%

Ulkelere Gére Trafik Dagiimi

Paland
United States
Netherlands
Germany -
United Kingdom
Singapore —
Canada
Ireland —
Sweden —
France —

Utke
Sekil 1. Ulkelere gore trafik dagilimi grafigi

Tablo 2 ve Sekil 1°de verilen, iilkelere gore trafik dagilimi analizi, web sitesinin trafik kaynaklarini belirlemistir.
Polonya, %84,29 ile en yiiksek trafigi saglarken, ABD %7,07, Hollanda %3,15, Almanya %2,60 ve Birlesik Krallik
%0,56 oranlarinda trafik saglamaktadir. Singapur, Kanada, Irlanda, Isveg ve Fransa gibi iilkelerden gelen trafik ise

%1’1n altindadur.
Bu veriler, web sitesinin agirlikli olarak Polonya’dan ziyaret¢i aldigini ve diger lilkelerden gelen trafigin diisiik

oldugunu gostermektedir. Bu durum, Polonya’daki kullanici ihtiyaglarma odaklanmanin yani sira, global erisimi
artirmak i¢in diger {ilkelerde daha fazla tanitim yapilmasinin gerekliligini gostermektedir.

4.2. Bot ve insan trafigi karsilastirmast

Bot ve insan trafigi Karsilagtirmasi, web sitesine yapilan isteklerin zaman igerisindeki dagilimini inceleyerek,
kullanicilarin ve botlarin hangi zamanlarda daha aktif oldugunu gostermektedir.
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Tablo 3. Saatlik trafik dagilimi

Saat 0 1 2 3 4 5 ... 19 20 21 22 23
IsI;S;I; 642856 342819 194897 144328 150414 174573 ... 2039403 2313940 2426759 1969402 1243216
S:;ISI 162139 152497 151835 152519 149281 133844 ... 164743 172554 172270 161830 159778
Saatlik insan istek Sayisi Saatlik Bot istek Sayisi
2.500e+6 7 2.500e+6
2.000e46 ; 2.000e46 —f
z 1 z 1
:?-. 1.500e+6 ? :?-. 1.500e+6 _j
% ] 5 ]
3 1.000e+6 2 1.000e+6
5.0008+5 5.000e+5
0.000e+0 0.000e+0
0123 45678 91011121314151617181920212223 0123 45678 91011121314151617181920212223
Saat Saat

Sekil 2. Saatlik trafik dagilim1 grafigi

Tablo 3 ve Sekil 2°deki veriler, insan ve bot trafiginin saatlik dagilimmi gostermektedir. Insan trafigi gece diisiik
seviyelerde kalirken, sabah 8'den itibaren artmakta ve aksam 18-22 arasinda zirve yapmaktadir. Bu durum,
kullanicilarin 6zellikle aksam saatlerinde siteye olan ilgisinin arttigini gostermektedir. Bot trafigi ise giin boyunca
sabit ve diisiik seviyelerde seyrederek, diizenli fakat diisiikk yogunluklu bir erisimi isaret etmektedir. Bu bulgular,
kullanicilarin giinliik aktivitelerinin site trafigi tizerindeki etkisini net bir sekilde ortaya koymaktadir.

Tablo 4. Haftanin giinlerine gore trafik dagilimi

Giinler Pazartesi Sali Carsamba  Persembe  Cuma Cumartesi  Pazar
Insan Istek Sayist 4979841 4747457 4505027 4347525 3774416 3589345 4821729
Bot Istek Sayist 580671 514037 555055 541576 548446 547363 587278
Haftanin Giinlerine Gére insan istek Sayisi Haftanin Giinlerine Gére Bot istek Sayisi
5.0008+6
; 5.0008+5
4.000846
= ] ~  4.000e+5
% 3.0000+6 %
2 E 2 3.000e+5
,i% 2000846 .i%
] 2.000e+5
1.0008+5 1.0000+5
0.000e+0 E 0.000e+0
Pazarlesi Sall GargambaPersembe Cuma Cumartesi Pazar Pazarlesi Sall GargambaPersembe Cuma Cumartesi Pazar
Gdnler Gdnler

Sekil 3. Haftanin giinlerine trafik dagilim grafigi
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Calismada, haftanin giinlerine gore trafik yogunlugu da incelenmistir. Tablo 4 ve Sekil 3’te insan ve bot isteklerinin
haftalik dagilini sunulmaktadir. Insan trafigi hafta ici giinlerde diizenli bir seyir izlerken, Pazar giiniinden Carsamba'ya
kadar yiiksek seviyelerde kalmakta, Cumartesi ise belirgin bir diisiis gostermektedir. Bot trafigi haftalik
dalgalanmalardan etkilenmediginden haftanin her giinii benzer seviyelerde kaldig1 goriilmektedir.

Tablo 5. Aylik trafik dagilimu

Aylar Aralik Ocak Subat Mart Nisan Mayis
Insan Istek Sayist 6296354 4945350 4406398 4376824 4890930 5849487
Bot Istek Sayist 620450 557860 709791 670407 646563 669355

Aylik insan istek Sayisi Aylik Bot istek Sayisi

3 7.000e+5 3
6.0008+8 E

1 6.0008+5
5.0008+6 ]
3 5.000245
4.000e+6 3 3
] 4.000e+5

3.000e+46 4

Istek Sayist
Istek Sayrsi

3.0008+5 3

2.0000+6

1.0008+6 4

0.0002+0 -

Aralik Ocak Subat Mart

Aylar

Nisan

2.000e+5 4

1.0008+5 4

0.000e+0

Mart

Aralik Ocak Subat Nisan Mayis

Mayis

Aylar

Sekil 4. Aylik trafik dagilim grafigi.

Tablo 5 ve Sekil 4’te ise, aylik bazda insan ve bot istekleri gosterilmektedir. Verilere gore, bot trafigi y1l boyunca
sabit kalmis ve biiyiik dalgalanmalar gstermemistir. Insanlar icin ise, Aralik ayinda trafik zirve yaparken, Ocak tan
sonra Subat'ta belirgin bir diisiis yasanmistir. Mart ayinda Subat’takine benzer bir trafik goriiliirken, Nisan’dan itibaren
trafik artmis, Mayis'ta yiiksek seviyelerde kalmistir. Bu sonuglar, insan trafiginin mevsimsel degisikliklere duyarli,
bot trafiginin ise nispeten diizenli ve sabit oldugunu ortaya koymaktadir.

Tablo 6. Bot ve insan trafigi karsilagtirmas

Tarih 2019- 2019- 2019- 2019- 2019- 2019- 2020- 2020- 2020- 2020- 2020-
12-01 12-02 12-03 12-04 12-05 12-06 05-27 05-28 05-29 05-30 05-31

Bot

Istek 34864 27021 18692 16233 15525 17032 18061 20045 19837 16670 18695

Sayisi

insan

Istek 293228 331691 276669 236339 247458 223953 226691 185526 163642 174663 206932

Sayisi
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Bot ve insan Trafigi Karsilagtirmas:

3.500e+5
Variable
3.0008+5 —— Bot istek Sayisi
— Insan istek Sayisi
2.5008+5
2.000e+5

1.5008+5

1.000e+5

5.000e+4

0.000e+0

t t t t t
122019 01/2020 022020 03/2020 04/2020 05/2020

Tarih

Sekil 5. Bot ve insan trafigi karsilastirmasi grafigi

Tablo 6°da bot ve insan trafik karsilagtirmasi verileri gosterilmektedir. Sekil 5°te bu veriler gorsellestirilmistir. Mavi
¢izgi bot isteklerini ve kirmizi ¢izgi ise insan isteklerini temsil etmektedir. Kullanici trafigi belirgin bir yogunluk ve
giinliik dalgalanmalar gosterirken, bot trafigi genellikle diisiik ve sabit seviyelerde kalmaktadir. Kullanici trafigindeki
artislar performans iyilestirmeleri gerektirirken, bot trafigindeki artislar giivenlik 6nlemlerini optimize etmek icin
onemlidir. Bu karsilagtirma, web sitesinin performansini ve giivenligini artirmaya yonelik kritik bir analiz
saglamaktadir

4.3. En sik yapilan aramalar

En sik yapilan aramalar, kullanicilarin web sitesinde hangi {iriin veya hizmetlere daha fazla ilgi duydugunu
anlamaya yardimci olmaktadir.

Tablo 7. En sik yapilan aramalar

Aramalar  queryl134  query333  query4408 query3847  queryl379 query227  query3083  query392  queryll47

Arama

3104 2238 2097 1877 1756 1639 1471 1347 1258
Sayisi
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En Sik Yapilan Aramalar

Arama Sayisi

o

Sekil 6. En sik yapilan aramalar grafigi

Tablo 7 ve Sekil 6°da bu bilgilere yer verilmektedir. Veri gizliligini korunmasi amaciyla, veri setinde “query” olarak
maskeleme uygulanmistir. Sonuglara gore, “queryl134” teriminin en ¢ok aranan terim oldugunu, bunun ardindan
“query333”, “query4408” ve “query3847” gibi terimlerin siralandigini gdstermektedir. Bu bulgular, kullanicilarin
hangi iiriin veya hizmetlerle ilgilendigini belirlemekte ve web sitesi sahiplerine stok yonetimi ve promosyon stratejileri
gibi kararlar alirken rehberlik etmektedir. Popiiler arama terimleri, kullanici taleplerini net bir sekilde yansitarak, {iriin
ekleme ve promosyon diizenleme gibi uygulamalarla kullanici memnuniyetini ve satiglar1 artirma potansiyeli
sunmaktadir. Bu veriler kullanic1 deneyimi gelistirme ve stratejik kararlar almada 6nemli bir temel olugturmaktadir.

4.4, Yonlendiren siteler

Yonlendiren siteler, bir web sitesine gelen trafigin hangi dis kaynaktan geldigini géstermektedir.

Tablo 8. Yonlendiren sitelerin dagilimi

our-

gi?:lendiren internet- google  blogspot ~ bing  facebook  przelewy24 kfr?)r;o youtube  googlesyndica
company
Site Sayist 99707357 4281314 421733 143701 19225 10039 4662 4345 2252 2206
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Yonlendiren Site

3.000247
2.500e+7

2.0008+7 1

Site Sayisi

1.500247

1.0008+7

5.000246

0.000e+0 — T

Yénlendiren Site

Sekil 7. Yonlendiren siteler grafigi

Tablo 8 ve Sekil 7°de yonlendirilen siteler verilerini sunmaktadir. Analize gore, en yiiksek yonlendirmeyi saglayan
site “our-internet-company” olup, kullanicilarin site igi dolagiminin yogun oldugunu gostermektedir. “Google” ise
ikinci sirada yer almakta ve siteye 6nemli dlgiide trafik saglamaktadir. Diger yonlendiren siteler (“Blogspot”, “Bing”,
“Facebook”, “Przelewy24”, “Fara-Krosno”, “YouTube”, “Google Syndication”) daha diisiikk yonlendirme sayisina
sahiptir. Veriler, bu sitelerden gelen trafigin sinirli oldugunu ve web sitesine anlamli katki saglamadigimni
gostermektedir. Bu bulgular, yiiksek yonlendirme saglayan sitelerle iliskileri giiclendirmenin, trafik ve satislar
artirabilecegini isaret etmektedir. Diger yonlendiren siteler ise daha diisiik yonlendirme sayilarina sahiptir.

4.5, Bagarili ve basarisiz istekler

Basarili ve basarisiz istekler, web sitesine yapilan HT TP isteklerinin yanit kodlarina gére dagilimini incelemektedir.

Tablo 9. Basarili ve basarisiz istekler
Hata Kodu

200 304 301 302 404 499 206 403 400 408 502 405

Oran (%) 94.74% 2.58% 1.68% 0.56% 0.18% 0.14% 0.09% 0.02% 0.01% 0.00% 0.00%  0.00%
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Baganl ve Baganisiz Istekler

Oran (%)

200 304 301 302 404 499 206 403 400 408 502 405 401 413 500 501
Hata Kodu

Sekil 8. Basarili ve basarisiz istekler grafigi

Tablo 9 ve Sekil 8’de HTTP yanit kodlarinin istek oranlarini gostermektedir. %94,74 oraninda olan 200 (“OK”)
yanit kodu, web sitesinin kullanici taleplerini biiyiik Olgiide basariyla karsiladigimi ve diizgiin galistigini
gostermektedir. 404 (“Not Found”) ve 499 (“Client Closed Request”) kodlar1 sirasiyla bulunamayan kaynaklar ve
kullanic1 kapatma taleplerini isaret eder. %0,18 oranindaki 404 kodu, kirik baglantilar oranini gostermektedir. Diger
diistik oranli hata kodlar1 (400, 403, 408, 500, 502) sunucu tarafinda ciddi sorunlarin az oldugunu belirtmektedir. Genel
anlamda yiiksek olan basarili istek oran1 web sitesinin performansini iyi oldugunu gosterirken, hata kodlar1 iyilestirme
alanlarmi isaret etmektedir.

4.6. Tekrar ziyaret oram

Tekrar ziyaret orani, kullanicilarin bir web sitesine ne siklikla geri dondiigiinii belirlemek icin yapilir. Bu analiz,
kullanici sadakatini ve web sitesine olan ilgiyi 6lgmek i¢in 6nemli bir gostergedir.

Tablo 10. Tekrar ziyaret orani

Tekrar Ziyaret Evet Hayir
Oran (%) 63.21% 36.79%

Tekrar Ziyaret Oram
o0

50

Oran (%)

Evet Hayir

Sekil 9. Tekrar ziyaret orant
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Tablo 10 ve Sekil 9°da tekrar ziyaret eden kullanici oranini (%63) ve sadece bir kez ziyaret eden kullanict oranini
(%37) gostermektedir. Yapilan analiz, kullanicilarin ¢ogunun siteyi tekrar ziyaret ettigini ve bu durum da yiiksek
kullanici sadakatini ortaya koymaktadir. Ancak, %37 oranindaki tek seferlik ziyaretler, bazi kullanicilar i¢in igerigin
¢ekici veya faydali olmadigm isaret etmektedir. Bu veriler, kullanici deneyimini iyilestirmek ve tekrar ziyaret oranini
artirmak i¢in kigisellestirilmis igerikler ve kullanici dostu deneyimler gelistirilmesi gerektigini vurgulamaktadir.

4.7. Kullanict segmentasyonu ve kiimeleme analizi

Kullanic1 segmentasyonu ve kiimeleme analizi, e-ticaret siteleri igin hayati dneme sahip bir analizdir [20]. Analiz,
kullanicilart benzer davranig ve 6zelliklerine gore gruplandirmayr amaglamistir.

Tablo 11. Kullanict segmentasyonu ve kiimeleme analizi

Kiime 0 1 2 3 4 5 6

Oran (%) 7594%  0.00% 11.82% 0.00% 0.05% 10.66% 1.52%

Kullanici Segmentasyonu ve Kiimeleme Analizi

Sekil 10. Kullanict segmentasyonu ve kiimeleme analizi grafigi

Tablo 11°de yiizdelik dagilimlariyla gosterilmektedir. Sekil 10°da k-ortalama algoritmasiyla olusturulan yedi
kullanic1 kiimesini ve oranlarin1 gostermektedir. Kiime 0 (%75,94), yiiksek etkilesimli biiyiik bir grubu, Kiime 2
(%11,82) ve Kiime 5 (%10,66) ise belirli iiriinlere odaklanan orta biiyiikliikteki segmentleri temsil etmektedir. Diger
kiimeler (%0,00 - %1,52) disiik etkilesimli kiigiik gruplardan olugsmaktadir. Bu segmentler, pazarlama stratejileri
acisindan énemli bilgiler sunmaktadir. Ornegin analize gére, genis kampanyalar Kiime 0 icin, kisisellestirilmis teklifler
ise Kiime 2 ve Kiime 5 i¢in onerilebilir.

4.8. Isletim sistemi ve tarayic: tercihleri analizi

Isletim sistemi ve tarayici tercihleri analizi, web sitesinin kullanicilarmin cihaz, isletim sistemi ve yazilimlarmni
belirleyerek, dijital platformlarin optimize edilmesine yonelik veriler sunmaktadir.
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Tablo 12. Isletim sistemi tercihleri

Isletim - - Mac 0OS - Windows Chrome
Sistemi Windows Android 108 X Ubuntu Linux Phone Fedora  Other 0s
Isletim
Sistemi 14500812 13450559 1857595 626001 110073 96685 44149 36384 30133 8552
Sayilari
Tablo 13. Tarayici tercihleri
Tercih .

- Chrome . Samsung Mobile .
Edilen Mobile Chrome Firefox Internet Safari Opera Facebook Edge IE Safari
Tarayici
gz;?zlwl 10242751 7794618 5610087 1582233 1533863 1023645 658758 605398 357738 323320

Tablo 14. isletim sistemleri ve tarayici tercihleri

Isletim Sistemi Android Windows 10S

Tarayici Chrome  Samsung Facebook  Chrome | Chrome  Firefox Opera Edge IE Mobile
Y Mobile Internet Safari

Oran (%) 33.29% 5.13% 1.96% 1.34% 2296% 17.66% 3.25% 197%  1.16% 4.99%

Tablo 12, Tablo 13 ve Tablo 14’te sonuglarin gésterildigi verilerden, Windows'un en yiiksek oranla tercih edilen
igletim sistemi oldugu, ardindan Android ve 10S'un geldigi goriilmektedir. Mac OS X ve diger isletim sistemlerinin
ise daha diisiik oranlarda kullanildig1 anlagilmaktadir. Tarayici tercihlerinde ise, Chrome en ¢ok tercih edilen tarayici
olurken, bunu Chrome Mobile ve Firefox izlemektedir. Opera ve Edge gibi diger tarayicilarin ise daha az kullanildigi
goriilmektedir. Bu veriler, web sitesinin Windows ve Android kullanicilart igin optimize edilmesi ve Chrome ile

Chrome Mobile uyumlulugunun saglanmasi gerektigini ortaya koymaktadir. Bu yaklagim, kullanici deneyimini
artirabilir ve web sitesinin erisilebilirligini gelistirebilir.

igletim Sistemi

1400847

6000846

Iglatim Sistemi Sayan

4000846

2000848

0.000840

000846

6000846

Tarayic: Sayist

4000846

2000846

0000840

Tercih Edilen Tarayici

Chromo Mobile

a
Tercih Eailen Tarayici

Igletim Sistemleri ve Tarayic: Tercihleri

50

Igeitim Sistemi

Sekil 11. Kullanicilarin tercih ettikleri igletim sistemleri ve tarayici tercihleri grafigi

[l Chrome Mobile
[l chrome

I Firetox

[ 5amsung Intemet
[l Mobike Satari

I oers

™

[ Facebook

[ I3

s

Sekil 11°de kullanicilarin tercih ettikleri igletim sistemleri ve bu sistemlerde kullanilan tarayicilarin dagilimi
gorsellestirilmistir. Bu grafikler okunarak, kullanicilarin hangi platformlar ve tarayicilari tercih ettiklerini belirlemek
miimkiindir. Windows kullanicilart arasinda Chrome ve Firefox 6ne ¢ikarken, Android kullanicilarin genellikle
Chrome Mobile ve Samsung Internet'i, 10S kullanicilarin ise Mobile Safari'yi tercih ettigi anlasilmaktadir. Bu
verilerden yola ¢ikarak, web sitesinin &zellikle Windows, Android ve Chrome igin optimize edilmesi gerektigi ve
tarayici tercihlerine gore platform bazli iyilestirmeler yapilmasi gerektigine kanaat getirilebilir.
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4.9. En ¢ok ziyaret edilen iriinler ve kategoriler

En ¢ok ziyaret edilen iiriinler ve kategoriler, kullanicilarm ilgi alanlarini ve satin alma egilimlerini analiz etmede
onemli bir avantaj saglamaktadir.

Tablo 15. En ¢ok ziyaret edilen tiriinler

Uriin Kimligi 634 290 80 1161 1195 1529 1750 570 1158 194

Oran (%) 4.35% 2.14% 0.98% 0.90% 0.74% 0.72% 0.64% 0.57% 0.49% 0.48%

Tablo 16. En ¢ok ziyaret edilen kategoriler

Kategori Kimligi 30 33 21 23 39 34 25 24 35 79
Oran (%) 3591% 19.55%  19.18% 11.10% 2.20% 2.16% 1.45% 0.99% 0.99% 0.96%
En Gok Ziyaret Edilen Uriinler En Gok Ziyaret Edilen Kategoriler

Oran (%)
8
I
Oran (%)

634 280 80 1161 1195 1528 1750 670 1168 194 30 33 21 23 39 34 25 24 35 78
Uriin Kimligi Kategon Kimligi

Sekil 12. En ¢ok ziyaret edilen iiriinler ve kategoriler grafigi

Tablo 15°te iiriin kimligine gore ziyaret dagilimlarini, Tablo 16°da ise iiriin kategorilerini gostermektedir. Sekil
12’de en ¢ok ziyaret edilen {iiriin ve kategorileri detayl olarak gorsellestirmektedir. Analiz sonuglarindan, {iriin kimligi
634, 290 ve 80 ile kategori 30, 33 ve 21’in yiiksek ilgi gordiigi anlagiimaktadir. Bu veriler, pazarlama stratejilerinin
bu iiriin ve kategorilere odaklanarak gii¢lendirilmesi gerektigini gostermektedir.

4.10. En ¢ok satilan iiriinler ve en popiiler kategoriler

En ¢ok satilan tiriinler ve en popiiler kategoriler, kullanicilarin ilgi gosterdigi tiriin ve kategoriler belirlenerek
stratejik planlamanin gelistirilmesi ve stok yonetimi optimizasyonu amaglamaktadir.

Tablo 17. En Cok Satilan Uriinler

Uriin Kimligi 28 33 97 70 79 69 2017 98 474 1158

Satilan Sayisi 36 33 28 27 26 26 25 24 20 20
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Tablo 18. En popiiler kategoriler

Kategori

o 21 25 30 60 78 75 74 71 70 67
Kimligi
Oran (%) 98.81%  0.79% 0.40% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00%
En Cok Satilan Uriinler En Popiiler Kategoriler

Satilan Sayis!
Oran (%)

79 63 2017 98 474 1158
Urtin Kimligi Kategori Kimligi

25 30 60 78 75 74

Sekil 13. En ¢ok satilan tiriinler ve en popiiler kategoriler grafigi

Tablo 17 ve Tablo 18’de yapilan analizin, kullanict memnuniyetini saglamak ve ticari basariyi en yiiksek seviyelere
cikarmak icin stratejik kararlar alinmasina yardimei olacag: diisiiniilmektedir. Sekil 13’teki verilere bakilacak olursa,
Uriin kimligi 28, 33 ve 97 en yiiksek satis oranlarma sahip iiriinlerdir, bu da bu iiriinlerin kullanicilar arasmda popiiler
oldugunu gostermektedir. “Category” 21, 25 ve 30’un en ¢ok tercih edilenler oldugu ve bu kategorilerdeki iirlinlerin
yiiksek ilgi gordiigii anlagilmaktadir. Bu veriler, satis stratejilerini gelistirme ve envanter yonetimi igin oldukga
degerlidir.

4.11. Haftamn Qiinlerine ve aylara gore Satin alimlar

Haftanin giinlerine ve aylara gore satin alimlar, kullanicilarin hangi giinlerde ve aylarda daha fazla satin alma
gerceklestirdigini belirlemek ve pazarlama stratejilerini gelistirilmesi hedeflemektedir.

Tablo 19. Haftanin giinlerine gore satin alimlar

Giinler Pazartesi Sali Carsamba  Persembe  Cuma  Cumartesi Pazar
Satilan 673 1522 413 743 929 813 1411
Sayisi

Tablo 20. Aylara gore satin alimlar

Aylar Aralik Ocak Subat Mart Nisan

Mayis

Satilan Sayisi 884 1736 1012 279 1488

1105

24



Cit H.I., ve Saur E, (2025) / Journal of Scientific Reports-C, 9, 9-27
Cit HI, & Sanr E, (2025) / Journal of Scientific Reports-C, 9, 9-27

Haftanin Giinlerine Gére Satin Alimlar Aylara Gore Satin Alimlar
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Sekil 14. Haftanin giinlerine ve aylara gore satin alimlar grafigi

Tablo 19 ve Tablo 20°de haftanin giinlerine ve aylara gore satin alimlar gosterilmektedir. Sekil 14°te, pazar ve sali
giinleri en yiiksek satin alma sayisina sahipken, ¢arsamba en diisiik seviyededir. Pazartesi ve ¢arsamba giinlerinde
diisiis goriilmekte, persembe ve cuma ise artis gézlemlenmektedir. Ay bazinda bakildiginda ise, ocak, tatil sonrasi
indirimlerle en yiiksek satin alma sayisina ulagsmustir. Aralik ayindaki artis yilbasi alisverislerinden kaynaklanirken,
subat ve mart diisiik, nisan ise dengeli ve yiiksektir. Bu veriler, kampanyalarla satiglar1 optimize etmek igin degerlidir.
Ocak gibi yogun dénemlerde yapilan kampanyalar, satislar1 artirmada etkili olabilir.

4.12. Giinliik Qiris ve ¢ikis islemleri

Giinliik giris ve ¢ikis islemleri, kullanicilarin oturum agma eylemindeki davranislarmi anlamaya yonelik 6nemli

bilgiler saglamaktadir.
Giinliik Girig ve Gikig iglemleri

: | ' JUU' W‘ A, WAJ‘H 'QWM"

Tarih

Sekil 15. Giinliik giris ve ¢ikis islemleri grafigi

Sekil 15°te giinliik giris ve ¢ikis islemlerinin dagilimini gostermektedir. Mavi ¢izgi islemlerini ve kirmizi ¢izgi ise
¢ikis islemlerini temsil etmektedir. Girig sayilar1 genellikle ¢ikislardan fazladir, bu da kullanicilarin oturumlarini agik
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biraktigini veya tarayiciyl kapattigina isaret eder. Mart 2020 sonunda girislerde belirgin bir artis gézlenmis, bu durum
artan kullanici ilgisi veya kampanyalarin etkili oldugunu diisiindiirmektedir. Cikislar ise genelde daha diisiik olup baz1
donemlerde artis gostermistir. Bu analiz, kullanic1 bagliligini artirmak, web sitesinin giivenlik 6nlemlerini optimize
etmek igin kritiktir.

5. Sonug, tartisma ve oneriler

Bu ¢aligmada, bir e-ticaret web sitesine ait sunucu giinliiklerinin analizi gergeklestirilmis ve bu analizler sonucunda
web sitesinin performansi, kullanic1 davranislar1 ve trafik dinamikleri detayl bir sekilde incelenmistir. Wroclaw Bilim
ve Teknoloji Universitesi tarafindan saglanan ve 35 milyon HTTP isteginden olusan sunucu giinliikleri veri seti
kullanilarak yapilan bu analizler, web sitesinin farkli yonlerini ortaya koyarak kullanict etkilesimlerinin daha iyi
anlasilmasina olanak tanimustir. Elde edilen bulgular, web sitesinin mevcut durumunu degerlendirmek ve gelecekteki
stratejik kararlar1 sekillendirmek i¢in degerli i¢goriiler saglamistir.

Analizler, belirli donemlerde web sitesine kullanici ilgisinin arttigin1 ve Mart 2020 sonunda giris islemlerinde bir
artis oldugunu gostermistir. Calismada, bot trafigi ve gercek kullanici trafigi arasindaki farklar, analitik araglar
kullanilarak (6rnegin, IP adresi takibi, kullanict ajan1 analizi gibi yontemlerle) belirlenmistir. Giris islemlerinin ¢ikis
islemlerinden fazla olmasi, kullanicilarin oturumlarmi uzun siire agik tutmast veya siteyi terk etmek yerine agik
birakmasi ile iliskilidir. Bu bulgular, web sitesinin kullanici baglihigmi artirmak ve global erisimini genisletmek igin
stratejik Oneriler sunmaktadir. Polonya disindaki ilkelerde tanmitim faaliyetlerini artirmak, c¢ikis islemlerinin
nedenlerini arastirmak ve farkli kullanici segmentleri igin 6zellestirilmis icerik ve kampanyalar gelistirmek bu oneriler
arasindadir. Caligmanin, e-ticaret web sitesinin trafik verilerini detayli analiz ederek kullanici davranislarini ve
performansini anlamaya yonelik 6nemli katkilar sagladigi diisiiniilmektedir.

Caligmada gergeklestirilen kullanict  segmentasyonu ve kiimeleme analizi, pazarlama stratejilerinin
kisisellestirilmesi agisindan biiyiik 6nem tasimaktadir. Ortaya ¢ikan veriler 15181nda, farkli kullanici gruplarina 6zel
kampanyalar ve iiriin 6nerileri sunularak, kullanici memnuniyeti artirilabilecek ve satislar yiikseltilebilecektir.

Bu ¢alismanin sonuglari, web sitesinin mevcut performansini ve kullanici davranislarini anlamada 6nemli bilgiler
saglamistir. Ancak, ileri diizey veri ve analiz teknikleriyle daha derinlemesine incelemeler de yapilabilir. Gelecek
calismalarda, kullanici davraniglarinin daha detayli incelenmesi, veri setlerinin genisletilmesi ve daha gelismis analiz
tekniklerinin kullanilmasi dnerilmektedir.

Gelecek ¢alismalar i¢in bazi oneriler asagida listelenmistir:

e Gercek zamanl analizler igin gercek zamanli veri analitigi araglart kullanilarak anlik trafik dalgalanmalar1 ve
kullanici davranislari izlenebilir, bdylece hizli miidahale ve optimizasyon saglanabilir.

o Kullanicilarin web sitesinde gecirdikleri siire, ziyaret ettikleri sayfalar ve yaptiklari igslemler detayli olarak analiz
edilerek kullanic1 yolculugu daha iyi anlagilabilir. Bu analizler, kullanici deneyimini iyilestirmek i¢in dnemli
icgoriiler saglar.

e Kullanicilarin web sitesine farkli kanallardan (6rnegin sosyal medya, e-posta, arama motorlari) nasil geldikleri ve
bu kanallarin etkinligi analiz edilerek ¢ok kanalli pazarlama stratejileri gelistirilebilir.

e Bot trafiginin detayli analizi igin gelismis giivenlik Onlemleri ve analitik yontemler (6rnegin, CAPTCHA
dogrulama, bot algilama algoritmalar1) uygulanabilir.

e Apyrica, kullanict segmentasyonu ve kisisellestirilmis pazarlama stratejilerinin etkinligini artirmak i¢in, demografik
veriler ve kullanici geri bildirimleri gibi ek verilerin entegrasyonu faydali olabilir.

Bu tiir ¢aligmalar, e-ticaret web sitelerinin kullanici deneyimini optimize etme ve pazarlama stratejilerini daha etkili
hale getirme konusundaki potansiyelini artiracaktir. Analizler, web sitesinin performansimi ve kullanict deneyimini
gelistirmek i¢in stratejik kararlar almak noktasinda 6nemli bilgiler saglayacaktir. Bu da web sitesinin kullanici tabanini

genigleterek rekabet avantajini korumasina ve kullanict memnuniyetini artirmasina yardimeci olur.
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Yazar katki beyam

Gergeklestirilen ¢alismada Halil Ibrahim Cit arastirma, algoritma ve metot tasarimlari ile kullanilacak yazilimlarm
olusturulmasi ve makalenin yazimi basliklarinda; Emre Satir ise, ¢alismada danisman olarak yer almus, ¢alismanin
gelistirilmesi siire¢ kontrolii, makalenin hazirlanmasi, yazim denetimi ve igerik agisindan makalenin kontrol edilmesi
basliklarinda katki sunmustur.
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Abstract

Bee diseases are one of the main problems related to beekeeping activities. Harmful microorganisms such as parasites, bacteria,
viruses, and fungi cause diseases in honey bees juvenile and adult periods. These disease-causing agents enter the colony by various
means and spread rapidly from colony to colony, apiary to apiary, and region to region. Therefore, bee diseases are the main
problems that negatively affect beekeeping activities, cause colony losses, and limit production efficiency. In bee diseases,
symptoms such as watery stools, thirst, tremors during rest, unusual wing angles, restless behavior of bees in the chronic period,
and changes in body physiology are observed. These symptoms appear mostly in the spring. However, the disease suppresses the
hive during the summer period. Therefore, to minimize the problems in the hive, there is a need to control the diseases and develop
control methods. Colonies should be observed correctly in the spring and fall periods and strengthening activities should be carried
out. It is recommended to move sick colonies to disinfected hives after they have been treated. The reason for this is to prepare the
colony for the winter period without allowing brood development to stop during the summer period. It is very difficult to say that
beekeepers are made aware of this field, the correct treatment methods are applied, and they have access to the relevant resources.
It is seen that some existing treatment methods and drugs are not direct solutions for bee diseases. For this reason, this review
covers bee diseases and pests that can cause colony losses in detail. These diseases are mainly classified as ‘bacterial’, ‘viral’,
‘protozoal’, and 'other colony pests'. In addition, traditional and new technological treatment methods for bee diseases are also
briefly mentioned.

© 2023 DPU All rights reserved.
Keywords: Bacterial Diseases; Bee Diseases; Medication Therapy; Pest Control
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Ar1 hastaliklar1 ve tedavi yontemleri

0z

Art hastaliklari, aricilik faaliyetleri ile ilgili temel sorunlardan biridir. Parazitler, bakteriler, viriisler ve mantarlar gibi zararl
mikroorganizmalar bal arilarinin yavru ve ergin donemlerinde hastaliklara neden olmaktadir. Bu hastalik etmenleri ¢esitli yollarla
koloniye girmekte ve koloniden koloniye, ariliktan ariliga ve bolgeden bolgeye hizla yayilmaktadir. Bu nedenle ar1 hastaliklar,
aricilik faaliyetlerini olumsuz etkileyen, koloni kayiplarina neden olan ve iiretim verimliligini sinirlayan baslica sorunlardir. Ar1
hastaliklarinda sulu diski, susuzluk, dinlenme sirasinda titreme, alisilmadik kanat agilari, kronik dénemde arilarin huzursuz
davranislarnn ve viicut fizyolojisinde degisiklikler gibi belirtiler goriilmektedir. Bu belirtiler ¢ogunlukla ilkbaharda ortaya
cikmaktadir. Ancak hastalik yaz doneminde kovani baski altina almaktadir. Bu nedenle kovandaki sorunlari en aza indirmek i¢in
hastaliklarin kontrol altina alinmasi ve miicadele yontemlerinin gelistirilmesine ihtiyag vardir. Ilkbahar ve sonbahar dénemlerinde
koloniler dogru gozlemlenmeli ve giiclendirme ¢alismalar1 yapilmalidir. Hasta kolonilerin tedavi edildikten sonra dezenfekte
edilmis kovanlara taginmasi 6nerilmektedir. Bunun nedeni, yaz doneminde kulugka gelisiminin durmasina izin vermeden koloniyi
kig donemine hazirlamaktir. Aricilarin bu alanda bilinglendirildigini, dogru tedavi yontemlerinin uygulandigini ve ilgili kaynaklara
ulagabildiklerini s6ylemek ¢ok zordur. Mevcut bazi tedavi yontemleri ve ilaglarin ari hastaliklar igin dogrudan ¢6ziim olmadigt
goriilmektedir. Bu nedenle bu derlemede koloni kayiplarina neden olabilen ar1 hastalik ve zararlilar1 detayli olarak ele alinmistir.

Bu hastaliklar temel olarak 'bakteriyel', 'viral', 'protozoal' ve 'diger koloni zararllari' olarak smiflandirilmistir. Ayrica, ari
hastaliklar1 igin geleneksel ve yeni teknolojik tedavi yontemlerinden de kisaca bahsedilmektedir.

Anahtar Kelimeler: Bakteriyel Hastahiklar; Ar1 Hastaliklar; Ilag Tedavisi; Hagere Kontrolii
1. Introduction

Bees are defined as beneficial insects whose first human existence dates back to the Cretaceous period in the
Mesopotamian era. The most important products of bees are honey, beeswax, royal jelly, royal jelly, bee venom,
pollen, and propolis, natural products that directly affect human health [1]. In addition, the pollination factor that bees
provide to plants in their natural habitats is vital for the protection of ecological balance and the continuation of
agricultural production. For this reason, beekeeping has been seen as a source of income or healthy nutrition for the
rural population from past to present. Today, with the transition from traditional production to modern methods in
beekeeping, there is a rapid increase in the number of bee colonies. With this increase, problems such as buying and
selling of bees between countries, disruptions in queen production, lack of control in the sale of queen bees, increase
in itinerant beekeeping, shrinkage of beekeeping areas, widespread use of pesticides arise in the beekeeping sector
[2], [3]. Bee diseases, colony losses, and pesticide problems threaten all living things in and around the hive. Similarly,
the trade of bees, bee products, and beekeeping materials between countries causes bee diseases to spread in a short
time. Bee diseases are seen especially in the spring months [4]. The reason for this is that in the spring months, the
queen bee's activity of raising offspring increases greatly with the laying period and it is faced with predatory insects
with spring rains. During this period, it is necessary to be very sensitive to bee diseases, to prevent the colony from
catching cold during hive controls, and to sterilization of the hive during and after harvest. It is very important to
protect the colony from disease by considering the risks of transmission from other colonies such as preventive
measures, fight against pesticides, and regular hive maintenance [5]. Bee diseases are classified as bacterial (American
and European Foulbrood, Septicemia, Crusted Larvae Disease), marketer (Varroa Jacobsoni and Acarapis Voodi),
viral (Chronic and Acute Bee Paralysis), fungal (Lime and Stone Disease) and protozoan (Nosema and Amoeba)
according to the factors causing the disease [6], [7], [8]. In addition, Adult and Fledgling Bee Diseases are also seen
depending on the host of the disease. Many pathogens, pests, and insects cause diseases in both the developmental
and adult stages of bees. However, not all of them are equally dangerous, and some diseases cause the hive to be
destroyed within a few weeks [9]. For example, bee diseases classified as very dangerous, such as American foulbrood,
Lime Disease, and Varroa, spread rapidly throughout the colony and require national beekeepers association control
programs at very advanced stages [10]. American foulbrood disease causes the bee eggs in the larval stage to turn
yellow and even brown in the later stages. The most prominent feature of a hive infected with the disease is that the
dead brood is not easily cleaned from the comb cells [11]. In this case, the queen will not lay eggs until the honeycombs
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are cleaned, so the offspring are not organized but scattered [12]. The bees that die from the disease are seen in the
honeycomb in a watery, soft mushy consistency. The dead larvae are watery and sticky and cover the base of the eye.
When a stick is inserted and removed from the honeycomb, it grows up to 6-8 cm and infects other honeycombs. For
this reason, it is very difficult to remove and clean the closed-eye bases [13], [14]. Another example is Varroa disease,
the parasitic insects in the closed eye suck the blood of the bee in the larval, pupal, and adult stages, reducing the
working activity in the hive [15]. In addition, the larval remains dry out over time and adheres to the base of the eye
as a host carrying millions of spores. However, if the pupa dies in the pupal stage, their tongues harden and pierce the
honeycomb. The most prominent feature of Varroa disease is the appearance of wingless bees in the hive. Bees are
exposed to many disease agents, ecological disorders, and insecticides during the development period [16], [17], [18].
In this case, the rate of development of the diseased hive decreases, and the number of adult bees and the amount of
offspring are visibly reduced. There is a decrease in the activity of bees to collect pollen and nectar for the hive.
Therefore, bee diseases cause great losses in bee-keeping countries [19], [20]. However, it is very difficult to say that
a conscious treatment method is applied for bee diseases. Beekeepers should be made aware of issues such as
unconscious use of antibiotics, not paying attention to hive hygiene, not performing spring maintenance, not cleaning
the hive after harvest, direct transmission between parasite colonies, plundering of weak colonies, contaminated honey
contaminating healthy colonies [21], [22].

Within the scope of this review, the creation of a resource where beekeepers can get detailed information, about bee
diseases, disease-causing factors, and treatment methods from the past to the present are mentioned. Diagnosis of bee
disease, disease symptoms, according to the factors causing the disease; bacterial, viral, protozoal, fungal, parasitic,
or honey bee pests are discussed in detail with literature research [23].

2. Bacterial diseases
2.1. American foulbrood rot

American foulbrood disease causes disease in honey bees Apis mellifera and other Apis species [24]. It is seen in
honey bee larvae and is a highly contagious bacterial disease [25]. When infected, it Kills entire colonies [26]. The
causative pathogen of the disease is known as Paenibacillus larvae subsp. larvae [27]. Apart from infecting beehives
kept in the same region, it can also infect beehives kept in different regions around it. Paenibacillus larvae spores can
contain 2.5 billion spores in the infected larva [28]. Paenibacillus larvae subsp. larvae spores remain viable for 33
years in the hive, 60 years in the soil, and 45 years in the foundation comb [29]. Spores that can remain viable for
many years cause disease in the following years [30]. The structure of Paenibacillus larvae bacteria is straight or
curved rod-shaped, 1.5-6 pm in length and 0.5-0.8 um in width. Gram-positive [31] and microaerophilic,
Paenibacillus larvae are found in nature in the form of single chains or filaments [32]. Paenibacillus larvae have two
forms, spore and vegetative. The vegetative form is not dangerous for bees, only the spore form causes infection in
bees [33]. Paenibacillus larvae subsp. larvae spores are ellipsoid-shaped. Bacterial spores are resistant to chemicals
and temperature changes. Paenibacillus larvae spores are highly resistant to external conditions. Even in the dry
remains of larvae that died from this disease, viable spores were found 69 years later. Spores can survive for more
than 40 years in the comb, 1-10 years in honey, and 5 days in molten beeswax. For this reason, sterilization of beeswax
at high temperatures is important. American foulbrood shows its effect depending on the age of the larvae. When the
age of the larva exceeds 32 hours, American foulbrood cannot show its full effect and its sensitivity decreases. After
the larva reaches 53 hours of age, American foulbrood is no longer a threat. For larvae less than 24 hours old, 1
Paenibacillus larvae spore is sufficient for infection. Paenibacillus larvae spores begin to reproduce 24 hours after
the larva has ingested food. This bacterium reproduces in the middle intestine of the bee and enters the body cavity
by crossing the intestinal wall [34]. Approximately 2.5 million spores grow in the body of the infected larva. American
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foulbrood disease is transmitted from colony to colony through theft and hive straying. The exchange of frames with
young between diseased colonies and healthy colonies, honey and pollen from diseased colonies, and swarming are
important factors in the spread of the disease [35]. American foulbrood bacteria can be easily transported by queens,
unsterilized combs, beekeeping tools and clothes, beekeepers, combs, and swarming bees [36]. ]. Another factor in
the spread of the disease is the improper sterilization and use of diseased old combs. The disease can be seen in worker
bees, drones, and queens in the larval stage. However, the disease is rarely seen in adult drones and queens. In strong
colonies, the disease is very difficult to recognize. The progression of the disease is understood by the increase in bee
losses. After increasing bee losses, the vitality in the flight hole decreases and the bees wander involuntarily on the
flight board. It is an important issue that worker bees throw broods out of the hive. This should not be confused with
the action of starving bees to protect the colony, because when American foulbrood starts in the hive, the bees consume
large amounts of honey and run out of honey. To cope with this situation, they sacrifice their young and expel them
from the hive. Larvae born in a healthy hive have a pearly white, shiny color. At the base of the comb chamber, the
larva is in a "C" shape. When infected, this structure disappears fills the cell, and dies upwards. Larvae that die from
American foulbrood disease turn dull-white, light brown, dark brown, and black in color. The structure of larvae that
die from American foulbrood is initially watery and slightly sticky. As the disease progresses, the larvae become like
glue, and their color turns brown [37]. There is also a glue odor in the combs. The larvae that turn brown are subjected
to the "larval elongation test" by pulling them to the right and left with the help of a suitable tool. When elongation
between 2.5 cmand 10 cm is observed, it is considered as a marker of American foulbrood (figure 1). It is also possible
to identify the disease with the stick test, which is 98% accurate. In the stick test, diseased larvae are placed in a bottle
and diluted. Then a drop of sample is taken and placed on the preparation. When a color change is observed, the
presence of the disease is confirmed. In the honeycombs with the disease, the pupal eyes have an asymmetrical
appearance. There is a mixed color appearance in the honeycomb eyes. The dead larvae in the combs lie on the bottom
surface and are very firmly adhered to each other. When the larvae are dried, they are hard and very difficult to clean.
The membranes of the pupal eyes are withered, collapsed inwards and have holes the size of the ball of a pin. Juveniles
that die during the larval stage are found in closed eyes. This is the main difference between American foulbrood and
European foulbrood. The larvae that are dead in the closed cavity die upright in the comb cavity, but this is not

observed in European foulbrood [38].

Fig 1. American foulbrood disease colony with visible drifting fry lavra (Reprinted with permission from [39], Copyright MDPI).
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One of the main methods of combating American foulbrood is to keep the apiaries clean and tidy. Pieces of honeycomb
and propolis should not be thrown around the combs. Diseased combs should not be used again and should be
destroyed by burning. Bees should be taken to places where pollen and nectar are high. Strong bee colonies should be
used and queen bees should be replaced if they are inefficient. Beekeeping activities should be carried out at a distance
of about 6 km from other apiaries. When purchasing a colony, the colony should be checked for diseases. Beeswax
should be sterilized at 120°C for 15 minutes before being made into combs. Hives should be positioned in a U or S
shape. Hives should be checked frequently and diseased colonies and all beekeeping products should be destroyed as
soon as the disease is detected. Beekeeping equipment should be more than one. Potassium hypochlorite, lye, kefiran,
hydrogen peroxide, and chloramine potassium hypochlorite can be used when disinfecting beekeeping materials.
Antibiotics containing oxytetracycline hydrochloride (OTC) and sodium sulfathiazole should be used in the treatment
phase of the disease. However, antibiotics are not effective in sporulated forms but in vegetative forms[40Q].

2.2. European foulbrood rot

It is an infectious and bacterial disease seen in most parts of the world. It affects honey bee brood. The causative
pathogen of European foulbrood disease is hon-spore forming, gram (+) Melissococcus plutonis [41]. This disease
can also be caused by other secondary microorganisms. These microorganisms include Streptococcus faecalis,
Bacillus eurydice, Paenibacillus alvei, Bacillus cereus, Bacillus lateresporus, Bacillus subtilis, Bacillus orpheus and
Corynebacterium pyogenes [42]. Secondary bacteria are effective on the odor and consistency of dead larvae, they do
not affect the occurrence of the disease. This disease is mostly seen in weak hives in spring and early summer (usually
in May and June), when brood rearing is intense [43]. In addition, this disease is particularly common when nectar is
scarce. The number of young bees is directly related to food production. To produce large amounts of food, young
bees must be numerous. In this way, enough food is produced for the larvae. It shows its effect more in the larval stage
of bees. The disease is more effective on 3-4 day old larvae. Carrier adult bees are less affected by the disease [44].
The pathogen of this disease is transmitted to the larvae by the worker bees during the feeding of the larvae with the
food taken by mouth and is rapidly transmitted. In this way, the bacteria settle in the digestive system and develop in
the middle intestine. In the meantime, since they feed on the food in the intestine of the larva, the larva loses nutrients
and cannot develop because it rapidly consumes the contents of the intestine. After infection, death is usually seen
after 4 days, and death is seen before the larva passes to the pupal stage [45]. After the larva has passed into the pupal
stage, it is excreted into the comb chamber with feces. The disease is also transmitted to healthy larvae by the contact
of worker bees while cleaning the residues in the comb cells. The causative agent of the disease survives for 3 years
in the intestine of the bee, 1 year in old combs, 15-20 minutes in boiling water, 65 days in beeswax, and 2 minutes at
116°C. Symptoms of the disease are seen in climatic conditions such as poor and weak hives in winter, prolonged cold
and humid weather in spring, malnutrition, stress, and lack of nectar and pollen. Combining weak and diseased
colonies with healthy colonies, using unsterilized tools that were previously used in the infected hive can also cause
the disease. If there is an excess of young bees, the hive produces the necessary food for the larvae. If the hive receives
a large amount of nectar, the severity of the disease decreases to the same extent and the disease begins to recover
when the colony conditions return to normal [29]. The larvae carrying the disease are usually detected and removed
from the hive before they show signs of the disease. Therefore, the disease can go undetected for long periods. Most
brood deaths occur before the honeycomb eyes close, so the disease occurs in open honeycomb eyes, but if the disease
is severe and advanced, deaths can also occur in closed eyes. If death occurs in closed eyes, the eye will collapse,
perforate, and discolor. The bees that die from the disease are curled into the letter "C" at the base of the comb eye.
This is the most important symptom in diagnosing the disease. They do not adhere to the honeycomb, they can be
easily removed from the honeycomb with the help of a match. The color of dead larvae first changes to white, then
brown, and then black [46]. When the hive lid is opened, the odor perceived due to the dead larvae inside the hive is
the smell of spoiled meat/fish or sour brewer's yeast. Another symptom is that dead larvae can be easily removed from
the comb cavity without elongation when the dead larvae are pulled out with the garbage [47]. The consistency of the
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dead larvae is soft and watery at first and then hardens to a pasty consistency. Colonies infected with the disease show
reluctance and weakness. Larvae that have died but which the worker larvae cannot expel rot. The decaying larvae
have little or no stickiness. With the death of the larvae, the proliferation of the causative agent stops. To diagnose the
disease, an easy milk test can be performed. Healthy or sick larvae can be identified according to their milk coagulation
time. Healthy larvae coagulate milk in around 13 minutes. Sick larvae coagulate milk in 2 minutes. Early diagnosis
plays an important role in the treatment of the disease. When the disease is not diagnosed and intervened in time, the
disease progresses. Except in severe cases, the destruction of bees and combs is not necessary. If the disease
progresses, the hive may need to be burned [43]. As a way of controlling and preventing the disease, colonies harboring
the disease agent should not be merged with other colonies and should not be moved. Colonies should be moved to
nutrient-rich areas with better pollen and nectar. Nutrition should be provided with syrups containing minerals and
vitamins. It should be ensured that the queen bee does not leave the hive to prevent the formation of new larvae and
that the available nutrients are sufficient for the larvae in the hive. The queen in the colony is prevented from laying
eggs by keeping her inside the hive for a while. In hives with the disease, the queen should be renewed and young
queens should be used. Bees are kept away from stress. The diseased combs in the hive should be removed from the
hive. Honeycombs with strong and healthy brood from other hives should be taken into the hive. The equipment and
tools used must be sterile. The disease can be treated with antibiotics such as oxytetracycline, erythromycin, etc.
However, the use of any antibiotic for the treatment of this disease is prohibited in Turkey. An antibiogram test is used
to determine the antibiotic that will be effective. In the use of antibiotics, a specialist should be consulted and
applications should be made accordingly. Because each product is a substance that must be taken at certain intervals
and in certain doses. If antibiotic administration is not done carefully, the bee colony and the quality of the honey will
be damaged. Antibiotics used unconsciously increase the resistance of bacteria and cause residue in honey. Honey
from the hive that has been given antibiotics should not be consumed for a long time. Even when the larvae recover
from the disease, the disease agent continues to live in the honeycombs in the hive and the disease may recur. European
foulbrood is a disease that can be encountered quite frequently. But in some cases, when the infection level is low or
the colony is strong, the bees can cope with the disease.

2.3. Septicemia disease

Septicemia is also known as blood poisoning [48]. It is a fatal disease caused by a bacterium called Pseudomonas
apiseptica (Pseudomonas aeruginosa) [49]. It is a non-spore-forming, motile, and gram (-) bacteria. This causative
bacterium is found in plants, swamps, stagnant water, and moist soils. This disease is transmitted through the
respiratory system (trachea), from where it passes into the blood fluid and causes infection. The possibility of disease
is triggered by stress factors. Unfavorable weather conditions, intensive artificial feeding, the difficult adaptation of
swarming bees to the hive they come from, feeding with too dense sugar syrup, and honeycombing stress trigger the
disease. The causative agent is found in the hemolymph of bees but rarely causes disease. The hemolymph of healthy
bees is yellow. The hemolymph of sick bees varies in color from white to brown. Pseudomonas aseptic is found in
the gut of young bees that feed on pollen. It is not found in the gut of young bees emerging from the honeycomb.
When the bees feed on honey, the bacteria in the gut are destroyed. The death of the bees infected with the disease
becomes inevitable in a short time. The death rate is highest 20-36 hours after the bee is infected [50]. Adult bees
carrying the disease are seen in pairs or singly. The symptoms of this disease are; that the color of the bees starts to
turn black, the ability to fly decreases and then disappears, and there is a rapid loss of reflexes in their muscles. The
most important symptom of the disease is the degeneration of the muscles. Since the muscles of diseased bees are
deformed, they cannot be held at the joints. For this reason, when the head, chest, abdomen, and legs are touched,
these parts are torn from their joints [29]. If the patient becomes unable to defend the bee, there is a risk of being easily
caught. Since the muscles cannot fulfill the function they are supposed to do, the bees cannot fly and walk in a dazed
state. In a weakened state, they move their mouthparts and legs. Food consumption first decreases, then stops and the
colony is weakened. Another symptom is a change in blood color. In healthy bees, the blood color is yellowish or
ashen. But the blood color of the sick bee changes from light brown to white. Dead or dying bees in diseased hives
have a rotten, sour odor. There is no known cure for the disease. However, some precautions can be taken. These
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measures can be taken such as avoiding stress factors, establishing hives in clean, dry, sunlit places, avoiding
contaminated water in the environment, and keeping colonies in environments rich in nutrients such as pollen and
nectar. When the nutrient sources in the environment are low, vitamin-added sugar syrups should be given. Intensive
artificial feeding should be avoided. Work with strong bee colonies. The use of antibiotics is prohibited in this disease.

2.4. Crusted larva disease (Dusty larva disease)

Paenibacillus pulvifaciens bacterium is the causative agent. This disease is rarely encountered. The reason for the
rarity is that the disease is rare and beekeepers have difficulty in diagnosis. The dead larvae are crusted specific to the
disease. The crusts can have different colors from yellow to brown. They can be seen extending from the bottom to
the top of the honeycomb. When the dead larvae are crumbled, they fall as dust. Paenibacillus pulvifaciens is 0.3-0.6
x1.5-3.0 um in size. It can grow on nutrient agar. It is very similar to Paenibacillus larvae, but its spores do not make
Brownian motion when tested with the modified drop technique. Another difference is that Paenibacillus pulvifaciens
can grow in nutrient agar at 20°C [29].

2.5. Spiroplasmosis

Spiroplasma species bacteria cause spiroplasmosis in adult bees. This bacterium is motile, spiral-shaped, and has no
cell wall [51]. Spiroplasma is 2-10 um in length and 0.7-1.2 um in width. It is very easy to visualize with a dark field
microscope [52].

3. Viral diseases of bees
3.1. Sackbrood rot (SBV) (Sacbrood)

Also known as bag rot or bag disease. The disease agent is a very small virus called Morator fistulas. This disease
was first described by White in 1917 [53]. There is no information on whether this disease is seen in our country [54].
It causes disease in workers and drone larvae. It is seen in pupae in the pupal stage [55]. Adult bees become infected
due to contact with the fluid containing the virus in the body of the sick larvae while throwing the sick larvae out of
the hive. Larvae acquire the virus through worker bees, which are responsible for the development and feeding of the
brood. The virus multiplies in the brood food glands of the worker bees and passes to healthy larvae fed by the worker
bees [56]. The diseased larvae die after the honeycomb is sealed and during the transition to the pupal stage. The
incubation period of the disease is 6-7 days. Larvae are most susceptible to the disease when they are 2 days old.
Infected larvae cannot pass into the pupal stage and fluid accumulates around the skin [57]. The head of the infected
larva faces the comb chamber and death occurs in the upright position. Mortality is low in open comb cells but high
in sealed comb cells. Young larvae infected with this virus show retarded and inadequate development and queen bees
show a decrease in egg-laying. Sick colonies become weak and honey yield decreases. This disease is seen in hives
that spend the winter in poor conditions and therefore emerge in the spring with weak and neglected hives. The
exchange of comb and food between hives also triggers the spread of the disease. It is not as lethal as other brood
diseases. Infection decreases and disappears in winter. It is most common in spring and summer [58]. The color change
is important as a sign of the disease. The larval color is white at first, then yellow, but turns dark brown when the
disease progresses. The color of the dead larva is gray-black. The dead larva dries and crusts [59]. It is hardened and
curled sideways in the shape of the letter "L" in the comb chamber [60]. If the honeycomb eyes are opened, the head
of the larva can be seen curled up and to the side. The causative virus disrupts the order required for the molting of
the diseased larva, so that the old skin, which cannot be separated from the head, cannot be detached. Fluid
accumulates between the two skin parts [61]. For this reason, the head swells and curls up, forming a structure similar
to a jumpsuit. The larvae look like a bag filled with water. The dead larva can be easily removed from the honeycomb
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with the help of a needle. The honeycombs look like a puzzle. Dead larvae have a clear greenish liquid between the
larval shirt and the body. Dead larvae have no odor. The dead larvae are removed from the combs by the worker bees
and thrown out of the hive. The disease is a brood disease, but the virus that causes the disease also affects adult bees
[62]. Since it is a viral disease, it is diagnosed by molecular techniques. The diagnosis of the disease is made by
molecular techniques ELISA and RT-PCR. Since the disease is caused by a virus, there is no known drug for its
treatment. Some precautions should be taken to prevent the disease. In order to prevent the occurrence of the disease,
itis necessary to feed the bees well in the spring, pay attention to the temperature of the hive, nutrient supplementation,
not to catch the young cold and cut out the honeycombs in which the disease is detected, change the queen bee,
increase the number of worker bees, hives should be located in places without moisture, attention should be paid to
moisture intake from the bottom. In order to maintain moisture content, hives should be placed 30-40 cm high.

3.2. Acute bee paralysis

Acute bee paralysis disease is caused by the acute paralysis virus which is in the Dicistroviridae family [63]. Acute
paralysis virus is seen in the summer season. If Varroa destructor is seen in the colony in addition to acute paralysis
virus, deaths are observed in adult bees and larvae. Varroa destructor feeds on the blood of bees with the virus, which
facilitates the multiplication of the virus [64]. In this way, the acute paralysis virus has a lethal effect. Varroa virus
facilitates the transmission of acute paralysis virus to adult bees, larvae, and pupae. Acute paralysis virus spreads
rapidly in the colony. It targets young larvae and adult bees. It draws attention to rapid adult bee death. Larvae infected
with the acute paralysis virus have an appearance similar to American foulbrood or European foulbrood (figure 2).

Fig 2. Colony inspection of hairless, dark-colored, short-bellied worker bees and ant-like bees holding their wings at unusual angles (Reprinted
with permission from [82], Copyright MDPI).

3.3. Kashmir bee virus

Kashmir bee virus, a member of the Dicistroviridae family, was discovered in the Kashmir region of India [56]. This
virus was first found in Apis cerana bees, and then in Apis mellifera bees in Australia. Kashmir bee virus is fatal for
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adult bees, larvae, and pupae. Kashmir bee virus is similar to the acute paralysis virus with its disease-causing and
spreading characteristics. Kashmir bee virus survives in adult bees and pupae without showing signs of disease.
Kashmir bee virus strains have a high ability to produce disease. Very few Kashmir bee viruses are sufficient to cause
infection. It multiplies rapidly in the blood of pupae or adult bees and becomes lethal in a short time. This virus
becomes much more effective with varroa. Kashmir bee virus combined with varroa destroys colonies [65].

3.4. Chronic bee paralysis

Chronic bee paralysis was first reported in the USA in 1809 in an article written by Huber. Chronic bee paralysis was
identified by Burnside in 1933. Burnside brought the disease to light by infecting healthy hives with infected material
obtained from infected hives. The paralysis virus is satellitic, 30-65um in size. The bee's immune system blocks the
reproduction of the chronic paralysis virus. Chronic bee paralysis is more common in temperate regions. The disease
is recognized by its symptoms. The typical symptom of chronic bee paralysis is the separation of queen and worker
bees from the hive. Adult bees infected with the disease are seen with their wings open, shaky, and drooping. The
body hairs of the bees fall out and the abdomen takes a dark and shiny color [66]. The abdomens of paralyzed bees
with molting hairs appear smaller than they normally are. Due to chronic bee paralysis, they are unable to empty their
intestines, leading to bloated abdomens and full honey sacs. Dysentery can occur as a result of these conditions. Bees
infected with the disease do not fly and crawl around the hive in groups. When the hive is smoked, it becomes unable
to move. Paralyzed bees are not taken into the hive by healthy bees after the flight. Diseased bees start to tremble after
1-2 days of being outside. The diseased bees that are not allowed inside gather in front of the hive and then die. In
adult bees, deaths begin after a few days after the symptoms appear. When the severity of infection increases, sudden
deaths can occur and colonies can be destroyed as a result. Heat and drought increase the multiplicity of the disease.
It is not known how the disease is transmitted and it is estimated that it is transmitted during food transfer, as in other
bee diseases. Chronic bee paralysis is usually caused by pesticides used by beekeepers. Another reason for the disease
to be effective is the presence of old queens in the colony. The colony can be saved by queen replacement. No medicine
can be used to detect the disease yet.

3.5. Deformed wing virus (DWV)

The deformed wing virus was first found in Japan [67]. It is noticeable that the wings of diseased baby bees are weak
or deformed when emerging from the comb cells. Egyptian bee virus has a slight structural similarity with the
deformed wing virus. The wing development in the honeycomb of the infected bees is disrupted and the structure
changes. In the disease; abdominal shrinkage, wrinkling of the wings, and a decrease in mass are observed [68],[69].
Death is observed in larval and pupal stages [70]. Adult bees die without showing symptoms when infected [71].
Deformed wing virus is lethal on its own, when combined with varroa, it causes large colony losses [72],[73].

3.6. Slow paralysis virus

The slow paralysis virus was first discovered during laboratory research. This virus causes the death of the adult bee
with in 12 hours. Before the bee dies, the first pair of its legs are paralyzed [74]. When combined with varroa mites in
the colony, it causes death in adult bees and larvae. As long as the varroa mite is present, it will feed on the bees and
the slow paralysis virus will continue to reproduce.

3.7. Black queen bee virus

The black queen cell virus belongs to the Dicistroviridae family. This virus was identified as a result of encountering
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dead queen larvae or pupae. The color of pupae and larvae that die as a result of the black queen virus is between dark
brown and black. The infected larvae turn yellow and have hardened bag-like skin. Like the sacbrood virus, it
multiplies very much when the pupa is infected. The virus does not reproduce when the bees eat the infected larvae.
It was discovered in the USA by Clark in 1978. No known symptoms are known. When the black queen virus is
combined with nosema apis, its reproduction is only accelerated. When this virus combines with the Y virus, the
survival time of bees decreases. When combined with nosema apis and parasites in overwintering hives, the hive
terminates rapidly. In a similar situation, when this virus combines with the filamentous virus, its severity decreases.
Black queen virus is widespread in the world on its own and in combination.

3.8. Bee X virus

Bee X virus, which has links with the Y virus, is very difficult to distinguish from the Y virus. It shows high physical
and chemical similarity. Bee X virus shows a disease effect as a result of the adult bee digesting infected products.
This effect disrupts intestinal functions as in the Y virus. It does not interact with Nosema apis and this behavior
distinguishes it from the Y virus. Bee X virus is most effective in the winter months. Bee X virus and Malpighamoeba
mellificae parasite are found in bees that die in winter. Bee X virus is transmitted through bee feces and infected bees
live less. If Bee X Virus and Malpighamoeba mellificae are found together, the disease reaches its most effective
range. It is the most deadly range. When the disease reaches this level, it is extremely dangerous for the hives.
Therefore, since new worker bees cannot be raised instead of young worker bees, life in the hive comes to an end. Bee
X virus affects honey bees in Australia, Canada, Europe, Argentina, and Iran.

3.9. Cloudy wing virus

Cloudy wing virus belongs to the Dicistroviridae family. It is a common disease in bees. It causes the wings to appear
opaque. Its particles are very small and can easily pass from hive to hive through the air. Cloudy wing virus is
transmitted to the pupa by varroa. The disease can only be understood by serological tests. With the immunodiffusion
technique, viruses that multiply in the head and thorax of the bee are determined. When the proportion of sick bees in
the hive increases, bee vitality begins to disappear and the hive dies. It does not need certain seasons to reproduce and
spread.

3.10. Apis iridescent virus

The disease is linked to the clustering disease of Apis cerana bees in India. Bees infected with the Apicidescent Virus
do not want to work in summer, they cluster in the hive. Bees leave the hive and crawl on the soil. If more bees come
out, the symptoms of the disease may decrease. This virus multiplies in the digestive system, hypofrangeal glands,
and ovaries. Apislrisdescent Virus affects Apis cerana and Apis mellifera.

3.11. Israeli acute paralysis virus (IAPV)

Discovered in 2002 in Israel, the Israeli acute paralysis bee virus belongs to the Dicistroviridae family. It has a high
genetic diversity. The most prominent feature of the disease is that the bees leave the hive before winter. There are
too many dead bees in the hive. If there is not plenty of nectar around the bees, the virus reproduces too much. The
bees stop feeding and brood care. This allows the bees to become early foragers. Healthy and young queens should be
transplanted to colonies with the disease [75].
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4. Protozoal diseases
4.1. Nosema disease (Nosemosis)

Nosema disease is a disease seen in most parts of the world and is caused by spore-bearing protozoa called Nosema
apis [76]. The causative agent is an internal parasite [77]. Nosema apis spores are oval-shaped [78]. This disease is
seen in adult honey bees [79]. The spores, which enter the digestive system through food and mouth, develop in the
epithelial cells in the stomach and intestine of adult bees [80]. As a result of the cold and rainy weather, bees stay in
the hive for a long time. Therefore, they cannot defecate outside the hive. Defecation inside the hive causes the parasite
to increase. Infected bees in the colony transmit the disease to healthy bees through feces. Spores multiply rapidly in
the digestive tract of the bees. Symptoms of the disease include separation of the wings, swelling of the abdomen, loss
of sting reflexes, and the ability to fly [81]. They try to walk with the help of the grass in front of the hive. This disease,
which starts to show its effect in the stomach, turns the stomach, which is straw-colored when healthy, into a dirty and
white color. The feces of the bees are watery and sticky and yellow-white in color. In infected colonies; there are
white and orange bee feces on combs, frames, and flight boards. The effects of the disease increase if the colony is
queenless, malnutrition, insufficient pollen or nectar sources, or varroa disease in the colony. The use of infected
combs, hive confusion, transfer of sick bees to other hives, excessive humidity in the hive, insufficient food, feeding
with poor quality food, and windy and cold weather are effective in the spread of the disease. This disease reduces
productivity by causing disorders in the digestive system of bees (figure 3). It causes the number of colonies to
decrease. It has been determined that this disease agent can survive for at least 1 year in contaminated bee feces, 11
months in honey, 7 years under suitable conditions in the laboratory, and is resistant to cold, freezing, and microwaves.
The disease is more common in humid environments and in spring months. The disease recovers when climatic
conditions improve. Infected colonies have low honey production and a shortened life span [82]. For the diagnosis of
the disease, microscopic and macroscopic examination of the stomach of the sick bee is required. The use of antibiotics
is allowed in the treatment of the disease. Drugs with the active ingredient Fumagillin are given to the bees together
with syrup. It is important to use the drug at the specified doses and time to avoid residue in the honey. After treatment
of sick colonies with the drug, they should be transferred to a different hive that has been disinfected. Hives should
be given food such as pollen cake and sugar syrup in the spring season. Strong colonies should be established. Apiaries
should be established in airy and moisture-free places.

Adult bee Honeybee gut

Fig 3. Examination of the digestive tract of adult honey bees, (A) control group, (B) nosema-infected group (Reprinted with permission from
[83], Copyright MDPI).
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4.2. Ordinary diarrhea (Dysentery)

It is when adult bees have diarrhea due to digestive disorders. It is not contagious and does not contain germs. The
cause of the disease is improper feeding. It is more common in the spring season when bee activities begin. Since it is
a seasonal disease, it goes away on its own as the season progresses. The disease passes with the increase in the amount
of pollen and nectar in the environment. The disease can occur due to different reasons. Bees staying in the hive for a
long time on rainy and windy days and therefore not being able to go on cleaning flights, feeding with dirty or rancid
syrups, fermented foods, feeding bees with expired, spoiled syrups, damp cold, or humid environment, feeding with
raw sugar, feeding bees with pollen due to the lack of sufficient honey in the hive in winter can be counted as the main
causes of the disease [84]. In addition, the disease is also triggered by increased stress factors of the bees due to the
constant disturbance of the wintering bees and disruption of their order: Bees are lethargic, they produce dark yellow,
sticky, watery, and foul-smelling feces, and when the feces come into contact with the air, they dry up and lose their
odor within 3-4 days. The source of the watery feces that accumulate in the intestines of bees is water. Normally, the
digestive waste that accumulates in the intestines is excreted from the body during the spring cleaning flight away
from the hive. The bee's intestine has a high ability to expand. Therefore, in winter, bees can carry and store feces in
their intestines for a long time. Digestive residues accumulate in the bee's intestine up to a certain capacity. The
accumulated feces remain in the honeycombs and contaminate the interior of the hive because of the lack of cleaning
flights in rainy and windy weather. The water content in the feces of bees with dysentery is higher than in healthy
bees. Bees infected with the disease cannot go out if the weather is cold. In this case, sick bees that stay in the hive
for a long time defecate inside the hive. In this case, the inside of the hive becomes damp, moldy, and smelly and bee
deaths begin to be seen. To treat the disease, a drop of formic acid and a small amount of alcohol can be added to the
syrup and given to sick bees. If the disease is mild, it is not very harmful to the colony. But if it progresses together
with nosema disease, its spread accelerates. If the disease progresses rapidly, mass deaths begin in the hive. Bees
should be fed with refined granulated sugar. Fall maintenance and feeding should be done on time and should not be
delayed. Fermented sour honey should not be given to the bee. Ventilation in the hive should be sufficient. To remove
excess water, bees should be given time before the weather gets too cold. In addition, care should be taken in the
feeding and care of the bees.

4.3. Amoeba disease

Malpighamoeba mellificia protozoan is the cause [85],[86]. It is found in the Malpighi tubes of honey bees infected
with Nosema apis. It belongs to the class Rhizopoda. It is a very common protozoan. It is found on all continents
where the honey bee is found. Malpighamoeba mellifera infects adult worker bees. Drones and queen bees are rarely
infected. M. Mellifera in feces infects when eaten by bees. It is an extracellular parasite. It settles in Malpighi tubes
and metamorphoses into cysts [87]. There is no typical symptom. It destroys the epithelial cells of the infected
Malpighi tubes. In hives infected by Malpighamoeba mellifera, life is terminated. It is much more effective with
Nosema apis. It can be diagnosed by microscopic examination of cysts taken from Malpighi tubes. Malpighi tubes are
taken from the middle and posterior intestines. The size of the cysts is 5-8mm wide. The fight against the disease starts
with the cleaning of beekeeping equipment. There are no drugs that can control it yet. When feces are found in the
combs, they should be cleaned with acetic acid. In the early infected period, bees can be moved to clean hives.

4.4. Gregarines

Leidyana species of the Gregarine class targets honeybees. It acts in the digestive system of honey bees. It attaches to
the intestinal epithelium through its organelles. It survives in the bee and continues to reproduce, producing the spores
necessary to infect other bees. It is not specific to honey bees, it can be seen in other bees. It is transmitted to bees
through nectar and water. It was first found in Europe. It is more common in temperate regions. Gregarines affect bee
cells and cause changes. Diseased bees do not cause much damage to the colony. The disease can be managed by
fumagillin application.
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5. Mushrooms
5.1. Lime disease

Lime disease is a disease caused by a fungus called Ascosphaera apis [88]. The spores of the causative agent cause
disease only in the larvae of bees and the reproduction of this disease is through sporulation. Ascosphaera apis
heterotallic fungus is a type of fungus whose mycelia have male and female sexes. Mycelia of the two sexes must
coexist for spores to form. Larvae acquire Ascosphaera apis through food. This agent develops in hives with
insufficient ventilation due to the increase in the amount of CO2 and the high level of humidity in the environment
[89]. This disease is most common in spring and fall [90]. Strong colonies can overcome this disease in summer.
These spores can live on the combs for years [91]. In addition, these spores, which can live inactive on the comb for
years, become active again for reproduction if suitable conditions are provided. Drone larvae are usually found in the
side combs of the hive and therefore remain at the lower level of incubation temperature. Since the optimum
temperature for the development of this spore is 30°C, the first symptoms of the disease are seen in the male larvae on
the edges of the combs. The diseased larvae mummify and dry inside the comb chamber. These larvae have a white,
gray, or blackish color. In the later stages of the disease, white-colored mummified larvae are encountered because
the disease spreads to the young in the middle parts of the comb. If the larvae are only infected with the female or the
male, the infected bee is white like lime. However, if both the male and female are infected, the larvae are grayish-
black.

The amount of moisture in the hive, environmental pollution, excessive humidity, stress factors such as starvation, use
of adulterated beeswax, excessive use of syrup, inappropriate colony controls, feeding bees with artificial food, and
swarming are effective in the formation of the disease. Improper cleaning of the hive by the bees is also one of the
factors causing the disease [92]. There is an inverse relationship between bacteria and fungi. Antibiotics used to kill
bacteria create favorable conditions for fungi to spread the disease. Spores of fungi are found on plants, in the soil,
and between the body hairs of foraging bees, which are responsible for collecting pollen and honey. The fungi do not
cause disease in adult bees but are transmitted to larvae by worker bees through food. Larvae are not infected for the
first three days as they feed on royal jelly. When the bee larvae are 4-5 days old in open comb cells, infection is
observed. As time progresses, the danger of the larvae becoming infected decreases. Deaths are most common during
the mature larval and pupal stages. No chemicals or drugs are recommended for lime disease. In colonies with good
cleaning behavior, larvae that tend to mummify or mummify are expelled from the hive by the worker bees in a short
time. The diseased combs should be replaced with new combs in a short time so that the severity of the disease will
be reduced [90]. Lines resistant to this disease should be used. Hives should be well-ventilated. The amount of
moisture in the hive should remain at a certain level. Honeycombs from sick colonies should not be transferred to
healthy colonies. Controls of colonies should not be carried out in the spring months when the weather is cool, and if
it is necessary, the hive should not remain open for a long time. Perennial comb should not be used in colonies. The
queens of sick colonies should be replaced with queens from healthy colonies. Work with strong colonies and young
bees because weak colonies catch the disease faster.

5.2. Stone disease

It is also known as Stone Rot or Stonebrood. It is a rare disease [93]. The causative agent of this disease is a type of
mold fungus called Aspergillus flavus [94]. This agent causes disease in adult and juvenile bees and causes death by
infecting them. In the early stages of the disease, it is very difficult to diagnose the disease [95]. Besides Aspergillus
flavus, Aspergillus fumigatus, and other Aspergillus species can also cause this disease [96]. These causal fungi are
found in plants and soil. The disease affects the internal organs of the larvae and causes them to die. The larvae die in
the closed honeycomb cells before entering the pupal stage. The larvae and pupae that carry the disease transform.
Aspergillus first reproduces in the digestive tract. Then they gradually spread, covering the entire larva within a few
days. After death, the larvae turn into mummies that are hard and hard to break like Stones [97]. The causative fungus
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causes the body wall of the larva to burst, forming a false outer shell. Meanwhile, the outer surfaces of the larvae are
covered with yellow fungal spores [98]. Bees that clean the honeycomb cells carry these spores and transmit the
disease to other larvae, causing the disease to spread within the colony. Symptoms of the disease; bees look sluggish
and restless. They have difficulty flying and are weak. The abdomen of the bees enlarges. The dead larvae and pupae
dry up and become mummies. Honeycombs infected with this disease appear green. The spores of these fungi can live
in honey and are therefore passed on to people who eat it. It is dangerous to eat honey from infected hives. In humans
and other mammals, it causes infection of the upper respiratory tract. High humidity in the hive, disruption of the
intestinal flora due to antibiotic use, inadequate ventilation in the hive, increase in the temperature of the hive are
important factors in the emergence of the disease. In addition, an increase in the stress rate is also an effective factor
in the emergence of the disease [99]. The disease can also be spread by carrying contaminated honeycombs to healthy
colonies: There is no chemical treatment for this disease. It is necessary to disinfect the hives in which the disease is
detected and burn the honeycombs. Honey infected with the disease is not suitable as food for humans and bees and
should not be used. Hives and other tools used should be disinfected. Hive ventilation should be done well, high
humidity should be prevented. The queen bee should be replaced.

It is found in the pollen in the honeycomb cells. Another name is pollen fungus. The disease is seen in early spring
after the winter season. In hives where this disease is observed, lime disease is observed later. Bettsia alvei develops
more easily at temperatures lower than 30°C. It multiplies in the pollen in the comb during winter and early spring.
Pollen is damaged and wasted. Honeycombs are closed after they are filled with honey, but if the honeycombs are not
completely filled with honey or if honey is removed from the honeycombs and closed, a very good environment is
created for Bettsia alvei to multiply. When the disease takes effect, pollen becomes unusable. Summer heat is not
effective for spores. It is more common in weak colonies during cold times. The disease turns pollen into hard and dry
particles. The fungus in the honeycombs is gray and is found in pollen clusters. Bees expel these pollen clusters.
Bettsia alvei is not a problem in healthy colonies. It does not harm the normal cycle of the bees. In warm weather, the
problematic pollen is removed from the comb, and the disease is combated. To prevent the onset of Bettsia alvei, it is
necessary to keep the hives dry and wrapped in winter.

5.4. Other mushrooms

Fungi are usually collected by foraging bees. Most fungi collected by foraging bees cannot survive in hives and are
not effective for bees. Some fungi can reproduce after the life of the bees is over and cause mummification of soft
tissues. Fungi can be harmful under favorable conditions, but they can be a problem for weak colonies if they are
provided with favorable conditions of humidity, temperature, and low ventilation. Mucor mucedo and Trichoderma
lignorum cause disease in adult bees and larvae. Aspergillus niger causes disease in queen larvae. Rhizopus equinus,
seen in adult bees and larvae, is caused by contamination of flowers with horse manure. It is seen in cold countries.
Scopulariopsis brevicaulis, infected larvae appear black or yellow and are found adhered to the honeycomb walls.
The disease disappears when the temperature is effective. Labyrinthula apis and Endomycopsis apis cause larval death.

6. Honey bee pests

6.1. Yeasts

Yeasts are not considered a disease agent for honey bees. The preservation of bee bread provides growth factors and
vitamins. Candida utilis is very useful for young bees. Some osmophilic yeasts are fermentation agents in honey and
change the structure of honey. As a result, malnutrition is seen in adult bees and larvae and deaths occur.
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6.2. Varroa

Varroosis disease is caused by the general pathogen called Varroa jacobsoni oudemans [118]. This disease causes
deformation of the wings and legs of the bees, shortness of the legs, short abdomen, low productivity, and easier
transmission of other diseases. The female varroa is oval in appearance, dark brown in color, and the mouth structure
is stinging and sucking. The male ones are yellow or gray in color and round in appearance. It has a softer chitin
structure than the female varroa. Male varroas are not seen on the bee when they die after mating with the female. The
reproductive period of varroa in colonies starts with the brood period in spring [100]. With the end of the brood period
in the fall, the reproduction of varroa also ends. Varroa reproduce and develop in closed brood cells in the colony.
Adult female varroes enter the brood cells just before they close and start laying eggs two days later. In the first 24
hours, 6-legged larvae hatch from the eggs. The larva completes its development in 6-7 days if it is male and 8-10
days if it is female. Varroa feeds on the hemolymph of larvae, pupae, and adults, which is the equivalent of blood in
invertebrates. As a result, pupae do not develop well and adults are weak and unable to fly (figure 4). The number of
drones in the colony drops noticeably. The ability of drones to mate is also considerably reduced. The lifespan of the
bees in the colony shortens. Worker bees are smaller than their normal size. This size reduction is more pronounced
during the pupation period. Young bees emerging from the cells may have wingless, single, or short wings. In addition
to these, abnormalities such as missing legs and a short abdomen are also seen.

Fig 4. (A) examination of drone larvae showing red lavra with Varroa mites, (B) Varroa mites on the thorax of drones (Reprinted with permission
from [101], Copyright MDPI).

The worker bees' brood care is weakened and therefore the queen's oviposition capacity is reduced. The wounds
opened by varroa on the bees to meet their nutritional needs create a favorable environment for various diseases. Since
they feed on hemolymph, the resistance of bees against diseases decreases. Since Varroa has many ways of spreading
and adapts to colony biology quickly and easily, it becomes difficult to fight. Control methods are classified as
physical, biological, and chemical. Physical and biological control is usually carried out in spring and summer, while
chemical control is carried out in fall and winter. Varroes die between %74-98 at 46°C. For this reason, in specially
prepared hives, the temperature is increased in a controlled manner and the varroas are expected to die and fall to the
bottom board. Female varroas prefer drone cells to lay eggs in the spring period. In the spring period, honeycombs
with drone cells are placed on the colonies and female varroa are collected in the drone cells. After these eyes close,
they are removed from the hive and destroyed. In this way, the eggs laid by the female varroa and the drone pupae are
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destroyed. Thanks to this method, it is possible to reduce the number of varroa in the colony. In addition, it continues
to be effective because the varroa that multiply in the worker bee cells remain. It is the control of mites with chemicals
used for the control of mites. Things to be considered in acaricide applications; Chemical substances that have not
been laboratory tested or that have negative results for human or bee health should not be used, the desired drugs
should be used as described and in dosage, and acaricide should not be used during the harvest period. Spraying should
be done in spring and fall periods, spraying should be done on days when the air temperature is higher than 14°C, and
in periods when the bees come from nectar collection, spraying should be done after removing the partitioned boards
in the hive to facilitate the contact of the drugs with the bees [102].

6.3. Small hive beetle (Aethina tumida)

The small hive beetle, a very dangerous pest, was first found in the USA in 1998. Tens of thousands of colonies were
destroyed. The small hive beetle, which spread very rapidly, became the most important problem of American
beekeeping in those years. It is thought to have arrived with vegetables and fruits imported from Africa around 1995
[103]. This insect originated from South Africa and belongs to the family Nitidulidae of the order Aethina tumida
Coleoptera [104], [105], [106]. African bees are not affected by the small hive beetle due to their cleaning properties.
Since it is harmless in Africa, it was almost unrecognized until 1988. Physiologically, adults are about 5-7 mm long,
6-legged, reddish brown or black, and have 2 pairs of wings [107], [108]. Their bodies are protected from bee stings
by a thick layer of chitin. Covered with very fine hairs, the small hive beetle is very difficult to catch by bees. The
adult beetles can fly and move between hives. Flight distances have not been determined. They reproduce by laying
eggs. Their eggs, similar to honey bees, are pearl white. They can lay eggs almost all the time except in harsh winters.
Larvae are cream-colored, about 11mm long, and about 1.6mm in diameter. The larvae cannot spin cocoons but instead
are surrounded by a thick layer of chitin. The thick layer of chitin protects the larvae from bees. They can reproduce
continuously in the hive and even take over the hive and neutralize the hive. Larvae use honey and pollen as food
[109], [110Q]. They eat the glaze on the honey and defecate on the honey. Sour, rotten orange-smelling honey flows
out of the hive. The bees do not touch this contaminated honey, but if it covers the honeycomb, they move away from
the honeycomb. It has been found that bees return only when the honeycomb is cleaned with water. When the adult
reaches the size of an insect, it leaves the hive, goes under the soil and the pupation period begins [111]. The pupae
are as big as the adult beetle and have an amber or blue color. The life of the small hive beetle begins when the female
beetle lays eggs in the honeycomb in an irregular way. The larvae hatch from these eggs in about 2-3 days. Even a
very small number of female beetles are effective because they can lay a very large number of eggs. After the larval
period lasting 10-16 days, they leave the hive and enter the soil. 3-4 weeks pass after the pupation period begins and
adult beetles are formed. The life span of adult beetles is approximately 6 months. Adult beetles lay eggs in their first
week. They can produce up to 5 generations per year. There is no control mechanism against the small hive beetle yet.
Small hive beetles die when kept at -12 degrees Celsius for 24 hours.

6.4. Bee louse

It is not actually a species of louse but a member of the order Diptera [112]. The insect that causes this disease is
Braula coeca [113],[114]. This is a small, colorful insect. It is shiny and brownish-red in color. This insect has no
wings and no eyes. This disease does not harm the bee directly, it is a food partner. Adult bee lice are similar to varroa
[115]. They are distinguished from varroa by their three pairs of legs and the licking-sucking mouthparts. Bee lice
also have a distinguishable head structure when viewed from the top. They live on worker and queen bees. They
survive by clinging to the hairs on the chest of bees. It is very rarely seen on drones. Adult bee lice are found on the
chest and mouth parts of bees and steal food from the bees' mouths. They do not live by sucking the blood of bees but
by feeding on royal jelly, pollen, and honey [116]. Since royal jelly is their favorite food, they share the food of the
queen bee and reduce its performance. The adult bee louse is 1.5 mm long and 1 mm wide. Male lice are smaller than
female lice. Adult females of bee lice lay their eggs in the upper part of the comb cells. The egg is white in color and
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oval in shape. Bee lice can lay their eggs anywhere in the colony. The larvae that hatch from the eggs pass through
the honey glazes and consume the honey, which is their food source. It is more common in the fall and spring. It
cannot reproduce in winter. Adult bee lice spend the winter on the bee. It is possible for 15-20 bee lice to live on a
queen bee. This causes the queen to stop laying eggs. If more bee lice are found, the queen dies. The disease spreads
due to swarming, predation, carrier bees getting confused in their own hives, and colony transplants. The bee louse
causes the queen bees to become weak, their ability to lay eggs decreases, and the marketing value of honey decreases
due to the deterioration of the honeycombs in the hive. Tobacco smoke is used in the control of bee lice. Cigarette
tobacco burned in the bellows is given into the hive through the flight hole. Bee lice, which faint under the influence
of smoke, fall to the bottom board and are collected and destroyed. Bromopropylate and formic acid are used as
medicines.

6.5. Trachea parasite

It was first detected in England in 1921 by Rennie [117]. After being seen in England, it spread to various regions. It
is a parasite called Acarapis Woodi and is also known as tracheal mite [118]. There are 3 Acarapis species in honey
bees and these are Acarapis woodi, Acarapis dorsalis, and Acarapis externus. The harmful species among these
species is Acarapis woodi. This disease is an internal parasite that settles on the respiratory system of worker bees and
can lead the bees to death [119], [120]. It is sometimes seen in queens and drones. It has male and female sexes. It
feeds and reproduces in the trachea, the respiratory tract. After the female and male mate, the male tracheal mite dies.
The female tracheal mite enters through the first thorax of the adult bee and settles in the trachea. Within 1-2 days she
can lay 6-10 eggs in the trachea. The eggs complete their development within 14 days. The larvae hatch from the eggs,
pierce the wall of the trachea with their mouthparts, and use the bees' blood as food. This parasite first enters the
trachea of 1-4 day-old young bees and sucks their blood. When blood leaks from the trachea, the young bee's trachea
becomes blocked or damaged. The bee, deprived of oxygen for these reasons, dies from respiratory failure. The disease
has some symptoms. The most important symptom in bees infected with the tracheal mite is the inability of sick bees
to fly [121]. They have asymmetrical wing positions. The wings appear drooping. The abdomen appears swollen. The
trachea of a healthy bee appears pale, transparent, spotless and clear. The trachea of sick larvae, on the other hand,
has crusting, brown spots and a black color depending on the number of mites. The lifespan of an adult tracheal mite
is around 30-40 days. In dead bees, the tracheal mite can live for 1-2 days. For their development, 34°C is the optimal
temperature. It develops the fastest in winter when it is in the hive. By the end of winter, it has contaminated the bee's
trachea with its feces and eggs. When the bee takes its first flight, it moves a certain distance away from the hive and
becomes unable to breathe air due to the clogged and damaged trachea, and death occurs. Domestic Anatolian breed
bees do not get this disease because they are resistant to the parasite that causes the disease. For the diagnosis of the
disease, diseased bees should be examined in the laboratory and a definite conclusion should be reached afterwards.
Treatment methods used in varroa disease can be used in its treatment.

6.6. Lepidoptera

6.6.1. Large wax moth

Galleria mellonellae, known by different names such as bee moth, honeycomb moth, large wax moth, etc., cause
damage to honey and combs [122],[123]. It is usually found in weak bee colonies without queen bees and weakened
bee colonies [124]. In weak colonies, there is a decrease in brood, honey, and pollen production due to the residues
and nets of Galleria mellonella. When the temperature increases, hives begin to die out. The development of the moth
is accelerated by lack of food, absence of queen bees, varroa, and pesticide poisoning in colonies. Large wax moth is
found all over the world [125]. Its harmfulness disappears at high altitudes. Its presence decreases when the altitude
is above 1000 meters, and it cannot survive when the altitude exceeds 1500 meters. In Turkey, it is found in regions
with warm and mild climates.
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6.6.2. Small wax moth (Achroia Grisella)

It is also known for its Achroia grisella [126], [127], [128]. It is more harmless than the large wax moth. It is effective
in weak colonies [129]. Its physical characteristics are light yellow on the head, silver gray on the body and male
moths are 10mm in size and female moths are 13mm in size. Females usually live for 7 days and produce 250-300
eggs during their lifetime. The developmental stage is similar to that of the large wax moth and it makes tunnels made
of silk. The small wax moth eats combs with young, honey, pollen, bee brood, and beeswax [130]. It does not cause
as much damage as the large wax moth. In hives with the small wax moth, the comb cells are not closed even though
there are bee larvae in the comb cells. The reason for this is that the moth has eaten the honeycomb wall and made a
hole, and the worker bees remove the entire honeycomb wall instead of repairing the hole. The honeycombs that
remain open contain moth feces, and the bee larvae that can grow under these conditions show developmental
disorders.

6.6.3. Bumble bee wax moth

Aphomia sociella, the Bumble Bee wax moth, is found in Europe and Asia [131], [132]. It is found in the nests of
bumblebees and rarely in honey bee colonies. Adults are slightly smaller than the large wax moth. Mature larvae are
yellow and 22-30 mm in size. Larvae eat bee eggs, larvae, pupae, pollen, and honey [133].

6.6.4. Deadhead moth

Acherontia atropos feeds by eating honey or nectar in bee colonies. The deadhead moth attacks bee colonies in the
evening and stays inside. Sometimes dead moths are found inside the hive.

6.7. Ants

Ants, which live in almost every region of the world, can be a problem for honey bees. The carpenter ant gnaws the
wooden parts of the hives. When other ants find the opportunity, they enter the hive and eat the honey, pollen and
baby bees, and when their numbers are dominant, they also eat the adult bees.

6.8. Wasps

Wasps attack colonies in beekeeping regions and cause serious economic consequences. It is a problem in East Asia,
Southeast Asia, and the island of Japan. Apis cerana, Apis florea, and Apis mellifera colonies are more affected by
wasps.

6.9. Birds

Birds prefer small or large insects for feeding and bees are also in the food chain. Birds are known to hunt bees during
migrations, during accommodation, and in the areas where they live.

6.10. Moxibustion beetle (Meloidea)

It belongs to the Coleoptera order and Meloidae family. The most important and harmful species known in our country
are Meloe variegates, M. proscarabeus, M. vilaceus, and M. cavensis. They act on bees in two different ways. Firstly,
they eat eggs and larvae. Secondly, they parasitize mature bees. 1st instar larvae feed on the hemolymph of bees; 2nd
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instar larvae consume honey, pollen, bee eggs, and bee larvae as food. The adults of this species do not harm honey
bees. Moxibustion beetles are found in various regions such as the Aegean, Mediterranean, Central Anatolia, and
Black Sea regions. Meloe violaceus Marsham species are effective in the Erzurum region in our country. The length
of adult bees is around 22-30 mm. Male bees are smaller and female bees are larger. Moxibustion beetles consume
plant leaves and stems as food during their adult stages. However, there is not yet a successful intervention method
with the moxibustion beetle [134].

7. Nanotechnology and bee diseases

Nanotechnology science is used in many fields today [135]- [167]. Nanomaterials are reported in the literature to be
able to have antibacterial, antifungal, and antiviral properties [168], [169], [170], [171]. The use of nanomaterials
smaller than 100 nanometers (nm) for specific purposes has been applied in agricultural, industrial, and medical fields
[172]. Therefore, nanotechnology has many potential applications in beekeeping as well as in various fields.
Nanotechnology is attracting attention as an advanced tool in the diagnosis and treatment of bee diseases. Targeted
and pest-directed therapies formulated with nanoparticles are available. With antimicrobial properties such as silver
nanoparticles, they can protect bees against pathogens in a highly functional way [173]. Thus, the positive impact on
bee health and lifespan is a remarkable research topic [174]. These technologies have the potential to offer sustainable
solutions in beekeeping.

8. Conclusion

Even though beekeeping is a very important sector dating back to the past, there are many inexperienced producers
engaged in beekeeping. In addition, bees can be affected by many biotic factors such as ecological and geographical
abiotic factors, natural disease agents, and predators. Apart from these reasons that affect the damage of bees, parasites,
bacterial, viral, and fungal diseases cause many negativities in the sector. Among these environmental and biological
effects, the factors that cause natural diseases in bee colonies cause large colony losses. Therefore, the most important
point in bee diseases is to protect the hive with the right information, equipment, and methods. Diseased hives should
definitely be separated and transported, weak hives should be combined, and procedures that will strengthen the hive,
such as the reinforcement of frames with brood, should be followed meticulously. All equipment used in beekeeping
should always be kept clean and go through sterilization stages. Hives should be strengthened and regularly
maintained, and bees should be fed with vitamin syrups and cake when necessary. Thus, healthy growth and body
resistance of the bees should be increased and the diseases should be minimized. Methods of controlling other
predators, insects, and parasites should be sought. Various chemicals, antibiotics, and natural methods are at the top
of these control methods. Potassium hypochlorite and 2% formaldehyde solution are the most commonly used in
honeycomb disinfection. However, honey and combs in the hive should not be given to the bees after chemical use.
Potassium hypochlorite is frequently used for sterilization of metal beekeeping equipment. Other chemicals such as
benzalkonium chloride, hydrogen peroxide, and chloramine are used to prevent and treat bee diseases.

Acknowledgments

The authors dedicated this publication to the 100" anniversary of the Republic of Tiirkiye. As scientists raised by
Tiirkiye, they are proud to be citizens of this country.

46



Gul, et.al. (2025)/ Journal of Scientific Reports-C, 9, 28-53

Author Contribution

Ebru Halvaci, Mert Giil, Hatice Kars, Teslime Kozak; Writing - original draft, Editing, Formal analysis. Damla ikballi,
Alper Ozengiil; Visualisation, Formal analysis Fatih Sen; Writing - review and editing, Verification, Research,

Funding

References

[1] S. Nekoei, M. Rezvan, F. Khamesipour, C. Mayack, M. B. Molento, and P. D. Revainera, “A Systematic Review of Honey Bee Infections
and Available Treatment Options,” Vet. Med. Sci., vol. 9, no. 4, pp. 1848-1860, Jul. 2023, doi: 10.1002/vms3.1194.

[2] B. Olas, “Bee Products as Interesting Natural Agents for the Prevention and Treatment of Common Cardiovascular Diseases,” Nutrients,
vol. 14, no. 11, p. 2267, May 2022, doi: 10.3390/nu14112267.

[3] E. Amiri, M. Strand, O. Rueppell, and D. Tarpy, “Queen Quality and the Impact of Honey Bee Diseases on Queen Health: Potential for
Interactions between Two Major Threats to Colony Health,” Insects, vol. 8, no. 2, p. 48, May 2017, doi: 10.3390/insects8020048.

[4] H. Kim, S.-Y. Park, and G. Lee, “Potential Therapeutic Applications of Bee Venom on Skin Disease and Its Mechanisms: A Literature
Review,” Toxins (Basel)., vol. 11, no. 7, p. 374, Jun. 2019, doi: 10.3390/toxins11070374.

[5] J. Ebeling, A. Fiinfhaus, and S. Gisder, “Special Issue: Honey Bee Pathogens and Parasites,” Vet. Sci., vol. 9, no. 10, p. 515, Sep. 2022,
doi: 10.3390/vetsci9100515.

[6] H. Tutun, N. Kog, and A. Kart, “Plant Essential Oils Used Against Some Bee Diseases,” Turkish J. Agric. - Food Sci. Technol., vol. 6,
no. 1, pp. 34-45, Feb. 2018, doi: 10.24925/turjaf.v6i1.34-45.1502.

[7] P. J. Marin-Garcia, Y. Peyre, A. E. Ahuir-Baraja, M. M. Garijo, and L. Llobat, “The Role of Nosema Ceranae (Microsporidia:
Nosematidae) in Honey Bee Colony Losses and Current Insights on Treatment,” Vet. Sci., vol. 9, no. 3, p. 130, Mar. 2022, doi:
10.3390/vetsci9030130.

[8] M. Goblirsch, “Nosema Ceranae Disease of the Honey Bee (Apis Mellifera),” Apidologie, vol. 49, no. 1, pp. 131-150, Feb. 2018, doi:
10.1007/s13592-017-0535-1.

[9] A. G. .Dolezal and A. L. Toth, “Feedbacks Between Nutrition and Disease in Honey Bee Health,” Curr. Opin. Insect Sci., vol. 26, pp.
114-119, Apr. 2018, doi: 10.1016/j.c0is.2018.02.006.

[10] M. Sarwar, “Fungal Diseases of Honey Bees ( Hymenoptera : Apidae ) That Induce Considerable Losses to Colonies and Protocol for
Treatment,” Int. J. Zool. Stud., vol. 1, no. 1, pp. 8-13, 2016.

[11] K. Kuzysinova, D. Mudrofiova, J. Topor¢ak, L. Molnar, and P. Javorsky, “The Use of Probiotics, Essential Oils and Fatty Acids in the
Control of American Foulbrood and Other Bee Diseases,” J. Apic. Res., vol. 55, no. 5, pp. 386-395, Dec. 2016, doi:
10.1080/00218839.2016.1252067.

[12] E. Halvaci, T. Kozak, M. Giil, H. Kars, and F. Sen, “Bee Anatomy: A Comprehensive Overview of Bee Morphology and Physiology,” /
J. Sci. Reports-B, vol. 8, pp. 1-19, 2023.

[13] J. Ebeling et al., “A Comparison of Different Matrices for the Laboratory Diagnosis of the Epizootic American Foulbrood of Honey
Bees,” Vet. Sci., vol. 10, no. 2, p. 103, Feb. 2023, doi: 10.3390/vetsci10020103.

[14] M. Djukic et al., “Comparative Genomics and Description of Putative Virulence Factors of Melissococcus plutonius, the Causative Agent
of European Foulbrood Disease in Honey Bees,” Genes (Basel)., vol. 9, no. 8, p. 419, Aug. 2018, doi: 10.3390/genes9080419.

[15] A. Gregorc and B. Sampson, “Diagnosis of Varroa Mite (Varroa destructor) and Sustainable Control in Honey Bee (Apis mellifera)
Colonies,” Diversity, vol. 11, no. 12, p. 243, Dec. 2019, doi: 10.3390/d11120243.

[16] K. S. Traynor et al., “Varroa Destructor: A Complex Parasite, Crippling Honey Bees Worldwide,” Trends Parasitol., vol. 36, no. 7, pp.
592-606, Jul. 2020, doi: 10.1016/j.pt.2020.04.004.

[17] J. M. Flores et al., “Impact of Varroa Destructor and Associated Pathologies On the Colony Collapse Disorder Affecting Honey Bees,”
Res. Vet. Sci., vol. 135, pp. 85-95, Mar. 2021, doi: 10.1016/j.rvsc.2021.01.001.

[18] J. Wegener et al., “Pathogenesis of Varroosis at the Level of the honey bee (Apis Mellifera) Colony,” J. Insect Physiol., vol. 91-92, pp.
1-9, Aug. 20186, doi: 10.1016/j.jinsphys.2016.06.004.

[19] F. Masood et al., “Evaluating Approved and Alternative Treatments Against an Oxytetracycline-Resistant Bacterium Responsible for
European Foulbrood Disease in Honey Bees,” Sci. Rep., vol. 12, no. 1, p. 5906, Apr. 2022, doi: 10.1038/s41598-022-09796-4.

[20] A.J. Burnham, “Scientific Advances in Controlling Nosema Ceranae (Microsporidia) Infections in Honey Bees (Apis mellifera),” Front.
Vet. Sci., vol. 6, Mar. 2019, doi: 10.3389/fvets.2019.00079.

[21] J. Belsky, D. J. Biddinger, N. Seiter, and N. K. Joshi, “Various Routes of Formulated Insecticide Mixture Whole-Body Acute Contact
Toxicity to Honey Bees (Apis Mellifera),” Environ. Challenges, vol. 6, p. 100408, Jan. 2022, doi: 10.1016/j.envc.2021.100408.

[22] E. Halvaci, T. Kozak, M. Giil, H. Kars, R. Bayat, and F. Sen, “Journey to the Sweet World of Beekeeping : Historical Development ,
Honey Harvesting and Overview of Bee Products,” pp. 39-58, 2024.

[23] E. Genersch, J. D. Evans, and I. Fries, “Honey bee disease overview,” J. Invertebr. Pathol., vol. 103, pp. S2-S4, Jan. 2010, doi:
10.1016/j.jip.2009.07.015.

[24] J. D. Hitchcock, J. O. Moffett, J. J. Lackett, and J. R. Elliott, “Tylosin for Control of American Foulbrood Disease in Honey Bees134,”

J. Econ. Entomol., vol. 63, no. 1, pp. 204-207, 1970, doi: 10.1093/jee/63.1.204.
47



[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]
[37]
[38]

[39]

[40]

[41]

[42]
[43]
[44]
[45]
[46]

[47]
[48]

[49]
[50]
[51]
[52]
[53]
[54]

[55]

Gul, et. al., (2025)/ Journal of Scientific Reports-C, 9, 28-53

M. Ye, X. Li, F. Yang, and B. Zhou, “Beneficial bacteria as biocontrol agents for American foulbrood disease in honey bees (Apis
mellifera),” J. Insect Sci., vol. 23, no. 2, pp. 1-5, 2023, doi: 10.1093/jisesa/iead013.

J. G. Stephan, J. R. De Miranda, and E. Forsgren, “American foulbrood in a honeybee colony: Spore-symptom relationship and
feedbacks,” BMC Ecol., vol. 20, no. 1, pp. 1-14, 2020, doi: 10.1186/s12898-020-00283-w.

M. Spivak and G. S. Reuter, “Resistance to American foulbrood disease by honey bee colonies Apis mellifera bred for hygienic behavior,”
Apidologie, vol. 32, pp. 555-565, 2001.

E. Borum, “Arilarin Yavru Ciiriikliigii Infeksiyonlarinda Dogru Teshis, Miicadele ve Korunma Yéntemleri,” vol. 14, no. May, pp. 44—
55, 2014.

S. 0. Uygur and A. O. Girisgin, “Bal Aris1 Hastalik ve Zararlilar,” Uludag Aricilik Derg., vol. 8, no. 4, pp. 130-142, 2008.

M. Lopez-Uribe and R. Underwood, “Honey Bee Diseases: American Foulbrood,” PenneState Ext., no. 1, pp. 1-6, 2022.

A. T. Truong et al., “Probiotic candidates for controlling Paenibacillus larvae, a causative agent of American foulbrood disease in honey
bee,” BMC Micraobiol., vol. 23, no. 1, pp. 1-11, 2023, doi: 10.1186/s12866-023-02902-0.

M. Moharrami, N. Mojgani, M. Bagheri, and S. Toutiaee, “Role of Honey Bee Gut Microbiota in the Control of American Foulbrood
and European Foulbrood Diseases,” Arch. Razi Inst., vol. 77, no. 4, pp. 1331-1339, 2022, doi: 10.22092/AR1.2022.358073.2146.

E. Forsgren and A. T. Laugen, “Prognostic value of using bee and hive debris samples for the detection of American foulbrood disease
in honey bee colonies,” Apidologie, vol. 45, no. 1, pp. 10-20, 2014, doi: 10.1007/s13592-013-0225-6.

R. M. Alonso-Salces et al., “Natural strategies for the control of Paenibacillus larvae, the causative agent of American foulbrood in honey
bees: a review,” Apidologie, vol. 48, no. 3, pp. 387-400, 2017, doi: 10.1007/s13592-016-0483-1.

M. Alburaki, S. K. Abban, J. D. Evans, and Y. P. Chen, “Occurrence and distribution of two bacterial brood diseases (American and
European foulbrood) in US honey bee colonies and resistance to antibiotics from 2015 to 2022,” J. Apic. Res., vol. 0, no. 0, pp. 1-10,
2024, doi: 10.1080/00218839.2024.2329854.

M. F. Feldlaufer, J. S. Pettis, J. P. Kochansky, and G. Stiles, “Lincomycin hydrochloride for the control of American foulbrood disease
of honey bees,” Apidologie, vol. 32, no. 6, pp. 547-554, 2001, doi: 10.1051/apido:2001100.

H. Hansen and C. J. Bradsgaard, “American foulbrood: A review of'its biology, diagnosis and control,” Bee World, vol. 80, no. 1, pp. 5—
23,1999, doi: 10.1080/0005772X.1999.11099415.

D. C. De Graaf et al., “Diagnosis of American foulbrood in honey bees: A synthesis and proposed analytical protocols,” Lett. Appl.
Microbiol., vol. 43, no. 6, pp. 583-590, 2006, doi: 10.1111/j.1472-765X.2006.02057..x.

B. Bak, J. Szkota, J. Wilk, P. Artiemjew, and J. Wilde, “In-Field Detection of American Foulbrood (AFB) by Electric Nose Using
Classical Classification Techniques and Sequential Neural Networks,” Sensors, vol. 22, no. 3, p. 1148, Feb. 2022, doi:
10.3390/s22031148.

I. Abdullah, S. R. Gary, and S. Marla, “Field trial of honey bee colonies bred for mechanisms of resistance against Varroa destructor,”
Apidologie, vol. 38, pp. 67-76, 2007, doi: 10.1051/apido.

A. S. Floyd, B. M. Mott, P. Maes, D. C. Copeland, Q. S. McFrederick, and K. E. Anderson, “Microbial ecology of european foul brood
disease in the honey bee (Apis mellifera): Towards a microbiome understanding of disease susceptibility,” Insects, vol. 11, no. 9, pp. 1-
16, 2020, doi: 10.3390/insects11090555.

E. Forsgren, G. E. Budge, J. D. Charriére, and M. A. Z. Hornitzky, “Standard methods for European foulbrood research,” J. Apic. Res.,
vol. 52, no. 1, 2013, doi: 10.3896/IBRA.1.52.1.12.

P. R. S. Rajamanoharan and S. Vivekanandarajah Sathasivampillai, “The role of honey in pediatric treatments in Sri Lankan Siddha
medicine,” Uludag Aricilik Derg., vol. 20, no. 2, pp. 83-90, 2021, doi: 10.31467/uluaricilik.781259.

E. Forsgren, “European foulbrood in honey bees,” J. Invertebr. Pathol., vol. 103, no. SUPPL. 1, pp. S5-S9, 2010, doi:
10.1016/j.jip.2009.06.016.

O. Lewkowski and S. Erler, “Virulence of Melissococcus plutonius and secondary invaders associated with European foulbrood disease
of the honey bee,” Microbiologyopen, vol. 8, no. 3, pp. 1-9, 2019, doi: 10.1002/mbo3.649.

M. T. Student et al., “Nevsehir Ili Merkez Karsidag Mevkii Apis mellifera Apis mellifera (Insecta: Hymenoptera: Apidae) Taksonu
Biyoekolojisi ve Morfolojisi Uzerine Arastirma,” Front. Neurosci., vol. 14, no. 1, pp. 1-13, 2021.

A. Wicaksana and T. Rachman, “Ar1 Hastaliklar1,” Angew. Chemie Int. Ed. 6(11), 951-952., vol. 3, no. 1, pp. 10-27, 2018.

K. Papadopoulou-Karabela, N. lliadis, V. Liakos, and E. Bourdzy-Hatzopoulou, “Experimental infection of honeybees by Pseudomonas
aeruginosa,” Apidologie, vol. 23, no. 5, pp. 393-397, 1992, doi: 10.1051/apido:19920501.

M. A. Kirpik and C. Kadirhan, “Bacterial Diseases of Honey Bee (Apis mellifera),” Sci. Technique 21st Century, vol. 2, no. 3, pp. 1-18,
2015.

O. Ertiirk and B. Tas, “Bacterial Flora Analysis in Mud Nests of Alien Invasive Wasps (Sceliphron curvatum Smith, 1870),” Ordu
Universitesi Bilim ve Teknol. Derg., vol. 13, no. 1, pp. 37-43, 2023, doi: 10.54370/ordubtd.1274632.

H. Q. Zheng and Y. P. Chen, “Detection of spiroplasma melliferum in honey bee colonies in the US,” J. Invertebr. Pathol., vol. 119, pp.
47-49, 2014, doi: 10.1016/j.jip.2014.03.006.

M. Sarwar, “Challenges due to bacterial infections of the honey bees and contributions to manage pest problems,” Int. J. Entomol. Res.
Issue, vol. 1, no. 1, pp. 2455-4758, 2016.

P. E. Lee and B. Furgala, “Electron microscopy of sacbrood virus in situ,” Virology, vol. 25, no. 3, pp. 387-392, 1965, doi: 10.1016/0042-
6822(65)90059-0.

1. Balkaya, H. Giilbaz, H. Avcioglu, and E. Giiven, “Tiirkiye’de Goriilen Bal Arisi (Apis mellifera) Hastaliklari,” Ataturk Univ. Vet.
Bilim. Derg., vol. 11, no. 3, pp. 339-347, 2016, doi: 10.17094/ataunivbd.282993.

M. Mingxiao, L. Ming, C. Jian, Y. Song, W. Shude, and L. Pengfei, “Molecular and biological characterization of chinese sacbrood virus

48



[56]
[57]
[58]

[59]

[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]

[69]
[70]

[71]

[72]
[73]

[74]
[75]

[76]
[77]
[78]
[79]
[80]
[81]

[82]
[83]

[84]
[85]

[86]

Gul, et.al. (2025)/ Journal of Scientific Reports-C, 9, 28-53

LN isolate,” Comp. Funct. Genomics, vol. 2011, 2011, doi: 10.1155/2011/409386.

P. Tuncer and K. Yesilbag, “Bal Arilarinin Viral Hastaliklar1,” 47z Bilimi / Bee Sci., vol. 9, no. November, pp. 149-161, 2009.

P. Blanchard et al., “Development and validation of a real-time two-step RT-qPCR TagMan® assay for quantitation of Sacbrood virus
(SBV) and its application to a field survey of symptomatic honey bee colonies,” J. Virol. Methods, vol. 197, pp. 7-13, 2014, doi:
10.1016/j.jviromet.2013.09.012.

L. Bailey, “The multiplication and spread of sacbrood virus of bees,” Ann. Appl. Biol., vol. 63, no. 3, pp. 483-491, 1969, doi:
10.1111/j.1744-7348.1969.th02844 .

W. F. Huang, S. Mehmood, S. Huang, Y. W. Chen, C. Y. Ko, and S. Su, “Phylogenetic analysis and survey of Apis cerana strain of
Sacbrood virus (AcSBV) in Taiwan suggests a recent introduction,” J. Invertebr. Pathol., vol. 146, pp. 36-40, 2017, doi:
10.1016/j.jip.2017.04.001.

R. C. Ghosh, B. V. Ball, M. M. Willcocks, and M. J. Carter, “The nucleotide sequence of sacbrood virus of the honey bee: An insect
picorna-like virus,” J. Gen. Virol., vol. 80, no. 6, pp. 1541-1549, 1999, doi: 10.1099/0022-1317-80-6-1541.

L. Bailey, A.J. Gibbs, and R. D. Woods, “Sacbrood virus of the larval honey bee (Apis mellifera linnaeus),” Virology, vol. 23, no. 3, pp.
425-429, 1964, doi: 10.1016/0042-6822(64)90266-1.

B. Arici, “Tokat ve Ordu Illerindeki Bal Arilarinda (Apis mellifera L.) Deforme Kanat Viriisii (DWV) ve Tulumsu Yavru Ciiriikliigii
Viriisii (SBV) Varliginin Arastirilmasi,” vol. 2, no. 1, pp. 1-8, 2009.

J. R. de Miranda, G. Cordoni, and G. Budge, “The Acute bee paralysis virus-Kashmir bee virus-Israeli acute paralysis virus complex,” J.
Invertebr. Pathol., vol. 103, no. SUPPL. 1, pp. S30-S47, 2010, doi: 10.1016/j.jip.2009.06.014.

J. R. de Miranda et al., “Complete nucleotide sequence of Kashmir bee virus and comparison with acute bee paralysis virus,” J. Gen.
Virol., vol. 85, no. 8, pp. 2263-2270, 2004, doi: 10.1099/vir.0.79990-0.

M. F. Allen and B. V. Ball, “Characterisation and serological relationships of strains of Kashmir bee virus,” Ann. Appl. Biol., vol. 126,
no. 3, pp. 471-484, 1995, doi: 10.1111/j.1744-7348.1995.th05382.x.

G. E. Budge et al., “Chronic bee paralysis as a serious emerging threat to honey bees,” Nat. Commun., vol. 11, no. 1, pp. 1-7, 2020, doi:
10.1038/541467-020-15919-0.

A. Giiller, M. Usta, G. Cakar, and Z. Kurt, “Molecular characterization of Deformed wing viruses identified in honeybee (Apis mellifera
L.) colonies in Erzincan province of Turkey,” Eur. J. Sci. Technol., vol. 2021, no. 27, pp. 186-192, 2021, doi: 10.31590/ejosat.951040.

S. Kiziltepe, R. Akpinar, A. Akman, S. Kaya, and S. N. Celik, “Igdir ilinde Goriilen Ar1 Kolonisi Kayiplarinda Viral ve Paraziter
Etkenlerin Rolii,” Igdur Universitesi Fen Bilim. Enstitiisii Derg., vol. 13, no. 2, pp. 858-871, 2023, doi: 10.21597/jist.1184308.

Y. Yildirim, “Bal Arilarinin Viral Hastaliklari,” Cukurova Univ. Agric. Fac., vol. 1, no. 35, pp. 57-66, 2020, doi: 10.36846/cjafs.2020.18.
A. Balkaya, A. Giiller, M. Usta, and Z. Kurt, “Prevalence of Deformed wing virus and Chronic bee paralysis virus in Honey Bee Colonies
of Bingél province, Turkey,” Igdir Universitesi Fen Bilim. Enstitiisii Derg., vol. 13, no. 1, pp. 44-53, 2023, doi: 10.21597/jist.1059418.
S. Gisder and E. Genersch, “ Direct Evidence for Infection of Varroa destructor Mites with the Bee-Pathogenic Deformed Wing Virus
Variant B, but Not Variant A, via Fluorescence In Situ Hybridization Analysis,” J. Virol., vol. 95, no. 5, 2021, doi: 10.1128/jvi.01786-
20.

F. S. de Souza, M. H. Allsopp, and S. J. Martin, “Deformed wing virus prevalence and load in honeybees in South Africa,” Arch. Virol.,
vol. 166, no. 1, pp. 237-241, 2021, doi: 10.1007/s00705-020-04863-5.

J. L. Kevill, K. C. Stainton, D. C. Schroeder, and S. J. Martin, “Deformed wing virus variant shift from 2010 to 2016 in managed and
feral UK honey bee colonies,” Arch. Virol., vol. 166, no. 10, pp. 2693-2702, 2021, doi: 10.1007/s00705-021-05162-3.

M. Giirgay and M. A. Kutlu, “Important Viruses of Honey Bees,” Int. J. Food, Agric. Anim. Sci., vol. 2, no. 2, pp. 29-41, 2022.

S. Bhatia, S. S. Baral, C. Vega Melendez, E. Amiri, and O. Rueppell, “Comparing survival of israeli acute paralysis virus infection among
stocks of U.S. honey bees,” Insects, vol. 12, no. 1, pp. 1-13, 2021, doi: 10.3390/insects12010060.

L. Bailey, “The Epidemiology and Control of Nosema Disease of the Honey-Bee,” Ann. Appl. Biol., vol. 43, no. 3, pp. 379-389, 1955,
doi: 10.1111/j.1744-7348.1955.tb02488.x.

Y. Chen et al., “Asymmetrical coexistence of Nosema ceranae and Nosema apis in honey bees,” J. Invertebr. Pathol., vol. 101, no. 3, pp.
204-209, 2009, doi: 10.1016/j.jip.2009.05.012.

R. Galajda, A. Valen¢akova, M. Sucik, and P. Kandracova, “Nosema disease of european honey bees,” J. Fungi, vol. 7, no. 9, 2021, doi:
10.3390/jof7090714.

D. L. Miller, E. A. Smith, and I. L. G. Newton, “A bacterial symbiont protects honey bees from fungal disease,” MBio, vol. 12, no. 3, pp.
2-7, 2021, doi: 10.1128/mBi0.00503-21.

1. Fries, “Nosema Apis- A Parasite in the Honey Bee Colony,” Bee World, vol. 74, no. 1, pp. 5-19, 1993, doi:
10.1080/0005772X.1993.11099149.

H. S. Abdulhay and M. 1. Yonius, “Effects of diseases and pests on honey bee (Apis mellifera) in different parts in Baghdad city, Iraq,”
Plant Arch., vol. 20, pp. 220-223, 2020.

I. Fries et al., “Standard methods for Nosema research,” J. Apic. Res., vol. 52, no. 1, pp. 1-28, 2013, doi: 10.3896/IBRA.1.52.1.14.

D. Y. Kim et al., “The Ascosphaera Apis Infection (Chalkbrood Disease) Alters the Gut Bacteriome Composition of the Honeybee,”
Pathogens, vol. 12, no. 5, p. 734, May 2023, doi: 10.3390/pathogens12050734.

i. Seven and P. Tath Seven, “Teknik Aricilikta Kritik Bakim ve Besleme Uygulamalar1,” Firat Universitesi Saglik Bilim. Vet. Derg., vol.
32, no. 2, pp. 147-154, 2018.

A. Zerek, “Hatay Ili Aricilik Isletmelerinde Nosema ve Amoeba Enfeksiyonlarinin Yaygnligr,” Turkish J. Agricultural Nat. Sciences,
vol. 9, no. 4, pp. 976-981, 2022.

D. R. Kugonza, “Africa under attack: a continent-wide mapping of pathogens, parasites and predators afflicting the hived honey bee Apis

49



[87]
(88]
[89]
[90]
[91]

[92]
[93]

[94]

[95]

[96]
[97]
[98]
[99]
[100]
[101]
[102]
[103]

[104]

[105]
[106]
[107]

[108]

[109]

[110]
[111]
[112]

[113]

[114]

Gul, et. al., (2025)/ Journal of Scientific Reports-C, 9, 28-53

mellifera L.(Hymenoptera: Apidae),” African J. Rural Dev., vol. 5, no. 2, pp. 1-27, 2021.

M. Rossi, S. R. Ott, and J. E. Niven, “Malpighamoeba infection compromises fluid secretion and P-glycoprotein detoxification in
Malpighian tubules,” Sci. Rep., vol. 10, no. 1, pp. 1-12, 2020, doi: 10.1038/s41598-020-72598-z.

N. Sahinler and A. Giil, “Investigation of Bee Diseases in Beekeeping Enterpricese in Hatay Province,” Uludag Bee J., vol. 1, no. 5, pp.
27-31, 2005.

H. Simsek, “Elazig Y oresi Bal Arularinda Bazi Parazit ve Mantar Hastaliklarinin Arastirilmasi,” pp. 123-126, 2005.

A. E. Borum and M. Ulgen, “Giiney Marmara Bélgesinde Bal Arilarinin Chalkbrood (Ascosphaera Apis) Infeksiyonunda Predispozisyon
Faktorleri Predisposing Factors for Chalkbrood (Ascosphaera apis) Infection in Honey Bees in Northwest Turkey,” Ar1 Bilimi / Bee Sci.,
vol. 10, no. May, pp. 56-69, 2010.

K. A. Aronstein and K. D. Murray, “Chalkbrood disease in honey bees,” J. Invertebr. Pathol., vol. 103, no. SUPPL. 1, pp. S20-S29,
2010, doi: 10.1016/}.jip.2009.06.018.

U. Lermi, “Bartin Y 6resi Bal Aris1 (Apis Mellifera L.) Zararlilar1 ve Hastaliklar1,” vol. 2, no. 5, pp. 1-179, 2010.

A. B. Jensen, K. Aronstein, J. M. Flores, S. Vojvodic, M. A. Palacio, and M. Spivak, “Standard methods for fungal brood disease
research,” J. Apic. Res., vol. 52, no. 1, 2013, doi: 10.3896/IBRA.1.52.1.13.

J. B. Benoit, J. A. Yoder, D. Sammataro, and L. W. Zettler, “Mycoflora and fungal vector capacity of the parasitic mite varroa destructor
(mesostigmata: Varroidae) in honey bee (hymenoptera: Apidae) colonies,” Int. J. Acarol., vol. 30, no. 2, pp. 103-106, 2004, doi:
10.1080/01647950408684376.

A. M. Shehabeldine, A. H. Hashem, and A. 1. Hasaballah, “Antagonistic effect of gut microbiota of the Egyptian honeybees, Apis
mellifera L. against the etiological agent of Stonebrood disease,” Int. J. Trop. Insect Sci., vol. 42, no. 2, pp. 1357-1366, 2022, doi:
10.1007/542690-021-00654-w.

K. Foley, G. Fazio, A. B. Jensen, and W. O. H. Hughes, “The distribution of Aspergillus spp. opportunistic parasites in hives and their
pathogenicity to honey bees,” Vet. Microbiol., vol. 169, no. 3—-4, pp. 203-210, 2014, doi: 10.1016/j.vetmic.2013.11.029.

M. N. Shoreit and M. M. K. Bagy, “Mycoflora associated with stonebrood disease in honeybee colonies in Egypt,” Microbiol. Res., vol.
150, no. 2, pp. 207-211, 1995, doi: 10.1016/S0944-5013(11)80058-3.

A. Alizadeh and M. S. Mossadegh, “Stonebrood and some other fungi associated with Apis florea in iran,” J. Apic. Res., vol. 33, no. 4,
pp. 213-218, 1994, doi: 10.1080/00218839.1994.11100874.

S. Vojvodic, A. B. Jensen, R. R. James, J. J. Boomsma, and J. Eilenberg, “Temperature dependent virulence of obligate and facultative
fungal pathogens of honeybee brood,” Vet. Microbiol., vol. 149, no. 1-2, pp. 200-205, 2011, doi: 10.1016/j.vetmic.2010.10.001.
A.Noél, Y. Le Conte, and F. Mondet, “Varroa destructor: How does it harm Apis mellifera honey bees and what can be done about it?,”
Emerg. Top. Life Sci., vol. 4, no. 1, pp. 45-57, 2020, doi: 10.1042/ETLS20190125.

J. Dittes, H. Aupperle-Lellbach, M. O. Schéfer, C. K. W. Miilling, and I. U. Emmerich, “Veterinary Diagnostic Approach of Common
Virus Diseases in Adult Honeybees,” Vet. Sci., vol. 7, no. 4, p. 159, Oct. 2020, doi: 10.3390/vetsci7040159.

A.J. Mohammed, K. Abdul, and R. Fhad, “Evaluation Of Oils And Extracts Of Some Natural Materials In The Management Of Varroa
Jacobsoni Oudemans Mites On Apis Mellifera Honey Bees In Basrah Province,” Volatiles Essent. Oils, vol. 9, no. 1, pp. 561-574, 2022.
L. Aydin, “Aethina tumida (Small Hive Beetle; SHB) and Tropilaelaps spp. Mite; an emerging threat to Turkey Honey Bees,” Ankara
Univ. Vet. Fak. Derg., vol. 69, no. 3, pp. 347-354, 2022, doi: 10.33988/auvfd.1019154.

A. O. Girisgin, L. Aydin, and Y. E. Yoriik, “Hypothetical study of Small Hive Beetle Aethina tumida Infestation in Honeybees, Risk
Commodities and Probabilities for Its Introduction in Tiirkiye,” Kafkas Univ. Vet. Fak. Derg., vol. 28, no. 6, pp. 733-737, 2022, doi:
10.9775/kvfd.2022.28027.

A. Nanetti, J. D. Ellis, I. Cardaio, and G. Cilia, “Detection of lotmaria passim, crithidia mellificae and replicative forms of deformed wing
virus and kashmir bee virus in the small hive beetle (Aethina tumida),” Pathogens, vol. 10, no. 3, 2021, doi: 10.3390/pathogens10030372.
Z. A.Jamal et al., “Future expansion of small hive beetles, Aethina tumida, towards North Africa and South Europe based on temperature
factors using maximum entropy algorithm,” J. King Saud Univ. - Sci., vol. 33, no. 1, p. 101242, 2021, doi: 10.1016/j.jksus.2020.101242.
P. Neumann, J. S. Pettis, and M. O. Schifer, “Quo vadis Aethina tumida? Biology and control of small hive beetles,” Apidologie, vol.
47, no. 3, pp. 427-466, 2016, doi: 10.1007/s13592-016-0426-X.

H. Hernandez Torres, A. Georgievich Kirejtshuk, C. Nuiiez Vazquez, and O. Garcia Martinez, “On Aethina tumida Murray (Coleoptera:
Nitidulidae: Nitidulinae) in hives of Apis mellifera Linnaeus (Hymenoptera: Apidae) in Campeche, México,” J. Apic. Res., vol. 62, no.
2, pp. 326-329, 2023, doi: 10.1080/00218839.2021.1889223.

A. Karahan, M. A. Kutlu, E. Zengin, and i. Karaca, “Awareness of Beekeepers About the Small Hive Beetle [ Aethina tumida ( Murray
, 1867 ) ( Coleoptera : Nitidulidae )], Which is A Threat to Beekeeping in Turkey,” BinBee Art ve Dogal Uriinler Derg., vol. 1, no.
January, pp. 19-28, 2022.

L. Wu, L. Li, Y. Xu, Q. Li, F. Liu, and H. Zhao, “Identification and characterization of CYP307A1 as a molecular target for controlling
the small hive beetle, Aethina tumida,” Pest Manag. Sci., vol. 79, no. 1, pp. 37-44, 2023, doi: 10.1002/ps.7146.

G. F. de Landa et al., “Pathogens Detection in the Small Hive Beetle (Acthina tumida (Coleoptera: Nitidulidae)),” Neotrop. Entomol.,
vol. 50, no. 2, pp. 312-316, 2021, doi: 10.1007/s13744-020-00812-8.

A. C. Croce and F. Scolari, “Autofluorescent Biomolecules in Diptera: From Structure to Metabolism and Behavior,” Molecules, vol. 27,
no. 14, pp. 1-27, 2022, doi: 10.3390/molecules27144458.

M. M. Keshlaf, H. B. Mirwan, S. Ghana, S. Mubrok, and T. Shaibi, “Prevalence of Varroa mites (Varroa destructor Anderson & Trueman)
and bee lice (Bruala coeca Nitzsch) in honey bee (Apis mellifera L.) colonies in Libya,” Open Vet. J., vol. 13, no. 7, pp. 834-838, 2023,
doi: 10.5455/0VJ.2023.v13.i7.4.

K. Gratzer, K. Wakjira, S. Fiedler, and R. Brodschneider, “Challenges and perspectives for beekeeping in Ethiopia,” Agron. Sustain.

50



[115]
[116]
[117]

[118]

[119]
[120]

[121]

[122]

[123]

[124]
[125]
[126]
[127]
[128]
[129]

[130]

[131]
[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Gul, et.al. (2025)/ Journal of Scientific Reports-C, 9, 28-53

Dev., vol. 41, no. 4, pp. 2-10, 2021, doi: 10.1007/s13593-021-00702-2.

T. H. Biischer et al., “The exceptional attachment ability of the ectoparasitic bee louse Braula coeca (Diptera, Braulidae) on the
honeybee,” Physiol. Entomol., vol. 47, no. 2, pp. 83-95, 2022, doi: 10.1111/phen.12378.

M. Z. Sharif, X. Jiang, and S. M. Puswal, “Pests, parasitoids, and predators: Can they degrade the sociality of a honeybee colony, and be
assessed via acoustically monitored systems,” J. Entomol. ..., vol. 8, no. 3, pp. 1248-1260, 2020.

M. Pietropaoli et al., “Molecular Detection of Acarapis woodi Using Hive Debris as Innovative and Non-Invasive Matrix,” Appl. Sci.,
vol. 12, no. 6, pp. 10-14, 2022, doi: 10.3390/app12062837.

Y. Sakamoto, T. Maeda, M. Yoshiyama, F. Konno, and J. S. Pettis, “Differential autogrooming response to the tracheal mite Acarapis
woodi by the honey bees Apis cerana and Apis mellifera,” Insectes Soc., vol. 67, no. 1, pp. 95-102, 2020, doi: 10.1007/s00040-019-
00732-w.

C. M. Peixoto, M. E. Correia-Oliveira, and C. A. L. De Carvalho, “Current Status of Acarapis woodi Mite Infestation in Africanized
Honey Bee Apis mellifera in Brazil,” Florida Entomol., vol. 102, no. 4, pp. 775-777, 2019, doi: 10.1653/024.102.0416.

V. V Stolbova, “Current state of Acarapis Hirst mites (Acariformes, Tarsonemidae) distribution and honeybees infestation in Russia,”
Ukr. J. Ecol., vol. 11, no. 1, pp. 291-298, 2021, doi: 10.15421/2021.

S. Takashima, Y. Ohari, and T. Itagaki, “The prevalence and molecular characterization of Acarapis woodi and Varroa destructor mites
in honeybees in the Tohoku region of Japan,” Parasitol. Int., vol. 75, no. December 2019, p. 102052, 2020, doi:
10.1016/j.parint.2020.102052.

1. Serrano, C. Verdial, L. Tavares, and M. Oliveira, “The Virtuous Galleria mellonella Model for Scientific Experimentation,” Antibiotics,
vol. 12, no. 3, pp. 1-25, 2023, doi: 10.3390/antibiotics12030505.

S. S. Saikia, B. K. Borah, G. Baruah, Rokozeno, and M. K. Deka, “Characterization of the gut microbes of greater wax moth (Galleria
mellonella Linnaeus) shows presence of potential polymer degraders,” Folia Microbiol. (Praha)., vol. 67, no. 1, pp. 133-141, 2022, doi:
10.1007/s12223-021-00925-6.

E. Ozgér, “The effects of nosema apis and nosema ceranae infection on survival and phenoloxidase gene expression in galleria mellonella
(Lepidoptera: Galleriidae) compared to apis mellifera,” Insects, vol. 12, no. 10, 2021, doi: 10.3390/insects12100953.

E. M. Hosni, A. A. Al-Khalaf, M. G. Nasser, H. F. Abou-Shaara, and M. H. Radwan, “Modeling the Potential Global Distribution of
Honeybee Pest, Galleria mellonella under Changing Climate,” Insects, vol. 13, no. 5, 2022, doi: 10.3390/insects13050484.

A. A. Egelie, A. N. Mortensen, L. Barber, J. Sullivan, and J. D. Ellis, “Lesser Wax Moth Achroia grisella Fabricius (Insecta: Lepidoptera:
Pyralidae),” Entomol. Nematol. Univ. Florida, pp. 1-4, 2015.

Y. Liu, G. Li, and J. Long, “The complete mitochondrial genome of small wax moth, Achroia grisella (Pyralidae: Galleriinae),”
Mitochondrial DNA Part B Resour., vol. 7, no. 5, pp. 738-740, 2022, doi: 10.1080/23802359.2022.2068984.

L. Diaz-Garcia, A. Reid, J. Jackson-Camargo, and J. Windmill, “Directional passive acoustic structures inspired by the ear of Achroia
grisella,” Proc. Meet. Acoust., vol. 50, no. 1, pp. 1-3, 2022, doi: 10.1121/2.0001715.

Chandresh B. Solanki, Birari Vaishali V., Manishkumar J. Joshi, and Prithiv Raj V., “Enemies of Honey bees and their Management,”
Agric. FOOD e-Newsletter , vol. 2, no. 4, pp. 56-58, 2020.

P. Sabatina, G. Umapathy, and P. A. Saravanan, “Parasitisation Potential Of Egg And Larval Parasitoids Against Lesser Wax Moth
Achroia grisella F. (Lepidoptera: Pyralidae) Under Stored Condition,” Uludag Aricilik Derg., vol. 23, no. 2, pp. 215-223, 2023, doi:
10.31467/uluaricilik.1353063.

E. A. Wallin, B. Kalinova, J. Kindl, E. Hedenstrom, and 1. Valterova, “Stereochemistry of two pheromonal components of the bumblebee
wax moth, Aphomia sociella,” Sci. Rep., vol. 10, no. 1, pp. 1-7, 2020, doi: 10.1038/s41598-020-59069-1.

H. K. Sharma et al., “Seasonal incidence, epidemiology and establishment of different pests and disease in laboratory reared Bombus
haemorrhoidalis Smith,” Int. J. Trop. Insect Sci., vol. 41, no. 4, pp. 2555-2564, 2021, doi: 10.1007/s42690-021-00435-5.

S. E. Schweiger, N. Beyer, A. L. Hass, and C. Westphal, “Pollen and landscape diversity as well as wax moth depredation determine
reproductive success of bumblebees in agricultural landscapes,” Agric. Ecosyst. Environ., vol. 326, no. April 2021, p. 107788, 2022, doi:
10.1016/j.agee.2021.107788.

L. Aydin and S. Ozgiir, “Bal Anlarinda Bulunan Az Onemli Zararl1 Artropodlar (Eklembacaklilar),” Uludag Aricilik Derg., vol. 12, no.
May, pp. 40-54, 2012.

K. Arikan, H. Burhan, E. Sahin, and F. Sen, “A sensitive, fast, selective, and reusable enzyme-free glucose sensor based on monodisperse
AuNi alloy nanoparticles on activated carbon support,” Chemosphere, vol. 291, p. 132718, Mar. 2022, doi:
10.1016/j.chemosphere.2021.132718.

F. Karimi et al., “Efficient green photocatalyst of silver-based palladium nanoparticles for methyle orange photodegradation, investigation
of lipid peroxidation inhibition, antimicrobial, and antioxidant activity,” Food Chem. Toxicol., vol. 169, p. 113406, Nov. 2022, doi:
10.1016/j.fct.2022.113406.

F. G6l, A. Aygiin, A. Seyrankaya, T. Giir, C. Yenikaya, and F. Sen, “Green synthesis and characterization of Camellia sinensis mediated
silver nanoparticles for antibacterial ceramic applications,” Mater. Chem. Phys., vol. 250, p. 123037, Aug. 2020, doi:
10.1016/j.matchemphys.2020.123037.

R. Nagraik, A. Sharma, D. Kumar, S. Mukherjee, F. Sen, and A. P. Kumar, “Amalgamation of biosensors and nanotechnology in disease
diagnosis: Mini-review,” Sensors Int., vol. 2, p. 100089, 2021, doi: 10.1016/j.sintl.2021.100089.

Y. Wu et al., “Hydrogen generation from methanolysis of sodium borohydride using waste coffee oil modified zinc oxide nanoparticles
and their photocatalytic activities,” Int. J. Hydrogen Energy, vol. 48, no. 17, pp. 6613-6623, Feb. 2023, doi:
10.1016/j.ijhydene.2022.04.177.

K. Arikan, H. Burhan, R. Bayat, and F. Sen, “Glucose nano biosensor with non-enzymatic excellent sensitivity prepared with nickel—

51



[141]

[142]
[143]

[144]

[145]
[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]
[158]

[159]

[160]

[161]

[162]

[163]

[164]

Gul, et. al., (2025)/ Journal of Scientific Reports-C, 9, 28-53

cobalt nanocomposites on f-MWCNT,” Chemosphere, vol. 291, p. 132720, Mar. 2022, doi: 10.1016/j.chemosphere.2021.132720.

H. Karimi-Maleh, K. Cellat, K. Arikan, A. Savk, F. Karimi, and F. Sen, “Palladium-Nickel nanoparticles decorated on Functionalized-
MWCNT for high precision non-enzymatic glucose sensing,” Mater. Chem. Phys., vol. 250, p. 123042, Aug. 2020, doi:
10.1016/j.matchemphys.2020.123042.

E. Demir, A. Savk, B. Sen, and F. Sen, “A novel monodisperse metal nanoparticles anchored graphene oxide as Counter Electrode for
Dye-Sensitized Solar Cells,” Nano-Structures & Nano-Objects, vol. 12, pp. 41-45, Oct. 2017, doi: 10.1016/j.nan0s0.2017.08.018.

A. Aygun, G. Sahin, R. N. E. Tiri, Y. Tekeli, and F. Sen, “Colorimetric sensor based on biogenic nanomaterials for high sensitive detection
of hydrogen peroxide and multi-metals,” Chemosphere, vol. 339, p. 139702, Oct. 2023, doi: 10.1016/j.chemosphere.2023.139702.

B. Sen, S. Kuzu, E. Demir, T. Onal Okyay, and F. Sen, “Hydrogen liberation from the dehydrocoupling of dimethylamine—borane at
room temperature by using novel and highly monodispersed RuPtNi nanocatalysts decorated with graphene oxide,” Int. J. Hydrogen
Energy, vol. 42, no. 36, pp. 23299-23306, Sep. 2017, doi: 10.1016/j.ijhydene.2017.04.213.

“Front Matter,” in Nanomaterials for Direct Alcohol Fuel Cells, Elsevier, 2021, pp. i—ii. doi: 10.1016/B978-0-12-821713-9.09990-X.
H. Goksu, Y. Yildiz, B. Celik, M. Yazici, B. Kilbas, and F. Sen, “Eco-friendly hydrogenation of aromatic aldehyde compounds by tandem
dehydrogenation of dimethylamine-borane in the presence of a reduced graphene oxide furnished platinum nanocatalyst,” Catal. Sci.
Technol., vol. 6, no. 7, pp. 2318-2324, 2016, doi: 10.1039/C5CY01462J.

N. Lolak, E. Kuyuldar, H. Burhan, H. Goksu, S. Akocak, and F. Sen, “Composites of Palladium—Nickel Alloy Nanoparticles and
Graphene Oxide for the Knoevenagel Condensation of Aldehydes with Malononitrile,” ACS Omega, vol. 4, no. 4, pp. 68486853, Apr.
2019, doi: 10.1021/acsomega.9b00485.

F. Sen and G. Gokagag, “Improving Catalytic Efficiency in the Methanol Oxidation Reaction by Inserting Ru in Face-Centered Cubic Pt
Nanoparticles Prepared by a New Surfactant, tert -Octanethiol,” Energy & Fuels, vol. 22, no. 3, pp. 1858-1864, May 2008, doi:
10.1021/ef700575t.

Z. Ozturk, F. Sen, S. Sen, and G. Gokagac, “The preparation and characterization of nano-sized Pt-Pd/C catalysts and comparison of
their superior catalytic activities for methanol and ethanol oxidation,” J. Mater. Sci., vol. 47, no. 23, pp. 8134-8144, Dec. 2012, doi:
10.1007/s10853-012-6709-3.

F. Sen, A. A. Boghossian, S. Sen, Z. W. Ulissi, J. Zhang, and M. S. Strano, “Observation of Oscillatory Surface Reactions of Riboflavin,
Trolox, and Singlet Oxygen Using Single Carbon Nanotube Fluorescence Spectroscopy,” ACS Nano, vol. 6, no. 12, pp. 10632-10645,
Dec. 2012, doi: 10.1021/nn303716n.

E. Erken, Y. Yildiz, B. Kilbas, and F. Sen, “Synthesis and Characterization of Nearly Monodisperse Pt Nanoparticles for C 1 to C 3
Alcohol Oxidation and Dehydrogenation of Dimethylamine-borane (DMAB),” J. Nanosci. Nanotechnol., vol. 16, no. 6, pp. 5944-5950,
Jun. 2016, doi: 10.1166/jnn.2016.11683.

B. Demirkan et al., “Palladium supported on polypyrrole/reduced graphene oxide nanoparticles for simultaneous biosensing application
of ascorbic acid, dopamine, and uric acid,” Sci. Rep., vol. 10, no. 1, p. 2946, Feb. 2020, doi: 10.1038/s41598-020-59935-y.

B. Demirkan et al., “Composites of Bimetallic Platinum-Cobalt Alloy Nanoparticles and Reduced Graphene Oxide for Electrochemical
Determination of Ascorbic Acid, Dopamine, and Uric Acid,” Sci. Rep., vol. 9, no. 1, p. 12258, Aug. 2019, doi: 10.1038/s41598-019-
48802-0.

S. Ertan, F. Sen, S. Sen, and G. Gokagag, “Platinum Nanocatalysts Prepared With Different Surfactants for C1-C3 Alcohol Oxidations
and Their Surface Morphologies by AFM,” J. Nanoparticle Res., vol. 14, no. 6, p. 922, Jun. 2012, doi: 10.1007/s11051-012-0922-5.

B. Sen, A. Aygiin, A. Savk, S. Akocak, and F. Sen, “Corrigendum to ‘Bimetallic palladium—iridium alloy nanoparticles as highly efficient
and stable catalyst for the hydrogen evolution reaction’ [Int J Hydrogen Energy 43 (2018) 20183-20191],” Int. J. Hydrogen Energy, vol.
46, no. 39, p. 20792, Jun. 2021, doi: 10.1016/j.ijhydene.2021.04.166.

B. Sen, A. Aygiin, T. O. Okyay, A. Savk, R. Kartop, and F. Sen, “Monodisperse Palladium Nanoparticles Assembled on Graphene Oxide
With the High Catalytic Activity and Reusability in the Dehydrogenation of Dimethylamine Borane,” Int. J. Hydrogen Energy, vol. 43,
no. 44, pp. 20176-20182, Nov. 2018, doi: 10.1016/j.ijhydene.2018.03.175.

F. Sen and G. Gokagag, “Pt Nanoparticles Synthesized With New Surfactants: Improvement in C1-C3 Alcohol Oxidation Catalytic
Activity,” J. Appl. Electrochem., vol. 44, no. 1, pp. 199-207, Jan. 2014, doi: 10.1007/s10800-013-0631-5.

F. Sen, G. Gdkagag, and S. Sen, “High performance Pt nanoparticles prepared by new surfactants for C1 to C3 alcohol oxidation
reactions,” J. Nanoparticle Res., vol. 15, no. 10, p. 1979, Oct. 2013, doi: 10.1007/s11051-013-1979-5.

B. Sen, B. Demirkan, A. Savk, S. Karahan Giilbay, and F. Sen, “Trimetallic PARuNi Nanocomposites Decorated on Graphene Oxide: A
Superior Catalyst for the Hydrogen Evolution Reaction,” Int. J. Hydrogen Energy, vol. 43, no. 38, pp. 17984-17992, Sep. 2018, doi:
10.1016/j.ijhydene.2018.07.122.

R. Ayranci et al., “Enhanced optical and electrical properties of PEDOT via nanostructured carbon materials: A comparative
investigation,” Nano-Structures & Nano-Objects, vol. 11, pp. 13-19, Jul. 2017, doi: 10.1016/j.nan0s0.2017.05.008.

M. B. Askari, P. Salarizadeh, A. Di Bartolomeo, and F. Sen, “Enhanced Electrochemical Performance of MnNi 2 O 4 /GO
Nanocomposite as Pseudocapacitor Electrode Material and Methanol Electro Oxidation Catalyst,” Nanotechnology, vol. 32, no. 32, p.
325707, Aug. 2021, doi: 10.1088/1361-6528/abfded.

R. Ayranci, G. Baskaya, M. Giizel, S. Bozkurt, F. Sen, and M. Ak, “Carbon Based Nanomaterials for High Performance
Optoelectrochemical Systems,” ChemistrySelect, vol. 2, no. 4, pp. 1548-1555, Feb. 2017, doi: 10.1002/slct.201601632.

S. Giinbatar, A. Aygun, Y. Karatas, M. Giilcan, and F. Sen, “Carbon-Nanotube-Based Rhodium Nanoparticles as Highly-Active Catalyst
for Hydrolytic Dehydrogenation of Dimethylamineborane at Room Temperature,” J. Colloid Interface Sci., vol. 530, pp. 321-327, Nov.
2018, doi: 10.1016/j.jcis.2018.06.100.

P. Taslimi et al., “Pyrazole[3,4-d]pyridazine derivatives: Molecular docking and explore of acetylcholinesterase and carbonic anhydrase

52



[165]

[166]

[167]
[168]
[169]

[170]

[171]

[172]
[173]

[174]

Gul, et.al. (2025)/ Journal of Scientific Reports-C, 9, 28-53

enzymes inhibitors as anticholinergics potentials,” Bioorg. Chem., vol. 92, p. 103213, Nov. 2019, doi: 10.1016/j.bioorg.2019.103213.

F. A. Unal, S. Ok, M. Unal, S. Topal, K. Cellat, and F. Sen, “Synthesis, Characterization, and Application of Transition Metals (Ni, Zr,
and Fe) Doped TiO2 Photoelectrodes for Dye-Sensitized Solar Cells,” J. Mol. Liq., vol. 299, p. 112177, Feb. 2020, doi:
10.1016/j.molliq.2019.112177.

H. Goksu, Y. Yildiz, B. Celik, M. Yazici, B. Kilbas, and F. Sen, “Highly Efficient and Monodisperse Graphene Oxide Furnished Ru/Pd
Nanoparticles for the Dehalogenation of Aryl Halides via Ammonia Borane,” ChemistrySelect, vol. 1, no. 5, pp. 953-958, Apr. 2016,
doi: 10.1002/slct.201600207.

J. T. Abrahamson et al., “Excess Thermopower and the Theory of Thermopower Waves,” ACS Nano, vol. 7, no. 8, pp. 6533-6544, Aug.
2013, doi: 10.1021/nn402411k.

B. Sahin et al., “Cytotoxic effects of platinum nanoparticles obtained from pomegranate extract by the green synthesis method on the
MCEF-7 cell line,” Colloids Surfaces B Biointerfaces, vol. 163, pp. 119-124, Mar. 2018, doi: 10.1016/j.colsurfh.2017.12.042.

N. Korkmaz et al., “Biogenic Silver Nanoparticles Synthesized Via Mimusops Elengi Fruit Extract, a Study on Antibiofilm, Antibacterial,
and Anticancer Activities,” J. Drug Deliv. Sci. Technol., vol. 59, p. 101864, Oct. 2020, doi: 10.1016/j.jddst.2020.101864.

F. Gulbagca, A. Aygiin, M. Giilcan, S. Ozdemir, S. Gonca, and F. Sen, “Green Synthesis of Palladium Nanoparticles: Preparation,
Characterization, and Investigation of Antioxidant, Antimicrobial, Anticancer, and DNA Cleavage Activities,” Appl. Organomet. Chem.,
vol. 35, no. 8, Aug. 2021, doi: 10.1002/a0c.6272.

R. N. E. Tiri, F. Gulbagca, A. Aygun, A. Cherif, and F. Sen, “Biosynthesis of Ag—Pt bimetallic nanoparticles using propolis extract:
Antibacterial effects and catalytic activity on NaBH4 hydrolysis,” Environ. Res., vol. 206, p. 112622, Apr. 2022, doi:
10.1016/J.ENVRES.2021.112622.

W. J. M. Steyn, “Potential applications of nanotechnology in pavement engineering,” J. Transp. Eng., vol. 135, no. 10, pp. 764-772,
2009, doi: 10.1061/(ASCE)0733-947X(2009)135:10(764).

R. Hussain et al., “Nano-managing silver and zinc as bio-conservational approach against pathogens of the honey bee,” J. Biotechnol.,
vol. 365, pp. 1-10, Mar. 2023, doi: 10.1016/j.jbiotec.2023.01.009.

S. El-Sayied Ali et al., “Exploring bee venom and silver nanoparticles for controlling foulbrood pathogen and enhancing lifespan of
honeybees,” Sci. Rep., vol. 14, no. 1, p. 19013, Aug. 2024, doi: 10.1038/s41598-024-67515-7.

53



