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Abstract

Natural disasters, which have been increasing in recent years due to the
impact of climate change, pose a significant threat worldwide. Natural
disasters, which can cause a large number of human losses and material
damages due to their uncertain nature and sudden effects, vary depending
on the location and natural environment of the countries. Tiirkiye located
in the Alpine-Himalayan Earthquake Zone, is one of the countries most
exposed to earthquake disasters. Although timely prediction of
earthquakes is of vital importance in minimizing the destructive effects
that may occur during the disaster and increasing resistance to the
destructive effects of the disaster, it cannot yet be predicted successfully
due to its non-linear chaotic behavior. However, many researchers
continue to work on the subject, and earthquake prediction models are
actively used in some countries where earthquake disasters occur
frequently and cause great destruction. In this study, the magnitudes of
future earthquakes were predicted using various machine learning models:
Long Short-Term Memory (LSTM), Recurrent Neural Network (RNN),
Random Forests (RF), Gradient Boosting Algorithm (GB), Extreme
Gradient Boosting Algorithm (XGBoost), 2-hidden-layer Artificial Neural
Networks (ANN), and an ANN-KNN hybrid learning model. The
performances of the established models were evaluated with MSE, MAE,
RMSE, and R? metrics; and the ANN-KNN model showed that it was
more effective than other models by exhibiting the highest performance
with 0.0418 MSE, 0.0030 MAE, 0.0552 RMSE, and 0.7138 R? values.
Additionally, unlike other studies, seven regions of Tiirkiye were
considered separately and earthquakes were analyzed in detail according
to their geography. The analysis results aim to add a new perspective to
the literature.

Keywords: Earthquake prediction, machine learning, regression,
earthquake analysis, regional analysis

Makine Ogrenmesi Teknikleriyle Depremlerin Bélgesel Analizi ve Deprem Biiyiikliigii

Tahmini

!Karamanoglu Mehmetbey
University, Faculty of
Engineering, Institute of Science,
Department of Computer
Engineering, Karaman, Tiirkiye

Oz

Iklim degisikliginin etkisiyle son yillarda artan dogal afetler diinya
capinda onemli bir tehdit olusturuyor. Belirsiz dogas1 ve ani etkileri
nedeniyle ¢ok sayida insan kaybina ve maddi hasara neden olabilen dogal
afetler, iilkelerin bulundugu konuma ve dogal ortamlarina gore degisiklik
gostermektedir. Alp-Himalaya Deprem Bolgesi'nde yer alan Tiirkiye,
deprem felaketlerine en fazla maruz kalan iilkelerden biridir. Depremlerin
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2Selguk University, Faculty of zamaninda tahmini, afet sirasinda olusabilecek yikict etkilerin en aza
Technology, Institute of Science, indirilmesi ve afetin yikici etkilerine kars1 direncin arttirilmasi agisindan
Department of Computer hayati 6neme sahip olmasina ragmen, dogrusal olmayan kaotik davranisi
Engineering, Konya Turkiye nedeniyle heniiz basaril bir sekilde tahmin edilememektedir. Ancak pek
¢ok arastirmact konu iizerinde ¢aligmaya devam etmekte ve deprem

felaketlerinin siklikla yasandigi ve biyiik yikimlara neden oldugu bazi

iilkelerde deprem tahmin modelleri aktif olarak kullanilmaktadir. Bu

caligmada gelecekte meydana gelebilecek depremlerin biiytikliikleri Uzun

Kisa Siireli Bellek (LSTM), Tekrarlayan Sinir Ag1 (RNN), Rastgele

Ormanlar (RF) ve Gradient Boosting Algoritmasi (GB) kullanilarak

Olclilmektedir. Extreme Gradient Boosting Algoritmasi (XGBoost), 2 gizli

katmanli Yapay Sinir Aglar1 (ANN) ve ANN-KNN hibrit 6grenme modeli

kullanilarak tahmin edilmeye ¢alisildi. Kurulan modellerin performanslari

MSE, MAE, RMSE ve R? metrikleri ile degerlendirilmis; ANN-KNN

modeli ise 0.0418 MSE, 0.0030 MAE, 0.0552 RMSE ve 0.7138 R?

degerleri ile en yiiksek performansi sergileyerek diger modellere gore

daha etkili oldugunu gostermistir. Ayrica diger calismalardan farkli olarak

Tiirkiye'nin yedi bolgesi ayr1 ayri ele alinmig ve depremler cografyalarina

gore detayl bir sekilde analiz edilmistir. Elde edilen analiz sonuglarinin

. o literatiire yeni bir bakis agis1 kazandirmasi1 amaglanmaktadir.
This work is licensed under a )
Creative Commons Attribution  Anahtar Kelimeler: Deprem tahmini, makine 6grenmesi, regresyon,

4.0 International License deprem analizi, bolgesel analiz

Introduction

Natural disasters, which have increased in frequency due to climate changes in recent years, pose a
significant threat in Tiirkiye and the world; they cause inevitable losses and destruction due to their
unpredictable nature and sudden effects. According to the definition of Disaster made by the Disaster
and Emergency Management Presidency, natural disasters; are events that may arise from various
reasons such as nature, technological events, or human factors, affecting a part or all of the society,
causing physical, economic and social losses, disrupting normal life or stopping it completely [1]. EM-
DAT (Emergency Events Database), an international disaster database, examines disasters by dividing
them into two groups: natural and technological [2]. When we look at the Tiirkiye data of the EM-DAT
database, 216 of the 389 disasters that occurred between 1900 and 2023 occurred due to nature and 173
due to technological reasons. As seen in Figure 1, the most common disaster type among natural

disasters is 53%. There have been earthquakes.

Natural Disasters Seen in Turkey

M Earthquake
Flood
Storm
Forest Fire
M Epidemic Disease
B Mass Movement

M Extreme Temperature

Figure 1. Distribution of natural disasters that occurred between 1900-2023
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The types and frequencies of natural disasters vary depending on the geographical location and natural

environment of countries. Floods, which can be seen all over the world and can easily turn into disasters
due to different reasons, are seen in China due to extreme rainstorms, Volcanic Eruptions, and
Earthquakes frequently occur in Pacific Ring of Fire countries such as Japan, Indonesia, the Philippines,
and New Zealand [3, 4]. Due to frequent and destructive earthquakes, a large number of human and
property losses occur in Tiirkiye, which is located in the Alpine-Himalayan Earthquake Zone. [5]. When
we look at the natural disaster statistics of the last 20 years in our country, which is a 1st-degree
earthquake zone, it is seen that a total of 50,999 people lost their lives and 2,827,859 dollars of damage
were caused in the earthquakes that occurred [2]. Being able to predict earthquakes that societies are
likely to encounter in the future may enable them to be prepared for disasters and develop coping
strategies [6]. Timely and acceptable predictions are vital to be able to take strategic measures to
determine and minimize the devastating effects that may occur during a disaster and to increase
resilience to disasters [7]. Although no successful results regarding earthquake prediction can be
achieved due to the non-linear chaotic behavior of the earthquake, studies continue to be carried out and
discussed by many researchers [8]. When we look at the studies in the literature on the prediction of
earthquakes, Cam and Duman [9] study four different regions with intense seismic activity in the west
of Tiirkiye: Golhisar Cameli Region, Burdur Fault Region, Biiylik and Kii¢iik Menderes Graben Region,
and Gediz and Alasehir Grabens. They aimed to predict future earthquakes. In this direction, he
developed a feed-forward back-propagation ANN using the "b" value used in earthquake predictions
based on the Gutenberg-Richter relationship; They trained the developed network using earthquake data.
While the trained network gave successful results in predicting earthquakes that will not occur for 4
regions, it gave unsuccessful results in predicting earthquakes that will occur. In another study,
Mallouhy et al. [10] aimed to predict earthquakes using a single time series data set obtained from an
earthquake data center in Northern California. Each data point in the considered data set represents
hourly average readings taken between 1967 and 2003 and only data from a single time series of a
particular earthquake center were used in each forecast. In the analysis, earthquakes were classified as
negative magnitude and positive magnitude earthquakes. Aftermath earthquakes that occurred in the
same region after major earthquakes and were below 5 on the Rictor scale were ignored, and earthquakes
that exceeded 5 on the scale were taken into account. This study aims to classify earthquakes as negative
magnitude, which are less than 4, and are followed by at least 20 earthquakes that are not 0 in the last
512 hours;- Major earthquakes that occur 512 hours or more after another major earthquake are classified
as positive major earthquakes. Random Forests (RF), Support Vector Machine (SVM), Logistic
Regression (LR), Naive Bayes (NB), K-Nearest Neighbors (KNN), and Multilayer Perceptron, When
the classification accuracy results obtained from the models established with eight machine learning
algorithms, including AdaBoost and Classification and Regression Trees (CART), were compared, the

highest result was obtained as 76.97% with the RF algorithm. Wang et al. [11] used machine learning
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techniques in their study to investigate whether earthquakes with magnitudes less than 4.0 can be used

to predict earthquakes with magnitudes greater than 6.0. The data set used in the study consists of
earthquakes greater than 3.0 that occurred in the Sichuan-Yunnan region between 1970 and 2021, taken
from CEDC (China Earthquake Data Center). During the testing phase, the Chuandian region of
Southwest China was preferred because there were many earthquakes in the region. There are two
questions that the study focuses on. The first of these is whether an earthquake greater than 6.0 will
occur next year, and four types of traditional machine learning algorithms were used to classify this: RF,
Decision Tree (DT), SVM, and LR. In this part, the highest success was achieved at 97.5% with the RF
algorithm. The second question that the study focuses on is what the maximum magnitude of the
earthquake that will occur next year will be, and the LSTM network was used to predict this. At the end
of the study, it was concluded that the network used showed sufficient success in predicting the
earthquake magnitude and that small earthquakes can be used to predict large earthquakes. Demirelli et
al. [12] aimed to predict earthquakes by combining geological and geodetic data in their studies. The
data set consists of earthquakes that occurred between 1970 and 2021, recorded by the Kandilli
Observatory and Earthquake Research Institute (KRDAE). Data on fault lines were taken from the
Mineral Research and Exploration (MTA) and Active Fault Database of Tiirkiye [13]. When the
prediction models created using RF, XGBoost, DT, and KNN regression algorithms were evaluated
using MSE (Mean Squared Error) and RMSE (Root Mean Squared Error) performance metrics, the
highest success was achieved when the KNN algorithm was used. In the last study discussed, Karci and
Sahin [14] developed two types of prediction models: earthquake magnitude prediction and prediction
of earthquakes that will occur within a certain date range. The data set used in the study is earthquakes
with a magnitude of 3.5 and above that occurred between 1970 and 2021 in the Kandilli Observatory
and Earthquake Research Institute Regional Earthquake-Tsunami Monitoring and Evaluation Center
(BDTIM) Earthquake Inquiry System. A deep learning architecture consisting of 3 hidden layers and 1
input layer was developed using the Keras library for earthquake magnitude estimation. For time
estimation, the LSTM model consisting of 3 UKSB layers, 1 Dropout layer, and 1 output layer was
designed. It has been concluded that the proposed models provide more accurate results in earthquake
magnitude estimation when compared to traditional machine learning methods such as Multiple Linear
Regression, Polynomial Regression, DT, and RF. In this study, a dataset was created using the main
earthquakes that occurred in Tiirkiye between 2000 and 2023, obtained from the Kandilli Observatory
and Earthquake Research Institute. The dataset was divided into geographical regions of Tiirkiye based
on the location of occurrence, and the tables for each region were analyzed according to the total number
of earthquakes and average magnitudes every month; the depth-magnitude relationship of earthquakes
was examined. In the second stage, a hybrid learning model was employed, integrating LSTM, RNN,
RF, GB, XGBoost, 2 hidden-layer ANN, and ANN with KNN algorithms, to attempt to predict the

magnitudes of future earthquakes. The performance of the models was compared using MSE, MAE,
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RMSE, and R? evaluation metrics. In the continuation of the study, the created dataset and preprocessing

steps are described in detail in the Materials and Methods section. Additionally, general information
about the machine learning algorithms and evaluation metrics used in earthquake prediction is provided.
The comparative results obtained from regional analysis and earthquake prediction models are discussed
in the Results section. The comparison of the results with other studies and their contributions to science

are discussed in detail in the Conclusion section.
Material and Method

In this section, after describing the data set created for the study in detail, general information about the

machine learning algorithms and evaluation metrics used in prediction is included.
Dataset

The data set to be used in the study was created by taking the earthquakes between 2020 and 2023 in
the earthquake catalog of Kandilli Observatory and Earthquake Research Institute (KRDAE) [15]. The
captured data includes 94935 earthquake data that occurred at 35.00-42.00 latitude and 26.00-45.00
longitude. “earthquake ID”, “code”, “occurrence date”, “occurrence time”, “latitude”, “longitude”,
“der(km)”, “xM”, “MD”, “ML”, “Mw”, “ From the data set consisting of "Ms", "Mb", "type", "location"
information, unnecessary columns were deleted and "occurrence date", "occurrence time", "latitude",
"longitude", "depth (km)", "xM" and “location” information continued to work. A new column named
"time" was created by combining the "occurrence date" columns, which contain the date information
when the earthquake occurred, and the "occurrence time" columns, which contain the time it occurred.
To be processed later, the time column was converted to the DateTime object of the pandas library and
made ready for regression by converting it into a Unix timestamp, which is a numerical representation
of seconds. The data includes main earthquakes with magnitudes ranging from 0 to 9 and minor
earthquakes, that is, aftershocks, that occur after the main earthquakes. Aftershocks do not have a
specific duration and can continue for a period ranging from 1 month to 2 years after the main earthquake
[16]. Since it is thought to negatively affect learning, earthquakes that occurred in the same region within
3 months after the main earthquake and whose magnitude was smaller than the main earthquake were
considered aftershocks and were removed from the data set. In addition, major earthquakes with
magnitudes below 3 and considered very mild earthquakes by the USGS [17] were also removed from
the data set, and the final data set was created with the remaining 7043 data, the first five examples of

which are given in Table 1.

270



Habek and Kahramanli Ornek Sinop Uni J Nat Sci 9(2): 266-286 (2024)
E-1SSN: 2564-7873

Table 1. The first five rows in the Data Set

Eartri\guake Time Latitude Longitude Depth (km) Xm
0 1609518981 35.9273 27.8658 26.1 3.9
1 1609353912 36.4918 28.7092 5.0 3.9
2 1609335612 37.796 26.4165 14.4 4.4
3 1609196128 36.4522 26.7882 120.2 3.3
4 1609151401 35.8905 32.5063 5.6 3.3

For the models used to perform better, the values in the data set were scaled to a certain range using the
MinMaxScaler class in the SciKit-Learn library; The data set was divided into 80% training and 20%
test data, making it ready for the models to learn on the training data and then evaluate their
generalization ability on the test data.

Machine Learning Techniques

Machine learning is a method that improves the ability of computer systems to make automatic decisions
when faced with similar situations based on their previous experiences [18]. With the rapid advancement
of technology, various machine learning methods have been developed and started to be widely used in
classification and regression studies, thanks to the ability of computer systems to analyze and learn
complex data sets [19]. In the study, earthquake magnitude predictions were made using a hybrid model
created using machine learning methods from the ensemble learning category such as RF, GB, XGBoost
algorithms, deep learning methods including LSTM and RNN, 2 hidden-layer ANN, and ANN with the

K-nearest neighbor algorithm.

Gradient Boosting Algorithm (GB): It is an ensemble learning technique that aims to create a
stronger learner by combining weak learners, that is, models with generally low accuracy [20]. The
algorithm works by adding a new model that tries to correct the errors of the previous model at each
step until it reaches a predetermined goal [21]. The success of the algorithm often depends on the

hyperparameter settings and the type of weak learner used.

Extreme Gradient Boosting Algorithm (XGBoost): The XGBoost algorithm, published by Chen
and Guestring [22], is one of the widely used applications of GB. Similar to GB, the model is trained
iteratively by adding new trees, focusing on correcting errors produced by previous trees. As a base
classifier, it focuses only on decision trees and thus creates a powerful classification model by

controlling the structure of the trees using a special loss function and regularization terms [23].

Random Forests Algorithm (RF): The method introduced by Leo Breiman in 1997 was developed
as an alternative to the Boosting method [24]. Unlike Boosting, which aims to create a strong learner by
combining weak learners, it brings together different decision trees by creating random sub-feature

subsets. Each tree is trained on randomly selected subsets of data points, thus adding diversity to the
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model. These trees are then combined to make an overall prediction. This multi-tree approach provides

the advantages of being resistant to overfitting, obtaining a model with high performance and increased

generalization.

Artificial Neural Network (ANN): These are mathematical models inspired by biological neural
networks [25]. It is designed to consist of an input layer, an output layer, and one or more hidden layers.
ANNs, which lack the correlation approach, produce the output by multiplying the input data with
weights through the neurons in their layers and passing them through an activation function [26]. The
disadvantage of this network is that it does not effectively handle time dependencies and historical
information between input data and output data, but performs direct mapping. RNNs are used to

eliminate this disadvantageous situation.

Recurrent Neural Network (RNN): RNNs are designed to handle connections in a time series and
dependencies over time [26]. The output of each neuron is fed by the input from the previous steps and
its previous output. During the training of RNNs, which are extremely effective in modeling complex
dependencies over time, difficulties such as sudden growth (exploding gradients) or decrease (vanishing
gradients) of backpropagating gradients over time are experienced [27, 28]. Such situations can limit
the ability of RNNs to effectively learn long-term dependencies and negatively impact their
performance. To cope with such difficulties, LSTMs are used that contain modifications designed to

learn long-term dependencies more effectively.

Long Short-Term Memory (LSTM): A special type of RNN designed to cope with the challenges
of RNNSs. It uses memory units with input, output, and forget gates [29]. These gates control how much
information the cell retains and how much it forgets. LSTMs can generally handle long-term

dependencies better and learn more effectively than RNNSs.

ANN-KNN Hybrid Model: The hybrid model is the integration of two models to create a more
comprehensive and powerful prediction model by combining ANN's deep learning capabilities and
KNN's example-based similarity measurement. The k-Nearest Neighbors (KNN) algorithm, which was
introduced to the literature in the book "Pattern Classification and Scene Analysis" [30], is an easy-to-
use and popular supervised learning algorithm. It makes a prediction based on the relationship between
the sample to be predicted and its closest neighbors in the training set. Neighborhood relationships are
usually determined using the Euclidean distance, which directly measures the distance between two
points. Alternatively, Manhattan, Minkowski, and Chebyshev functions can also be used [31]. Once the
distance is calculated, the nearest neighbors are ranked and then the sample to be predicted is

appropriately assigned to the classes of its nearest neighbors based on this ranking [32].
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Evaluation Metrics

In the study, MSE (Mean Squared Error), MAE (Mean Absolute Error), RMSE (Root Mean Squared
Error), and R? metrics, which are frequently preferred in literature studies, were used to compare the
performances of the models. MSE is a metric that measures how far the predictions of regression models
are from the true values [33]. As seen in the formula given in Equation 1, the error at each data point is
found by squaring the difference between the actual value and the prediction, and MSE is calculated by
adding the squares of the obtained values and taking their average. The closer the MSE value is to zero,
the better the model performs. The advantage of MSE is that it eliminates the differences between
negative and positive errors by squaring the errors. However, it may cause major errors to be highlighted

more.
1 ’
MSE = EZ?:l(yi —¥i)? 1)

MAE is the average of the absolute differences between the real values and the values produced by the
models, as seen in Equation 2 [34]. Unlike the MSE metric, since errors are not squared, it is resistant

to outliers and the best-case scenario is that the MAE value is zero.
1 '
MAE = ;Z?ﬂ lyi — vil 2

RMSE is the square root of MSE, and the closer RMSE is to zero, the better the performance of the
model [33]. As seen in Equation 3, the squares of the errors are summed, their average is calculated and
the square root is taken. Similar to MSE, this metric emphasizes large errors, but the values become

smaller as they get closer to correct predictions.

RMSE = \/ﬁ Xm0 —¥D)? (3)

R? measures how close the actual values are to the values predicted by the model. The R? value varies
between 0 and 1, and the best-case scenario is an R? value of 1. As given in Equation 4, the R? value is
obtained by subtracting the Residual Sum of Squares (SSres) and Total Sum of Squares (SStot) ratio
from 1. SSres is the sum of the squares of the differences between the values predicted by the model and
the actual values, and SStot is the sum of the squares of the deviations of the actual values from the

mean.

n —N2
R2=1-— :Zires — Yie1Vi—y;) (4)
tot 2?:1(3711_311")2

In the formulas given in Equation 1, Equation 2, Equation 3, and Equation 4, n represents the number

of data points, y; represents the actual values, and y; represents the predicted values of the model.
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Results

In this section, regional analyses of earthquakes that occurred in the seven geographical regions of
Tirkiye are discussed under the heading "Earthquake Analysis”, while the results obtained from

earthquake prediction models are addressed under the title "Earthquake Prediction Model".
Earthquake Analysis

The data obtained by the Kandilli Observatory provides an important resource for evaluating Tiirkiye's
earthquake activity. When we look at the earthquake map of Tirkiye in Figure 2, which was created
using the earthquake data in the Kandilli Observatory database; It is seen that earthquake disasters have
been intense in the Marmara Region and its surroundings, where the North Anatolian Fault line passes,
in the Eastern Anatolia region, where the Eastern Anatolian Fault line passes, and in the regions where
the Western Anatolian Fault line extending from the Aegean region to the Southeast passes, in the last
23 years. These regions represent the main tectonic structures at earthquake risk in Tiirkiye.

Map of Tiirkiye - Earthquake Zones
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Figure 2. Map of earthquakes occurring between 2020-2023

To analyze the number and magnitude of earthquakes that occurred in the 7th region of Tiirkiye every
month by region, the data to obtain the location information in the location column is based on 7 sub-
tables. Table 2 shows an example of regular subtables for the Mediterranean Region. Other tables consist
of earthquake data with the same columns, and the "occurrence date™ column in the tables has been

converted to date format and made ready for analysis.
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Table 2. Earthquakes occurring in the Mediterranean Region
Earthquake Depth
Date Time Latitude Longitude Xm Location Region
id (km)
2023-
0 02-06  10:24:47 38.0818 37.1773 5 7.6 Kahramanmaras Akdeniz
00:00:00
2021-
1 01-01 16:36:21  35.9273 27.8658 26.1 3.9 Akdeniz Akdeniz
00:00:00
2020-
2 12-25 22:35:24  37.6125 30.6683 5 3.3 Burdur Akdeniz
00:00:00
2020-
3 12-18 9:24:10  37.1175 31.0832 1049 37 Antalya Akdeniz
00:00:00
2020-
4 01-28 21:44:57  35.1688 27.9028 6.4 45 Akdeniz Akdeniz
00:00:00

For the analysis, the monthly total number of earthquakes and average earthquake magnitude of each
region were calculated and the values obtained are shown in the graphs given in Figure 3.

Upon examining the graphs provided in Figure 3, it can be observed that moderate-sized earthquakes
have generally occurred in the seven geographical regions of Tiirkiye. The region where earthquakes
are least observed is the Southeastern Anatolia Region, where the South Anatolian Fault passes through.
When comparing earthquakes every month across regions, it is observed that, except for the Marmara
Region, in the remaining six regions, earthquake frequencies and magnitudes generally change
seasonally. It has been concluded that there is an increase in earthquakes during the winter months and
fewer earthquakes during the summer months. According to their depth, earthquakes that occur between
0 and 60 km deep can be classified as "shallow earthquakes", those between 70 and 300 km as "medium
depth earthquakes”, and those with a depth of more than 300 km as "deep earthquakes™ [35]. When the
depths of the earthquakes occurring in the 7 geographical regions given in Figure 4 are examined, it is
seen that the earthquakes occurring in Tiirkiye are generally shallow earthquakes that are felt in a narrow
area but can cause great damage. In the Mediterranean and Aegean Regions, medium-sized earthquakes,

which were felt over a wide area and whose damage was limited, although rare, occurred.

275



Habek and Kahramanli Ornek

Sinop Uni J Nat Sci 9(2): 266-286 (2024)

E-ISSN: 2564

-1873

Total Number of Earthquakes.

—e— Ortalama Buyukiuk

January february March  Apil  May Jugust September October NovemberDecernber

g Marmara region

Mediterranean region - Total Ear Numbers and Average Magnitudes by Month Eastern Anatolia region - Total Ear and g by Month
—e— Ortalama Buyukluk —e— Ortalama Buyiskiuk 365
oo 356 -
1200 354
] L
% J000 — H
H 8 £ a0
3 8§ 8
é 800 350 E E
H 2 £ 300
3 oo 348 2
- :
400 346
200 344 00
o 34z o
Jauary february March Aol May  June Wiy  August September October NovemberDecember Jnuary february March il May  pme  Juy  August Seplember October KovembeiDecember
Month ot
a. Mediterranean region b. Eastern Anatolia region
Aegean region - Total Ear and gt by Month n region - Total Ear and A by Month
—e— Ortalama Buyukluk 3500 350 { —a= Ortalama Buyukik 5.25
s 5.00
3475 300 "
250 475
P 3.450 o
3 S 450
£ 200 3425, £ %
] % g ” "255
B H H
; - 3400 £ 400~
= =
Z 100 3375 g - 175
3350 350
= 50
3325 325
9 January februsry March  April  May  June Mly  August September October NovemberDecember january february March  Aprl  May  june July  August September October NovemberDecember
Month ot
c. Aegean region d. Southeastern Anatolia region
Central region - Total Earf and g i by Month Black Sea region - Total Ear Numbers and g i by Month
—a— Ortalama Buyukiuk 40 2511 Oraiama B
Ed 38
39
2
37
g ES 36
5® = g 5 s ‘g
2 3 £
(= E
H H
35 33
- s
34 32
i January february March  Aprl  May  June My August September October NovemberDecember - January February March  pril May  jne July  August Seplember Octaber NovemberDecember A
Month ot
e. Central Anatolia region . Black Sea region
Marmara Region - Total Ear Numbers and gt by Month

Figure 3. Total number of earthquakes and average magnitudes by month
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Figure 4. Depth-magnitude relationship of earthquakes

When the relationship between the depths and magnitudes of earthquakes was examined, it was observed
that there was no significant relationship between these parameters. This shows that earthquake events
are a complex and multifactorial process and that it is not possible to explain them with a single

parameter.
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Earthquake Prediction Model

In the second part of the study, a hybrid learning model in which machine learning algorithms LSTM,
RNN, RF, GB, an attempt was made to estimate the magnitude of possible earthquakes. The testing
phase of the created models was carried out using the SciKit-Learn library, which offers a wide set of
machine learning tools and is widely preferred, especially in the Python programming language. LSTM,
RNN, and ANN models are four-layered models with an input layer of 128 neurons with ReLU
activation function, two hidden layers of 64 and 32 neurons with ReLU activation function, and an
output layer with linear activation function. The first two layers of the models are configured with
"return_sequences=True" to pass output to the subsequent layers. To prevent overfitting during training,
20% of the training data is reserved as the validation set. Adam’s optimization algorithm is preferred
for optimization, combining adaptive learning rate and momentum for faster and more effective
optimization. The mean squared error loss function is used to minimize the average squared differences
between predictions and actual values. Finally, the batch size is set to 10, and the models are trained for
100 epochs. For the RF ensemble learning algorithm, hyperparameters are set as n_estimators: 200 and
max_depth: 10 to provide a certain balance and stability during the training process to improve
performance. In the GB model, n_estimators is set to 100. In the XGBoost model, which is an application
of the GB algorithm, n_estimators is set to 50 and max_depth is set to 5. The hybrid model is an
integration of two models to create a more comprehensive and powerful prediction model by combining
ANN's deep learning capabilities and KNN's example-based similarity measurement. As depicted in
Figure 5, an ANN consisting of an input layer with 128 neurons and ReLU activation function, two
hidden layers with 64 and 32 neurons respectively, both using ReLU activation function, and an output
layer with 1 neuron and linear activation function, has been trained on the dataset. The model uses the
Adam optimizer function and mean squared error (MSE) loss function. The model will be trained for 50
epochs, and training data will be arranged into mini-batches of 32 samples each. To find similar
examples in the dataset using the representations learned by the ANN model, these representations are
given as input to the KNN model. The KNN model performs similarity measurement for n_neighbors=5

based on the learned representations.
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ANN-KNN Hybrid Model
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Figure 5. Proposed model

The prediction success of the models was evaluated using MSE, MAE, RMSE, and R? evaluation metrics

as presented in Table 3.

Table 3. Results obtained

MSE MAE RMSE R?
LSTM 0.0762 0.01030 0.1015 0.03132
RNN 0.0769 0.0102 0.1009 0.0428
RF 0.06280 0.0068 0.0823 0.3636
GB 0.07320 0.0093 0.09629 0.1283
XGBoost 0.0763 0.0100 0.1000 0.0605
ANN 0.07711 0.01026 0.1013 0.0357
ANN-KNN 0.0418 0.0030 0.0552 0.7138

The results obtained using MSE, MAE, RMSE, and R? metrics were analyzed to evaluate the predictive
abilities of the models. Figure 6-7-8-9 shows the MSE, MAE, RMSE, and R? results obtained from the
models used in the study. When evaluating the predictive abilities of the models based on error criteria,
generally lower error values were obtained from RF, GB, XGB, ANN, and ANN-KNN models. Among
them, the ANN-KNN model showed the highest performance with 0.0418 MSE, 0.0030 MAE, 0.0552
RMSE and 0.7138 R2. On the other hand, LSTM, RNN, XGBoost, and ANN models gave high error
rates and low R? values compared to other models. This means that these models show lower predictive

performance in the context of a particular problem compared to others.
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To visualize the results obtained from the models established in the study, scatter plots of the actual
values and the predicted values produced by these models are presented in Figure 10. In these scatter
plots, the x-axis represents the actual values, and the y-axis represents the predicted values. The
distribution graphs created for each model are compared with the y=x line that runs through the center
of the graph. Points that are close to the y=x line indicate good model performance, while points that

are far from the line indicate poor performance.
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Figure 10. Distributions of actual values and model predictions
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When examining the scatter plots presented in Figure 10, it can be observed that the LSTM, RNN,

XGBoost, and ANN models exhibit points that are distant and widely distributed from the y=x line.
Therefore, it is concluded that the predictions of these models do not align with the actual values and
show low performance, as seen in the results obtained from Table 3 and Figures 6-7-8-9. On the other
hand, in the RF and GB models, the points are closer to and more concentrated around the y=x line,
indicating relatively better performance compared to the other four models. The best distribution among
the models is achieved with the ANN-KNN model, where the points are close to the y=x line and have

a smooth distribution.

Conclusion

Due to the major threat posed by earthquake disasters worldwide, continuous studies related to
earthquakes are conducted; however, high success in predicting when and where future major
earthquakes will occur has not yet been achieved. Nevertheless, in some countries where earthquakes
frequently occur and cause significant destruction, earthquake prediction models are actively utilized
[36] In this study, a two-phase earthquake analysis was carried out using the main earthquakes that
occurred in Tirkiye between 2000-2023 data collected from the Kandilli Observatory and Earthquake
Research Institute; aiming to contribute to the literature with the analysis results. In the first phase, the
dataset was divided into 7 sub-datasets based on the geographical regions of Tiirkiye using location
information, and the table for each region was analyzed based on monthly total earthquake counts and
average magnitudes; the depth-magnitude relationship of earthquakes was examined. In the second
phase of the study, a hybrid learning model integrating LSTM, RNN, RF, GB, XGBoost, 2 hidden-layer
ANN, and ANN with KNN algorithms was used to attempt magnitude estimation of potential future
earthquakes; the models' prediction performances were compared using different evaluation metrics.

The results present a positive outlook on the usability of earthquake prediction models.
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Oz

Bu calismada yiiksek mukavemet, diisiik 6zgiil agirlik, termal stabilite,

yiiksek termal iletkenlik (76 W/mK) ve oksidasyon/korozyon direnci gibi

sahip olduklan fiziksel 6zelliklerle niikleer uygulamalar i¢in potansiyel
barindiran Al-Ni intermetalik bilesiklerinin (AlsNi, AlsNiz, AlsNis, AINi,
AlsNis ve AlNis) radyasyon zirhlama ozellikleri incelendi. WinXCom
programiile 1 keV - 10° MeV araliginda, PHITS ve GEANT4 programlari
ile 0.047 — 2.506 MeV araligindaki foton enerjileri igin yapilan
hesaplamalarla kiitle sogurma katsayilari, lineer sogurma katsayilari, yari
kalinlik degerleri (YKD), onda bir kalmlik degerleri (OKD), ortalama
serbest yollar1 (MFP) ve etkin atom numaralari elde edildi. Segilen enerji
araliginda her ii¢ programla da elde edilen sonuglarin iyi bir uyum
icerisinde olduklar1 tespit edildi. Intermetalik bilesigin yogunlugunun
artmastyla, kiitle sogurma katsayisi ve etkin atom numaralari degerlerinin
artt1ig1, YKD, OKD ve OSY degerlerinin ise azaldig1 goriildii. Hesaplanan
parametreler incelenerek AI-Ni intermetalik bilesiklerinin literatiirde
zithlama  malzemesi  olarak  Onerilen  diger  malzemelerle
karsilastirildiginda daha diisiik zirhlama kapasitesine sahip olsa da
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Calculation of Gamma Radiation Shielding Parameters of Al-Ni intermetallic
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Abstract

In this study, the radiation shielding properties of Al-Ni intermetallic
compounds (AlsNi, AlsNiz, AlsNis, AINi, AlsNisand AlNis), which have
the potential for nuclear applications due to their physical properties such
as high strength, low density, thermal stability, high thermal conductivity
(76 W/mK) and oxidation/corrosion resistance, were investigated. Mass
absorption coefficients, linear absorption coefficients, half thickness
values (HVL), tenths thickness values (TVL), mean free paths (MFP) and
effective atomic numbers were obtained by calculations for photon
energies in the range of 1 keV -105 MeV with WinXCom program and
0.047 - 2.506 MeV with PHITS and GEANT4 programs. The results
obtained with all three programs were in good agreement in the selected
energy range. The values of the mass absorption coefficient and effective
atomic numbers were observed to increase with increasing density of the
intermetallic compound. In contrast, the values of the HVL, TVL and MFP
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decreased. By examining the calculated parameters, Al-Ni intermetallic

compounds were determined to have lower armouring capacity compared

with other materials proposed as armouring materials in literature. Still,

they are sufficient for radiation shielding and the AlINiz compound is a

more suitable candidate for gamma shielding compared with other
Bu ¢alisma Creative Commons compounds.

Att.rlbutlo.n 4'.0 Intemational Keywords: Radiation shielding, Al-Ni, Intermetalic compound, Geant,
License ile lisanslanmistir Phits

Giris

Disiplinler aras1 caligmalarin yeni teknolojilerle desteklenmesi, niikleer teknolojilerin de pek ¢cok alanda
kullanimint yayginlastirmaktadir. Yiiksek enerjili fotonlarin ve nétronlarin madde ile etkilesiminin tip,
niikleer enerji ve radyoizotop iiretimi, gida giivenligi, endiistriyel tahribatsiz muayene, kriminal
calismalar ve uzay calismalar1 gibi gesitli alanlarda faydali uygulamalar1 bulunur [1-3]. Bu gelismeler
insan kaynakli radyasyon maruziyetinin birincil kaynagi olan radyoniiklidlerin sayisin1 da artirir.
Sonugta radyasyonun kagiilmaz olarak sebep olacagi olumsuz biyolojik etkileri minimum diizeyde
tutmak icin uygun koruyucu malzemelerin kullanilmasi gerekliligi de artar. Radyasyon maruziyeti,
olumsuz saglik ve ¢evresel etkiler dogurur. Uygun radyasyon zirhlama 6zelliklerine sahip malzemeler,
deterministik etkilerin ortaya ¢ikmasini 6nlemeye, stokastik etkilerin olasiligini yonetilebilir bir diizeye
indirmeye ve gevresel hasar1 dnlemeye yardimer olduklarindan 6zellikle biyolojik zirhlama igin biiylik
Onem tagirlar [4]. Radyasyon iireten ya da radyasyona duyarli bazi cihazlarin ve radyoaktif kaynaklarin
giivenli kullanimi i¢in de etkili radyasyon zirhlamasina sahip malzemelerin kullanilmasi olduk¢a énemli
bir zorunluluktur. Radyasyon zirhlama i¢in kullanilacak malzemeler, radyoaktif izotoplardan yayilan
radyasyonun tiirline ve enerjisine bagl olarak gesitlilik gosterir ve uygun malzemelerin 6zelliklerini
arastirmak icin pek ¢ok calisma yapilmaktadir. Bu amagla polimer [4, 5], alasim [6, 7], seramik [8, 9],
cam [10, 11] ve beton [12, 13] benzeri pek ¢ok malzemenin radyasyon zirhlama parametreleri
incelenmistir. Zirhlama malzemesi olarak potansiyele sahip intermetalik bilesikler, metal ve
seramiklerin ara 6zelliklerine sahip, yiiksek erime sicakligi, diisiik yogunluk ve iyi korozyon direnci de
dahil olmak iizere pek cok fiziksel ve mekanik 6zellikleri ile malzeme bilimi alaninda kapsamli
arastirmalara konu olan bir metalik malzeme sinifidir [14-19]. Sahip olduklar 6zellikleri ile, yiliksek
sicaklikli gaz tiirbini, korozyona dayanikli malzemeler, 1s1l islem armatiirleri, manyetik malzemeler ve
hidrojen depolama malzemeleri vb. (>1200 °C) yiiksek sicaklik miihendisligi uygulamalarinda
kullanilmasinin yanmi sira niikleer giivenlik sistemlerinde, uzay teknolojilerinde ve tipta kullanim
potansiyeli yiiksek olan malzemeler olarak nitelendirilirler [19-21]. Intermetalik bilesiklerden AI-Ni
bilesikleri, yiiksek mukavemet, diisiik 6zgiil agirlik, termal stabilite, yiiksek termal iletkenlik (76 W/mK)
ve 1400 °C'ye kadar iyi oksidasyon/korozyon direnci gibi 6zelliklere sahiptir ve faz diyagramlarinin ilk
yayinlandigi 1908’den beri birgok arastirmaci tarafindan deneysel ve teorik olarak incelenmistir [14, 15,
17, 20-24]. Al-Ni intermetalik bilesikleri yiiksek sicakliktaki ortamlarda kullanim igin Ni bazli siiper

alasimlarin yerini alabilecek yiiksek potansiyelli hafif malzemeler olarak ayrica nano isitici — Ni reaktif
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nanoyapi vb. — nanoteknolojik uygulamalar1 da i¢eren endiistriyel kullanim i¢in énemli malzemeler

arasinda yer alir [16, 17, 25]. Shi ve ark., [24] Al-Ni faz diyagramlarina dayanarak, Al-Ni sistem
bilesiginde, Al3Ni, Al3Ni», Al4Nis, AINi, Al3Nis ve AINi3 olmak iizere alt1 intermetalik bilesigin mevcut
olabilecegini bildirmektedir. Bunlardan AINi3; ve AINi, siiper alasimlarin ¢ogunda gii¢lendirme
asamasinda islev goren onemli iki aliiminittir [20]. Literatiirde Al ve Ni bazli alasimlarin, farkli
metallerle intermetalik alasimlar1 ya da farkli kullanim amaglarina yonelik iiretilen celik tipleri
(superalloy) tlizerine, cesitli fiziksel 6zellikleri ve radyasyon zirhlama parametreleri ile ilgili cok sayida
arastirma mevcuttur [1, 7, 19, 20, 24, 26-29]. Bu ¢alismada intermetalik bilesiklerden Al-Ni
bilesiklerinin niikleer uygulamalar icin sahip oldugu potansiyel gbz o6niine alinarak, faz diyagramlarina
gore bildirilen alt1 adet intermetalik bilesiginin (Al3Ni, Al3Ni», AL4Nis, AINi, Al3Nis ve AINi3) radyasyon
zirhlama 6zellikleri incelendi. Dogrudan hesaplama programi (WinXCom) ve Monte Carlo simiilasyon
programlar1 (PHITS 3.27, GEANT4) ile tip ve radyografi uygulamalarinda kullanilan radyoizotoplarin
gama yayinlama enerjileri dikkate alinarak belirlenen enerji araliginda elde edilen sonuclar, Al-Ni

bilesiklerinin gama zirhlama yeterliligini belirlemek igin analiz edildi.
Materyal ve Yontem

Radyasyon zirhlamasina konu olan malzemelerin, kiitle sogurma katsayist ({;;,), etkin atom numarasi
(Ze«) gibi radyasyon zirhlama parametreleri deneysel verilerle tespit edilebilmekte ya da deterministik
yaklagimla foton tesir kesiti veri tabanlarina dayali hesaplama yapan programlar (XCOM, EpiXS, Phy-
X/PSD vb.) ve daha kompleks geometrilerde istatistiksel ¢oziimler sunan simiilasyon programlari
(MCNP, GEANT4, FLUKA ve PHITY) ile hesaplanabilmektedir. Verilen {i¢ yontem de kabul edilebilir
dogruluk ve hassasiyete sahiptir, ancak kodlar aracilifiyla dogrudan hesaplama ve simiilasyonlarin
deney yapmaya kiyasla daha hizli ve daha ucuz olmasi bircok malzemenin radyasyon zirhlama
parametrelerinin bu iki yaklagim kullanilarak incelenmesine olanak saglar [4, 6, 7, 10, 11, 28, 30, 31].
WinXCom, mermi tanecik olarak yalnizca foton secilmesine olanak saglayan ancak herhangi bir
geometri tanimlamasina gerek olmadan kiitle zayiflama katsayilarin1 ve zirhlama parametrelerini
hesaplamak icin kullanilan bir programdir [32]. Coklu is parcacigi i¢in optimize edilmis ve karmasik
simiilasyonlar1 yiliksek hassasiyetle gergeklestirebilen Monte Carlo Simiilasyon programlar ise daha
karmagik geometri tanimlarina olanak saglarken, mermi tanecik se¢iminde de esneklik getirirler.
Ornegin PHITS, genis bir enerji araliginda farkli parcaciklar igin radyasyon ve malzemeler arasindaki
carpismalar1 simiile eden bir programdir. Hafif yiiklii pargaciklar i¢in INCL 4.6 (Liége intraniikleer
kaskad) ve daha agir pargacik etkilesimleri i¢in JQMD (Jaeri Quantum Molecular Dynamics) modeli
gibi cesitli fizik modellerini ve veri tabanlarini iceren PHITS, foton-madde etkilesimi hesaplamalarinda
EPDL97 ve EGS (Electron Gamma Shower) kiitiiphanelerinin kullanimina olanak saglar [33]. Yiiksek
enerji fizigi deneylerinde dedektor simiilasyonlari igin yaygin olarak kullanilan ve radyasyondan

korunma ve tibbi fizik dahil olmak iizere ¢esitli alanlarda uygulamalar1 olan GEANT4 simiilasyon
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programu ise farkli enerji araliklar i¢in QGS (Quark-gluon String) ve FTF (Fritiof string) gibi modeller

icerir [34]. Foton-madde etkilesimi i¢in tesir kesiti hesaplamalarinda analitik yaklasim saglayan standart
elektromagnetik modele ek olarak, Livermore modelleri, Penolope modeli gibi farkli modellerin de
kullanilmasina olanak saglar [35]. Bu ¢alismada radyasyon zirhlama parametreleri incelenen Al3Ni,
AlNiy, AlsNis, AINi, Al3Nis ve AINiz intermetalik bilesiklerinin literatiirden alinan yogunluk [24] ve %
agirlik degerleri Tablo 1’de verilmektedir.

Tablo 1. Secgilen intermetalik bilesiklerin kimyasal icerikleri ve yogunluklar: [24]
Bilesimi (% Agirhik)

Numune Al Ni Yogunluk (g/cm?®)
Al:Ni 0.5797 0.4203 4.1

AlNip 0.4081 0.5919 4.9

AlNi3 0.3800 0.6200 5.22

AINi 0.3149 0.6851 6.04

Al3Nis 0.2162 0.7838 6.73

AINis 0.1329 0.8671 7.5

Gama zirhlama Ozellikleri incelenen bilesikler i¢in kiitle sogurma katsayilar (i), lineer sogurma
katsayilari (W), yari kalinlik degerleri (YKD), onda bir kalinlik degerleri (OKD), ortalama serbest yollari
(OSY), etkin atom numaralari (Zex) WinXCom [32], PHITS 3.27 [33] ve GEANT4 [34] programlari ile
elde edildi ve literatiirde belirtilen ¢esitli ampirik denklemler ile (Esitlik 1-7) hesaplanarak karsilastirildi
[29, 31, 36]. Phits ve Geant simiilasyonlari igin literatiirdeki deneysel ¢alismalarda [11] yer alan temel
dar 151n geometrisi kullanildi (Sekil 1) ve istatistiksel hatanin minimum olmasi amaciyla hesaplamalar
1000000 pargacikla yapildi. PHITS hesaplamalarinda foton tesir kesitleri i¢cin EGS modeli kullanilirken,
GEANT4 hesaplamalarinda Standart elektromagnetik model tercih edildi. Her iki simiilasyon
programinda da hedefin kalinlik degeri, diisiik enerjilerdeki fotonlarin tamamiyla sogrulmasini 6nlemek

amaciyla 5 mm olarak ayarlandi.

300

300 100 200

Sekil 1. Simiilasyonda kullanilan geometrinin 2 boyutlu gosterimi.

Fotonun madde ile etkilesim parametrelerinin en Onemlilerinden biri olan ve malzemelerin
radyasyondan korunma etkinliginin tanimlamak i¢in kullanilan kiitle sogurma katsayis1 (i), Beer-

Lambert Yasasi ile elde edilir:
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[ = It (1)

i = = In(lo/ D/ pt 2)

Burada I; gelen gama 1511 yogunlugu; / ortamdan gegen gama isin1 yogunlugu; p lineer sogurma
katsayis1 (cm™), u,, kiitle sogurma katsayis1 (cm?%g), p ortamm yogunlugu (g/cm’) ve t ortamin
kalinhigidir (cm). Bir bilesik igin kiitle sogurma katsayisi, bilesigi olusturan elementlerin agirlik

oranlarina (w;) bagh olarak Esitlik 3 ile hesaplanir:

Hm = ziwi ()i 3)

Numunelerin gama 15111 zirhlama etkilerini aciklayan diger temel teorik parametreler; yar1 kalinlik
degeri (YKD), gelen radyasyon siddetinin yariya azaldigi malzeme kalinligi, onda-bir kalinlik degeri
(OKD), gelen radyasyon siddetinin onda birine diistii§ii malzeme kalinli§1 ve ortalama serbest yol
(OSY), iki ardigik foton etkilesimi arasindaki ortalama hareket mesafesi olarak tanimlanir. YKD, OKD
ve OSY sirasiyla Esitlik 4-5-6 ile hesaplanabilir.

YKD = n2/, 4)
okp = n10/, )
osy =1/, (6)

Numune, bir karigim veya bilesik oldugunda etkin atom numarasi (Z.«) toplam atomik tesir kesiti (Ga)

ile toplam elektronik tesir kesitinin (o.) orani olarak verilir ve asagidaki esitlige indirgenir [37].
> fidi(H/ P)i

5S4 ()
%7 */p),

Burada A : atomik kiitle, Z : atom numarasi ve f : molar kesirdir.

eff

Bulgular

Yogunluk ve % agirlik degerleri Tablo 1°de verilen AINi intermetalik bilesiklerinin radyasyon zirhlama
ozelliklerini incelemek igin kiitle sogurma katsayilar (u,,), lineer sogurma katsayilari, yar1 kalinlik
degerleri, onda bir kalinlik degerleri, ortalama serbest yollari, etkin atom numaralar1 WinXCom, PHITS
3.27 ve GEANT4 programlari ve analitik ifadelerle elde edildi. Tablo 1'den, agirlik¢a % oranlari degisen
Al ve Ni’in olusturduklar bilesiklerin yogunluklarinin 4.1 ile 7.5 g/cm?® arasinda degistigi goriiliir.
Yiizde agirlik ve yogunluk degisimleri incelendiginde, artan Ni konsantrasyonu (% agirlik) ile kiitle
yogunlugunun p (g/cm?) yaklasik olarak dogrusal bir iliskiyle arttig1 soylenebilir [24]. Sekil 2, segilen
intermetalik bilesiklerin 1 keV ile 10° MeV araligindaki enerjilerde, WinXCom ile hesaplanan teorik

kiitle sogurma katsay1 (u,,) degerlerini gostermektedir. Sekil detayli olarak incelendiginde, foton
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enerjisi arttikga kiitle sogurma katsayisinin iistel olarak azaldigi goriilii. Bu durum, foton kismi

etkilesim siire¢leri temelinde agiklanabilir. Diisiik enerji bolgesinde (E <0.04 MeV) fotoelektrik etkinin
baskin oldugunu sdyleyebiliriz. Bu bdlgede, incelenen drnekler igin p,, degeri artan enerjiyle keskin bir
sekilde azalmaktadir. Bu durum, fotoelektrik mikroskobik tesir kesitinin gelen foton enerjisi (E) ile ters
orantili oldugu ve drneklerin atom numarasi (Z) ile dogru orantili oldugu ile agiklanabilir. Yine bu
bolgede bazi enerji degerlerinde pikler goriillmektedir. Bu pikler fotoelektrik etki nedeniyle 1.0081 ve
8.3328 keV'de (Ninin L-I ve K sogurma kenar1) ve 1.5596 KeV’de (Al’'nin K sogurma kenar1) meydana
gelir. 0.04< E <2.6 MeV’de u,,, degerleri yavas yavas azalmakta ve bilesiklerin u,,, degerleri arasindaki
fark neredeyse sifira yaklagmaktadir. Bu bolge Compton sagilmasimin baskin oldugu bolgedir. Bu
bolgede mikroskobik tesir kesiti, enerji (E) ile ters orantili ve sogurucu malzemenin atom numarasi (7))
ile dogrusal olarak iliskili olmasindan kaynaklanmaktadir. 2.6 MeV’den sonra u,,, degerleri hafifce artar
ve sonra neredeyde sabit kalir. Bu durum gift olusum siirecinin ortamin atom numarasi Z*’ye bagimliligi
ile agiklanmaktadir. Aragtirilan tiim bilesikler i¢in p,,, degerlerindeki degisiklikler benzer bir model
izlemektedir; farkli enerji sinirlarinda 6nce keskin bir azalig daha sonra hafif bir azalig ve en sonunda
hafif bir artig seklindedir. Diger taraftan, bilesiklerin sogurma yetenegi bilesiklerin yogunlugu ile giiglii
bir sekilde iliskilidir. Ornegin AINi; bilesiginin yogunlugu yiiksek oldugu i¢in gama fotonlarmni daha
yiiksek sogurma kabiliyetindedir. Her ne kadar bilesiklerdeki u,, degerleri arasindaki fark kiigiik olsa
da, AINis bilesiginin p,, degerleri tiim enerjilerde biraz daha yiiksektir. Ayrica wu,, degerleri, 0.047 ile
2.506 MeV enerji araliginda PHITS 3.27 ve GEANT4 simiilasyon kodlar1 kullanilarak hesaplandi.
Simiilasyon degerlerinin teorik tahminlerle dogrulanmasi, mevcut sonuglarin dogrulugunun
ispatlanmasinda temel rol oynamaktadir. Bu nedenle PHITS ve GEANT sonuglart WinXCom yazilim1
kullanilarak elde edilen teorik degerlerle karsilastirildi (Tablo 2). Buna ek olarak Tablo 2’ye WinXCom
ile PHITS ve WinXCom ile GEANT arasindaki yiizde sapma (% sapma) degerleri Esitlik 8 kullanilarak
eklendi.

Ly _ (K (8)
( /p)(TM/pg /,0)5 X100

Burada S, simiilasyon kodlar1 (PHITS ve GEANT) kullanilarak elde edilen sonuglari, T ise WinXCom

%Sapma =

yazilimi kullanilarak hesaplanan teorik degerleri ifade etmektedir. En yiiksek fark, 9%10.136 degeriyle
0.099 MeV enerjili fotonda AINi; numunesinde gozlendi. Bu nedenle simiilasyon sonuglari ile teorik

degerler arasinda iyi bir uyum oldugu sdylenebilir.
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Sekil 2. Al-Ni intermetalik bilesiklerinin 1 keV ile 10° MeV enerji araliginda WinXCom ve se¢ilen
enerjilerde PHITS ve GEANT4 ile hesaplanan kiitle sogurma katsayilar
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Tablo 2. Al-Ni intermetalik bilesiklerinin secilen enerjilerde WinXCom, PHITS ve GEANT4 ile hesaplanan kiitle sogurma katsayilart (cm’/g)

Enerji AlsNi AlzNi2 AlsNi3

(MeV)  winXCom PHITS GEANT % phits % geant WinXCom PHITS GEANT % phits % geant WinXCom PHITS GEANT % phits % geant
0.047 1.472 1.389  1.360 5.627 7.618 1.905 1831 1.767 3.856 7.236 1.976 1905 1.834 3.588 7.192
0.060 0.811 0.742  0.740 8.471 8.732 1.027 0.960  0.943 6.523 8.216 1.063 0.997 0.975 6.227 8.254
0.099 0.290 0.265  0.262 8.758 9.544 0.338 0.309 0.301 8.742  11.075 0.346 0.316 0.312 8.665 9.832
0.122 0.216 0.202  0.196 6.237 8.939 0.242 0.226  0.219 6.738 9.427 0.246 0.229  0.222 6.771 9.587
0.161 0.162 0.157  0.150 3.500 7.404 0.174 0.167  0.160 4.274 8.066 0.176 0.168  0.161 4.404 8.297
0.284 0.112 0.113  0.108  -0.975 3.681 0.114 0.115 0.110 -0.297 3.813 0.115 0.115  0.110 -0.061  4.367
0.347 0.101 0.103  0.099 -1.882 2.540 0.103 0.104 0.099  -1.508 3.558 0.103 0.104  0.100 -1.304  3.083
0.511 0.085 0.088 0.084  -3.351 0.910 0.085 0.088 0.084 -2975 1.257 0.085 0.088  0.084 -3.012 1.166
0.689 0.074 0.077 0.074  -3.802 0.118 0.074 0.077  0.074  -3.590 0.201 0.074 0.077  0.074 -3.555  0.301
0.964 0.063 0.065 0.063 -4.227 -0.231 0.063 0.065 0.063 -4171  -0.023 0.063 0.065  0.063 -4.002  -0.126
1.173 0.057 0.059  0.057 -4316  -0.281 0.057 0.059  0.057 -4.321 0.261 0.057 0.059  0.057 -4.321 -0.222
2.506 0.039 0.041  0.039 -4.835 0.348 0.039 0.041 0.039  -4.497 0.068 0.039 0.041 0.039342 -4.654  0.308
Enerji AINi Al3Nis AlNi3

(MeV) winXCom PHITS GEANT % phits % geant WinXCom PHITS GEANT % phits % geant WinXCom PHITS GEANT % phits % geant

0.047 2.140 2.075 1.994 3.039 6.815 2.389 2.330 2.223 2.466 6.978 2.599 2.547 2.384 2.031 8.286
0.060 1.145 1.081 1.052 5.624 8.122 1.270 1.206 1.170 4.983 7.842 1.375 1.313 1.263 4.501 8.102
0.099 0.365 0.334 0.329 8.546 9.917 0.393 0.359 0.353 8.461  10.091 0.416 0.382 0.374 8.320 10.136
0.122 0.256 0.238 0.231 6.892 9.744 0.271 0.252 0.244 7.096 9.938 0.284 0.263 0.255 7.254  10.114
0.161 0.180 0.172 0.165 4.640 8.577 0.187 0.178 0.171 5.067 8.595 0.193 0.182 0.175 5.364 9.027
0.284 0.116 0.116 0.110 0.074 4.573 0.117 0.116 0.111 0.413 5.033 0.118 0.117 0.112 0.574 4.863
0.347 0.103 0.105 0.100 -1.125  3.094 0.104 0.105 0.101  -0.901  2.943 0.105 0.105 0.101 -0.693  3.845
0.511 0.085 0.088 0.084  -2.826 1.278 0.086 0.088 0.084 -2544 1782 0.086 0.088 0.085 -2.542 1.184
0.689 0.074 0.077 0.074 -3475 0312 0.074 0.077 0.074 -3.354 0.294 0.074 0.077 0.074 -3.251  0.552
0.964 0.063 0.065 0.063 -3.981 -0.281 0.063 0.065 0.063 -3.948 0.037 0.063 0.065 0.063 -3.762 -0.485
1.173 0.057 0.059 0.057  -4.147 -0.250 0.057 0.059 0.057 -4.149 -0.096 0.057 0.059 0.057 -3.975 -0.082
2.506 0.040 0.041 0.040  -4.430 -0.046 0.040 0.042 0.040 -4597 0.191 0.040 0.042 0.040 -4565 0.196
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Ele alinan intermetalik bilesiklerin Lineer Sogurma Katsayilart (p), ilgili malzemenin kiitle sogurma

katsayilar1 ile yogunluklarinin carpimiyla elde edilerek, foton enerjisine bagli degisimi Sekil 3’te verildi.

Sekilden p’niin enerji ile degisim grafiginin, p/p ile benzer bir egilime sahip oldugu goériilmektedir.

WinXCom PHITS 3.27 GEANT4
101 ] Al3Ni ® +
E Al3Niy — L +
] AlgNi3
] AlNi
1 AlNis ~———— ° +
D AlNiy E— ) +
§
=10°
10-1 1 I LI | II I 1 1 1 I LI} II I 1 1
10 ) 10°
Enerji (MeV)

Sekil 3. Al-Ni intermetalik bilesiklerinin segilen enerjilerde WinXCom, PHITS ve GEANT4 ile
hesaplanan lineer sogurma katsayilari.
YKD, OKD ve OSY lineer sogurma katsayisi1 kullanilarak belirlenebilen 6nemli gama radyasyonu
zirhlama parametreleridir. Bu parametreler ile lineer sogurma katsayilar1 arasinda ters orant1 oldugundan
bu parametrelerin kiiclik degerleri malzemenin daha iyi bir zirhlama malzemesi oldugunu
gostermektedir. Calisma konusu bilesiklerin OSY, OKD ve YKD degerlerinin foton enerjisiyle degisimi
Sekil 4, 5 ve 6'da verilmektedir. Sekillerden de anlasilacagi iizere, gelen foton enerjisi arttikga YKD,
OKD ve OSY degerleri de artmaktadir. Yogunluk, bilesiklerin YKD, OKD ve OSY degerlerini dnemli
oOl¢giide etkiler; boylece yogunlugun artmasiyla YKD, OKD ve OSY azalir ve sogurma etkisi artar.
Ornegin, bilesikler iginde en diisiik yogunluga sahip olan AlsNi (4.1 g/cm®)’in 0.047 MeV deki YKD
degeri 0.1149 cm iken en yiiksek yogunluga sahip AINis (7.5 g/cm?) bilesiginin bu enerjideki degeri
0.03555 cm olarak hesaplanmistir. Benzer egilimler OKD ve OSY’de gozlemlenmektedir. Bu yilizden
AlINis bilesigi, gama zirhlama uygulamalar igin umut verici bir aday olarak diisiiniilebilir. Etkin atom
numarasi (Zew), kompozit malzemelerin foton penetrasyonunu anlamak igin siklikla kullanilan baska bir
parametredir. Sekil 7, enerjinin bir fonksiyonu olarak bilesikler i¢in Ze'in grafiksel bir temsilini
gostermektedir. Genel olarak Zew degerlerinin fotonun enerjisine ve bilesiklerin yapilarina giiclii bir
sekilde bagli oldugu goriilmektedir. Sekil 7 incelendiginde bilesiklerin teorik Zew degerlerinin
AINiz>AlzNiz>AINi>AlsNiz>AlsNi;>Al;Ni  seklinde biiyiikten kiigiige dogru siralandigi agikca

goriilmektedir.

295



Ozdemir ve Yildiz Yorgun

Sinop Uni J Nat Sci 9(2): 287-301 (2024)

10’

10°

YKD (cm)

10?2 —

ISSN: 2564-7873

— ANNj,

10" .
Enerji (MeV)

Sekil 4. Al-Ni intermetalik bilesiklerinin segilen enerjilerde yart kalinlik degerleri.
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Sekil 5. AI-Ni intermetalik bilesiklerinin segilen enerjilerde onda kalinlik degerleri.
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Sekil 6. Al-Ni intermetalik bilesiklerinin segilen enerjilerde ortalama serbest yol degerleri.
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Sekil 7. Al-Ni intermetalik bilesiklerinin secilen enerjilerde Zey degerleri.
Tartisma ve Sonug¢

Bu calismada AI-Ni bilesiklerinin (Al3Ni, AlsNi, AlsNis, AINi, Al3Nis ve AlINi3) gama radyasyon
zirhlama 6zellikleri arastirildi. Her bilesik icin kiitle sogurma katsayilart PHITS ve GEANT kodu ve
XCOM programi kullanilarak, tip ve radyografi uygulamalarinda kullanilan radyoizotoplarin gama
yayinlama enerjileri dikkate alinarak 0.047 — 2.506 MeV enerji araliginda belirlendi. Bu yontemlerle
elde edilen sonuclarin iyi bir uyum igerisinde oldugu goriildii. Sonuglar, intermetalik bilesigin
yogunlugunun artmasiyla, p,,ve Zew degerlerinin arttigini, YKD, OKD ve OSY degerlerinin ise
azaldigin1 gostermistir. Radyasyondan korunmak i¢in bu parametrelerin hesaplanan verilerinin dikkate
almmasi1 ve ayrica istenen uygulamaya gore uygun bilesigin secimi yapilabilir. Hesaplanan
parametrelere gore yogunlugu biiyiik olan nikelin, bilesikteki yiizde katkisi artik¢a intermetalik bilesigin
radyasyon zirhlama kapasitesinin de arttig1 goriildii. Bu sonuca dayali olarak, AINi; bilesiginin diger
bilesiklere oranla gama zirhlama i¢in daha uygun bir aday oldugu tespit edildi. Al-Ni intermetalik
bilesikleri, literatiirde zirhlama malzemesi olarak onerilen diger malzemelerle karsilastirildiginda daha
diisiik zirhlama kapasitesine sahip olsalar da, gama zirhlama ihtiyact duyulan alanlarda kullanim igin
yeterli diizeydedir. Ayrica Al-Ni bilesiklerinin sahip olduklar1 fiziksel 6zellikler de (yiiksek mukavemet,
diisiik 6zgiil agirlik, termal stabilite vb.) goz 6niinde bulundurularak bilesiklerin hastanelerde, radyasyon
yayan ekipman bulunan odalarda, radyoaktif atik iiriinlerin depolanmasinda ve niikleer santrallerde

gama radyasyonu zirth malzemesi olarak kullanilabilecegi 6ngoriilebilir.

Tesekkiir -

Fon/Finansman bilgileri Bu ¢alisma i¢in herhangi bir kurum ve/veya kurulustan destek alinmamustir.
Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.

Cikar ¢catismalary/Catigan ¢cikarlar Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.
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Yazarlarin Katkisi Yazarlar calismaya esit oranda katki saglamistir. Yazarlar makalenin son halini

okumus ve onaylamistir.
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Oz
2021 ve 2022 yillar1 vejetasyon donemlerinde Denizli ili biber iiretim

alanlarinda arazi ¢alismalar1 gerceklestirilmistir. Viriis ve viriis benzeri
Arastirma Makales simptomlar gosteren toplam 115 bitki 6rnegi toplanmustir. Ornekler, DAS-
ELISA (Double Antibody Sandwich Enzyme Linked Immunosorbent

Assay) serolojik yOntemine gore testlenmistir. Serolojik test

Sorumlu Yazar yontemlerinin uygulanmasinda Biber 6rneklerinin testlenmesinde Tomato
Handan CULAL KILIC spotted wilt virus (TSWV), Cucumber mosaic virus (CMV), Tobacco
handankilic@isparta.edu.tr mosaic virus (TMV) ve Pepper mild mottle virus (PMMoV)’e spesifik tani

kitleri kullanilmigtir. Test sonuglari, biber drneklerinin %6.9’u TSWV,
%3.4’t CMV, %2.6’s1 PMMoV ve %1.7 ‘inin TMYV ile tek bir etmen
tarafindan enfekte oldugunu gostermistir. Ayrica, %0.86 oraninda
TMV+TSWV, CMV+TSWV, PMMoV+TMV, PMMoV+CMV ve
PMMoV+TMV+CMYV olmak tizere ikili ve t¢lii karisik enfeksiyonlar
saptanmistir. Hem vektor bocek hem de iiretim materyali tohumlar ile
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Detection of Virus Disease in Pepper Production Areas in Denizli Province

Abstract

Survey studies were carried out in the pepper production areas in Denizli
province during the vegetation periods of 2021-2022. A total of 115 plant
samples showing virus and virus-like symptoms were collected. The
samples were tested according to DAS-ELISA (Double Antibody
Sandwich Enzyme Linked Immunosorbent Assay) serological method.
Commercial diagnostic Kits specific to Tomato spotted wilt virus (TSWV),
Cucumber mosaic virus (CMV), Tobacco mosaic virus (TMV) and Pepper
mild mottle virus (PMMoV) were used in the serological test methods. The
test results showed that 6.9% of the pepper samples were infected with
TSWV, 3.4% with CMV, 2.6% with PMMoV and 1.7% with TMV by a
single infection. In addition, double and triple mixed infections,
TMV+TSWV, CMV+TSWV, PMMoV+TMV, PMMoV+CMV and
PMMoV+TMV+CMV were detected at a rate of 0.86 %. To reduce the
prevalence of these factors carried by both insects and seeds of production
) material, it is recommended to control the vector population and use
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Giris

Biber (Capsicum annuum L.), Solanaceae familyasmin Capsicum cinsine ait bir kiiltiir bitkisidir. iklim
istegi yoniinden 1lik ve sicak iklim sebzesidir [1]. Diinyada tarimi1 yapilan kiiltiir bitkileri arasinda biber
tarrm1 dnemli bir yere sahiptir. Insanlarin vazgecilmez bitkisel besinleri olan sebzelerden biri olan ve
diinyada yaygin olarak tiiketilen biber, c¢esitli vitaminleri, mineral ve antioksidant maddeleri
icermektedir. Biber taze, konserve, kurutulmus, toz ya da pul biber seklinde, salca, tursu, sos olarak
titketilmesinin yam sira tarimsal sanayide, ilag, boya vb. gibi farkli sektdrlerde de kullanilmaktadir [2].
Iliman iklim kusaginda yer alan Tiirkiye nin iklim ve toprak 6zellikleri, ¢esitli sebzelere oldugu gibi
biber iiretimine de son derece uygundur. Diinya’daki toplam biber iiretimine iilkeler bazinda
baktigimizda FAO’nun 2023 yilh istatistiklerine gore; Cin 16.650.855 ton ile ilk sirada yer alirken,
3.018.775 ton ile Tiirkiye 2. sirada yer almaktadir [3]. Ulkemizde biber iiretiminin yogun olarak
yapildig1 iller Antalya, Bursa, Samsun ve Manisa’dir. Ege Bolgesi'nin dogusunda bulunan Denizli,
iilkemiz tariminda énemli bir yeri olan illerimizden birisidir. Ilde 2023 yil1 itibariyla toplam 16.548
dekar alanda biber tiretimi gerceklestirilmis ve 42.233 ton biber elde edilmistir. Yorede, sivri, dolmalik
ve salcalik ve carliston olmak iizere dort tip biber iiretilmektedir. Uretilen biberlerin 28.503 tonunu
salcalik biber, 3468 tonunu dolmalik biber, 10.231 tonunu sivri biber ve 31 tonunu ¢arliston biber
olugturmaktadir [4]. Diger kiiltiir bitkilerinde oldugu gibi biber bitkisi de bir¢ok hastaliktan
etkilenmektedir. Biberi etkileyen ¢ok sayida fungal, bakteriyel ve viriis gibi fitopatojen verim ve kalite
kaybina neden olmaktadir. Biber iiretim alanlarinda goriilen hastaliklar arasinda viral enfeksiyonlarin
giderek arttig1 bir gergektir. Viris ile bulagik tohum ve enfekteli fide kullaniminin yani sira y1l igerisinde
de mekanik olarak ya da viriilifer6z vektorlerle taginarak yayilmaktadir. Bitkisel {iretim alanlarinda viral
hastaliklara kars1 etkili antiviral iirlinlerin bulunmamasi, bu hastaliklarin olusturdugu tehditin 6nemini
giderek artiran kritik bir sinirlayici faktdr olarak one ¢ikmaktadir. Dogrudan kimyasal miicadele
olmamasi, virlislerden kaynaklanan hastaliklar1 6nlemede koruyucu tedbirlere yonelmeyi zorunlu
kilmaktadir. Viriis hastaliklarinin  kontroliinde erken tami ve teshis, virlis kaynaginin ortadan
kaldirilmasi, alet ve ekipmanlarin dezenfeksiyonu, temiz liretim materyali kullanimi ve etkili vektor ve
yabanci ot miicadelesi temel koruyucu onlemlerdir [5, 6]. Biberde hastalik olusturan ve tretimini
siirlayan pek ¢ok viriis bulunmaktadir. Edwardson ve Christie [7], bu kiiltiir bitkisini dogal olarak tarla
sartlarinda 55 civarinda viriisiin enfekte ettigini bildirmislerdir. Viriis hastaliklar1 nedeniyle biberlerde
meydana gelen yillik zarar oraninin % 42- % 80 dolayinda oldugu tahmin edilmektedir. Bu viriislerin
bir kismu vektorler tarafindan, bir kismi ise tohumla bazilar1 ise mekanik olarak Gzsuyu temasi ile
taginmaktadir. Virislerin taginmasinda etkili vektorler arasinda afitler, thripsler, yaprak pireleri, beyaz
sineklerdir [8]. Hiyar mozaik viriisii (Cucumber mosaic virus, CMV), patates Y viriisii (Potato virus'Y,
PVY), ve tiitlin mozaik viriisii (Tobacco mosaic virus, TMV)’niin biber {iretilen alanlarda goriilen en
zararl viriisler oldugu bildirilmistir [9]. Ulkemizin farkli bolgelerinde yapilan ¢alismalar biber {iretim

alanlarinda cesitli virilis enfeksiyonlarinin bulundugunu ortaya koymustur [5, 6, 10 - 24]. Denizli’de
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2005 yilinda yapilan farkl bir ¢alismada; biber, patlican ve marul 6rmeklerinde AMV, TSWV ve CMV

viriisleri tespit edilmistir [17]. Bolgede son yillarda yapilan siirveyler sirasinda viriis benzeri belirtilerin
gozlemlenmesi ve iireticilerden gelen sikayetlerin artmasi sebebiyle bu ¢alisma olusturulmustur. Bu
amagla Denizli ili biber iiretim alanlarinda TSWV, TMV, CMV ve PMMoV bakimindan durumunun
ortaya konmasi i¢in tanilama ¢alismalarinda serolojik yoOntemlerden DAS-ELISA yoOntemi

kullanilmstir.
Materyal ve Yontem

Siirvey Calismalar:

Arazi calismalar1 Denizli ili ve ilcelerinde 2021-2022 yillarinda biber iiretilen alanlarinda
gergeklestirilmistir. Bu kapsamda Giiney, Kale ve Saraykoy ilgelerinden 6rneklemeler yapilmistir.
Viriis simptomu sergileyen bitkilerden yaprak ornekleri toplanmistir. Uygun kosullarda Bitki Koruma

Boliimii’ne getirilen 6rnekler, Viroloji Laboratuvari’nda ¢alismalara kadar -20 °C’de saklanmustir.
DAS-ELISA Yontemi

Viriisiin teshisinde bitkilere DAS-ELISA yéntemi uygulannustir. Orneklerin serolojik testlenmesinde
TMV, CMV, PMMoV ve TSWV’e spesifik ELISA kitleri kullanilmistir. Kitler Bioreba (Isvigre)
firmasindan temin edilmistir. Testleme ¢alismalar1 firmanm &nerdigi sekilde yapilmistir. Oncelikle
ELISA tabaklarinin her bir ¢ukurcuguna viriislere 6zgii antikor ile hazirlanmis tampon ¢ozelti ile
kaplanmig ve 37 °C’de 4 saat bekletilmistir. Yikamay: takiben ekstraksiyon tampon ¢ozeltisinde
ornekler ezilerek her bir ¢ukura 200’er pl konulmus ve +4 °C’de tiim gece bekletilmistir. Konjugat
buffer ve konjugatlar sulandirilarak her bir gukura ilave edilmis ve 37 °C’de tekrar bekletilmistir. Son
asama olarak substrat tamponu ile hazirlanan substrattan her bir g¢ukura 200 ul konularak oda
sicakliginda bekletilerek renk degisimi gozlenmistir. Sonuglar 405 nm dalga boyunda okunmustur.
Kontrol bitkisinin absorbans degerlerine gore kontrol degerinin en az iki kati okuma degeri veren

ornekler pozitif olarak kabul edilmistir [25].
Bulgular ve Tartisma

Denizli ili ve ilgelerindeki biber iiretim alanlarinda siirveyler yapilmis ve viriis simptomu sergileyen 115
bitki 6rnegi toplanmustir. Orneklerde; yapraklarda mozaik, deformasyon, yapraklarda kiiciilme
simptomu, kloroz, nekroz, damar agilmasi, bitki boyunda kisalma, meyvelerde renk degisimi, meyvede

deformasyon gibi belirtiler gdzlemlenmistir (Sekil 1, 2, 3).

304



Culal Kilic ve Deniz, Sinop Uni J Nat Sci 9(2): 302-310 (2024)
~ E-ISSN: 2564-7873

Sekil 1. Biber meyvesinde halkali leke ve kirigiklik simptomu

Sekil 2. Biber bitkisinin yapraklarrmrda kiictilme ve favrilma simptomu

Ayrica baz1 drneklerde fitoplazma benzeri belirtilere rastlanmigtir (Sekil 2). Biberde enfeksiyon yapan
viriislerin bu belirtilere neden oldugu farkli ¢calismalarda belirtilmistir [5, 14, 23]. Gergeklestirilen arazi
caligmalarinda, toplanan yaprak érnekleri TMV, CMV, PMMoV ve TSWV bakimindan DAS-ELISA
yontemi ile testlenmistir. DAS-ELISA testi sonuclarma gore; testlenen 115 biber yaprak 6rneginden 22
adetinin bir veya birden fazla viriisle enfekteli oldugu bulunmustur. Buna gore; 6rnek alinan yerlere
gore enfekteli 6rnek sayisina baktigimiz Kale ilgesinde toplanan drneklerin 11°nin, Saraykdy’de 6’sinim

ve Giiney il¢esinde ise 5’inin bir veya daha fazla viriisle enfekteli oldugu tespit edilmistir.
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Sekil 3. Biber bitkisinin yapraklazda deformasyon, mozaik ;vimtomu

ELISA testlerinin sonucunda 6rneklerin; % 6.9 (8 6rnek) unun TSWV ve % 3.4 (4 6rnek) liniin de CMV,
% 2.6 (3 6rnek) sinin PMMoV, % 1.7 (2 6rnek) inin TMYV ile enfekteli oldugu belirlenmistir.

Tablo 1. Ornek alinan yerler, alinan drnek sayisi ve viriislerin tek ve karisik olarak bulunma

durumlar
Ornek Alinan Yer Giiney Kale Saraykéy Toplam
Alinan Ornek Sayisi 32 29 54 115
TSWV 0 5 3 8
CMV 3 1 0 4
™™V 1 0 1 2
PMMoV 1 1 1 3
TMV+TSWV 0 1 0 1
CMV+TSWV 0 1 0 1
PMMoV+TMV 0 1 0 1
PMMoV+CMV 0 0 1 1
PMMoV+CMV+TMV 0 1 0 1

Ayrica testlenen orneklerde; % 0.86 (1 6rnek) oraninda TMV+TSWV, CMV+TSWV, PMMoV+TMYV,
PMMoV+CMV ve PMMoV+TMV+CMV enfeksiyonlar1 belirlenmistir. ikili enfeksiyonlardan;
TMV+TSWYV (1 6rnek), CMV+TSWYV (1 6rnek) ve PMMoV+TMYV (1 6rnek) enfeksiyonlar: sadece
Kale ilgesinde tespit edilirken; PMMoV+CMV (1 6rnek) enfeksiyonu ise sadece Saraykdy ilgesinde
tespit edilmistir. PMMoV+TMV+CMV iicli enfeksiyonu da yine Saraykdy ilgesinde belirlenmistir.
Giiney ilgesinde alian &rneklerde ise sadece tekli enfeksiyonlar belirlenmistir. Benzer sekilde Ozdemir
ve Erilmez [17], Denizli ili biber, patlican ve marul iiretim alanlarinda yiirittiikleri ¢calismada, biber
orneklerinin % 81.13’tinii TSWV, % 1.89°’unu CMV ve % 11.32’sini TSWV, CMV ve AMV ile karisik
enfekteli bulmusglardir. Calismada en yaygin etmenin TSWV oldugunu bildirmislerdir. Arli S6kmen ve
ark. [14] 1998 ve 1999 yillarinda biberde 313 6rnegi ELISA ile test etmisler ve en yaygin viriisleri
strastyla PVY, TMV, ToMV, AMV, TSWV ve CMV olarak belirlemislerdir. Keles Oztiirk ve Baloglu
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[21] Mersin, Adana, Hatay, Osmaniye ve Kahramanmaras illerinde biber viriislerinin tespit edildigi

calismada, CMV % 33.68 oran ile en yaygin viriis olarak belirlenmistir. Antalya’da yapilan bir
calismada TSWV enfeksiyonu % 35.8 olarak belirlenirken, CMV % 7.3 olarak tespit edilmistir [26].
Antalya’nin Kumluca ilgesinde yapilan farkli bir caligmada da biberlerde TSWV enfeksiyon oran1 %
96.49 olarak ortaya konulmustur [5]. Akdura ve Culal-Kili¢ [6] Hakkari’de yaptiklar1 caligmada 90 adet
biber 6rneginin 12’sinde TSWV enfeksiyonunu tespit etmislerdir. Deligdz ve ark. [23] tek ve karisik
TSWV enfeksiyonunu en ¢ok Manisa’da belirlemislerdir. Culal-Kili¢ [26] Burdur ve Denizli illeri
biberlerinde yaptiklari ¢alismada, ToMV’niin varliginit DAS-ELISA ve IC-RT-PCR yontemi ile ortaya
koymuslar ve 209 &rnegin 30’unun ToMV ile enfekteli oldugunu bildirmislerdir. Ulkemizde
PMMoV niin varligi ilk olarak Giildiir ve ark. [13] tarafindan tespit edilmis daha sonra; Giildiir ve
Caglar [27], 2006 yilinda Sanlurfa’da biber seralarinda PMMoV’nii tanilamislardir. 2008 yilinda
Antalya’daki biberlerde siddetli sistemik simptomlar gosteren biber yapraklarinin DAS-ELISA testleri
sonucunda bitkilerin PMMoV ile enfekteli oldugu tespit edilmistir [18]. Adana, Mersin, Antalya,
Kahramanmaras ve Sanlwrfa illerinde 2009-2010 yillarinda yapilan surveyler siiresince yerel
cesitlerden 3000 adet biber 6rnegi toplanmustir. Ornekler ELISA testi ile PMMoV igin testlenmistir.
Testler sonucunda Adana ilinden alinan 10, Kahramanmaras’tan 10, Antalya’dan 2, Mersin’den 3,
Sanlurfa’dan 2 olmak tizere toplam 27 6rnegin PMMoV ile bulasik oldugu belirlenmistir [28]. Culal-
Kilig ve ark. [29] 2015 yilinda Burdur ilinde yaptiklar1 ¢alismada 124 biber 6rneginin serolojik olarak
testlenmesi sonucunda 8 6rmegi CMV, 8 6rnegin PMMoV ile enfekteli oldugunu 4 6rnegin ise her iki
viriis ile enfekteli oldugunu ortaya koymuslardir. Deligdz ve ark. [23] biber 6rneklerinde % 0.5 oraninda
PMMoV enfeksiyonu belirlemislerdir. Ayrica % 0.5 oraninda TSWV+PMMoV ve % 0.3 PMMoV+
CMV ikili enfeksiyonlari tespit edilmistir. TSWV+ PMMoV+CMV gl enfeksiyon orani ise; %
0.2’dir. Bu ¢aligma ile Denizli ili biberlerinde TMV, CMV, PMMoV ve TSWV nin varligit DAS-ELISA
ile belirlenmistir. Denizli ilindeki biberlerde TMV ve PMMoV ’niin varligi ilk kez ortaya konulmustur.

Sonuclar

Yapilan bu ¢alismada TSWV nin diger virlislere gore en yiiksek enfeksiyon orani (8 6rnek) olusturdugu
belirlenmistir. Biber tiretiminde dnemli verim kayiplarina yol acan CMV, TMV, TSWV ve PMMoV
gibi viriisler vektor boceklerle (yaprak biti ve thrips gibi) ve tohumla etkili bir sekilde taginmaktadirlar
[30]. Bundan dolay1 etkin bir savagim ydntemi bulunmayan viriislerin yayilmasinda rol oynayan
vektorlerle miicadele edilmesi, dayanikli ¢esitlerin 1slah1 ve temiz liretim materyalinin kullanilmas1 ve
enfekteli bitkilerin yok edilmesi gibi islemlerin bolgede yayginlastirilmasi viriis hastaliklar ile

miicadelede etkili olacaktir.
Tesekkiir -

Fon/Finansman Bilgileri Bu ¢aligma igin herhangi bir kurum ve/veya kurulustan destek alinmamugtir.
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Etik Kurul Onay ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.

Cikar Catismalary/Catisan Cikarlar Yazarlar arasinda herhangi bir ¢ikar catismasi yoktur.
Yazarlarin Katkist 1. yazar %60 oraninda, 2. yazar %40 oraninda katki saglamistir.
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Abstract
This study investigated the taxonomic composition, abundance, and
biomass values of mesozooplankton in the marine area in front of two

Research Article important rivers (Sakarya River and Yesilirmak River) and the largest port
located on the Black Sea coast in Tiirkiye (Samsun Port) in July 2019 and

Corresponding Author January 2020. The average mesozooplankton abundance and biomass
Funda USTUN were 4187.3 ind. m= and 89.7 mg m- in Sakarya River, 3638.5 ind. m3
fustun@sinop.edu.tr and 78.2 mg m in Samsun Port, and 3327.6 ind.m= and 77.6 mg m= in

Yesilirmak River, respectively. In July 2019, the highest abundance value
of mesozooplankton (8581 ind. m) was recorded at SAKOS station off
Sakarya River due to the copepod Acartia clausi (3279 ind. m=). In July
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sampling stations in July 2019, copepod Calanus euxinus, Pseudocalanus

elongatus and Oithona similis were observed at the sampling stations in

January 2020. Also, in January 2020, the presence of freshwater Cladocera

Received: 11.03.2024 species was detected off Sakarya River. The changes in biodiversity were
Accepted: 17.07.2024 determined to depend on temperature changes and riverine input.
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Giiney Karadeniz’in Mesozooplanktonun Mekansal ve Zamansal Degisiminin
Degerlendirilmesi
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Biology, Sinop, Tiirkiye

Karadeniz kiyilarinda yer alan iki onemli nehir (Sakarya Nehri ve
Yesilirmak Nehri) ile Karadeniz’in en biiyiik liman1 olan Samsun Limanti
ontindeki  denizel alandaki  mesozooplanktonun  taksonomik
kompozisyonu, bolluk ve biyokiitle degerleri incelenmistir. Ortalama
mesozooplankton bollugu ve biyokiitlesi sirasiyla Sakarya Nehri’nde
4187.3 birey m ve 89.7 mg m, Samsun Limani’nda 3638.5 birey m= ve
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78.2 mg m ve Yesilirmak Nehri’nde 3327.6 birey m= ve 77.6 mg m
olarak hesaplanmistir. Temmuz 2019’da mezozooplanktonun en yiiksek
bolluk degeri, Sakarya Nehri agiklaridaki SAKOS istasyonunda kopepod
Acartia clausi’nin yiiksek katkist (3279 birey m?3) nedeniyle
kaydedilmigtir. Temmuz 2019’da mezozooplanktonun en yiiksek
biyokiitle degeri ise Yesilirmak Nehri aciklarindaki YSL07 istasyonunda,
kopepod Centropages ponticus’un yiiksek katkisiyla (77.90 mg m=)
belirlenmistir. Ocak 2020°de mesozooplanktonun en yiiksek bolluk ve
biyokiitle degerleri (4035 birey m™ ve 66.45 mg m=) Samsun Limani
aciklarindaki SLIO5 istasyonunda kopepod Acartia clausi’nin yiiksek
katkis1 ile tespit edilmistir. Mesozooplankton tiir kompozisyonunda iki
ornekleme donemi arasinda farklilik saptanmistir. Cladocera tiirleri ve
copepod Acartia tonsa Temmuz 2019°da 6rnekleme istasyonlarinda tespit

edilmisken, Calanus euxinus, Pseudocalanus elongatus ve Oithona similis
Ocak 2020’de ornekleme istasyonlarinda gozlemlenmistir. Ayrica Ocak
2020’de Sakarya Nehri agiklarinda tatlisu Cladocera tiirlerinin varligi
saptanmustir. Biyogesitlilikteki degisikliklerin sicaklik degisimlerine ve

This work is licensed under a nehir girdisine bagh oldugu belirlenmistir.

Creative Commons Attribution 4.0

! L Anahtar Kelimeler: Tir kompozisyonu, bolluk, biyokiitle, Sakarya
International License

Nehri, Samsun Limani, Yesilirmak Nehri

Introduction

Carried by water currents or slowly floating vertically in the water column, zooplankton is a key group
between primary producers and secondary consumers [1]. Zooplankton studies have focused on
mesozooplankton (0.2-20 mm) due to its significant role in the marine ecosystem and its contribution
to Carbon cycling. Being the main component as a primary consumer in the marine food pyramid,
mesozooplankton is the main predator of microplankton and the prey of fish larvae and pelagic fish.
Thus, it is an important element in the marine ecosystem playing a role in marine productivity and
biogeochemical cycles [2]. Exposed to various environmental conditions, mesozooplankton
demonstrates significant seasonal and spatial variations, both in terms of species composition and
quantitative data of individual species and their distribution [3, 4]. Temperature [5, 6], anthropogenic
impact [7, 8] and water current [9] are among the significant environmental factors that have an impact
on the distribution, diversity and quantity of mesozooplanktonic organisms in the Black Sea coastal
pelagic ecosystem. Coastal areas under the influence of natural and anthropogenic activities are highly
susceptive to environment variability [10]. Responding rapidly to environmental changes due to their
short life cycles [11], mesozooplankton is one of the major indicators of environmental changes and
pressures in coastal waters [12, 13]. The main objective of the present study is to determine the structure
of the coastal mesozooplankton community located off marine areas in front of Sakarya River, Samsun
Port, and Yesilirmak River. The data obtained can be used as background for quantitative assessments

in the future.
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Materials and Methods
Study Regions

Sakarya River is the third longest river in Tiirkiye (821 km) and the largest river in the Northwestern
Anatolia. It originates from Afyonkarahisar province in the Central Western Anatolia and flows into
the Black Sea in the Karasu district of Sakarya province (Figure 1). The average water quantity
discharged into the Black Sea from the Sakarya River is 193 m® s, Yesilirmak River which is
approximately 519 km long originates from Sivas province in Central Anatolia and flows into the Black
Sea in Carsamba district of Samsun province. It is the second-longest river in the Black Sea Region of
Tiirkiye. It has an average annual flow rate of 151 m® s, Both rivers are utilized for municipal water
needs of settlements and industrial establishments for agricultural irrigation and wastewater discharge.
They supply potable and irrigation water to the region via the dams built on them [14, 15]. Samsun
Port is the largest port on the Black Sea coast of Tiirkiye which has a wide, international-level
hinterland. The delta of Kizilirmak is located to the west and the delta of Yesilirmak is located to the
east of Samsun Port which is situated in a geographically and geomorphologically significant location
[16].

Sampling and Laboratory Studies

The study was performed on 6-13 July 2019 (summer season) and 10-18 January 2020 (winter season)
at a total of 13 stations in marine areas in front of Sakarya River, Samsun Port, and Yesilirmak River in
Tirkiye (southern Black Sea) (Figure 1). Salinity and temperature of the sea surface were measured
using SeaBird SBE25Plus CTD+DO (SBE4 conductivity, SBE3 temperature, and depth; plus, SBE43
dissolved Oxygen) and SBE 32 Carousel Water Sampler (8-liter bottles), which was installed on the
R/V TUBITAK MARMARA research vessel. Dissolved Oxygen concentration (mg L) was measured
using the lodometric Winkler test method [17]. The Chlorophyll-a concentrations (ug L) were
measured by the acetone extraction method in the Spectrophotometer [18]. The mesozooplankton
samples were collected using a UNESCO WP2 net (200 um mesh size, 57 cm mouth diameter) cast
from R/V TUBITAK Marmara during daytime with a single vertical haul. Following the vertical haul,
the net was rinsed gently and the contents of the cod ends of the plankton net were transferred into a
plastic bottle and fixed in borax-buffered formaldehyde (seawater solution to a final concentration of
4%) for identification and enumeration of mesozooplankton individuals. In the laboratory, the samples
were concentrated to 50 ml or 75 ml, depending on the sample density. Two sub-samples were taken
from a Stempel pipette (1 ml) in a homogenized sample. The identification and counting of the
mesozooplankton individuals were conducted using a zooplankton counting apparatus (Bogorov Rass

Chamber) under a stereomicroscope (Novex RZ 65500). For species that did not appear during
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subsampling and for rare and large organisms (such as Chaetognatha and Decapoda larvae), the whole

sample was investigated [19]. The results were averaged and extrapolated to the whole sample.
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Figure 1. Location of sampling stations

According to Petipa [20] and Niermann et al. [21], the biomass transformations were based on the wet
individual weights. The mesozooplankton abundance and biomass results were given as individuals per
cubic meter (ind.) m~ and mg per cubic meter (mg m~3). All taxa were identified taxonomically to the
species level except for the Meroplankton larvae. Mesozooplankton species identification was made
mainly after Bradford-Grieve et al. [22] and Conway et al. [23] and the taxonomic nomenclature
according to the World Register of Marine Species (WoRMS).

Statistical Analysis

The Spearman rank correlation was applied to assess correlations of the abundance of mesozooplankton
species/taxa with environmental parameters, and the abundance of Noctiluca scintillans (SPSS 21
IBMCrop., Armonk, NY, USA). Shannon—Weaver diversity index (H') was applied to the species
abundance data to explain the mesozooplankton quantitative data regarding the community assemblage.
Abundance data were square root transformed to reduce the dominance of heavily abundant
species/groups based on the Bray—Curtis rank similarity matrix. Group average hierarchical cluster
analysis (CLUSTER) was applied to test similarities in mesozooplankton assemblage among stations
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(SAKOQ7, SAKO08, YSLO7, SNO1 etc.). One-way analysis of similarity (ANOSIM) was applied on

mesozooplankton species/taxa abundance to test whether there was a significant difference between the

regions (Sakarya River, Samsun Port, Yesilirmak River). The similarity percentage (SIMPER)
procedure was used to reveal mesozooplankton species/taxa responsible for average similarities within
regions (Sakarya River, Samsun Port, Yesilirmak River) and average dissimilarity between the pair
combination of regions, and to determine the contribution rates. CLUSTER, ANOSIM, SIMPER and

Shannon-Weaver diversity index were conducted using PRIMER 5.0 software.

Results
Environmental Parameters

The surface seawater temperature values of the sampling stations ranged from 25.35 °C to 26.52 °C in
July 2019 (average: 25.95 °C) and from 10.81 °C to 11.78 °C in January 2020 (average: 11.17 °C). The
surface seawater salinity values fluctuated from 15.84 to 18.11 psu in July 2019 (average: 17.56 psu),
and 15.73 to 18.34 psu in January 2020 (average: 17.52 psu). The surface seawater concentrations of
dissolved Oxygen (DO) values were between 7.08 and 11.65 mg L™t in July 2019 (average: 7.99 mg
L 1) and between 8.69 and 9.83 mg L in January 2020 (average: 9.32 mg L™). The minimum and
maximum concentrations of surface seawater Chlorophyll-a varied between 0.08 ug L™ and 18.31 pg
L in July 2019 (average: 2.14 ug L) and between 0.68 pg L! and 2.34 pug L in January 2020
(average: 1.24 pg L) (Figure 2).
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Figure 2. The seawater temperature (°C), salinity (psu), dissolved Oxygen (mg L) and Chlorophyll-a
(ug L) concentration at a depth of 1 m at sampling stations

Taxonomic Composition, Abundance and Biomass of Mesozooplankton Species/taxa

The average mesozooplankton abundance and biomass values were higher in July 2019 than in January
2020 in three regions (Table 1). The mesozooplankton abundance and biomass values varied between
4838-8581 ind. m3 and 102-179 mg m in Sakarya River, 3652-7020 ind. m~3, and 72-198 mg m~3in
Samsun Port and 3363-8001 ind. m~ and 78-209 mg m in Yesilirmak River in July 2019. In January
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2020, these values varied between 1875-2642 ind. m~2 and 32-59 mg m™2 in Sakarya River, 11564036

ind. m=3, and 15-66 mg m2 in Samsun Port and 729-2016 ind. m™ and 8-28 mg m~ in Yesilirmak

River (Figure 3).
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Figure 3. Abundance (ind. m®) and biomass (mg m~2) values of mesozooplankton groups at sampling
stations

Oikopleura dioica (Appendicularia) and Parasagitta setosa (Chaetognatha) were detected at all stations
during the study period. The abundance and biomass of O. dioica in July 2019 were 3.3-349 ind. m™3
and 0.05-4.3 mg m2 in Sakarya River, 16.3-122 ind. m~3 and 0.05-0.71 mg m2 in Samsun Port, 3-47
ind. m2and 0.01-0.52 mg m 2 in Yesilirmak River (Figure 3). The abundance and biomass of the same
species in January 2020 were 6.5-37 ind. m and 0.09-0.3 mg m~2 in Sakarya River, 49-138 ind. m3
and 0.7-2.7 mg m™2 in Samsun Port, 23-105 ind. m~ and 0.3-2.5 mg m 2 in Yesilirmak River (Figure
3). In July 2019, the minimum and maximum abundance of Parasagitta setosa were in the range of
217-419 ind. m3in Sakarya River, 91-372 ind. m~2in Samsun Port and 165-325 ind. m= in Yesilirmak
River. The minimum and maximum biomass of the species in summer were in the range of 14.4-37 mg
m~2 in Sakarya River, 5.8-43 mg m= in Samsun Port and 11-32 mg m= in Yesilirmak River (Figure 3).
In January 2020, the minimum and maximum abundance of P. setosa ranged between 5 and 9.5 ind. m~
% in Sakarya River, 0.8 and 4.3 ind. m~2 in Samsun Port, and 1.6 and 5.2 ind. m~ in Yesilirmak River.
The minimum and maximum biomass of the species in winter ranged between 1.5 and 16.4 mg m=3 in
Sakarya River, 0.2 and 4.7 mg m= in Samsun Port and 0.4 and 4.7 mg m~ in Yesilirmak River (Figure
3).

Copepoda was the predominant group, with the highest abundance and biomass values among the
mesozooplankton in the sampling period. The abundance and biomass of Copepoda
(adult+copepodit+nauplii) were 2882-6394 ind. m~2 and 64-130 mg m2 in Sakarya River, 3055-6312
ind. m™3 and 61-168 mg m™3 in Samsun Port, 26806399 ind. m~® and 56-153 mg m3 in Yesilirmak
River in July 2019 (Figure 3).
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Table 1. The average abundance (ind. m~3) and biomass (mg m3) of mesozooplankton species/taxa in front of Sakarya River, Samsun Port and Yesilirmak River

Average Abundance (ind.m™%)

Average Biomass (mg m~)

Sakarya River

Samsun Port

Yesilirmak River

Sakarya River

Samsun Port

Yesilirmak River

Species July19 Jan.20 July Jan.20 July19 Jan.20 July19 Jan.20 July19 Jan. July 19 Jan. 20
19 20

Oikopleura dioica 158.5 17.2 82.2 71.75 26.3 71.85 1.8 0.18 0.5 1.56 0.23 1.26

Evadne spinifera 105 1.7 0.04 0 0.007

Penilia avirostris 451.8 83.1 118.1 12.7 2.33 3.31

Pleopis polyphemoides 126.9 8.1 9.7 13.1 1.14 0.07 0.09 0.12

Pseudevadne tergestina 1010 126.4 133.5 4.04 0.51 0.53

Bosmina longirostris 2.9 0.40

Ceriodaphnia reticulata 0.3 0.05

Chydorus sphaericus 0.2 0.02

Daphnia cucullata 0.2 0.02

Daphnia magna 0.8 0.11

Pleuroxus aduncus 0.2 0.02

Parasagitta setosa 283.4 7.3 202.6 2.04 242.4 2.63 24.8 7.6 21.2 1.97 22.3 2.55

Acartia clausi 1760.7 682.7 1787.3 630.03 1456 308.47 44.3 15.1 43.8 12.7 36.04 5.46

Acartia tonsa 797.9 279.2 241.2 16.4 6.5 5.01

Acartia sp. 953.2 1512.5 1069.2 10.7 18.2 125

Calanus euxinus 422 0.2 12.88 4.65 11.2 0.01 1.19 1.57

Centropages ponticus 342.4 0.9 1041.9 1638.7 13 0.04 30.7 0.006 49.02

Oithona davisae 3.9 3.9 21 2.94 0.4 7.8 0.01 0.01 0.005 0.2 0.001 0.02

Oithona similis 80.9 44.81 82.66 0.4 8.38 0.36
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Table 1 continued...

Average Abundance (ind.m™3) Average Biomass (mg m~)
Sakarya River Samsun Port Yesiirmak River Sakarya River Samsun Port Yesihrmak River
Species July19 Jan.20 July Jan.20 July19 Jan.20 July19 Jan.20 July19 Jan. July 19 Jan. 20
19 20
Paracalanus parvus 94.2 1075.7 18.8 885.01 2.1 458.07 1 9.24 0.2 1.59 0.02 4.16
Pseudocalanus elongatus 57.6 40.36 32.87 1.64 0.07 0.7
Pontella mediterranea 0.8 0.16 0.09
Copepod nauplii 2.8 123.5 12.8 65.79 2.1 87.87 0.003 0.12 0.013 12.7 0.002 0.02
Actinotroch larvae 0.03
Ascidian larvae 0.3
Bivalve larvae 145 113.8 17.7 116.18 374 187.19 0.07 0.57 0.09 0.6 0.19 0.94
Branchiostoma 0.1
Cirriped larvae 72 10.1 151.3 18.10 252.5 40.84 1.61 0.19 243 0.32 4.01 0.67
Cyphanout larvae 2.3 1.4 0.003 0.002
Decapod larvae 5.9 0.1 15.2 0.21 41.9 0.004 0.01
Gastropod larvae 6.7 0.4 10.5 31.3 0.98 0.36 0.005 0.94 2.6 0.01
Polychaete larvae 3.7 154 7.7 1.24 25.1 1.27 0.07 0.58 0.11 0.05 0.34 0.05
Fish egg 22 0.3 14.6 18.5 0.14 0.29 0.95
Fish larvae 6.2 0.1 9.9 144
Noctiluca scintillans 111.6 321.9 2.5 267.05 2.8 209.76 9.67 28.3 0.22 23.5 0.24 18.5
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Copepoda was represented by seven species, from which Acartiidae (Acartia clausi and Acartia tonsa)

and Centropages ponticus revealed the highest abundances in the sampling sites in July 2019. The
maximum abundance and biomass values of A. clausi were 3279 ind. m™ and 81 mg m™ at station
SAKO08; and the corresponding values were 1396 ind. m™3 and 32.5 mg m for A. tonsa at station SLI05,
2772 ind. m~3 and 34 mg m~2 for Acartia sp. at station SNO3 and 2750 ind. m~ and 78 mg m~ for C.
ponticus at station YSLO7 in July 2019. Calanus euxinus was only observed in the Samsun Port (1.1
ind. m~® and 0.05 mg m~3 in SN03). Pontella mediterranea was only recorded in the Yesilirmak River
(3.3ind. m3and 0.65 mg m~2in YSLO7) in summer. Oithona similis and Pseudocalanus elongatus were
absent at all the sampling stations in summer (Figure 4A). In January 2020, the minimum and maximum
abundances of Copepoda were in the range of 1676-2419 ind. m= in Sakarya River, 1011-3703 ind. m™
% in Samsun Port and 573-1500 ind. m= in Yesilirmak River. The minimum and maximum biomass
values of Copepoda were in the range of 25-50 mg m~ in Sakarya River, 12-62 mg m~= in Samsun Port
and 6-17 mg m~3 in Yesilirmak River in winter (Figure 3). Among the seven copepod species identified
in the sampling regions in winter, A. clausi and Paracalanus parvus were dominant in terms of
abundance, and C. euxinus was dominant in terms of biomass. The highest abundance and biomass
values of A. clausi (2224 ind. m™ and 44.3 mg m ) and P. parvus (1283 ind. m~® and 13 mg m~3) were
recorded at station SLI105. The peak values of C. euxinus (58 ind. m™ and 26 mg m™2%) were found at
station SAK10. C. ponticus was exclusively observed in Sakarya River (3.7 ind.m™and 0.2 mg m=2in
SAKO8) in winter, and A. tonsa, Acartia sp. and P. mediterranea were absent in all the sampling stations
in January 2020 (Figure 4A). Abundance and biomass values of Cladocera varied between 1267-2198
ind. m and 12.3-26 mg m2 in Sakarya River, 115-384 ind. m~3 and 1.6-4.6 mg m™3 in Samsun Port
and 173-375 ind. m 2 and 3.4-4.2 mg m 3 in Yesilirmak River in July 2019 (Figure 3). Penilia avirostris
and Pseudoevadne tergestina were dominant among the identified four cladocerans in July 2019.
Maximum abundance and biomass values of P. avirostris were 688 ind. m~ and 19.3 mg m at station
SAKO09. The highest abundance and biomass values of P. tergestina were 1406 ind. m2and 6 mg m™3
at station SAKQ9 (Figure 4B). The marine cladocerans were only represented by Pleopis polyphemoides
in January 2020. This species was exclusively found at stations of the Sakarya River. Freshwater
cladocerans were also identified in the Sakarya River (SAKO07 and SAKO08) in both seasons (Table 1).
The abundance and biomass values of meroplankton varied between 80-236 ind. m— and 1-4 mg m™
in Sakarya River, 20.5-605 ind. m and 0.07-9.5 mg m~3 in Samsun Port, 51-1045 ind. m~3 and 0.6
20 mg m~2 in Yesilirmak River in July 2019, respectively (Figure 3). In January 2020, the abundance
and biomass values of meroplankton varied between 83-187 ind. m~ and 0.8-2.3 mg m~2 in Sakarya
River, 93-193 ind. m and 0.6-1.9 mg m~3 in Samsun Port, 101-409 ind. m™ and 0.5-3.5 mg m2 in
Yesilirmak River, respectively (Figure 3).
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Figure 4. Abundance (ind. m~) and biomass (mg m~) values of (A) Copepoda species, (B)
Cladoceran species and (C) Meroplanktonic groups (Other groups: Actinotroch larvae, Ascidian
larvae, Branchiostoma, Cyphonaut larvae) at sampling stations

Among the 11 meroplanktonic groups recorded in the study, cirriped larvae were dominant in July 2019

and bivalve veligers were dominant in January 2020. Maximum abundance and biomass values of
cirriped larvae were 714 ind. m 2 and 11.3 mg m™2in July 2019 at station YSLO07. The highest abundance

and biomass values of bivalve veligers were 276 ind. m™ and 1.4 mg m™2 in January 2020 at station

YSLO7 (Figure 4C). The abundance and biomass values of Noctiluca scintillans were lower in July

2019. It was absent in the Samsun Port samples from stations SNO1, SN0O3 and SLIO6 and Yesilirmak

River region samples (except station YSLO7). N. scintillans showed maximum abundance and biomass
values of 401 ind. m™2 and 35 mg m™2 at station SAKO08 in July 2019. The abundance and biomass of N.

scintillans were 91-583 ind. m~3 and 8-51 mg m2 in Sakarya River, 46-784 ind. m~ and 4-69 mg m™3

in Samsun Port, 91-395 ind. m~3 and 8-35 mg m 3 in Yesilirmak River in January 2020 (Figure 5A).
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Mesozooplankton Community Structure and Relationships with Environmental

Parameters

Shannon diversity index values were between 2.8-3.09 in Sakarya River, 2.10-2.51 in Samsun Port and
2.36-2.69 in Yesilirmak River in July 2019. Shannon diversity index varied from 1.89 to 2.25 in Sakarya
River, 1.73 to 2.13 in Samsun Port and 2.33 to 2.74 in Yesilirmak River in January 2020. Shannon
diversity index values determined in July 2019 are higher than those in January 2020 (except for station
YSLO08 in Yesilirmak River). Lower Shannon diversity index values (ranging from 1.73 to 1.93) were
detected in January 2020 (stations SL105, SAK10, SNO3 and SL106) due to the numerical dominance of
copepods Paracalanus parvus and Acartia clausi (Figure 5B).
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Figure 5. (A) Abundance (ind. m~) and biomass (mg m~) values of Noctiluca scintillans at sampling
stations. (B) The Shannon diversity index (H'(log>)) for mesozooplankton abundance for each month
and sampling stations (absent N. scintillans)

The cluster analysis classified stations into two groups at the 69% similarity level. The first cluster is
composed of Sakarya River stations and the second one covered Samsun Port and Yesilirmak River
stations in July 2019 (Figure 6). The ANOSIM test revealed statistically significant differences in the
abundances of mesozooplankton assemblages, and between different sampling regions (global R =
0.495, p = 0.003). While there was a statistically significant difference between Sakarya River and
Samsun Port (global R = 0.788, p = 0.016) and Sakarya River and Yesilirmak River group (global R =
0.771, p = 0.029), no difference was determined between Samsun Port and Yesilirmak River group
(global R =—0.056, p = 0.532) in July 2019. The SIMPER analysis showed that the intra-group average
similarity value was at 82.61% in Sakarya River, 75.69% in Samsun Port and 78.36% in Yesilirmak
River in July 2019. The community of Sakarya River was characterized by a high abundance of the
copepod A. clausi, and the cladoceran P. tergestina. Samsun Port and Yesilirmak River were dominated

by A. clausi, Acartia sp., and C. ponticus. The average dissimilarity percentages between the sampling
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regions were low in July 2019 according to the results of SIMPER analysis (Sakarya River and Samsun

Port = 31.62%; Sakarya River and Yesilirmak River = 29.94%; Samsun Port and Yesilirmak River =
23.03%). The differences in mesozooplankton assemblages among regions were due largely to A. tonsa,

P. polyphemoides, P. tergestina and C. ponticus based on the SIMPER analysis (Table 2).
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Figure 6. The cluster dendrogram showing relationships between stations, based on mesozooplankton

abundance in July 2019 and January 2020
According to the results of ANOSIM, the groups were selected at the 74% similarity level in the
CLUSTER analysis (Figure 6), and the global R value was 0.466 (p = 0.002) in January 2020. While a
statistically significant difference was evident between Sakarya River and Samsun Port (global R =
0.538, p = 0.024) and Sakarya River and Yesilirmak River group (global R = 0.792, p = 0.029), no
significant difference was found between Samsun Port and Yesilirmak River group (global R = 0.125,
p = 0.19) in January 2020. The SIMPER analysis showed that the intra-group average similarity value
was at 86.27% in Sakarya River, 81.20% in Samsun Port and 79.35% in Yesilirmak River in January
2020. The taxa with the highest contributions to the similarity at the Sakarya River, Samsun Port and
Yesilirmak River were P. parvus, A. clausi and bivalve veligers (Table 2). Similarity percentages
showed an average dissimilarity of 22.38% between Sakarya River and Samsun Port, 27.34% between
Sakarya and Yesilirmak Rivers and 21.03% between Samsun Port and Yesilirmak River. The SIMPER
analysis showed that the taxa responsible for the dissimilarity between the sampling regions were A.
clausi and P. parvus (Table 2). Total mesozooplankton abundance and biomass were positively
correlated with temperature however negatively correlated with dissolved oxygen and the abundance of
N. scintillans (p < 0.01). No correlations were found between the abundance and biomass of total
mesozooplankton and salinity and Chlorophyll-a. The dominant species of summer samples—A. clausi,
A. tonsa, C. ponticus, P. avirostris, P. tergestina and Cirripedia larvae—were positively correlated with
temperature (p < 0.01), but negatively correlated with dissolved oxygen (except cirriped larva) (p <
0.01). The dominant taxa of winter—P. parvus, C. euxinus and bivalve veligers—were negatively
correlated with temperature (p <0.01), but positively correlated with dissolved Oxygen (p<0.01; Table
3).
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Table 2. The percent contribution (%) of the mesozooplankton species to in—region similarity (red) or between-region dissimilarity (blue) from SIMPER
analysis in July 2019 and January 2020

July 2019
Sakarya River Samsun Port Yesilirmak River
Species Contribution Species Contribution Species Contribution
% % %
Sakarya  A.clausi 16.94
River
P. tergestina 14.35
Samsun  A.tonsa 17.70 A. clausi 26.96
Port
P. polyphemoides 15.03 Acartia sp. 22.01
C. ponticus 15.82
Yesihirmak P. tergestina 15.13 A. tonsa 15.16 A. clausi 21.71
River
C. ponticus 14.53 C. ponticus 14.57 Acartia sp. 18.77
C. ponticus 18.59
January 2020
Sakarya River Samsun Port Yesilirmak River
Species Contribution Species Contribution Species Contribution
% % %
Sakarya  P. parvus 29.33
River
A. clausi 23.15
Samsun A, clausi 25.55 P. parvus 33.25
Port
A. clausi 17.50
Bivalvia 12.32
Yesilrmak P. parvus 19.73 A. clausi 23.67 P. parvus 26.40
River
A. clausi 18.51 P.parvus 20.18 A. clausi 15.76
Bivalvia 15.64
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Table 3. The relationship between the abundance of mesozooplankton species/taxa, and the
environmental parameters

Temperature  Salinity Dcl)s)f)?é\é?']d Chlorophyll-a  N. scintillans

Mesozooplankton 842%* ns - 587** ns - 544
abundance
Mesozooplankton 800wk ns -.601** ns L 570**
biomass
Total abundance 802 ns -.566** ns L 570%*
of Copepoda
A. clausi .768** ns -.508** ns -.569**
A.tonsa .550** ns -.589** ns ns
Acartia sp. .849** ns -.591** ns -.697**
C. euxinus - 725** ns .654** ns 647**
C. ponticus 152%* ns -.609** ns - 7135**
O. davisae ns ns ns ns ns
O. similis - 796** ns .705** ns 719%*
P. parvus -.682** ns .588** ns 758**
P. elongatus - 798** ns .662** ns 51**
Copepod nauplii - 719** ns 134** ns .581**
O. dioica ns ns ns ns ns
P. setosa 712** ns -477* ns -.601**
Total abundance T17R ns 747> - 511%* - 556%*
of Cladocera
P. avirostris .806** ns -.649** ns -.628**
P. polyphemoides A475* -.443* -.552** ns ns
P. tergestina .790** ns - 778** -.439* -.650**
Meroplankton ns ns ns S57*F* ns
Bivalve veligers -.738** ns .783** .545** .684**
Cirriped larvae 523** ns ns ns ns
Decapod larvae 764** ns -.643** ns -.681**
Gastropod ns -.632** ns -.442*

- 480*
veligers
Polychaete larvae ns ns ns ns ns
Fish egg .830** ns -.680** ns - 703**
Fish larvae JLT** ns -.558** ns - 147**

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
ns = not significant

Discussion

The present study revealed the qualitative and quantitative structure of mesozooplankton in three
different regions of the Southern Black Sea during two different seasons (summer and winter). Coastal
marine ecosystems, like our study area, are dynamic environments influenced by meteorological events
and variations in riverine and terrestrial inputs. These factors influence the quantities of inorganic
nutrients and phytoplankton in the marine environment and also affect many other physicochemical

properties of the marine environment [24, 25]. The sudden variations in these dynamic environments
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can influence the quantity, diversity, availability and seasonal cycle of mesozooplanktonic organisms

living there [26]. Freshwater cladoceran species were recorded in January 2020 probably due to the
positioning of the sampling station on the river plume over marine waters by the Sakarya River (Table
1). The absence of such a freshwater plankton at the Yesilirmak River mouth is related to the location
of the sampling stations out of the freshwater plume (or to a freshwater input feasible from the second
river). The very high Chlorophyll-a concentration in July 2019 at SNO1 station off the coast of Samsun
Port is referable to the high eutrophication as a result of the anthropic activities (metal industry) in this
region [24, 27]. Temporal and spatial variations in the qualitative and quantitative structure of marine
mesozooplankton are the result of the combination of various biotic and abiotic environmental factors,
including temperature, salinity, dissolved oxygen and nutrient concentrations [28]. Copepoda is the
dominant component of mesozooplankton in the Black Sea coastal marine pelagic ecosystem,
accounting for 62—76% of mesozooplankton abundance [29, 30]. Other studies conducted in different
coastal regions of the Black Sea showed parallel findings. A. clausi, P. parvus and O. davisae are
eurytherm copepods which are seen in all seasons in the Black Sea where they reproduce throughout the
year. Detected in high quantities in plankton samples during the summer and autumn seasons, C.
ponticus and A. tonsa are coastal and temperate species of the Black Sea. Defined as cold water species
in the Black Sea, C. euxinus, P. elongatus and O. similis become concentrated in hypoxic waters in deep
layers. They occur in significant abundance in surface waters exclusively during the cold season [31-
35]. The seasonality of the copepod species in this study is in line with other studies of the Black Sea
coast of Turkey [29, 32, 33]. Temperature is a major determinant of the presence and abundance of
Cladocera in marine coastal areas [30, 36] and has an impact on seasonality and abundance by
influencing their reproductive strategies and development [37]. The temporal distributions of Cladocera
in the Black Sea demonstrate a significant seasonality. Temperate water cladocerans P. avirostris, P.
tergestina and E. spinifera [38, 39] are present in the plankton of the Black Sea during summer and in
early autumn [40]. The presence of P. polyphemoides in the Black Sea was observed almost all year
round, and they were detected in high quantities during the winter-spring period [29]. Meroplankton
(pelagic larvae of benthic invertebrates) provide a significant contribution to the mesozooplankton
abundance and biomass in coastal waters of the Black Sea. The biodiversity and abundance of
meroplankton are significant indicators to comprehend benthic communities in coastal marine waters
and to understand the influences of environmental parameters on benthic communities. Larvae of
Bivalvia, Gastropoda, Polychaeta and Cirripedia are the dominant meroplankton groups in the Black
Sea[12, 41]. Cirripedia and Bivalvia were found in high concentrations in summer samples and in winter
samples, respectively, as is also observed along the Romanian coastal waters [30]. Noctiluca scintillans
is an omnivorous [42, 43] and opportunistic [44] dinoflagellate species that has wide range of diets
(bacteria, phytoplankton, zooplankton egg and nauplii). N. scintillans can influence mesozooplankton

abundance directly by feeding on zooplankton eggs and nauplii and indirectly by competing with
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mesozooplankton through food competition [45, 46]. Therefore, the Black Sea pelagic community plays

a significant role [47, 48] and is called a non-fodder zooplankton component [30]. In this study, a
negative correlation was found between the abundance values of N. scintillans and the total
mesozooplankton abundance and biomass values, and the abundance values of A. clausi, C. ponticus, P.
avirostris, P. tergestina and fish eggs and larvae. A positive correlation was found between the
abundance value of N. scintillans and the abundance values of P. parvus, copepod nauplii and bivalve
larvae. Apart from the continuous, although oscillating abundance and the presence of “perennial
species”, we have to pay attention to the seasonally out-bursting ones which could produce biomass
accumulation and cause consequent degradation and final eutrophication. Excluding some species
evidently coming from freshwater resources (thus unable to survive in marine environments), for the
interpretation of differences in presence and abundance, we have to consider that some other species
(such as A. tonsa) are typical inhabitants of more confined environments, and their presence could be
due to just a derivation from confined situations (e.g. ports) of extreme abundances. Finally, coastal
species commonly show the possibility to rest during adverse seasons and to dominate plankton during
favourable seasons (as all the Cladocera, and A. tonsa and C. ponticus among Copepoda) [49]

Conclusion

This study is a part of the research carried out within the scope of the ANEMONE project (Assessing
the vulnerability of the Black Sea marine ecosystem to human pressures) funded by the European Union
to determine the effects of riverine and human influences on the ecosystem along the Turkish coast of
the Black Sea. The present study's findings provide data on the mesozooplankton structure in a marine
environment located off two major rivers (Sakarya River and Yesilirmak River) which discharge into
the Black Sea, and Samsun Port. In this study, 30 marine and 6 freshwater mesozooplankton species/taxa
and N. scintillans were identified. Copepoda revealed a high species diversity in all the research areas
and Cladocera also showed a high diversification. Copepoda made significant contributions to the
mesozooplankton community followed by Cladocera and the meroplanktonic components. These
studies need to be planned as long-term studies to examine the influence of environmental factors on
mesozooplankton community structure and to observe the regional differences in similar areas under
riverine and human influence. In this context, present work is considered to constitute a basis for future

studies.

Acknowledgements We thank to the ANEMONE (Assessing the vulnerability of the Black Sea marine
ecosystem to human pressures) Project (funded by the European Union under the ENI CBC Black Sea
Basin Programme 2014-2020, project number BSB319).

Funding/Financial Disclosure This study was supported by the ANEMONE (Assessing the
vulnerability of the Black Sea marine ecosystem to human pressures) Project (funded by the European
Union under the ENI CBC Black Sea Basin Programme 2014-2020, project number BSB319).

326



Ustun et al. Sinop Uni J Nat Sci 9(2): 311-330 (2024)
E-ISSN: 2564-7873
Ethics Committee Approval and Permissions The study does not require ethics committee permission

or any special permission.
Conflict of Interests All authors declare no conflict of interest that could affect the current study.

Authors Contribution Authors contributed equally to the study. All authors read and approved the final

manuscript.
References

[1] Theodorou, 1., Zervoudaki, S., Varkitzi, I., & Tsirtsis, G. (2023). Assessing good environmental
status through mesozooplankton biodiversity: a step forward. Journal of Plankton Research, 45(1),
52-64. https://doi.org/10.1093/plankt/fbac067

[2] Steinberg, D. K., & Landry, M. R. (2017). Zooplankton and the ocean carbon cycle. The Annual
Review of Marine Science, 9, 413-444. https://doi.org/10.1146/annurev-marine-010814-015924

[3] Kovalev, A. V., Skryabin, V. A., Zagorodnyaya, Yu. A., Niermann, U., Bingel, F., Kideys, A. E.,
Niermann, U., & Uysal, Z. (1999). The Black Sea zooplankton: composition, spatial/temporal
distribution and history of investigations. Turkish Journal of Zoology, 23(2), 195-2009.

[4] Dzierzbicka-Gtowacka, L., Kalarus, M., & Zmijewska, M. I. (2013). Interannual variability in the
population dynamics of the main mesozooplankton species in the Gulf of Gdansk (southern Baltic
Sea): Seasonal and spatial distribution. Oceanologia, 55(2), 409-434. https://doi.org/10.5697/0c.55-
2.409

[5] Piontkovski, S. A., Fonda-Umani, S., Stefanova, K., Kamburska, L., Olazabal, A. De. (2011). An
impact of atmospheric anomalies on zooplankton communities in the Northern Adriatic and Black
Seas. International Journal of Oceans and Oceanography, 5(1), 53-71.

[6] Gubanova, A., Goubanova, K., Krivenko, O., Stefanova, K., Garbazey, O., Belokopytov, V.,
Liashko, T., & Stefanova, E. (2022). Response of the Black Sea zooplankton to the marine heatwave
2010: Case of the Sevastopol Bay. Journal of Marine Science and Engineering, 10(12), 1933.
https://doi.org/10.3390/jmse10121933

[7] Kovalev, A. V., Niermann, U., Melnikov, V. V., Belokopytov, V., Uysal, Z., Kideys, A. E., Unsal,
M., & Altukhov, D. (1998). Long-term changes in the Black Sea zooplankton: the role of natural and
antropogenic factors. In. L, Ivanov, T. Oguz (Ed), NATO TU-Black Sea Assessment Workshop:
NATO TU-Black Sea Project, Symposium on Scientific Results, (pp. 221-234).

[8] Selifonova, J. (2000). Seasonal and long-term dynamics of the zooplankton community in
Novorossiysk Bay of the Black Sea exposed to anthropogenic impact. Acta Zoologica Bulgarica,
52(3), 63-74.

[9] Arashkevich, E. G., Timonin, A. G., Zatsepin, A. G., Kremenetskiy, V. V., & Drits, A. V. (2005).
Effect of the rim current regime on the zooplankton distribution in the “shelf-slope-deep sea” system
in the Black Sea. Oceanology, 45(Suppl. 1), 149-160.

[10] Rabalais, N. N., Turner, R. E., Diaz, R. J., & Justi¢, D. (2009). Global change and eutrophication
of coastal waters. ICES Journal of Marine Science, 66(7), 1528-1537.
https://doi.org/10.1093/icesjms/fsp047

327



Ustun et al. Sinop Uni J Nat Sci 9(2): 311-330 (2024)
E-ISSN: 2564-7873
[11] Bedford, J., Ostle, C., Johns, D. G., Atkinson, A., Best, M., Bresnan, E., Machairopoulou, M.,

Graves, C. A,, Devlin, M., Milligan, A., Piotis, S., Mellor, A., Tett, P., & McQuatters-Gollop, A.
(2020). Lifeform indicators reveal large-scale shifts in plankton across the North-West European
shelf. Global Change Biology, 26(6), 3482—-3497. https://doi.org/10.1111/gcb.15066

[12] Stefanova, K. (2015). Long-term shifts of the zooplankton community in the western Black Sea
(Cape Galata Transect, Bulgarian Coast). Journal of Research in Environmental and Earth Science,
2(6), 01-10.

[13] Besiktepe, S., Kucuksezgin, F., Besiktepe, S. T., Eronat, C., Gonul, T., Terbiyik Kurt, T., Sayin,
E., & Gubanova, A. (2023). Variations in copepod composition and diversity in relation to
eutrophication and hydrology in izmir Bay, Aegean Sea. Marine Pollution Bulletin, 197, 115745,
https://doi.org/10.1016/j.marpolbul.2023.115745.

[14] Isik, S., Dogan, E., Kalin, L., Sasal, M., & Agiralioglu, N. (2008). Effects of anthropogenic
activities on the Lower Sakarya River. Catena, 75(2), 172-181.
https://doi.org/10.1016/j.catena.2008.06.001

[15] Simsek, A., Tiirkten, H., & Bakan, G. (2022). Evaluation of water quality of the middle Black Sea
region, Kizilirmak and Yesilirmak Rivers using water quality index and statistical analysis. The Black
Sea Journal of Sciences, 12(2), 645-662. https://doi.org/10.31466/kfbd.1100682 (in Turkish).

[16] Yilmaz, A. (2006). The port of Samsun. Tiirk Cografya Dergisi, 45, 85-100. (in Turkish).

[17] Hansen, H. P. (1999). Determination of oxygen. In K. Grasshoff, K. Kremling, M. Ehrhard (Ed).
The methods of seawater analysis, (pp. 75-89). 3rd ed. Wiley: VCH Verlag,
https://doi.org/10.1002/9783527613984.ch4

[18] Parsons, T. R., Maita, Y., & Lalli, C. M. (Ed.) (1984). A manual of chemical and biological methods
for seawater analysis. Oxford (UK): Pergamon Press.

[19] Postel, L., Fock, H., & Hagen, W. (2000). Collecting zooplankton. In R. Harris, P. Wiebe, H.R.
Skjoldal, M. Huntley (Ed). ICES Zooplankton methodology manual, (pp. 53-81). London (UK):
Academic Press.

[20] Petipa, T. S. (1957). On average weight of the main zooplankton forms in the Black Sea.
Proceedings of Sevastopol Biological Station, 9, 39-57. (in Russian).

[21] Niermann, U., Kideys, A. E., Besiktep,e S., Nicolae, B., Goubanova, A., Khoroshilov, V.,
Mikaelyan, A., Moncheva, S., Mutlu, E., Nezlin, N., Petruanu, A., Senichkina, L., Shiganova, T.
(1995). An assessment of recent Phyto and Zooplankton investigations in the Black Sea and planning
for future. Report on the meeting of Marine Biologists in Erdemli, Turkey, 20 February-3 March
1995. TU-Black Sea Project, NATO Science for Stability Program. M.E.T.U., Institute of Marine
Sciences, Erdemli, Igel, Turkey; p. 100.

[22] Bradford-Grieve, J. M., Markhaseva, E. L., Rocha, C. E. F., & Abiahy, B. (1999). Copepoda. In D.
Boltovskoy, (Ed), South Atlantic Zooplankton, (pp. 869-1098). Leiden: Backhuys Publishers.

[23] Conway, D. V. P., White, R. G., Hugues-Dit-Ciles, J., Gallienne, C. P., & Robins, D. B. (Ed.)
(2003). Guide to the coastal and surface zooplankton of the south-western Indian Ocean. Plymouth:
United Kingdom.

[24] Lazar, L., Boicenco, L., Denga, Y., Tolun, L., & Kurt, G (Ed) (2021a). Anthropogenic pressures
and impacts on the Black Sea coastal ecosystem. CD Press: Bucharest, Romania.

328



Ustun et al. Sinop Uni J Nat Sci 9(2): 311-330 (2024)
E-ISSN: 2564-7873
[25] Lazar, L., Boicenco, L., Moncheva, S., Denga, Y., & Atabay, H. et al. (Ed.) (2021b). Impact of the

rivers on the Black Sea Ecosystem. CD Press: Bucharest, Romania.

[26] Calbet, A., Garrido, S., Saiz, E., Alcaraz, M., & Duarte, C. M. (2001). Annual zooplankton
succession in coastal NW Mediterranean waters: the importance of the smaller size fractions. Journal
of Plankton Research, 23(3), 319-331. https://doi.org/10.1093/plankt/23.3.319

[27] Tan, 1., Atabay, H., Mutlu, S., Tolun, L. G., Polat Beken, S. C. (2023). A comparison of the surface
water quality in distinct areas of the southern Black Sea coast under various pressures. Research
Square, 1-12. https://doi.org/10.21203/rs.3.rs-3100718/v1

[28] Rekik, A., Guermazi, W., Kmiha-Megdiche, S., Sellami, 1., Pagano, M., Ayadi, H., & Elloumi, J.
(2023). Spatial variation of summer microphytoplankton and zooplankton communities related to
environmental parameters in the coastal area of Djerba Island (Tunisia, Eastern Mediterranean).
Mediterranean Marine Science, 24(1), 156-172. https://doi.org/10.12681/mms.30650

[29] Ustiin, F., Bat, L., & Mutlu, E. (2018). Seasonal variation and taxonomic composition of
mesozooplankton in the Southern Black Sea (off Sinop) between 2005 and 2009. Turkish Journal of
Zoology, 42(5), 541-556. http://dx.doi.org/10.3906/z00-1801-13

[30] Bisinicu, E., Lazar, L., & Timofte, F. (2023a). Dynamics of zooplankton along the Romanian Black
Sea coastline: Temporal variation, community structure, and environmental drivers. Diversity, 15(9),
1024. https://doi.org/10.3390/d15091024

[31] Besiktepe, S. (2001). Diel vertical distribution, and herbivory of copepods in the south-western part
of the Black Sea. Journal of Marine Systems, 28(3-4), 281-301. https://doi.org/10.1016/S0924-
7963(01)00029-X

[32] Yildiz, 1., & Feyzioglu, A. M. (2014). Biological diversity and seasonal variation of
mesozooplankton in the southeastern Black Sea coastal ecosystem. Turkish Journal of Zoology,
38(2), 179-190. https://doi.org/10.3906/z00-1304-32

[33] Ustiin, F. (2019). Seasonal cycle of zooplankton abundance and biomass in Hamsilos Bay, Sinop,
southern Black Sea, Turkey. Journal of Natural History, 53(7-8), 365-389.
https://doi.org/10.1080/00222933.2019.1592257

[34] Prusova, I. Yu., & Galagovets, E. A. (2022). Sex ratios of calanoid copepods in the northern Black
Sea. Regional Studies in Marine Science, 55, 102576. https://doi.org/10.1016/j.rsma.2022.102576

[35] Bisinicu, E., Harcota, G. E., & Lazar, L. (2023b). Interactions between environmental factors and
the mesozooplankton community from the Romanian Black Sea waters. Turkish Journal of Zoology,
47(4), 202-2015. https://doi.org/10.55730/1300-0179.3133

[36] Giilsahin, N., & Tarkan, A. N. (2012). Seasonal changes in distribution and abundance of the
cladoceran species in relation to environmental factors in Gokova Bay (Mugla, Aegean Sea, Turkey).
Fresenius Environmental Bulletin, 21(7a), 1853-1863.

[37] Bedikoglu, D., Yilmaz, 1. N., & Demirel, N. (2022). Reproductive strategies and population
characteristics of key Cladocera species in the Sea of Marmara. Regional Studies in Marine Science,
54, 102450. https://doi.org/10.1016/j.rsma.2022.102450

[38] Marazzo, A., & Valentin, J. L. (2000). A report on the marine cladoceran Evadne spinifera Miiller
(Crustacea, Branchiopoda) in Guanabara Bay, Rio de Janeiro, Brazil. Revista brasileira de Zoologia,
17(4), 1101-1102.

329



Ustun et al. Sinop Uni J Nat Sci 9(2): 311-330 (2024)
E-ISSN: 2564-7873
[39] Marazzo, A., & Valentin, J. L. (2001). Spatial and temporal variations of Penilia avirostris and

Evadne tergestina (Crustacea, Branchiopoda) in a Tropical Bay, Brazil. Hydrobiologia, 445(1-3),
133-139. https://doi.org/10.1023/A:1017592323388

[40] Lebedeva, L. P., Lukasheva, T. A., Anokhina, L. L., & Chasovnikov, V. K. (2015). Interannual
variability in the zooplankton community in Golubaya Bay (Northeastern part of the Black Sea) in
2002-2012. Oceanology, 55(3), 355-363. https://doi.org/10.1134/S0001437015030091

[41] Vereshchaka, A. L., Anokhina, L. L., Lukasheva, T. A., & Lunina, A. A. (2019). Long-term studies
reveal major environmental factors driving zooplankton dynamics and periodicities in the Black Sea
coastal zooplankton. PeerJ, 7, €7588. https://doi.org/10.7717/peerj.7588

[42] Kirchner, M., Sahling, G., Uhlig, G., Gunkel, W., & Klings, K. W. (1996). Does the red tide-
forming dinoflagellate Noctiluca scintillans feed on bacteria? Sarsia, 81(1), 45-55.
https://doi.org/10.1080/00364827.1996.10413610

[43] Mikaelyan, A. S., Malej, A., Shiganova, T. A., Turk, V., Sivkovitch, A. E., Musaeva, E. I.,
Kogovsek, T., & Lukasheva, T. A. (2014). Populations of the red tide forming dinoflagellate
Noctiluca scintillans (Macartney): A comparison between the Black Sea and the northern Adriatic
Sea. Harmful Algae, 33, 29-40. http://dx.doi.org/10.1016/j.hal.2014.01.004

[44] Oguz, T., & Velikova, V. (2010). Abrupt transition of the northwestern Black Sea shelf ecosystem
from a eutrophic to an alternative pristine state. Marine Ecology Progress Series, 405, 231-242.
https://doi.org/10.3354/meps08538

[45] Nikishina, A. B., Drits, A. V., Vasilyeva, Yu. V., Timonin, A. G., Solovyev, K. A., Ratkova, T. N.,
& Sergeeva, V. M. (2011). Role of the Noctiluca scintillans population in the trophic dynamics of
the Black Sea plankton over the spring period. Oceanology, 51(6), 1029-1039.
https://doi.org/10.1134/S0001437011060129

[46] Aytan, U., & Sentiirk, Y. (2018) Dynamics of Noctiluca scintillans (Macartney) Kofoid & Swezy
and its contribution to mesozooplankton in the southeastern Black Sea. Aquatic Sciences and
Engineering, 33(3), 84-89. https://doi.org/10.26650/ASE201814

[47] Oguz, T., Malanotte-Rizzoli, P., & Ducklow, H. W. (2001). Simulations of phytoplankon seasonal
cycle with multi-level and multi-layer physical-ecosystem models: the Black Sea example.
Ecological Modelling, 144(2-3), 295-314. https://doi.org/10.1016/S0304-3800(01)00378-7

[48] Kopuz, U., Feyzioglu, A. M., & Valente, A. (2014). An unusual red-tide event of Noctiluca
scintillans (Macartney) in the southeastern Black Sea. Turkish Journal of Fisheries and Aquatic
Sciences, 14(1), 261-268. http://doi.org/10.4194/1303-2712-v14 1 28 (in Turkish)

[49] Belmonte, G., & Rubino, F. (2019). Resting cysts from coastal marine plankton. Oceanography
and Marine Biology, 57, 1 — 88.

330



Sinopfbd, 2024; 9(2): 331-350

Sinop Universitesi Fen Bilimleri Dergisi

https://doi.org/10.33484/sinopfbd.1436134

Sinop Uni J Nat Sci =155 29647678

https://dergipark.org.tr/tr/pub/sinopfbd

Farkh Egim Ac¢ilhi Levhalarla Stmirlandirilmis Carpan Slot ve Dairesel
Jetlerde Tasinimla Is1 Transferi Etkilerinin Karsilastirilmasi

Haluk KELES'™ ve Yiicel OZMEN?2

How to cite: Keles, H., & Ozmen, Y. (2024). Farkli egim ac1li levhalarla smirlandirilmig garpan slot ve dairesel
jetlerde tasmnimla 1s1 transferi etkilerinin karsilastirilmast. Sinop Universitesi Fen Bilimleri Dergisi, 9(2), 331-
350. https://doi.org/10.33484/sinopfbd.1436134

Arastirma Makalesi

Sorumlu Yazar
Haluk KELES
hkeles@artvin.edu.tr

Yazarlara ait ORCID
H.K: 0000-0002-6562-8902
Y.0: 0000-0003-1127-1060

Received: 13.02.2024
Accepted: 18.07.2024

Oz

Bu calismada, farkli egim a¢ili levhalarla sinirlandirilmis ¢arpan slot ve
dairesel tiirbiilansli hava jetlerinde, hedef carpma levhasi yiizeyleri
boyunca 1s1 transfer karakteristikleri etkileri deneysel olarak incelenmistir.
Simirlayict levha egim agisinin 6 = 0°, 15°, 30° ve 45°, levhalar arasi
aciklik oran1 H/W(D) = 0.5, 1, 3, 6 ve Reynolds sayisimin 20000 ile 30000
degerleri i¢in hedef ¢arpma levhasi boyunca termal kamera ile yiizey
sicaklik dlgiimleri yapilmustir. Olciimlenen sicaklik degerlerinden
hesaplanan Nusselt dagilimlari, smirlayict levha egim agisi, Reynolds
sayisi (Re) ve levhalar arasi agiklik orani parametrelerine gore incelenip
degisimler degerlendirilmistir. Hem slot hem de dairesel jetlerde, levhalar
arasi acgiklik oranimin H/W(D)<1 ve sinirlayici levha egim agisinin 0<15°
oldugu durumlarda, carpma levhas1 {iizerindeki Nusselt sayisi
dagilimlarinda ikincil pikler olusmaktadir. Levhalar aras1 aciklik orani
arttik¢a, ikincil piklerin etkisi azalmakta ve konumlar1 levha uglarma
dogru kaymaktadir. Artan sinirlandirict levha egim agisi ile birlikte, slot
jetlerde ikincil pikler hizla kaybolurken, dairesel jetlerde bu durumun daha
yavas oldugu gozlenmistir.

Anahtar Kelimeler: Dairesel jet, egimli sinirlandirici levha, ikincil
artiglar, Nusselt dagilimlari, Slot jet

Comparison of Convective Heat Transfer Effects in Impinging Slot and Circular Jets
Confined by Plates With Different Inclination Angles
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Abstract

In this study, the effects of heat transfer characteristics along the target
impingement plate surfaces in impinging slot and circular turbulent air jets
confined by plates with different inclination angles are experimentally
investigated. Surface temperature measurements were conducted with a
thermal imaging camera on the target impingement plate for inclination
angles of confinement plate 8 = 0°, 15°, 30° and 45°, rate of plate-to-plate
spacing H/W(D) = 0.5, 1, 3, 6 and Reynolds numbers (Re) 20000 and
30000. The Nusselt distributions calculated from the measured
temperature values are analyzed and the changes are evaluated according
to the confining plate inclination angle, Reynolds number and rate of
plate-to-plate spacing parameters. For both slot and circular jets,
secondary top points become visible in the Nusselt number distributions
on the impingement plate when the rate of plate-to-plate spacing is
H/W(D)<1 and the inclination angle of confinement plate is 6<15°. As the
interval among the plates increases, the influence of the secondary top
points decreases and their positions shift towards the plate ends. As the
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angle of inclination of the confining plate increases, the secondary top
points disappear rapidly for slot jets, but more slowly for circular jets.
Bu ¢aligma Creative Commons
Attribution 4.0 International
License ile lisanslanmigtir

Keywords: Circular jet, Inclined confined plate, Nusselt distributions,
Secondary top points, Slot jet

Giris

Ucaklarda buzlanmanin engellenmesi, cam ve metallerin temperlenmesi, kagit ve kumasg {iriinlerinin
kurutulmasi, gaz tiirbin kanatlarinin sogutulmasinin yani sira elektronik devre elemanlarin sogutulmasi
gibi ¢esitli uygulamalarda jet akislarina bagvurulmaktadir. Coklukla 1s1 transferini arttirmak igin
kullanilan jet akislari, tiirbiilans modellerinin gelisimine de katki saglamaktadir. Carpan jet akiglarinda
1s1 transferinde, akigkan tiirti, miktar1 ve sicakligi, akisin ¢iktig lillenin geometrisi ve ¢api, lille-levha
aras1 acgiklik orani, jet cikisindaki akis hizi ve tiirbiilans siddeti, ¢cevre ortam ve ¢arpma levhasi
sicakliklari, jetin siirlandirilma durumu, ¢carpma levhasinin geometrik sekli ve jet sayist gibi birgok
parametre etkili olmaktadir. Carpan jetlerde, sinirlandirilmamis ve sinirlandirilmis jet uygulamalari,
sogutma amagh olarak yaygin kullanilmaktadir. Akis alaninda sinirlayici levhanin varligi, liile-levha
aras1 agikligin kiiclik degerlerinde karmagsik akis yapilarini olusturmakta, lile-levha arasi agikligin
biiylik degerlerinde ise carpma levhasi ylizeyince ortaya ¢ikan duvar jetinin yayilimini geciktirmektedir
[1]. Carpma yiizeyindeki 1s1 transferinde iyilesme saglamak amaciyla, sinirlayici levha/levhalar egimli
olarak da uygulanabilmektedir. Carpan jet akislari konusunda literatiirde, akis yapisini ve 1s1 transferi
karakteristiklerini belirlenmesi amaciyla olduk¢a fazla sayida deneysel ve sayisal calisma
bulunmaktadir. Slot jetlere yonelik ¢aligmalar, dairesel jetlere gére daha az sayidadir. Gardon ve Akfirat
[2] ¢arpan slot jet akisini deneysel olarak inceledikleri ¢aligsmalarinda, slot liile ¢ikisindaki akisin
tiirbiilans siddeti ve derecesinin 1s1 transferi lizerindeki etkisinin acikligin 6’dan biiyiik oldugu
durumlarda nispeten kiigiik oldugunu ve 1s1 transferindeki ikincil artiglarin jet duvar: boyunca gelisen
sinir tabakadaki akigin laminerden tiirbiilansa gecisinden etkilendigini ifade etmislerdir. Livingood ve
Hrycak [3] gergeklestirdikleri ¢alisma sonucunda potansiyel 6z bolgesinin, dairesel jetler icin liile
cikisindan itibaren liile capinin 7 katina ve slot jetler i¢in slot genisliginin 7.7 katina kadar uzandigimn
ifade etmislerdir. Senter ve Solliec [4] hareketli diiz bir yiizeye ¢arpan sinirlandirilmig tiirbiilansli slot
hava jetini, pargacik goriintiileme ile hiz 6l¢timii (PTV) yontemi kullanilarak incelemislerdir. Liile-levha
arasi agiklik oraninin H/'W<0.5 oldugu durumlarda (H-sinirlayict levha ile garpma levhasi arasindaki
mesafe, W-slot lille genisligi), hiz dagilimlarinin Reynolds sayisindan ¢ok az etkilendigini
belirtmislerdir. Konik levhayla sinirlandirilmis ¢arpan laminer slot su jeti akisini deneysel ve sayisal
olarak inceleyen Cavadas ve ark. [5] konik levha {izerinde jet ¢ikisi civarinda akisin ayrildigin, ters akis
bolgelerinin olustugu ve genisliginin artan Reynolds sayisi ile dogru orantili olarak arttigim
belirtmislerdir. A¢ili levhalar kullanarak slot jeti sinirlayan Ozmen ve Kinay [6], diiz bir yiizeye
carptirdigs slot jetin, Reynolds sayisi, sinirlayici levha egim agis1 ve ¢arpma levhasi agikliginin carpma

levhasi lizerindeki basing katsayis1 ve Nusselt sayis1 dagilimlarina etkisini incelemistir. Basing katsayisi
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dagilimlarinda gozlenen ikincil piklerin, artan siirlandirict levha egim agisi ile daha biiyiik /D (r-

carpan jet merkez ekseninden olan radyal mesafe, D-dairesel jet liilesi ¢ap1) konumlarina kaydigini ve
levhalar arasi agikligin 1°den kiiciik degerlerde carpma levhasi uclarina dogru Nusselt sayilarinda artig
oldugunu belirtmistir. Carpan slot jetlerle ilgili gerceklestirdikleri sayisal bir ¢alismada Kunugi ve
Kawamura [7], carpma yiizeyi lizerindeki 1s1 transfer karakteristiklerini incelemislerdir. Farkli slot
genislikleri, liille-levha aras1 agiklik oranlar1 ve Reynolds sayilari i¢in sinirlandirma etkisini inceledikleri
calismada, smirlandirilmis ve smirlandirilmamis ¢arpan jet durumlarina ait sicaklik dagilimlarinin
benzer oldugunu belirtmislerdir. Chiriac [8] tarafindan yapilan bir diger sayisal ¢alismada, slot jetlerde
sinirlandiricinin potansiyel 6z uzunlugunu arttirdigi ve tiirbiilans seviyesini ve durma noktasindaki 1s1
transferi performansin azalttig1 ifade edilmistir. Yousefi-Lafouraki ve ark. [9], hem ¢arpma levhasinin
hem de smirlayici levhanin egimli oldugu ¢aligmalarinda, akis ve 1s1 transferi etkilerini sayisal olarak
modelleyip incelemislerdir. Diigiik egim agilarinda gergeklestirilen ¢alismada, egim agisinin artmasiyla
ortalama Nusselt sayisinin arttigini gostermistir. Carpan dairesel jetler konusunda literatiirde oldukca
fazla sayida ¢aligma bulunmaktadir. Bu calismalarin 6nemli bir kismi ise 1s1 transferi lizerine
odaklanmugtir. Schrader [10] tarafindan dairesel jetlerle ilgili gergeklestirilen bir ¢aligmada, ¢arpma
bolgesinin jet lillesi capimin %20 fazlasina dek genisledigini bildirilmistir. Sinirlandirilmamis akis
kosullarinda, 6nceden 1sitilan bir ylizeye carpan dairesel sicak hava jetlerindeki tasinim ile 1s1 transferini
yaptiklari deneysel bir ¢alismada inceleyen Goldstein ve ark. [11], 1s1 transfer katsayisinin ¢evre ortam
ile hava jetinin sicaklik farkindan bagimsiz oldugunu, ancak ¢arpma levhasi ile hava jeti arasindaki
sicaklik farkimin bu katsay1 tizerinde etkili oldugunu belirtmislerdir. Baughn ve Shimizu'nun [12]
ylriittigii bir deneyde, artan liile ve levha arasindaki mesafeyle birlikte carpma levhasindaki yerel 1s1
transfer katsayisinin azaldigi belirlenmistir. Popiel ve Trass [13], dairesel bir liilleden ¢ikan carpan jet
akisinda, akis alanin1 duman ydntemiyle goriintiilemiglerdir. Halka seklinde ortaya ¢ikan girdaplarin
kiigiik liile-levha aras1 agiklik oranlarinda duvar jeti bolgesi boyunca yogunlastigini ifade etmislerdir.
Carpan dairesel jetlerde, Mohanty ve Tawfek [14], carpma levhasi yiizeyi boyunca 1s1 transfer
katsayisinin durma bdlgesinde maksimum pik degeri aldigini, sonrasinda levha ylizeyi boyunca radyal
dogrultuda tistel bir sekilde azaldigini belirtmislerdir. Benzer bir ¢aligma olan Huang ve E1-Genk'in [15]

calismasinda, ortalama Nusselt sayisinin Re®'®

ile dogru orantili oldugu belirtilmektedir. Kiiciik Liile-
levha arasi agiklik oran1 (H/D<1) degerlerinde, Lytle ve Webb [16], termal kamera kullanarak ¢arpma
levhast tizerindeki sicaklik dagilimlarimi elde ettikleri ¢alismalarinda, ¢arpma bolgesi disinda 1si
transferi karakteristik dagilimlarinda ikincil artiglarin meydana geldigini ifade etmislerdir. Is1 transfer
katsayilarinda meydana gelen bu ikincil artiglari, carpma yiizeyi boyunca gelisen duvar jetinde akisin
laminerden tiirbiilansa geg¢isi ile iliskili oldugunu agiklamiglardir. Smirlandirilmis carpan dairesel jet
akis1 i¢inde, Colucci ve Viskanta [17], agiklik oraninin 0.25 - 6 araligindaki degerleri igin termokromik

sivi kristal kullanarak, ¢arpma levhasi boyunca yerel 1s1 transferi karakteristiklerini gézlemlemislerdir.

Is1 transferi karakteristik ve performansinin sinirlandirilmis jet kosullari altinda, Reynolds sayisi ve liile-
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levha arast agikligin simirlandirilmamis jette oldugundan daha fazla etkilendigini ifade etmislerdir.

Sinirlandirilmis carpan jet akislarinda Baydar [18] ile Baydar ve Ozmen [19], 500 ila 50000 araligindaki
Reynolds sayilari i¢in yaptiklari ¢aligmalarda, 2700°den biiyiik Reynolds sayis1 degerleri ve 2’den kiigiik
lile ile carpma levhasi arasi aciklik oranlari i¢in levha yiizeyinde ortam alti (subatmosferik) basing
boélgelerinin olustugunu goézlemlemislerdir. Sinirlandirilmamis akis durumunda, dnceden i1sitilmis bir
levhaya carpan dairesel jet iizerine bir ¢aligma yapan Ozmen ve Baydar [20], akis yapis1 ve 1s1 transferi
performans ve karakteristiklerinin belirlenmesi amaciyla deneyler gerceklestirmislerdir. Carpma yiizeyi
boyunca Nusselt sayisindaki zirvelerin tiirbiilans siddetindeki piklerle uyum gosterdigini ifade
etmislerdir. Carpan laminer jet akisini sinirlandirilmamis durumun yani sira sinirlandirilmis durum igin
de hem sayisal hem de deneysel olarak inceleyen Miranda ve Campos [21], Reynolds sayis1 ayni iken,
sinirlandirilmis jetlerde akis alanlarindaki ters akis bolgelerinin daha uzun oldugunu ifade etmislerdir.
Behnia ve ark. [22], yaptiklar1 sayisal ¢alismada, sinirlandirilmis ve sinirlandirilmamis jet akisi
durumlarini incelemigler ve sinirlandirmanin genel olarak ¢carpma yiizeyindeki ortalama 1s1 transferini
azalttigini ifade etmislerdir. Sinirlandiricinin 1s1 transferi performansindaki pozitif etkisinin liile-levha
arasi acikligin 0.25’ten daha kii¢lik degerlerinde ortaya ¢iktigini belirtmislerdir. Carpan jetlerde, Herrero
ve Buchlin [23], lille geometrik seklinin yerel 1s1 transferi dagilimi {izerinde etkisini deneysel olarak
incelemisler ve gesitli lille geometrik eklentilerinin yerel 1s1 transferi dagilimini nasil etkiledigini
aciklamiglardir. Lee ve ark. [24], laminer ¢arpan slot jet akisini deneysel ve sayisal olarak incelemis ve
Reynolds sayisinin, liile ile hedef levha arasindaki araligin ve yerel Nusselt sayisinin akig alani
iizerindeki etkilerini arastirmislardir. Cavadas ve ark. [25], konik bir plaka ile sinirlandirilmis laminer
slot su jeti akigin1 deneysel ve sayisal olarak incelemis ve akisin konik plaka tizerinde jet ¢cikisina yakin
ayrildigim1 ve ters akis bolgelerinin uzunlugunun Reynolds sayisi ile arttigini belirtmislerdir. Al
Mubarek ve ark. [26] tarafindan yiiriitiilen deneysel ¢aligmada, ¢arpan jet akisina maruz kalan egimli bir
ylizey tizerindeki 1s1 transferi etkileri incelenmistir. Reynolds sayis1 arttikca ortalama yerel Nusselt
sayisinin da arttig1 ifade edilip aralarinda dogrudan bir iliski oldugu vurgulanmistir. Yousefi-Lafouraki
ve ark. [27] hem ¢arpan hem de sinirlayan plakalarin egimli oldugu carpan yarikli jet akiginda akis ve
151 transferi etkilerini sayisal olarak incelemis ve ortalama Nusselt sayisinin artan egim agisi ile arttigin
gostermislerdir. Bhagwat ve Sridharan [28] egimli bir yiizeye ¢arpan jet akisindaki 1s1 transferi etkilerini
sayisal olarak incelemisler ve Nusselt dagiliminin, 6zellikle ¢arpma plakasimin diisiik egim agilarinda,
liille ve levha arasindaki araliktan 6nemli 6lgiide etkilendigini ortaya koymuslardir. Li ve ark. [29], diiz
bir yiizeye belli bir agiyla ¢arpan ¢oklu jetlerin neden oldugu 1s1 transferi etkilerini deneysel ve sayisal
olarak incelemisler ve Reynolds sayisinin, liileler arasindaki mesafenin ve liile-hedef levha araliginin
carpma yiizeyindeki 1s1 transferi tizerinde 6nemli etkileri oldugunu vurgulamiglardir. Di Venuta ve ark.
[30], dikdortgen profilli bir lilleden ¢ikan tiirbiilansli slot jet akisinda, hedef duvar yiizeyindeki Nusselt
sayist dagilimlarini LES tiirbiilans modeliyle incelemisler ve literatiirdeki deneysel ¢calisma sonuglariyla

diger tiirbiilans modellerine kiyasla daha iyi bir uyum bulmuslardir. Joshi ve Sahu [31], farkli geometrik
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cikintilara sahip i¢ biikey bir ylizeye carpan jet akisinda 1s1 transferi karakteristiklerini sayisal olarak

incelemisler ve ¢ikinti varliginin 1s1 transferi oraninda iyilesme sagladigini belirtmislerdir. Talapati ve
Katti [32], sentetik hava jeti sicakliginin carpan sentetik hava jetinin yerel 1s1 transferi dagilimi
iizerindeki etkisini piirlizsiiz diiz bir yiizey iizerinde deneysel olarak incelenmisler ve 1s1 transferi
dagiliminin 6zellikle diisiik orifis-jet mesafesinde sentetik hava jeti sicakligindan giiglii bir sekilde
etkilendigi ifade etmislerdir. Javidan ve Moghadam [33], ¢arpan jet dizisi ile fotovoltaik bir modiiliin
sogutmasinda nanoakiskan kullaniminin etkisini deneysel olarak incelemisler ve nanoakigskana sahip
cok delikli nozullarin kullanilmasi durumunda fotovoltaik modiiliin daha diizgiin sicaklik dagilimina
sahip oldugunu belirtmislerdir. Literatiirde gerceklestirilen ¢alismalardan farkli olarak bu calismada,
carpma levhasi yiizeylerindeki 1s1 transferi karakteristiklerinin farkli egim agili levhalar ile
sinirlandirilan ¢arpan tiirbiilansh slot ve dairesel hava jetleri iizerinde deneysel olarak incelenmesine
yogunlasmaktadir. Reynolds sayisinin, levhalar arasi mesafenin ve sinirlandirici levha egim agisinin
carpma levhasi ylizeyi boyunca Nusselt dagilimlarina olan etkisinin belirlenmesi, bu ¢aligmanin ana
amacidir ve bu amag¢ dogrultusunda ¢arpma levhasi lizerindeki sicaklik dagilimlari termal kamera ile
Olciilerek incelenmistir. Ayrica, ¢alisma, slot ve dairesel jet durumlarinin kargilastirmali analizi ve

sinirlandirict levhalarin egim agisinin etkisinin belirlenmesi agisindan 6zgiin bir yaklagim sunmaktadir.
Materyal ve Metot

Calisma kapsaminda, 8 = 0°, 15°,30° ve 45° ac¢tya (8 — Sinirlandirici levhanin normal diizlemi ile yaptig
ac1) sahip egimli levhalar kullanilarak sinirlandirilan carpan slot jet ve c¢arpan dairesel jet akis
diizeneklerinde, levhalar aras1i mesafenin (H/W(D)) 0.5, 1, 3 ve 6 oldugu ve iki farkli Reynolds sayisi
(20000 ve 30000) i¢in onceden 1sitilmig carpma levhasinin arka ylizeyi boyunca merkez eksen
dogrultusunca termal kamera ile yiizey sicakliklar1 6l¢iilmiistiir. Carpan slot jet akisi i¢in, carpma levhasi
boyunca 1s1 transferi karakteristigini incelemek amaciyla olusturulan, 6 = 0°, 15°, 30° ve 45° egim
acilarina sahip levhalar ile sinirlandirilan diisey eksenli akis diizenekleri, Plint and Partners Limited
tiretimi seri numarasi TE.88/3961 olan bir hava iifleyici sistem modifiye edilerek kullanilmistir. Hava
tifleyici cihaz fani; 0.45 kW giice ve dakikada 2800 devir doniis hizina sahip bir elektrik motoruyla
tahrik edilmektedir. Sekil 1a'da gosterilen deney diizeneginde, fanla desteklenen hava huzme cihazina
cekilir ve ardindan genlesme odasi ve 1zgara asamalarin1 gecerek, diisey dogrultuda yerlestirilen akis
diizeneklerine iletilmektedir. Debi ayar valfi yardimiyla lille ¢ikisinda istenilen hiz degerleri elde

edilebilmektedir.
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Hava Girisi L =150 mm

(a) (b)
Sekil 1. Egimli levhalarla stmirlandriimis diisey eksenli ¢arpan slot jet deney diizeneginin sematik
gortintiisii. (a) genel goriiniim; (b) ayrintili izometrik goriiniim
Liileden ¢ikan hava jeti, iizerinde sicaklik dl¢limlerinin gergeklestirildigi epoksi malzemeden imal
edilmis ve elektriksel olarak 1sitilmis carpma levhasina ¢arpmaktadir. Epoksi levhanin arka yiizeyi
tizerinde sicaklik Olgiimleri, termal kamera ile ylizeye dik bir dogrultuda gerceklestirilmektedir. 9,
sinirlayict levha egim agisini, H, levhalar arasi agikligi ve W, slot genisligini gostermektedir. Caligma
kapsaminda olusturulan ve Sekil 1b’de 6rnek goriintiisii verilen akis diizeneklerinde, genisligi (W) ve
uzunlugu (L) sirasiyla 10 mm ve 150 mm olan tekli slot lileler kullanilmistir. Slot liile i¢in esdeger
hidrolik ¢ap (D) ise 18.75 mm’dir. 8 = 0°, 15°, 30° ve 45° egim agilarina sahip levhalar liile ¢ikislarina
enlemesine yerlestirilerek akis alanlar1 sinirlandirilmistir. Hava jetleri liilelerden ¢ikarak, sinirlandirici
levha uglarindan H degeri kadar uzak mesafede konumlandirilan ve liile eksenine 90° ag1 ile bakan
dogrultuda yerlestirilen elektriksel olarak 1sitilmis diiz levhalara ¢arpmaktadir. Reynolds sayisinin her
iki degeri (20000 ve 30000) i¢in, lille ¢ikis hizlari, liile ¢ikisinda konumsal harekete izin veren sabit
tutacak iizerine yerlestirilen Pitot tlipli yardimiyla sirasiyla 16.53 m/s ve 24.8 m/s olarak dl¢limlenmistir.
Epoksi malzemeden {iretilen ¢arpma levhast 1.5 mm kalinliga, 297mm genislik ve 420 mm uzunluk
ebadinda yiizey alanina sahiptir. Uniform sicaklik dagilimini garpma levhasinda saglamak maksadiyla,
PCB (Printed Circuit Board - Baskili Devre Karti) yontemi ile 1 mm genisliginde ve 40 um kalinliginda
bakir seritlerle elektriksel bir devre olusturulmustur. PCB ¢arpma levhasinin arka yiizeyi mat siyah
renktedir. Diigsey eksenli jet diizeneginde, hedef levha (PCB c¢arpma levhasi) boyunca, ayarlanabilir bir
varyak ile 75 Volt gerilim ve 2.02 Amper alternatif akim kullanilarak sabit 1s1 akis1 1375 W/m? degerinde
olusturulmustur. Yatay eksenli carpan dairesel jet deney diizenegi, hedef carpma levhasi tizerindeki 1s1
transferinin incelenmesi amaciyla tasarlanmistir. Sekil 2a'da sematik olarak gosterilen deney diizeninde,
fan tarafindan emilen ortam hava, yatay bir baglanti borusu araciligiyla genlesme odasina yonlendirilir.
Genlesme odasinin ¢ikigina yerlestirilen dairesel jetten ¢ikan hava, Joule etkisi ile dnceden 1sitilan hedef

carpma levhasina ¢arptirilmaktadir.
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Degitirilebilir
Lille Bashf
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(a)

(b)
Sekil 2. Yatay eksenli ¢carpan dairesel jet deney diizeneginin sematik goriintiisii. (a) genel goriiniim;
(b) liile ve ¢carpma levhasi ayrintili goviiniim

Diisey konumda bulunan 1siticili garpma levhasi, kayit-kizak mekanizmasi ile yatay dogrultuda hareket
kabiliyetine kazanmigtir. Bu mekanizma ile lile ve levha arasi mesafe istenilen degerde
ayarlanabilmektedir. Fan girisindeki kapak acgikligi ile farkli akig debileri ayarlanabilmektedir. Yiizey
sicaklik dagilimlarmin 6l¢iimii, PCB levhanin arka tarafinda, levha yiizeyine dik dogrultuda
konumlandirilmis bir tripod iizerine kurulu termal kamera ile gergeklestirilmistir. Yatay eksenli ¢carpan
dairesel jet deney diizeneginde, lille ¢ikisina yerlestirilen farkli 0 egim acilarina sahip simirlayici
levhalarla olusturulan smirlandirilmis dairesel jet akis diizeneklerinin 6rnek sematik goriintiisii Sekil
2b’de verilmistir. Dairesel liillenin ¢ap1 (D) 20 mm, liile uzunlugu ise 80 mm olarak ger¢eklesmistir.
Hava jeti, lilleden ¢iktiktan sonra, belirli bir H degeri kadar agiklikta konumlandirilan ve jet eksenine
dik bir dogrultuda bulunan Joule etkisi ile dnceden 1sitilan levhalara ¢arpar. Reynolds sayis1 20000 ve
30000 degerleri i¢in, konumsal harekete izin veren sabit tutacak iizerine yerlestirilen Pitot tiipii yardimi
ile lile ¢ikisindaki akis hizlarinin 15.10 m/s ve 22.65 m/s oldugu saptanmistir. Kalinlig1 1.5 mm olan
hedef ¢arpma levhasinin dairesel 1sitici yilizeyinde, tekdiize sicaklik dagiliminin saglanmas1 maksadiyla
baskili devre kart1 (PCB) teknigi ile 1 mm genisliginde ve 40 um kalinliginda bakir seritlerle dairesel
bir elektrik devresi olusturulmustur. 300x400mm?2 dikdoértgen ylizey alanina sahip levhada, dairesel jet
akisi ile uyumluluk dikkate alinarak 180mm’lik capta dairesel form 1sitici yiizeyi olusturulmustur. Bu
wsiticili ¢arpma levhasinin arka yiizeyi mat siyah renge sprey boya ile boyanmistir. Epoksi levhanin
emisivitesi 0.95 dir. Yatay eksenli jet diizenegindeki hedef PCB ¢arpma levhasi lizerine ayarlanabilir
varyak kullanilarak 20.3 volt ve 2.01 amper elektrik akimi uygulanmis ve 1603.5 W/m? diizeyinde sabit

1s1 akis1 olusturulmustur.

Hem carpan slot jeti hem de c¢arpan dairesel jet durumlarinda, hedef levhaya ¢arpan ortam hava
sicakligindaki jetin, levhadan gerceklesen 1s1 transferi, 6nceden isitilan levhanin arka yiizeyine dik
dogrultuda konumlandirilmis olan termal kamera ile sicaklik dagilimi 6l¢iimleri seklinde yapilarak
incelenmistir. -40°C ila +500 °C araliginda 6l¢iim yapabilen, 0.08 °C sicaklik hassasiyetine ve QVGA
(Quarter Video Graphics Array - Ceyrek Video Grafik Dizisi) yani 320x240 piksel ¢oztniirliige sahip

FLIR A20 marka termal kamera ile yiizey sicaklik olg¢timleri gergeklestirilmistir. Sicaklik degerleri,
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ThermaCAM yazilimi kullanilarak kayit altina alinmistir (Sekil 3). Carpma levhasinin her iki yiizeyine

yerlestirilen T tipi termokupllar ile termal kamera ile Olgiilen sicaklik degerlerinin dogrulamasi
yapilmistir. Termoelemanla dlgiilen levhanin gercek sicakligi ve bilgisayarda okunan levha sicakligi
arasindaki karsilagtirmayla, termal kameranin kalibrasyon egrisi ¢ikarilmis, o6l¢iim sonuglari
dogrulanmistir. Bu yontem ile ¢arpma yiizeyindeki sicaklifin arka yiizeyle esit oldugu kabulii
yapilmistir. Carpma yiizeyine yerlestirilen termokupl tarafindan 6l¢iilen sicaklik degeri, ayn1 nokta icin
termal kamera tarafindan odlgiilen sicaklik degeri ile karsilastirilarak yiizeyin emisivite degeri (&) 0.98
olarak belirlenmistir. Carpma levhasi yiizeyindeki sicaklik degerleri, yerel sicakliklarin zaman i¢inde

degismedigi ve akisin siirekli bir duruma ulagtig1 siire boyunca kaydedilmistir.

Dikey Referans
Cizgisi

a

Yatay Referans
Cizeisi

by

ekil 3. Slcall ol¢iimiine iliskin goriintiiler

Is1 Transferi Parametreleri ve Matematiksel Formiilasyon
U,, dairesel veya slot hava jeti ¢ikis hizin1 ifade etmekte olup, bununla iligkilendirilen Reynolds sayisi

asagidaki denklemlerle hesaplanmistir.

Up = 2AP/p (1)

Re = pUOE(W) (2)

Denklemlerde, basing farki AP, akiskan yogunlugu p, dinamik viskozite p ile gosterilmekte olup, liile
cap1 D, slot genisligi ise W ile ifade edilmistir. Is1 transferi etkileri, carpan jet akiglarinda ¢arpma

levhalari tizerindeki 1s1 taginim katsayisi (h) ve boyutsuz Nusselt sayis1 (Nu) denklemleri ile aragtirilir.

h= Qtaslnlm/Aw(Tw - T]) (3)
Ny = 220 (4)

Burada taginim ile 1s1 akis1 Qugmm, levhanin 1sitici yilizey alani Aw, lehvanin jete maruz kalan tarafindaki
ylizey sicakligi Tw, ve jet gikis sicakligr ise Tj ile ifade edilmektedir. Nusselt denkleminde, havanin 1s1l
iletim katsayisi k ile tanimlanmistir. Diiz bir yiizeye c¢arpan jet akiginda 1s1 transferi iizerine etkili olan

biiytklikler Sekil 4’te sematik bir sekilde tasvir edilmistir.
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Sekil 4. Jetlerde 1s1 transferi hesaplamalarinda dikkate alinan tanimlamalar

Termal kamera yardimiyla 6l¢iimlenen yiizey sicakligi T ile gdsterilmis olup, ¢evre ortam sicakligi Ty,
levha yiizeyinin jete maruz kalan tarafindaki sicakligi ise Tw) ile gosterilmistir. Deneylerin

gerceklestirildigi laboratuvar ortaminin sicakligi bir termometre ile 295 K olarak tespit edilmistir.

Joule etkisi ile iiretilen toplam 1s1 akisi q"wplam’dan 1s1 kayiplarinin ¢ikarilmasi ile quaginm hesaplanmistir.

Enerji dengesi ile carpma levhasi yiizeyinden olan 1s1 transferi,

q"taslmm - q"toplam - q"iletim - q"1$1nlm - q"dogalta§1n1m (5)

ifadesi ile hesaplanabilmektedir. ifadeye gore, burada q"oplam, toplam 1s1 akist miktarimni, q"itetim, 0" sgmm
Ve ("dogalagmm 1S€ sirasiyla ¢arpma yilizeyinden iletimle, 1sinimla ve dogal taginim ile kaybedilen 1s1y1
temsil eder. Epoksi levhaya uygulanan toplam giic, ayarh varyak tarafindan saglanan gerilim ve levha

direnci degerleri kullanilarak hesaplanir ve asagidaki denklemle ifade edilir.
Qtoplam =IV= VZ/R (6)

Isil kayiplar, levhanin jet tarafindan etkilenmeyen yiizeyi boyunca 1gimim, iletim ve dogal taginim
etkilerine baglidir. Carpma levhasi iizerindeki radyal yonde iletimle olusan 1s1 transferi, radyal yonde
mesafenin fazla olmasi ve sicaklik gradyaninin az olmasi sebebiyle dikkate alinmamigtir. Levhanin jete
maruz kalan tarafindaki 1sin1im kayiplari ise bakirin diisiik emisivite degeri sebebiyle ihmal edilmistir.
Carpma levhasimin arka ylizeyi ile ¢evre ortami arasindaki sicaklik farkindan kaynaklanan 1sinim
yoluyla 1s1 transferi, asagida verilen Stefan-Boltzmann denklemi [34] kullanilarak hesabi

gergeklestirilmistir.
Qisinim = SASO-(T\;\L/ - Téév) (7

Carpma levhasinin emisivite degeri ¢ ile gosterilmektedir. Stefan-Boltzmann sabiti ise 6=5.67x10®
[W/(m?K*)] degerindedir. Burada As ¢arpma levhasindaki 1sitilan yiizeyin alanini temsil etmektedir.

Yatay konumlandirilan ¢arpma levhasi lizerinden dogal tasinim yoluyla olusan 1s1 kaybi, Lloyd ve
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Moran [35] tarafindan iiretilen empirik baginti ile asagida verildigi gibi hesaplanmistir. Bu bagintida

Ra, Rayleigh sayisin1 ifade etmektedir.
Nu_=0.15Ra'® 10’<Ra<10 (8)

Slot jet akisinda laboratuvar ortam sartlar1 icin Prandtl sayist (Pr) 0,7 olarak belirlenmis olup yatay
konumlandirilmis  garpma levhast igin Ra=2.04x10® olarak hesaplanmigtir. Diisey olarak
konumlandirilmis ¢arpma levhasi iizerinden dogal tasinim yoluyla gerceklesen 1s1 kaybi, Churcill ve

Chu [36] tarafindan sunulan asagidaki empirik bagint1 kullanilarak hesaplanmustir.

—— 0.670-Ra’/*
NuL = 0.68 + [1_'_((%)9/16)4/9]

Ra<10° 9)

Dairesel jet akisinda laboratuvar ortam sartlari i¢in Prandtl sayisi (Pr) 0,7 olarak belirlenmis olup diisey
konumlandirilmis ¢arpma levhasi i¢in Ra=1.6x10" olarak hesaplanmistir. Bu denklemlerde, Rayleigh
sayisini Ra ve Prandtl sayisi ise Pr ile ifade edilmistir. Verilen bu denklemleri kullanarak, slot jet
diizeneginde gerceklesen 1s1 kayiplarindan dogal tagiim ve 1sima kayiplari, toplam 1s1 miktarimnin
sirasiyla %5'1 ve %7'si olarak, dairesel jet diizeneginde gerceklesen kayiplar ise dogal tasinim igin
toplam 1s1 miktarinin %3, 151ma kayiplari igin ise %41 olarak hesaplanmustir. Slot jet akisinda, toplam

kayiplar, toplam 1s1 akisinin %12’si, dairesel jet akisinda ise %7’si degerinde olmaktadir.
Belirsizlik Analizi

Olgiimler, Kline ve McClintock [37] tarafindan tavsiye edilen denklem ve hesaplama yontemi
kullanilarak belirsizlik analizine tabi tutulmustur. incelenen Reynolds sayis1 i¢in hesaplanan belirsizlik

orant + %2.61 iken, Nusselt say1s1 i¢in + %2.87 seviyesindedir.
Bulgular ve Tartisma

Bu ¢aligmada, farkli egim agili levhalar ile sinirlandirilmig tiirbiilansli slot ve dairesel hava jetlerinde
carpma yiizeyleri {izerindeki 1s1 transferi etkileri deneysel olarak arastirilmistir. Carpma levhasi boyunca
sicaklik degerleri, dnceden 1sitilan levhanin ylizeyinin arka ylizeyi boyunca levha yiizeyine dik
konumlandirilmig bir termal kamera yardimi ile Slgiilerek kaydedilmistir. Sicaklik dagilimlar ise
carpma levhasinin merkez ekseni dogrultusunca c¢izilen bir hat iizerinde elde edilmistir. Bu sicaklik
dagilimlart kullanilarak, Reynolds sayisi, levhalar arasi agiklik orani, sinirlandirict levha egim agisi ve
lile tipinin ¢arpma levhasi {izerindeki Nusselt dagilimlarina etkisi incelenmigtir. Carpma levhasi
iizerindeki sicaklik dagilimlari, ¢arpan slot jet ve ¢arpan dairesel jet deney diizeneklerinde Reynolds
sayisinin her iki degeri (20000 ve 30000), sinirlandirict levha egim agis1 degerlerinin 6 = 0°, 15°, 30° ve
45° oldugu durumlar ve sinirlandirici levha ile hedef ¢arpma levhasi arasindaki agiklik orani1 degerlerinin

H/D(W)=0.5, 1, 3 ve 6 oldugu durumlar i¢gin gergeklestirilmistir.
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0 = 0° Egimli Levhalar ile Stmirlandirilms Jet

Sinirlandirict levha egim acgist 6=0° icin, Reynolds sayisinin 20000 ve 30000 degerlerinde slot ve
dairesel jet akis sistemlerinde ¢carpma levhasi merkez ekseni dogrultusunca elde edilmis olan Nusselt

dagilimlari levhalar aras1 agiklik orani degerleri H/W(D)=0.5, 1, 3 ve 6 oldugu durumlar icin Sekil 5’te

verilmistir.
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Sekil 5. 0=0° icin ¢carpma levhasi boyunca Nusselt dagilimlari. () H/W(D)=0.5, (b) H/W(D)=1, (c)
H/W(D)=3, (d) H/'W(D)=6

H/W(D)=0.5 degeri i¢in, iki farkli Reynolds sayisinda slot ve dairesel jetlere ait carpma levhalarinin
iizerinde orta eksen boyunca Nusselt dagilimlarinin verildigi Sekil 5a’da, artan Reynolds sayisi ile
birlikte Nusselt degerlerinin ¢carpma levhasi {izeri boyunca artig sergiledigi anlasgilmaktadir. Carpma
levhalan iizerinde liile ekseni dogrultusundaki durma noktalarinda yerel Nusselt sayilari maksimum
deger almaktadir. Carpma levhalar iizerindeki Nusselt dagilimlarinda ortaya ¢ikan ikincil pikler slot
jetlerde durma noktasindan x/W=+2.5 (Slot jetlerde boyutsuz x-eksenindeki mesafe) kadar ileri
konumunda olusurken, dairesel jetlerde x/D~+1.5 (Dairesel jetlerde boyutsuz radyal eksendeki mesafe)
konumunda olusmaktadir. ikincil pikler, artan Reynolds sayisi ile daha belirgin hale gelmektedir.
H/W(D)=1 ve H/W(D)=3 agiklik oranlari i¢in, slot ve dairesel jetlere ait ¢arpma levhalarinin tizerinde
farkli Reynolds sayis1 durumlari i¢in Nusselt dagilim sonuglari Sekil 5b ve 5¢’de goriilmektedir. Her iki

aciklik oranina ait Nusselt dagilimlar1 da Sekil 4a’da H/W(D)=0.5 iken elde edilen dagilimlarla
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benzerlik gostermektedir. Bu agiklik oranlarinda, Nusselt dagilimlarindaki ikincil pikler, slot jetlerde

etkisi azalmis sekilde durma noktasindan itibaren x/W==3.5 konumunda, dairesel jetlerde ise x/D~=+2.5
konumunda ger¢eklesmektedir. Sekil 5d’de verilen Nusselt dagilimlarindan, ¢arpma levhalar {izerinde
diisiik agiklik oranlarinda olusan ikincil piklerin H/W(D)=6 agiklik oraninda kayboldugu ve slot ve
dairesel jetlere ait profillerin birbirlerine yaklastig1 gortiilmektedir. Slot ve dairesel jetlere ait carpma
levhalar1 {izerinde, farkli levhalar arasi agiklik oranlar1 ve farkli Reynolds sayilar icin elde edilen
Nusselt dagilimlarindan, her iki Reynolds sayisi i¢in de artan levhalar arasi agiklik orani ile Nusselt
sayisinin azaldig1 anlasilmaktadir. Re=30000 degerinde, carpma levhalar {izerindeki Nusselt degerleri
dairesel jette slot jete gére daha yiiksek olmaktadir. Hem durma noktasindaki hem de ikincil piklerin
olustugu konumlardaki Nusselt degerleri, artan Reynolds sayisi ile artmaktadir. Artan agiklik orani ile
ikincil pikler etkisini kaybederken, slot ve dairesel jetlerin Nusselt dagilim profilleri de birbirlerine

yaklagmaktadir.
0 =15° Egimli Levhalar ile Stmirlandirilmis Jet

Simirlandirict levha egim agisi 6=15° igin, Reynolds sayisinin 20000 ve 30000 degerlerinde slot ve
dairesel jet akig sistemlerinde carpma levhasi merkez ekseni ilizeri boyunca elde edilen Nusselt
dagilimlari levhalar arasi agiklik oran1 degerleri H/W(D)=0.5, 1, 3 ve 6 oldugu durumlar icin Sekil 6’da
verilmigtir. Sekil 6a’da, H/W(D)=0.5 degeri i¢in, iki farkli Reynolds sayisinda slot ve dairesel jetlere ait
carpma levhalarinin iizerinde orta eksen boyunca Nusselt dagilimlar1 goriilmektedir. Artan Reynolds
sayist ile birlikte, carpma levhasi yiizeyi boyunca Nusselt degerlerinin de artis sergiledigi goriilmektedir.
Hem slot jette hem de dairesel jette her iki Reynolds sayisi i¢in de yerel Nusselt sayilarinin durma

noktasinda maksimum deger aldig1 anlagilmaktadir.
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Sekil 6. 0=15° icin carpma levhast tizerinde Nusselt dagilimlari. (a) H/W(D)=0.5, (b) H/W(D)=1, (¢)
H/W(D)=3, (d) H/'W(D)=6
Dairesel jete ait Nusselt dagilimlarinda, durma noktasindan itibaren x/D~+0.5 ve 2 konumlarinda ikincil
pikler olusmaktadir. Ikincil pikler artan Reynolds saysi ile daha belirgin olmaktadir. Slot jete ait Nusselt
dagilimlari ise yayvan bir degisim gostermekte ve herhangi bir ikincil pik olusmamaktadir. H/W(D)=1
ve H/W(D)=3 ac¢iklik oranlari i¢in, slot ve dairesel jetlere ait ¢arpma levhalarinin tizerinde farkli
Reynolds sayis1 degerlerinde elde edilen Nusselt dagilimlar1 Sekil 6b ve 6¢’de verilmektedir. Her iki
acikliga ait Nusselt dagilimlart da Sekil 5a’da H/W(D)=0.5 iken elde edilen dagilimlarla benzerlik
gostermektedir. H/D=1 agiklik oraninda, dairesel jete ait Nusselt dagilimlarindaki ikincil piklerin daha
keskin hale geldigi ve konumlariin x/D~+0.5 ve 2.5 degerlerine kaydig1 goriilmektedir. H/D=3 agiklik
oraninda ise dairesel jete ait Nusselt dagilimlarindaki ikincil piklerin etkisi hafiflemektedir. H/D=6
aciklik oranima ait Nusselt dagilimlarinin verildigi Sekil 6d’de, dairesel jete ait Nusselt sayilarindaki
ikincil piklerin kayboldugu goriilmektedir. Slot ve dairesel jetlere ait carpma levhalar lizerinde, farkl
Reynolds sayilar1 ve farkli levhalar arasi agiklik oranlari i¢in elde edilmis Nusselt dagilimlarindan, her
iki Reynolds sayisi degeri i¢in de levhalar arasi agiklik orani arttikga Nusselt sayist degerlerinin azalig
gosterdigi anlasilmaktadir. Dairsel jete ait ¢arpma levhasi iizerindeki Nusselt dagilimlarinda, diigiik

levhalar arasi agiklik oranlarinda (H/D<3) ortaya ¢ikan ikincil pikler, artan levhalar aras1 aciklik oram
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ile birlikte etkisini kaybetmektedir. Dairesel jete ait Nusselt dagilimlarinda goriilen ikincil piklerin

konumu sinirlayict levhalarin egimli olmasi nedeniyle durma noktasindan uzaklagsmaktadir.
0 =30° Egimli Levhalar ile Simirlandirilmis Jet

Sinirlandirict levha egim agisi 6=30° icin, Reynolds sayisinin 20000 ve 30000 degerlerinde slot ve
dairesel jet akis sistemlerinde carpma levhasi merkez ekseni dogrultusunca elde edilmis Nusselt
dagilimlari levhalar arasi agiklik orani degerinin H/'W(D)=0.5, 1, 3 ve 6 oldugu durumlar i¢in Sekil 7°de
verilmistir. H/W(D)=0.5 degeri igin, iki farkli Reynolds sayisinda slot ve dairesel jetlere ait ¢arpma
levhalarinin {izerinde orta eksen boyunca Nusselt dagilimlarinin verildigi Sekil 7a’da, artan Reynolds
sayist ile birlikte ¢arpma levhasi yilizeyi boyunca Nusselt degerlerinde artiglar olustugu goriilmiistiir.
Carpma levhalar {izerinde lille ekseni dogrultusundaki durma noktalarinda yerel Nusselt sayilar
maksimum deger almaktadir. Dairesel jete ait Nusselt dagilimlarinda, durma noktasindan itibaren
x/D=£1 ve 2.5 konumlarinda ikincil pikler olusmaktadir. ikincil pikler artan Reynolds says1 ile daha
belirgin olmaktadir. Slot jete ait Nusselt dagilimlari ise yayvan bir degisim gostermekte ve herhangi bir
ikincil pik olugsmamaktadir. H/W(D)=1 ag¢iklik orani igin, slot ve dairesel jetlere ait carpma levhalarinin
tizerinde farkli Reynolds sayilarinda elde edilen Nusselt dagilimlar1 Sekil 7b’de verilmektedir. H/D=1
aciklik oraninda, dairesel jete ait Nusselt dagilimlarindaki ikincil piklerin konumlar1 x/D~+1 ve 3
degerlerine kaymaktadir. H/D=3 aciklik oraninda ise dairesel jete ait Nusselt dagilimlarindaki ikincil
piklerin etkisi hafiflemektedir (Sekil 7c). H/D=6 ag¢ikligina ait Nusselt dagilimlarinin verildigi Sekil
7d’de, hem slot hem de dairesel jette, Nusselt sayilarindaki ikincil piklerin kayboldugu gériilmektedir.
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Sekil 7. 0=30° i¢cin ¢carpma levhast iizerinde Nusselt dagilimlar: (a) H/W(D)=0.5 (b) H/W(D)=1
(c) H/W(D)=3 (d) H/W(D)=6

0 = 45° Egimli Levhalar ile Smirlandirilmis Jet

Siirlandirict levha egim acist 6=45° i¢in, Reynolds sayisinin 20000 ve 30000 degerlerinde slot ve
dairesel jet akis sistemlerinde carpma levhasi merkez ekseni dogrultusunca elde edilmis olan Nusselt
dagilimlari levhalar arasi agiklik orani degerinin H/'W(D)=0.5, 1, 3 ve 6 oldugu durumlar i¢in Sekil 8’de
verilmistir. H/W(D)=0.5 degeri icin, iki farkli Reynolds sayisinda slot ve dairesel jetlere ait ¢arpma
levhalarinin tizerinde orta eksen boyunca Nusselt dagilimlarinin verildigi Sekil 8a’da, artan Reynolds
sayis1 ile birlikte carpma levhasi yiizeyi boyunca Nusselt degerlerinde artiglar olustugu goriilmiistiir.
Carpma levhalan iizerinde liille ekseni dogrultusundaki durma noktalarinda yerel Nusselt sayilar
maksimum deger almaktadir. Dairesel jete ait Nusselt dagilimlarinda, durma noktasindan x/D~=£2.5
kadar ileride ikincil pikler olusmaktadir. Bu ikincil pik ve artiglar artan Reynolds sayisi ile daha belirgin
olmaktadir. Slot jete ait Nusselt dagilimlar1 ise yayvan bir degisim gostermekte ve herhangi bir ikincil

pik olugsmamaktadir.

H/W(D)=1 agiklik orani i¢in, slot ve dairesel jetlere ait carpma levhalarinin iizerinde farkli Reynolds
sayilarinda elde edilen Nusselt dagilimlar1 Sekil 8b’de verilmektedir. H/D=1 agiklik oraninda, dairesel
jete ait Nusselt dagilimlarinda yine x/D~+2.5 konumunda ikincil pikler olusmaktadir. H/W(D)=3 ve
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H/W(D)=6 agiklik oranlarinda, slot ve dairesel jetlere ait Nusselt dagilimlarinda herhangi bir ikincil pik

olusmamaktadir (Sekil 8c ve 8d).
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(c) (d)
Sekil 8. 0=45° i¢cin ¢carpma levhast iizerinde Nusselt dagilhimlari, (a) H/W(D)=0.5, (b) H/W(D)=1, ¢)
H/W(D)=3, (d) H/W(D)=6

Carpan slot jet akisinda, sinirlayici levha egim agisinin, Reynolds sayisinin ve sinirlayici levha-¢arpma
levhasi arasi agikligin farkli degerleri i¢in ¢carpma levhasi yilizeyi boyunca dl¢limlenen sicaklik degerleri
ve dagilimlar1 beraber degerlendirildiginde, sinirlayici levha egim agisinin (6=0°) ve levhalar arasi
aciklik orani degerinin (H/W=0.5 ve 1) kiiciik oldugu durumlarda ¢arpma levhasi iizerindeki Nusselt
dagilimlarinda ikincil piklerin ortaya ¢iktigi, sinirlandirict levha egim agisi (8=15°, 30° ve 45°)
degerlerinin biiyiik oldugu durumlarda ise levhalar-arasi agikligin hi¢bir degerinde ikincil piklerin
olugmadig1 goriilmiistiir. Carpan dairesel jet akisinda, sinirlayici levha egim agisinin, Reynolds sayisinin
ve sinirlayict levha-carpma levhasi arasi agikligin farkli degerleri i¢in carpma levhasi yiizeyi boyunca
ol¢timii gergeklestirilen sicaklik degerleri ve dagilimlar1 beraber degerlendirildiginde, sinirlayici levha
egim acisinin (0=0° ve 15°) ve levhalar aras1 agiklik oram1 degerinin (H/D=0.5 ve 1) kii¢lik oldugu
durumlarda carpma levhasi iizerindeki Nusselt dagilimlarinda ikincil piklerin daha belirgin oldugu,
sinirlayict levha egim agisinin (0=30° ve 45°) ve levhalar arasi agiklik oraninin (H/D=3 ve 6) biiyiik
degerlerinde ikicil piklerin etkisinin azaldigir goriilmektedir. Carpma levhalar1 iizerindeki Nusselt
dagilimlarinda ortaya ¢ikan ikincil piklerin dairesel jette daha belirgin ve yaygin oldugu ve konumlarinin

sinirlayict levha egim agisindan etkilendigi goriilmiistiir.
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Sonuclar

Deneysel olarak gerceklestirilen bu ¢alismada, ¢arpan slot ve dairesel jet akis alanlarindaki hedef ¢arpma
levhasi ylizeyleri boyunca 1s1 transferi etkilerini incelemistir. Sicaklik degerleri ve dagilimlari bir termal
kamera ile goriintilleme yapilarak 6l¢iimlenmistir. Elde edilen sicaklik dagilimlari, carpma levhasinin
merkez ekseni boyunca incelenmistir. Bu sicaklik dagilimlari tizerinden, Reynolds sayisi, levhalar arasi
aciklik orani ve sinirlandirici levha egim agis1 parametrelerinin carpma levhasindaki Nusselt dagilimlar:
tizerine etkisi arastirilmis ve sonuglar karsilastirilmigtir. Caligmadan asagidaki sonuglara ulagilmisgtir:

1. Siirlandirilmig garpan slot ve dairesel jet akislarinda, ¢arpma levhasi iizeri boyunca Nusselt degerleri
artan Reynolds sayisi ile birlikte artmakta, artan levhalar arasi agiklik orani ile azalmaktadir. Levhalar
arasi acikligin H/'W(D)<1 ve sinirlayici levha egim agisinin 6<15° oldugu durumlarda, ¢arpma levhasi
tizerindeki Nusselt sayis1 dagilimlarinda ikincil pikler olugmaktadir. Levhalar arasi agiklik oran arttikga,
ikincil piklerin etkisi azalmakta ve konumlar1 levha uglarina dogru ilerlemektedir.

2. Smurlandirilmig carpan slot jet akisinda, ¢arpma levhasi yiizeyindeki Nusselt dagilimlari, artan
smirlandirict levha egim agis1 ve artan levhalar arasi agiklik oraniyla olumsuz etkilenmektedir.

3. Artan siirlandirici levha egim agisi ile birlikte, slot jetlerde ikincil pikler hizla kaybolurken, dairesel
jetlerde bu durumun daha yavas olmaktadir.

Mevcut ¢alisma esas olarak carpan slot ve dairesel jetlerde 1s1 transferi performansinin sinirlayict levha
durumuna gore karsilastirilip degerlendirilmesi {izerine odaklanmistir. Calismadan elde edilen
sonuclarda boyutsuz radyal ve eksenel mesafeler boyunca ortaya ¢ikan ikincil artiglarin, hedef ¢arpma
levhast ylizeyinden daha fazla isinin daha homojen bir sekilde siipiiriilmesine olanak sagladig:
goriilmektedir. Ozellikle elektronik devre elemanlarnin sogutulmasinda yiizeyin daha homojen bir
sekilde sogutulmasi, s6z konusu elemanlarin émiirleri ve performanslari igin oldukga kritiktir. Carpan
jetlerde egimli sinirlandirici levha kullaniminin, elektronik devre elemanlarinda ylizey boyunca ortaya
c¢ikan sicaklik degisimlerinin neden oldugu stresin azaltilmasina katkida bulunabilecegi

diistiniilmektedir.

Tesekkiir Bu calisma K.T.U. Makina Miihendisligi Boliimii Hidrolik ve Akiskanlar Mekanigi
Laboratuvarinda gergeklestirilmistir. Sagladiklari ¢aligma alani ve verdikleri ekipman destegi igin

tesekkiir ederiz.

Fon/Finansman Bilgileri Bu ¢alisma i¢in herhangi bir kurum ve/veya kurulustan destek alinmamustir.
Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar Catismalary/Catisan Cikarlar Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur

Yazarlarin Katkist Haluk KELES makaleye %50 oraninda katkida bulunmus, deneyleri ger¢eklestirmis,
analiz etmis ve grafikleri hazirlamistir. Yiicel OZMEN makaleye %50 oraninda katkida bulunmus,

grafikleri yorumlamis ve makaleyi yazmistir
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Oz

Giivenli bir yolculuk i¢in arag¢ giivenlik sistemleri kadar insan viicudunun
11l konforu da dikkate alinmalidir. Seyahat esnasinda yolcularin yani sira
ozellikle siiriiciiniin arag¢ kullanirken kendini rahat hissetmesi giivenlik
acisindan son derece onemlidir. Bu c¢alismada insan viicudunun 1sil
konforu dikkate alinarak konvansiyonel bir arag¢ klimasi iizerinde bazi
degisiklikler yapilmistir. Bu sayede daha etkili bir iklimlendirme ile daha
konforlu bir siirlis gergeklestirilebilecegi hesaplanmistir. Bunun igin bir
otomobilin siiriicti koltugu yeniden dizayn edilerek deneysel ¢alismalar
yapilmistir. Calismalar sonunda sogutma proseslerinde en iyi sonuglar
ortalama devirler i¢in elde edilmistir. Elde edilen bulgular grafik ¢iktilarla
desteklenmis ve yorumlanmustir.
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Cooling Car Seats by Redesigning the Standard Air Conditioning System

1Sinop Universitesi, Miihendislik ~Abstract
ve Mimarlik Fakiiltesi, Makine  For a safe journey, not only vehicle safety systems but also the thermal

Miihendisligi Boliimii, Sinop, comfort of the human body should be considered. In addition to the
Tiirkiye passengers during the journey, it is extremely important for the driver to

feel comfortable while driving. In this study, some modifications have

been made to a conventional vehicle air conditioner by considering the

thermal comfort of the human body. It has been calculated that a more

comfortable driving experience can be achieved with a more effective air

conditioning system. For this purpose, experimental studies were carried

out by redesigning the driver's seat of a car. As a result of the studies, the

best results in cooling processes were obtained for average revolutions.

) The obtained findings have been supported and interpreted with graphic
Bu galigma Creative Commons  gytputs.

Attribution 4.0 International . . . . :
License ile lisanslanmistir Keywords: Thermal comfort in automobiles, air-assisted car seat, cooling

car seat.

Giris
Otomobillerde 1s1l konfor, kisisel konfordan ¢ok siiriis giivenligi agisindan 6nem arz etmektedir.

Yolculuk siiresi arttikga siiriis konforu ve siiriis giivenligi daha énemli bir hal alir. Ozellikle sicak yaz

giinlerinde terlemeye neden olan ortam sicakligim1 ve viicut sicakligmi diisirmek ic¢in klima ile
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sogutmaya daha ¢ok basvurulur. Otomobil kabininin 1sitilmas1 ya da sogutulmasi belli bir zaman alir.

Bu zaman zarfinda lokal sogutma yapilarak insan viicudu dogrudan etkilenebilir. Onden insan viicuduna
dogru yiiksek bir hizda iifiiriilen soguk havanin saglik agisindan olumsuz etkileri olabilmektedir. Yaz
aylarmin sicak giinlerinde camlar1 kapali olarak park halinde duran bir otomobile binen bir kisi terli ise
iiflenen soguk hava saglik yoniinden olumsuz etkiler meydana getirebilir. Eger otomobil koltugu klima
sistemi ile ayrica sogutuluyorsa baldirlar ve bel kismi da gévdenin 6n kismi ile ayni anda
soguyacagindan bir 1s1l denge olusacaktir. Ayrica her ne kadar giysilerin bir direnci olsa da koltuktan
sogutma prosesinde temas yoluyla bir 1s1 transferi gerceklesmektedir. Konvansiyonel otomobil
klimalarinda insan viicudunun 1s1l konforunu etkileyen parametreler dikkate alinarak otomobil koltugu
dogrudan sogutulursa daha etkili ve daha ekonomik bir 1s1l konfor saglanmis olacak ve klima sisteminin
sogutma ylkii azalacaktir. Bode ve ark. [1] elektrikli arabalarin elektrik sarfiyatini azaltmak i¢in insan
viicudunun 1s1l konforunu dikkate alan bir sistem gelistirmiglerdir. Bu sistemde, insan viicudunun hassas
noktalar1 dikkate alinarak egit olmayan bir enerji dagilimi yapilmistir. Bu sayede enerji kullanimi yariya
diismesine ragmen standart ara¢ koltugunun konforunun yakalanabilecegini, buna karsilik arag
menzilinde %1.2 - %]1.5 arasinda bir artis saglanabilecegini gostermislerdir. Kipp ve ark. [2]
calismalarinda koltugun yan taraflarindan hava kanallar1 agarak kabin i¢i iklimlendirme ve insan
viicudunun 1s11 konforu i¢in etkili bir yontem gelistirmeye ¢alismiglardir. Elde edilen sonuglara gére bu
degisikligin sogutma icin iyi sonuglar verdigi ancak isitma i¢in beklenen sonuglarin alimamadigin
vurgulamiglardir. Dehne ve ark. [3] ¢alismalarinda otomobil kabininin ugaklardakine benzer bir sekilde
havalandirilmasi ve iklimlendirilmesi i¢in bir sistem onermislerdir. Bu sisteme gdre otomobilin déseme
ve tavanindan delik ya da kanallar agilarak kabin i¢i iklimlendirilmeye ¢alisilmistir. Bunun i¢in dort adet
termal manken kullanmislardir. Babalik ve Cengiz [4], dort denek ve iki farkli ortamda, dort ayr1 klimal
otomobil siiriicii koltugu ile yaptiklari deneylerde 1s1l konfor etkilerini objektif 6l¢iimler ve siibjektif
sorgulamalarla kargilagtirmali olarak degerlendirmislerdir. Babalik ve Cengiz [5] farkli bir ¢aligmada;
dort denek ve iki ayri ortam sicakligi icin dort ayr1 klima otomobil siiriicii koltugu ile yaptiklart konfor
deneyinde sekiz ayr1 noktada deri sicakligini, iki ayr1 noktada viicut nemini Ol¢miisler ve konfor
degerlendirmesinde nemin deri sicaklifina gére daha dogru bir 6l¢ek oldugu sonucuna varmislardir.
Esen ve Hosoz [6] c¢alismalarinda R12 ve R134a sogutucu akigkanlari ile iklimlendirilen otomobil
klimasinda farkli kompresor devirleri ve 1s1 yiikleri i¢in karsilagtirmali bir performans analizi
yapmislardir. Sonug olarak ayni sogutma yiikiinde R134a’nin R12’ye oranla daha diisiikk sogutucu
akigkan kiitle debisi ile galistigini tespit etmislerdir. Kilig¢ ve Akyol [7] otomobillerin 1sitma islemi
siirecinde farkli hava yonlendiricileri se¢iminde siirekli degisen ve kabin iginde diizensiz bir dagilim
gosteren 1s1l konfor parametrelerinin degisimini deneysel olarak test etmislerdir. Yigit ve Atmaca [8],
insan viicudu tizerinde 1s1 ve kiitle transferi, denetim mekanizmalar1 ve ¢evre sartlarinin modellerinin
analitik ve sayisal ¢oziimleri iizerinde galismislardir. Solmaz ve Ozgéren [9] giines enerjisi (PV) destekli

caligan tasit klima sisteminin dinamik performansini deneysel olarak arastiran bir ¢alisma yapmislardir.
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Caligmada Tirkiyenin giines enerjisi yoniinden zengin olan bes ayr ili i¢in klima sisteminin

termodinamik bir analizi yapilmistir. Unal ve ark. [10] otobiislerde kullanilan buhar sikistirmali sogutma
sistemlerinin ejektorlii hale getirilmesi ile olusturulan yeni bir sistemde, sogutma etkinliginin kiitlesel
debi orani ile degisimini teorik olarak incelemislerdir. Bu ¢alismada konvansiyonel bir otomobil klimasi
iizerinde konstriiktif bazi degisiklikler yapilarak siiriicii koltugu klima sistemi ile sogutulmustur.
Koltugun oturak ve sirt kisimlarina 6zel olarak yerlestirilen boru demetlerinin bir evaparator gorevi
yapmast saglanmistir. Cesitli kompresor devirleri i¢in deneysel ¢alismalar yapilmistir. Elde edilen

bulgular grafik ciktilarla desteklenmis ve yorumlanmaistir.
Insan Viicudunun Isil Konforu ve Otomobillerde Isil Konfor

Is1l konfor, kisinin 1s1l yonden kendini rahat hissetme duygusu olarak tanimlanabilir. Otomobillerde 1s1l
konfor, kisisel konfordan g¢ok siirlis giivenligi a¢isindan 6nemlidir. Yolculuk siiresi arttik¢a siiriis
konforu ve siiriis giivenligi daha 6nemli bir hal alir. Siiriicii ve yolcular terletmeyecek kadar
sogutulabilen bir koltuk iyi bir 1s1l konfor saglayacaktir. Fanger [11] tarafindan gelistirilen siirekli rejim
modelleri, viicudun 1s1l dengede oldugunu ve enerji depolamasinin ihmal edilebilecegini kabul eder. Bu
modelde viicut i¢i ve deri tek bir bolme olarak ele alinir. Bu nedenle titreme ve kan akisi ile 1s1l denetim
g0z Oniine alinmaz ve sicaklik zamana gore sabit kabul edilir. Buna gore siirekli rejimde {iretilen 1s1l

enertji, 1s1 kaybina esit olur ve enerji dengesi:
M-Ww= QSk + Qres :(C +R+ Esk) + (Cres + Eres) (1)

bagintisi ile verilir.
Bu bagintida; M metabolik 1s1 enerjisi tiretimini, W yapilan mekanik isi, Qres SOlunum yoluyla olan
toplam 1s1 kaybini, Qs deriden olan toplam 1s1 kaybini, Cres solunumla olan tasinim 1s1 kaybini, Eres

solunumla buharlagma kaybini, C + R deriden olan duyulur 1s1 kaybin1 ve Es deriden toplam buharlagma

kaybini ifade ederler.
Nefes Alma/Verme
Buharlasma
Tletim B =
o _Difiizyon
ic
) Tasmmm - Deri - Isima - Cevre
Bolge
Tasmm
Nem Trans. o o
o  lletim _
G_ilsi
-
Besinler
_ Atklar

Sekil 1. Insan viicudu ile ¢evre arasindaki 151l iligki [8]
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Giyinik bir viicuttan, taginim C ve 1s1nim R ile olan 1s1 kayiplart, bir 1s1 gegis katsayisi ve giyinik viicudun

ortalama dis sicaklig1 t¢ ile ¢evre sicakligl arasindaki farkin carpimi olarak;

C = fu h(ta — to) ()
R=fa-hr(ta-t) (3)
seklinde yazilabilir [12]

Burada, hc tasinim katsayisi, hy dogrusal 1sinimla 1s1 transferi katsayisidir. fo ise giysi alan ¢arpamidir.
(C+R) =fa h (ta—1to) (4)
olarak yazilabilir. Burada,

to= (hrt*r+heto) veh=h, + he ®)

seklindedir.
Deriden buharlagsma yoluyla 1s1 kayb1 Esk i¢in su bagint1 yazilabilir [13].

Ex=w (psk,s— pa) / [Re,cl +1 ( fo he )] (6)

Bu bagintida; w deri 1slakligi (boyutsuz), pa gevre havanin su buhari basinct, psks deri iizerinde su buhari
basinci, Recl giysi tabakasinin buharlasma ile 1s1 gegis direnci, he buharlasma ile 1s1 transferi katsayisini
temsil etmektedirler. Solunum sirasinda, viicuda giren havaya taginim ve buharlasma yoluyla duyulur

ve gizli 1s1 gecisi olur. Solunumla iliskili duyulur ve gizli 1s1 kayiplari soyle ifade edilebilirler; [13].
Cres = Hires Cp,a( tex- ta ) [ Ap (7)
Eres = #itres hfg (Wex — Wa) Ap (8)

Bu denklemlerde; rires SOlunan hava debisi, Wex viicuttan digari atilan havanin 6zgiil nemi, tex disari atilan
havanin sicakligi, Wa solunan (¢evre) havanin 6zgiil nemi, Cpa ¢evre havanin 6zgiil 1sisidir. Bu
denklemlerde Ap m? cinsinden ¢iplak viicut yiizey alamidir ve hesaplama i¢in DuBois tarafindan su

bagint1 teklif edilmistir:
Ap = 0,202 m>4% 1072 (9)

Bu bagintida m viicut kiitlesi, | ise boydur. Is1 dengesi tiim denklemlerde birim DuBois yiizey alanina
gore ifade edilmistir. Normal bir insan i¢in DuBois alan1 Ap = 1.8 m? degerindedir. Bir DuBois alani
icin metabolik hiz1 ifade eden birim met olup dinlenme halindeki bir insanin (oturur, sakin durumda)
metabolik hiz1 olarak tanimlanmistir. 1 met = 58.2 W/m? = 50 kcal/m?h dir. Ortalama saglikl bir erkegin
maksimum enerji kapasitesi 20 yasinda Maet = 12 met olup, 70 yasinda 7 met degerine diiser. Araba
kullanan bir kisinin ortalama metabolik 1s1 {iretimi 60-115 W/m? olarak alinabilir. Bu da 1-2 met’e
karsilik gelmektedir. insan viicudunun {irettigi 1s1 dnemlidir ancak asil 6nemli olan bir otomobilin 1s1l
kazancidir. Ciinkii konfor i¢in 1s1 fazlas1 klima yoluyla disar1 atilmalidir. Bir otomobilin normal sartlarda

1s1 kazanclari su sekilde 6zetlenebilir [14]:
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e Transmisyonla olusan 1s1 kazanci,

Cam ve opak yiizeylerden 1s1n1mla olan 1s1 kazanci,

Insanlardan kaynaklanan 1s1 kazanci,
e Arac i¢inde caligsan cihazlardan kaynaklanan 1s1 kazanci,
e Havalandirmadan kaynaklanan 1s1 kazanci
Is1l konfor hesaplamalarinda bu 1s1l kazanglar dikkate alinmal1 ve gerektigi hallerde her biri i¢in tek tek

hesaplamalar yapilmalidir.
Deneysel Calisma

Bu deneysel calismada Renault Toros SW marka bir ara¢ kullanilmistir. Arag iizerine standart bir
otomobil klimast monte edilmis ve otomobil siiriicii koltugu 6zel olarak modifiye edilmistir. Koltugun
oturak ve sirt kisimlara siirliciiyii rahatsiz etmeyecek sekilde ince borulardan olusan sogutucu
serpantinler yerlestirilmistir. Otomobil klima sisteminden ayrilan bir boru ile bu serpantinlere sogutucu
akiskan iiflenmek suretiyle koltuk sogutulmustur. Sogutucu serpantinlere bir kollektér araciligr ile
sogutkan (refrigerator) verilmekte ve toplayici bagka bir kollektdrden sogutkan c¢ikisi olmaktadir.
Koltukta ayarlanabilen isitma-sogutma fonksiyonu bulunmamaktadir. Kademeler ancak kompresor
devri ile yapilabilmektedir. Sekil 2 ve Sekil 3’de deney tinitesinin baglanti semast ile deney diizeneginin
sematik goriintiisii verilmistir. Koltuk sirt ve oturak kisimlarinda 5’er adet 1s1l ¢ift araciligi ile 6l¢giilen
sicaklik degerlerinin ortalamasi alinarak sirt ve oturak kisimlarin sicakliklar tespit edilmistir. Ayrica
koltuga giris ve ¢ikis sicakliklari, otomobil klimasi evaparatoriine giris ve ¢ikis sicakliklari, kompresor
girig ve ¢ikis sicaklilart gibi pek ¢ok noktadan sicaklik degerleri Ol¢iilmiistiir. Ortam sicakligini dlgen
1s1l ¢ift ile beraber toplam 22 noktada sicaklik degerleri Ol¢lilmiistiir. Ayrica kompresor giris ve ¢ikis

basinglari ile kompresdr devirleri ayr1 ayn dlgiilerek kaydedilmistir.

o Sawisallastiner |
-
4
A
Otomobil
Koltugu
Otomotiv R TR

Klima

Sistemi

Sekil 2. Otomobil koltugu klimasi igin deney iinitesi baglanti semasi
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Daha hassas 6l¢iimler i¢in kompresor, ara¢c motoru yerine invertor araciligi ile devirleri degistirilebilen

bir dogru akim elektrik motoru ile tahrik edilmistir. Deneylerde canli mankenler kullanilmustir.
Mankenlerin 6zellikle bel ve baldir sicakliklar 6lgiilerek 1s1l konfor yoniinden rahatlik hissi duyup

duymadiklari arastirilmastir.

Genisleme

» Kompresor

.| Koltuk
>/ serpantin

= Yiiksek basing gaz tarafi
Yiiksek basing siv1 tarafi
/P = Diisiik basing gaz tarafi
Kondansor Diisiik basing siv1 tarafi
ve fan

Sekil 3. Deney diizeneginin sematik gosterimi
Deneyin Yapihis1

Her bir deneye baslamadan 6nce bazi 6n hazirliklar yapilmistir. Her seyden once klima sistemindeki
borularda gaz kacagi olup olmadigr sik sik kontrol edildi. Her deneyden 6nce data logger’a bagl 1s1l
giftler igin dogru dlglim yapip yapmadiklar1 kontrol edildi. Data logger bes saniyede bir 6l¢lim yapacak
sekilde ayarlandi. Data logger 6l¢iimlerin kayit edilecegi bilgisayara baglandi. Sistem ilk bes dakika
rolantide ¢alistirildi. Her bir devir adimindaki deneyler igin 6l¢timler alinmadan dnce sistemin siirekli
rejime girmesi i¢in on dakika beklendi. Her bir devir adiminda on bes dakika siireyle veri alindi. Bu on
bes dakikanin ilk besinci dakikasindan itibaren bes dakika boyunca koltuga bir kisi oturtularak deneyler
tekrarlandi. Koltuga oturtulan kisiye 1s1l yonden rahat olup olmadigina dair sorular soruldu. Her bir
deney adiminda elektrik motorunun volt ve amper degerleri 6l¢iilerek kaydedildi. Ayrica her bir deney
adiminda kompresor giris ve ¢ikis basinglar dlgiilerek kaydedildi. Deneyler 500 dev/dak dan 1600
dev/dak ya kadar 100 dev/dak lik adimlarla tekrarlandi. Sekil 4 ve Sekil 5’de deney setinin resmi
gosterilmis ve resim {izerinde ana elemanlar isaretlenmistir. Bu deneyde sogutulan ortam koltuk
oldugundan, evaparator koltuk olacaktir. Kompresdrden gegen akigskanin basinci artarak kondansore

gelir. Gaz fazindaki akigkan kondensorde yogunlasarak ve 1s1sin1 digartya vererek sivi fazina geger. Sivi

356



Ates Sinop Uni J Nat Sci 9(2): 351-368 (2024)
E-1SSN: 2564-7873

fazdaki akigkan genlesme valfinden gegerek basinci ve sicakligi diiser. Evaparatore gelen sivi akigskan

koltugu sogutur ve disaridan 1s1 alir. Cevrim bu sekilde siirekli tekrar eder.

>
»

Sekil 4. Deney diizeneginin énden goriiniisii ve kontrol paneli a. Fan, b. Invertér, c. Elektrik agma
kapama sartelleri, d. Ortam sicakhigin olgen termometre, €. Kompresor girig ve ¢ikig basinglarin
ol¢en manometre, f. Koltuk sogutmayi devreye sokan sivit¢

Sekil 5. Deney diizeneginin arkadan goriiniigii a. Elektrik motoru, b. Kompresor, ¢. Kurutucu, d.
Kondansor

Deney setinin sogutma ¢evrimi semast Sekil 6’da verilmistir.
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W

W
.'L

Sekil 6. Deney sisteminin sogutma ¢evrimi semast
Hesaplamalar
Ug fazl1 bir DC motor i¢in birim zamandaki is ifadesi soyledir;
Wigm,. =V - 1 -Cosg /3 17,, (10)

Bu denklemde cos®=0.82 olarak motor etiketi izerinden okunmustur. Yine motor katologundan motor

verimi 7el.=0.85 olarak alinmustir.

Ayrica;

V\./komp. = m(hz - hl) (11)
Q.L:m(hl_hs):m(hl_m) (12)
STK = —.QL

Wkomp. (13)

yazilabilir. Elde edilen sonuglar Tablo 1’de gosterilmistir.
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Tablo 1. Sogutma prosesinde tiim devirler i¢cin hesaplanan degerler
Devir (rpm) m (g/s) W (Watt) V (Volt) | (Amper) Q. (Watt) STK

500 15.39 585 169 2.86 2031 4.47
600 16.17 603 199 2.51 2150 4.56
700 16.69 667 227 242 2136 4.20
800 17.27 673 255 2.19 2193 4.26
900 18.16 708 282 2.11 2324 4.28
1000 18.10 724 306 1.97 2298 4.17
1100 18.44 774 341 1.89 2323 4.00
1200 18.63 782 371 1.76 2347 4.00
1300 18.79 795 397 1.66 2386 3.99
1400 18.92 794 409 1.61 2421 4.05
1500 18.39 775 413 1.56 2354 4.03
1600 18.05 741 415 1.48 2310 4.10

Belirsizlik analizi

Deneysel calismalarda elde edilen sonuglarin giivenilir oldugunu gostermesi bakimindan bir hata
analizinin yapilmasi gerekir. Cesitli hata analizi yontemleri igerisinde en ¢ok kullanilani belirsizlik
analizidir. Belirsizlik analizinde hesaplanmasi gereken biiyiikliik R ve buna bagli bagimsiz degiskenler
de X1, Xz, ... xn Olsun. Matematiksel olarak R=R(x1, X, ... xn) seklinde gosterilebilir. Her bir bagimsiz

degiskene ait hatalar w1, Wo, ... wn  0lsun. R bagimli degiskeninin hata oran1 da Wg olsun. Buna gore;

2 2 277
oR oR oR
We =|| —W, | +] —W, | ++] —W,
oX, OX, oX,
(14)
bagintis1 yazilabilir.
Yukarida yazilan bagintilarin ilgili degiskenlere gore kismi tiirevleri sdyle olur;
Wkomp. = m(hZ - hl) (15)
oW
kf)mp — h2 _ h1
om (16)
aWkomp — m
oh, 7
Miono _
on (19

359



Ates Sinop Uni J Nat Sci 9(2): 351-368 (2024)
E-1SSN: 2564-7873

Q‘L:m(hl_hE.):m(hl_m) (19)
aQ
L _ _ h3
om (hl ) (20)
o _,
on, (21)
QL __
oh, 22)
STK =2
Wkomp. (23)
OSTK _ 1
aQL Wkomp. (24)
STK _ Q
aWkomp. (Wkomp. ) (25)
. — aWkomp. i + aV\'/komp. w ’ aWkomp. i %
a)\Nkomp. om m 8h2 h ahl hy
(26)
: 2 . 2 2%
= & w. | + & . 4 aQL
Q om ahl hy ahg hy o
2 2 %
) OSTK O0STK
Wsric = {(W Wq, ] + [W wkom.J ]
L komp. (28)

Yukarida belirlenen bagintilara gore hesaplanan belirsizlik analizi ¢iktilart her bir devir i¢in Tablo 2°de

topluca verilmistir.
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Tablo 2. Belirsizlik analizi yontemine gore hesaplanan hata analizi sonuglar

Devir (rpm)  ®@wkomp. ®qL ®sTK
(% hata)  (%hata) (% hata)
500 3.812 1.524 0.391
600 3.734 1.543 0.359
700 3.813 1.530 0.389
800 3.732 1.529 0.375
900 3.651 1.515 0.355
1000 3.578 1.527 0.345
1100 3.503 1.523 0.335
1200 3.573 1.518 0.343
1300 3.574 1.517 0.343
1400 3.432 1.527 0.309
1500 3.368 1.528 0.300
1600 3.433 1.529 0.309

Bulgular ve Tartisma

Bu ¢aligmada, siirticiiniin 1s1l konforu i¢in otomobil siiriicii koltugunun sogutma deneyleri 500 dev/dak
dan 1600 dev/dak’ ya kadar her 100 dev/dak’lik kompresor devri artiglari igin ayr1 ayri yapilmis ve her
deney standart olarak 15 dakika siirmiistiir. Bu siire zarfinda her 5 saniyede bir dl¢iimler data logger
araciligl ile kaydedilmistir. Elde edilen verilerle ¢esitli grafikler hazirlanmis ve yorumlanmistir. Ttim

deneylerde ortam sicaklig1 ortalama 22 °C olarak 6lgiilmiistiir.

25
P St cdntute = Oturak
20 [ \ Sicaklik
%) Ortalamast
<15 \
= ’ \—\& Sirt Sicaklik
M N—AA
%10 Ortalamast
2
5
0
el ololeoleNollelellollellellellellelleollellollelle)
DO MOMmMOMNMOMONHMOmMOOmOwmOo
A N NOOT IO OORNOD®®

Zaman (s)
Sekil 8. 500 dev/dak i¢in sogutma prosesi sicaklik-zaman grafigi
Sekil 8’de verilen 500 dev/dak i¢in sicaklik-zaman grafiginde sicakliklarin 12 °C ile 22 °C arasinda
degistigi goriilmektedir. Bu aralik 1s1l konfor agisindan oldukga diisiik bir degerdir. Sicakligin belli bir
degerin altina diistigli durumlarda termostatik bir kesici ile prosesin durdurulmasi gerekir. Ancak bizim
deney diizenegimizde ¢esitli nedenlerle bu gergeklestirilememistir. Grafikten de anlasilacagi iizere 300

saniye ile 600 saniye arasindaki aralikta yani canli mankenin koltuga oturdugu zaman araliginda insan
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viicudundan gerceklesen 1s1 transferinden dolayr sicaklik degerleri yiikselmektedir. Sicakliktaki

yiikselme sirt kismina gore oturak kisminda daha fazla gézlenmektedir. Bu da insanin uyluklarindan
daha etkili bir iletimle 1s1 transferi gerceklestiginin gostergesidir. Ciinkii uyluklar sirt kismina gére daha
mitkemmel sekilde koltuga yapigsmaktadir. 600 dev/dak icin verilen Sekil 9’daki grafikte evaparator
(stiricii koltugu) sicaklik degerlerinin 500 dev/dak’ya gore biraz daha diistiigli gézlenmektedir. 300
saniyeye kadar olan kisim ile 600 saniyeden sonraki kisimlarda koltugun oturak kismi sicaklik
degerlerinin sirt kismi sicaklik degerlerine gore daha diisiik oldugu goriilmektedir. Bu da oturak
kisminda daha etkili bir 1s1 transferinin gerceklestiginin gostergesidir. 300 saniye ile 600 saniye arasinda
oturak kismi sicaklik degerinin sirt kismu sicaklik degerinden daha yiiksek oldugunun sebebi yukarida

izah edilmistir.

25
20 —~————
- ’\ Oturak
%) Sicaklik
- 15 N Ortalamasi
2 l
E 7 \—v\
§ 10 e e Sirt
72} Sicaklik
5 Ortalamasi
0
O O O O O O OO O O O O o oo o o o o
N O . oW oOLwm o oo, oo wmn o
A I N AN OO M << IO 10O O© O NM~DMSMOO o O
Zaman (s)
Sekil 9. 600 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
25
= Oturak
.20 Sicaklik
g) Ortalamasi
N’
Z 15 o \
= l
510 Surt Sicaklik
xR Ortalamasi
5
0
eNelolololololololololeolololololNoelolNollolollolNo]
T O N OOSONOOSOANOOSON OO S O
AT AN AN NMOMOETTITOLWO OO ONNMNOO O O

Zaman (S)
Sekil 10. 700 dev/dak i¢in sogutma prosesi sicakiik-zaman grafigi
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25
ML:\
20 Oturak
%) Sicaklik
e 15 " Ortalamas1
% 10 ——— — | = Sirt Sicaklik
T Ortalamasi
5
0 | | | | | | | | | | | | | | | | | |
O 0O 0O 0000000000000 O O O
N O N O MWMOMOMOMmMAOmOomOoIwm o
A Ad N N OO I FOWO O K NOOB DD

Sekil 11. 800 dev/dak i¢in sogutma prosesi Sicaklik-Zaman grafigi

600 dev/dak ile 800 dev/dak arasindaki tli¢ grafik (Sekil 9 — Sekil 11) birbirlerine benzerlik

gostermektedirler. Her {i¢ grafikte de baslangicta oturak kismi sicakligr 9 °C civarinda iken sirt kismi

sicakligi 11 °C civarindadir. 300 saniye ile 600 saniye arasinda dogal olarak her iki sicaklik degeri de

yiikselmekte ancak oturak kismi sicakligi sirt kismi sicakligindan daha yiiksek olmaktadir. Yukarida da

izah edildigi gibi bunun sebebi baldirlardan olan iletimle 1s1 transferinin bel ya da sirt kismina gore daha

etkili olmasidir.

Sicaklik (°C)

25
20 U Oturak
S \ Stcaklik
< 15 Ortalamast
= 10 ——— S1rt Sicaklik
«
3 M Ortalamasi
)
5
0
O O O O O O O O O OO OO0 OO oo oo o
N OO O LW oLWwmoOLwmOoLwmoLwmoLwmo
A A NNV MO <~ OO O O MN~NMNMNMOW OO
Zaman (s)
Sekil 12. 900 dev/dak i¢in sogutma prosesi sicaklik-zaman grafigi
25
20 ~ — —— Oturak
Sicaklik
15 Ortalamast
10 I //—’\/v\\ ——— Surt Sicaklik
l( \%‘O%. Ortalamast
5
0
O O O O O O O O O O O O O O o o o o o
n O L O U O I O 1 O m o m o umw o un o
I 4 N N OO MmO - F O OH © O© I~~~ 00 o o
Zaman (s)

Sekil 13. 1000 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
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25
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Zaman (S)
Sekil 14. 1100 dev/dak icin sogutma prosesi sicaklik-zaman grafigi

25
20

~ Oturak
, ‘Q\ sicaklik
15

o)
O ortalamasi
9.«
= 10 Surt sicaklik
% - p \%._4 ortalamasi
2 5
n
0
e lollelellellellellellellellellellellellollellellollo)
N O H O MO mMoOmomomodwmwoOmao
A 949 N N ONOIFITITOHWO O RKNODBOD D
Zaman (s)

Sekil 15. 1200 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
900 dev/dak ile 1200 dev/dak arasindaki dort grafik de (Sekil 12 - Sekil 15) aym sekilde birbirlerine
benzerlik gostermektedirler. Bu grafiklerde baslangigta oturak ve sirt kismi sicakliklari 6-7 °C civarinda
ve birbirlerine ¢ok yakin degerdedirler. Ayni sekilde 600 saniyeden sonra sicaklik degerleri tekrar 6-7
°C civarma inmektedir. Her dort grafikte de 300-600 saniye arasinda sirt kismi sicakligr 13-15 °C

civarlarinda iken oturak kismi sicakliklar1 20-22 °C civarlarinda seyretmektedir.

20
Pt A
18 = Oturak
16 / \ sicaklik
14 /\V/--/\\ ortalamasi
O 1 paad \
= 10 / AN St
= e S
% 8 ’I \Qm sicaklik
% 6 ortalamast
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2
0
O 00O 00 00000000 QOO0 90 QO O
D OMNMOmWOmOmLOoOmooOwWmOoOowmwoLmao
A NN ONDN I ITOWO O RN DO D
Zaman (s)

Sekil 16. 1300 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
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Zaman (s)
Sekil 17. 1400 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
20
15 Oturak

sicaklik
ortalamasi

——\_\__:\_/,:d! \\’\A-_;_: e S1rt sicaklik

Sicakhik (°C)
o
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Zaman (s)
Sekil 18. 1500 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
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Zaman (s)
Sekil 19. 1600 dev/dak icin sogutma prosesi sicaklik-zaman grafigi
1300 dev/dak ile 1600 dev/dak arasindaki grafiklerde (Sekil 16 - Sekil 19) 300 saniyeye kadar olan
kisimda oturak sicakliklar1 5-6 °C civarinda iken sirt kismi sicakliklar1 6-8 °C arasinda seyretmektedir.

600 saniyeden sonra ise her iki kismin sicaklik degerlerinde baslangica gore 1-2 °C lik bir artis oldugu
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gozlenmektedir. 300-600 saniyeler arasinda ise sirt kismi sicakligi ortalama olarak 15 °C civarinda

seyrederken oturak kismi ortalama sicaklii biraz daha diigerek 18 °C civarina inmektedir. Buradan da
devir sayisi arttikca sogutma etkisinin daha ¢ok arttig1 sonucu ¢ikarilabilir. Koltuk kismindaki oturak ve
sirt kismina ait evaporatorlerde sicaklik degerlerinin bu denli diismesi makul degildir. Bunun sebebi
debisi daha yiiksek sogutucu akiskanin daha kisa mesafeli serpantin borularini kat etmeleri ile izah
edilebilir. Bu durumda sogutucu akiskan daha fazla buharlagsmaya firsat bulamadan evaporatorii terk
etmektedir. Ancak koltuk kismina sevk edilen sogutucu akiskan debisinin diisiiriilmesiyle bu durum
telafi edilebilir. Bizim deney diizenegimizde ayar mekanizmasi olmadigi i¢in bu yapilamamaistir. Diger
yandan 1400 dev/dak’dan sonra sogutucu akigkan debisinde kismi bir azalma gdzlenmektedir. Bunun
sebebi yukarida izah edildigi lizere kompresoriin yiiksek devrinden dolay1 emme ve basma zamanlarinin
ist liste binmesi olarak yorumlanabilir. Her devir i¢in 6l¢iilen maksimum ve minimum oturak/sirt
sicaklik degerleri Tablo 3’de verilmistir. Tablo 3.’de goriildiigii gibi oturak bdlgesinde 900 dev/dk da
en yiiksek, 1600 dev/dk da en diisiik sicaklik dl¢lilmiistiir. Sirt bolgesinde ise en yliksek sicaklik 800
dev/dak i¢in elde edilirken en diisiik sicaklik 1000 dev/dak ’da elde edilmistir.

Tablo 3. Her devir icin olciilen maksimum/minimum sicakliklar

OTURAK SIRT
, Olgiilen Olgiilen Olgiilen Olgiilen

Devir Sayisi . . . .
(dev/dk) Maksimum Minimum Maksimum Minimum

Sicaklik (°C) Sicaklik(°C) Sicaklik (°C) Sicaklik(°C)
500 21.13 9.96 18.33 10.72
600 20.27 8.77 19.67 10.05
700 19.974 8.506 17.044 10.868
800 20.486 8.544 21.84 11.794
900 21.59 6.14 13.37 5.786
1000 20.828 5.136 14.636 5.22
1100 19.776 5.224 13.896 5.484
1200 20.076 5.354 13.734 5.688
1300 18.964 5.056 15.526 5.674
1400 19.656 5.538 14.476 6.308
1500 17.942 5.014 15.446 6.188
1600 19.22 4.892 16.174 6.976

Sonuglar

Sogutma prosesi grafiklerinde goriildiigii gibi koltuga oturan kisi koltuga kendi 1sisin1 vermektedir. Bu
beklenen bir seydir. Saglikli bir insan viicudunun sicakligi 35-37 °C arasinda oldugundan oturma
stiresince gergeklesen 1s1 transferi nedeniyle koltugun sicakligi bir miktar artmaktadir. Verimi arttirmak

icin farkl 6zelliklerde sogutucu akigkan kullanilmas: diistiniilebilir. Ancak bazi1 gazlarin tehlikeli yonleri
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ya da yan etkileri olabilecegi de goz ardi edilmemelidir. Deney Olgiimlerinde, koltugun oturak

boliimiinde en yiiksek sicaklik 900 dev/dk da 6l¢iiliirken en diisiik oturak sicakligi 1600 dev/dak da
Olciilmiistiir. Koltugun sirt béliimiinde en yiiksek sicaklik degeri 800 dev/dak da 6l¢iilmiis, en diisiik
sicaklik degeri ise 1000 dev/dak da dl¢iilmiistiir. Sicakligin ¢ok fazla diisiik olmasi 1s1l konfor yoniinden
tercih edilmez. Ciinkii insan viicudunun 1s1l konforu belli bir sicakligin altinda konforsuzluga doniisiir.
Ancak sogutucu akiskan debisi ayarlanarak bu problem ortadan kaldirilabilir. Bu ¢alismada termostatik
bir sicaklik kontrol sistemi kullanilmadigindan koltuk evaporator kismi sicakligi ¢cok diismiistiir. Ancak
bu durum, oturma siiresi 5 dakika olan canli mankeni 1s1l konfor acisindan asir1 etkilememistir. Genel
bir degerlendirme yapilacak olursa otomobil siiriicii koltugunun standart otomobil klimasi ile
sogutulmasinin tatmin edici sonuglar verdigi deneysel verilerden anlasilmaktadir. Buna gdre otomobil
koltuklar1 standart klima sistemiyle verimli ve ekonomik olarak sogutulabilir. Bu calisma, deney
diizenegi gelistirilerek daha ileri bir diizeye tasinabilir. Ozellikle kiitlesel debi ve basing diisiisii
Ol¢timlerinde ¢ok daha hassas cihazlar kullanilmalidir. Ayrica degisik sogutkanlar kullanilmak suretiyle
degisik ve ilging sonuglar elde edilebilir. Ornegin hem sogutmanin hem de 1sitmanin etkili olabilecegi

yiiksek 1s1 tutumu olan sogutucu akigkanlar denenebilir.
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Abstract

The heart is one of the vital organs of the human body. Preserving heart
health is a crucial factor that affects our overall well-being. Heart
diseases are considered a prominent health issue of our time and are
recognized as one of the leading causes of death worldwide. This
underscores the importance of the heart once again. Understanding this
critical health issue better, developing early diagnosis techniques, and
creating effective treatment plans require continuous research and effort.
In this study, performance measurements of three different machine
learning algorithms were obtained using a dataset with 18 features from
319795 records of individuals with and without heart disease. The
research results indicate that ensemble methods (AdaBoost, Stacking,
and Gradient Boosting) can be successfully applied in the diagnosis of
heart disease. The classification accuracies of these algorithms are as
follows: 88.80% for AdaBoost, 91.50% for Stacking, and 91.60% for
Gradient Boosting. Results from this study indicate that successful
methods can be used to diagnose heart disease.

Keywords: Heart disease, Artificial Intelligence Techniques, Diagnosis
and Classification, Ensemble, Gradient Boosting

Kalp Hastahklarinin Topluluk Ogrenme Algoritmalari ile Stmflandirilmasi
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Oz

Kalp, insan viicudunun hayati organlarindan biridir. Kalp sagliginin
korunmasi genel refahimizi etkileyen ¢ok 6nemli bir faktordiir. Kalp
hastaliklar1 ¢agimizin en énemli saglik sorunlarindan biri olarak kabul
edilmekte ve diinya capinda 6nde gelen 6liim nedenlerinden biri olarak
kabul edilmektedir. Bu da kalbin 6nemini bir kez daha vurgulamaktadir.
Bu kritik saglik sorununu daha iyi anlamak, erken teshis teknikleri
gelistirmek ve etkili tedavi planlar1 olusturmak siirekli arastirma ve ¢aba
gerektirmektedir. Bu ¢alismada, kalp hastaligi olan ve olmayan bireylere
ait 319795 kayittan elde edilen 18 6zellikli bir veri kiimesi kullanilarak
ii¢ farkli makine 6grenimi algoritmasinin performans olgimleri elde
edilmistir. Arastirma sonuglari, topluluk yontemlerinin (AdaBoost,
Stacking ve Gradient Boosting) kalp hastaligi teshisinde basariyla
uygulanabilecegini gostermektedir. Bu algoritmalarin siniflandirma
dogruluklar1 asagidaki gibidir: AdaBoost i¢in %88.80, Stacking igin
%91.50 ve Gradient Boosting i¢in %91.60. Bu sonuglar, kalp
hastaligmin teshisinde kullanilabilecek basarili yontemlerin varligini
vurgulamaktadir.
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Introduction

In modern societies, heart disease has become a significant health concern. Recognized as one of
the leading causes of death worldwide, heart disease plays a central role in medical research. Continuous
efforts have been made to gain a deeper understanding of the causes and effects of these diseases and to
develop effective diagnostic and treatment methods [1]. Following a better understanding of this crucial
health problem, new technologies such as machine learning are gaining importance for their potential
contributions in this field [2]. Moreover, the ability of machine learning algorithms to quickly and
reliably analyze large amounts of data facilitates the diagnostic process for individuals with and without
heart disease [3, 4].

In their study, Mohan et al. [5] achieved an accuracy level of 88.7% in the detection of heart disease
using the Hybrid Random Forest with a Linear Model (HRFLM) model. They did not impose restrictions
on feature selection and used all features. The heart disease data were collected from the UCI Machine
Learning Repository, comprising 297 patient records in the dataset with 13 features. In cases where an
individual does not have heart disease, the value is set to 0. For patients with heart disease, values range
from 1 to 4, representing the severity of the disease, with scaling indicating seriousness (4 being the
highest) [5].

Repaka et al. [6] employed the Naive Bayes Bayesian algorithm in the design and implementation of
Smart Heart Disease Prediction (SHDP). They utilized the UCI dataset, allocating 80% of the dataset
for training and the remaining 20% for testing. With the Naive Bayes Bayesian algorithm, they achieved
an accuracy of 89.77% [6].

Anitha & Sridevi [7] utilized the UCI dataset. When comparing the KNN, Naive Bayes, and SVM
algorithms, they found that the Naive Bayes algorithm detected heart disease with an accuracy of 86.6%
[7].

Shah et al. [8] aimed to conceptualize the probability of developing heart disease in patients. They used
the dataset available from the Cleveland database in the UCI repository for patients heart disease. The
dataset contained 303 samples and 76 features, however they considered only 14 features for testing.
They utilized the WEKA tool for preprocessing the dataset in ARFF format (attribute-relation file
format). The K-Nearest Neighbors, Naive Bayes, and Random Forest algorithms showed the best results
in this model, achieving accuracies of 78.94%, 88.15%, and 84.21%, respectively [8].

Motarwar et al. [9] utilized the Cleveland dataset in their research. They trained the model using 80%
of the data (242 samples) and predicted the remaining 20% (61 samples). To predict the probability of

developing heart disease, they employed machine learning algorithms, such as Random Forest, Naive
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Bayes, Support Vector Machine, Hoeffding Decision Tree, and Logistic Model Tree. Random Forest

achieved the highest accuracy with an initial accuracy of 88.52% [9].

Junaid and Kumar [10] employed a hybrid algorithm in their study, combining Naive Bayes, Support
Vector Machine (SVM), and Artificial Neural Network (ANN) algorithms. The accuracy, precision, and
recall values they obtained were 88.54%, 82.11%, and 91.47%, respectively [10].

Sharma and Parmar [11] utilized the UCI dataset in their study for the detection of heart disease. They
evaluated algorithms such as KNN, SVM, Naive Bayes, and Random Forest. Deep Neural Networks
(DNN) using Talos optimization outperformed other optimizations, providing a higher accuracy of
90.76% [11].

Anbuselvan [12] utilized the UCI machine learning dataset for their project. In supervised learning
models, Logistic Regression, and the ensemble technique XGBoost, Random Forest achieved better
results with an accuracy of 86.89% compared to other methods such as Naive Bayes, Support Vector
Machine, K-Nearest Neighbors, and Decision Tree algorithms [12].

Kavitha et al. [3] proposed a new machine learning approach to predict heart disease in their project.
They used the Cleveland heart disease dataset, which contained 303 samples and approximately 14
features. Seventy percent of the dataset was used for training, and the remaining 30% was used for
testing. The hybrid model, consisting of a combination of Random Forest and Decision Tree,
demonstrated an accuracy level of 88.7% [3].

Rani et al. [13] in their research on predicting heart disease, employed Support Vector Machine, Naive
Bayes, Logistic Regression, Random Forest, and Adaboost classifiers. The Random Forest classifier
yielded the most accurate results with an accuracy rate of 86.6%. They used the Cleveland heart disease
dataset from the UCI (University of California, Irvine) machine learning repository [13].

Jindal et al. [14] developed a cardiovascular disease detection model in their study using three machine
learning classification models (Logistic Regression, Random Forest, and KNN). They utilized the UCI
repository for their dataset, which includes 304 patients from different age groups and 13 medical
features. The model which was applied using the KNN and Logistic Regression, achieved an average
accuracy of 85%. Among these algorithms, KNN was the most effective, reaching an accuracy of
88.52% [14].

Goel [15] collected a dataset consisting of 13 features and 383 individual values. Among the algorithms,
Logistic Regression, KNN, Naive Bayes, Decision Tree, and Random Forest, SVM achieved the highest
accuracy rate of 86% [15].

Boukhatem et al. [16] utilized four classification methods, namely Multilayer Perceptron (MLP),
Support Vector Machine (SVM), Random Forest (RF), and Naive Bayes (NB), for cardiovascular
disease detection in their study. The SVM model exhibited the best performance with an accuracy of
91.67%. They used the Heart Disease UCI dataset from Kaggle for cardiovascular disease detection
[16].
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Sugendran and Sujatha [17] used an Enhanced Genetic Algorithm (EGA) based Fuzzy Weight update

Support Vector Machine (FWSVM) algorithm in their research to predict the early stages of heart
disease. They employed the Cleveland heart disease dataset from the open-source UCI repository to
validate their proposed model. The dataset contains 303 samples and 76 features. The EGA-FWSVM
classifier, utilizing fuzzy weighted evaluation, achieved an accuracy of 91.68% [17].

Erdem et al. [18] emphasized the significance of early diagnosis and identification of risk factors in
combating heart disease, a leading cause of global mortality. Recognizing the challenges in traditional
diagnosis methods, the study explores the efficacy of seven machine learning algorithms on a dataset
with 4238 records and 16 patient characteristics. Naive Bayes, Decision Trees, Random Forests, Support
Vector Machines (SVM), Artificial Neural Networks (ANNs), K Nearest Neighbors, and Logistic
Regressions achieve accuracies of 78.9%, 79.9%, 83.9%, 70.9%, 83.7%, 83.4%, and 85.5%,
respectively [18].

The literature in this section delves deeply into the topic of heart disease by various aspects, risk factors,
and potential treatments. Additionally, it focuses on the application of artificial intelligence techniques,
such as machine learning for the classification and detection of heart diseases. Throughout this section,
numerous studies have been conducted to illuminate advancements and findings in the field of
cardiology. The data presented in Table 1 encompasses previous research related to heart diseases.
Different machine learning algorithms have been suggested for the classification of heart diseases. The
results obtained in the research using ensemble methods in the effective diagnosis of heart disease,

paving the way for more accurate and efficient diagnostic tools in healthcare.

Table 1. Summary of previously published studies on heart diseases

Dataset Methods Accuracy References
Hybrid Random Forest with Linear 0
291 Model (HRFLM) 88.70% [5]
- Naive Bayes 89.70% [6]
76 features and 14 attributes Naive Bayes 86.6% [7]
303 samples and 76 features Naive Bayes 88.15% [8]
303 Random Forest 88.52% [9]
Hybrid Naive Bayes, Support Vector
76 features and 14 attributes Machine, and Artificial Neural 88.54% [10]
Network
303 samples and 14 features Using Talos optimization for Deep 90.76% [11]
Neural Network
303 samples and 14 features Random Forest 86.89% [12]
303 samples and 14 features Hybrid RandomTFr ZLESI and Decision 88.70% [3]
303 samples and 76 features Random Forest 86.60% [13]
13 medical fe_atures and 304 K-Nearest Neighbor 88.5206 [14]
patients
13 features and 383 Support Vector Machine 86% [15]

individual values

372



Erdem et al. Sinop Uni J Nat Sci 9(2): 369-387 (2024)
E-1SSN: 2564-7873

Table 1 continued...

Dataset Methods Accuracy References

303 samples and 13 features Support Vector Machine 91.67% [16]

303 samples and 76 features EGA-FWSVM 91.68% [17]
NB, 78.90%,
DT, 79.90%,
. RF, 83.90%,

ok g
ANNS, 83.70%,
KNN, 83.40%,
LR. 85.50%

Materials and Methods

The scope of the article involves the use of a single dataset for the detection of heart disease. For this
purpose, AdaBoost, Stacking, and Gradient Boosting algorithms were employed. The steps followed
to complete the research are illustrated in Figure 1, and the study was conducted successfully.

Heart Disease Dataset Classification of Heart

18 Features O n Diseases
o] |€B|Fo
Split Using Cross-Validation oA Co Assessment of Achieved
O—I '6—'—[0 Outcomes

Machine Learning
AdaBoost
Stacking

Obtaining the Dataset

Gradient Boosting

Figure 1. Flow diagram depicting the evaluation of classification performances for heart disease detection

Dataset

The dataset used for diagnosing heart disease is the (Heart Disease) dataset, obtained from the Kaggle
data sharing site. Originally published by Abu Bakar Siddique Mahi [19], this dataset encompasses 18
different patient features [20-23]. In total, there are 319795 records were included in the dataset. The
values and value ranges of the features in this dataset are presented in Figure 2 [24]. The data were split
into training and testing sets using the cross-validation technigue. Dividing the dataset into 10 and using
1 part as test and the rest as train. Then changing the test in the second fold and leaving the rest as train

data. Table 2 provides an overview of the patient characteristics in the heart disease dataset.
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Table 2. Patient characteristics in the heart disease dataset
Patient Characteristics

1 Heart Disease 7 Mental Health Status 13 Physical Activity
2 BMI (Body Mass Index) 8 Walking Difficulty 14 General Health Status
3 Smoking 9 Gender 15  Sleep Duration
4 Alcohol Consumption 10  Age Category 16 Asthma
5 Stroke 11  Race 17 Kidney Disease
6 Physical Health Status 12 Diabetes Status 18  Skin Cancer
BMI General
Heart (Body . Alcohol Physical Mental Walking Age . . Physical Sleep Kidney Skin
Disease Mass Smoking Drinking N Health Health Difficulty X Category REE Diabetic Activity Crﬁ;'::m Time Asthmg Disease Cancer
Index)
White No
Excellent
Black No -
12.02 Female 824 American bgiradbeertl:er;e veny ecd 1
Yes/ ) Yes/ Yes/  Yes/ Yes/ - . Yes/ Yes/  Yes/  Yes/
No _ No No No 0-30 ek No (80 or Indian/Alas No Good 5 No No No
94.85 Male kan Native Yes 24
older) Fair
Hispanic Yes -
during Poor
Other pregnancy

Figure 2. Values and value ranges of the features in the dataset

Cross Validation

Cross-validation is an important evaluation method that better assesses how a machine learning model
will generalize to real-world data and measures the model's performance more reliably. Another
objective of the model is to detect issues such as overfitting. The most common cross-validation
technique is known as "k-fold cross-validation" [25]. In this method, the dataset is divided into k subsets.
Then, the model is trained and tested k times. For each training-test pair, performance metrics of the
model are recorded. Ultimately, a performance value is obtained based on the number of iterations. K-
fold cross-validation may incur additional costs, particularly in large datasets, as it requires k rounds of
model training and testing [26]. Although extra time is recuired to ensure a more accurate performance
assessment of the model, this is disadvantage [27]. The diagram of the cross-validation method is

presented in Figure 3.
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Figure 3. Diagram of the cross-validation method
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Performance Metric and Confusion Matrix

The confusion matrix is a metric table used to evaluate the performance of classification algorithms in
machine learning and statistical modeling. In classification problems, it can be considered of as a
summary table that shows instances of data that a model classifies correctly or incorrectly. For a binary
classification problem, the confusion matrix attempting to distinguish between two classes includes four
different terms: True Positives, True Negatives, False Positives, and False Negatives [28, 29]. These

terms, and their explanations, are included in Table 3.

Table 3. Confusion matrix with explanations
Actual Class

Positive Negative

TP FP

True Positives (TP) represents the

number of data points that the

model incorrectly predicted as
negative when they actually

should be positive.
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False Positives (FP) represents the

number of data points that the

Positive
model correctly predicted as model incorrectly predicted as
é‘ positive. positive when they actually should
o be negative.
T
.:g FN TN
[
& False Negatives (FN) represents True Negatives (TN) represents the
, the number of data points that the =~ number of data points that the
Negative

model correctly predicted as

negative.



Erdem et al. Sinop Uni J Nat Sci 9(2): 369-387 (2024)
E-ISSN: 2564-7873
A performance metric is a criterion or measure used to assess and evaluate the success level of a model

or system. These metrics help us understand the strengths and weaknesses of a model by determining
various features such as accuracy, precision, recall, F1 score, among others [30]. Confusion matrix is
used to calculate various measurements when evaluating the performance of a model [28, 31].

Accuracy is a good choice when there is a balanced distribution among classes in the dataset, and the

sizes of the classes are similar. It shows the ratio of correctly predicted data points to all data points [32].
(TN +TP)/(TN + FP + TP + FN) (5)

Precision is a good choice when the class distribution is imbalanced or when the cost of false positives
is high. It shows the ratio of correctly predicted positive data points to the total predicted positive data

points.
TP/(TP + FP) (6)

Recall, also known as Sensitivity, is important when the cost of false negatives (FN) is high or when the
class of primary interest is rare and crucial. It shows the ratio of correctly predicted positive data points
to the total actual positive data points.

TP/(TP + FN) )

F1 Score is important when there is imbalance among classes or when the cost of false positives and

false negatives is comparable. It is a metric that combines precision and recall.

2 * (Precision * Recall) /(Precision + Recall) ®)

Ensemble Learning Techniques in Machine Learning

Throughout this research endeavor, we leveraged the capabilities of AdaBoosting, Stacking, and
Gradient Boosting techniques to refine our analytical framework. This section provides a nuanced
exposition of each method, elucidating their distinct applications and contributions to the overarching
methodology implemented in our study.

Ensemble methods provide notable benefits compared with individual machine learning techniques,
principally because they can merge many models to attain superior performance and generalization.
These techniques frequently produce greater accuracy than individual models by mitigating the risk of
overfitting and enhancing resilience. Ensemble approaches can decrease the variability of predictions
by taking the averaging of numerous models. This is especially advantageous for minimizing the
influence of outliers and noise in the data. Ensemble approaches have a tendency to exhibit superior
generalization capabilities when applied to unknown data, leading to more dependable and consistent
predictions. Moreover, these techniques are adaptable and varied, able to integrate several models such
as decision trees, neural networks, and logistic regression, so utilizing the advantages of each to enhance

overall performance. Boosting and bagging are techniques that are especially developed to address the
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problem of overfitting. Boosting aims to repair the errors made by weak learners, while bagging

decreases overfitting by averaging the predictions of many models trained on distinct subsets of the data.
When comparing the three main ensemble approaches - boosting, stacking, and bagging - it becomes
apparent that each method has its own distinctive attributes and advantages. Boosting is a technique that
applies weak learners to the data in a sequential manner, where each learner corrects the errors made by
the previous one. This method provides exceptional precision and the capability to manage intricate data
patterns, demonstrating excellent performance even on datasets with uneven distributions. Nevertheless,
the process of boosting might be susceptible to overfitting if not adequately regularized and requires
significant computer resources. Some examples of algorithms are AdaBoost, Gradient Boosting, and
XGBoost. Stacking is a technique that entails training several base learners and then using a meta-learner
to merge their predictions. This approach provides significant adaptability by integrating various
models, frequently resulting in enhanced performance by capitalizing on the advantages of distinct
models. Nevertheless, the implementation and fine-tuning of stacking are more intricate, resulting in a
greater computational burden since many models need to be trained. Bagging is a technique that entails
training numerous models separately on various subsets of the data, which are generated using
bootstrapping. The predictions of these models are then averaged. This method effectively decreases
variance and overfitting, is straightforward to execute, and may be parallelized. Nevertheless, its
performance is diminished when applied to datasets with significant bias and it can be computationally
burdensome when dealing with really big datasets. Some examples of algorithms are Random Forest

and Bagged Decision Trees.
AdaBoost

In the initial stage, a weak learner model is created when data samples have equal weights. It is evaluated
on the data samples, and as misclassified examples' weights increase, the weights of correctly classified
examples decrease. Then, subsequent models are created by focusing on the previous errors. The
predictions of all models are combined predominantly with weights [33]. The combination of these steps
results in a strong model. AdaBoost can achieve higher accuracy in classification problems by
combining low-performing models [34]. The diagram of a two-class AdaBoost classifier designed to

distinguish individuals with and without heart disease is shown in Figure 4.
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Figure 4. Two-Class AdaBoost diagram
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Stacking

Stacking is a machine learning algorithm that is used as an ensemble learning technique. Ensemble
learning aims to improve predictions or classifications by combining the results of multiple learning
algorithms. Stacking is a new framework in ensemble learning that uses meta-learners to combine the
results generated by each base learner [35, 36]. Base learners are referred to as first-level learners, and
combiners are called meta-learners or second-level learners. Stacking first trains the first-level learner
using the initial training dataset. Then, the output of the first-level learner is used as the input feature for
the meta-learner. Finally, a new dataset is created by using the relevant original labels as new labels to
train the meta-learner. If the learners at the first level use the same type of learning algorithm, theyit are
called homogeneous ensembles; otherwise, they are called heterogeneous ensembles [37-40]. The
diagram of an example Stacking classifier is shown in Figure 5. Stacking is a method used in machine
learning that creates a meta-model by combining numerous basic models. The Stacking widget
incorporates an Aggregate input that is used to merge the input models. The models used for the heart
disease dataset were AdaBoost and Gradient Boosting.

Base Learner 1
Base Learner 2

Base Learner 3

Base Learner N

Figure 5. Stacking diagram

Data

Gradient Boosting

Gradient Boosting is a widely used ensemble learning method in the field of machine learning. This
technique builds weak learner models sequentially, allowing each subsequent model to focus on the
errors of the previous ones. As a result, a new model is created, leading to the development of a strong
predictive model. Gradient Boosting is particularly effective in regression and classification problems,

providing high performance [41]. The diagram of the gradient boosting algorithm is shown in Figure 6.
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Figure 6. Diagram of the Gradient Boosting algorithm

The AdaBoost method was used in our investigation with predefined parameter settings. The decision
tree was chosen as the base estimator, and a total of 50 estimators were used in the boosting procedure.
The learning rate for AdaBoost was adjusted to 1.00000, which increased the importance of the
contribution of each weak learner. In addition, the classification boosting approach utilized the
SAMME.R algorithm, whereas for regression tasks, the loss function used was linear. A specific set of
parameters was employed to efficiently train the models using gradient boosting. In this instance, the
ensemble employed a total of 100 trees, while maintaining a moderate learning rate of 0.100. In order
to manage the growth of trees in the group, a particular parameter was used to restrict the number of
levels in each tree to a maximum of 3. The parameter configurations were meticulously selected to strike
a balance between the complexity of the model and its predictive accuracy across different tasks in our

investigation.
Experimental Results

The classification results using AdaBoost, Stacking, and Gradient Boosting methods are presented in
this section. In the dataset used in the study, there are a total of 319795 records. The hardware

specifications used to run these algorithms are shown in Table 4.

Table 4. Specifications of the hardware used in the study

HARDWARE UNIT FEATURES

CPU Intel® Core 17™ 12700 K 3.61 GHz
RAM 64 GB

Graphics Card NVIDIA GeForce RTX 3080 Ti
Operating System Windows 11

In the study, confusion matrices were used to evaluate the performance of classification algorithms. A
separate confusion matrix was created for each classification algorithm [42-44], and performance
analyses were conducted using the TP (True Positive), TN (True Negative), FP (False Positive), and FN
(False Negative) values in these matrices. During the training of the algorithms, cross-validation was

employed to achieve a more accurate classification result. In this method, the k value was set to 10. The
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average classification accuracies of the AdaBoost, Stacking, and Gradient Boosting methods applied in

the study are summarized in Table 5.

Table 5. Performance metric results for the applied methods
AdaBoost  Stacking Gradient Boosting

Accuracy 88.80% 91.50% 91.60%
Precision 87.0% 89.0% 89.0%
Recall 88.80% 91.5% 91.6%
F1-Score 87.80% 89.3% 89.0%

With the AdaBoost algorithm, the classification of heart disease achieved an accuracy rate of 88.80% in
273.46 seconds of training time and 5.02 seconds of testing time. The Stacking algorithm achieved an
accuracy of 91.50% with 2777.97 seconds of training time and 6.20 seconds of testing time. The most
impressive result was obtained with the Gradient Boosting algorithm, which classified heart disease with
an accuracy rate of 91.60%, 291.04 seconds of training time, and 1.15 seconds of testing time. A
comparison of the performance times (training time and testing time) of the algorithms is better

visualized in Figure 7 and Figure 8.

Gradient Boosting '
Stacking '
AdaBoost '
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Train Time (5)

Figure 7. Training time graph for all machine learning algorithms
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Figure 8. Testing time graph for all machine learning algorithms

Figure 9 includes the confusion matrix for machine learning algorithms. Without any feature extraction,
AdaBoost achieved an accuracy of 88.80%, Stacking 91.50%, and Gradient Boosting 91.60%. Based on
the confusion matrix in Figure 9, when classifying the diagnosis of heart disease, it correctly classified
290331 records as a healthy heart and predicted them as a healthy heart while using Gradient Boosting.
At the same time, using Gradient Boosting, it correctly identified 2594 images as a diseased heart. The
Gradient Boosting model misclassified 2091 images from healthy heart images and 24779 images from

diseased heart images, as shown in Figure 9.

Predicted
AdaBoost Healthy Heart Diseased Heart
— Healthy Heart 278 954 13 468
g
Diseased Heart 22 269 5104
. Predicted
StaCkmg Healthy Heart Diseased Heart
— Healthy Heart ~ 288 808 3614
3
Diseased Heart 23 472 3901
Gradient Boosting Predlct.ed
Healthy Heart Diseased Heart
— Healthy Heart 290 331 2 091
§
Diseased Heart 24 779 2 594

Figure 9. Confusion matrix for AdaBoost, Stacking, and Gradient Boosting algorithms
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Despite not finding any articles for comparison on the same dataset, we discovered Kaggle code

executions using the same dataset. The dataset's link, as provided on Kaggle, was included in the data
availability section. Notably, the machine learning results obtained in our study are higher than those
reported on Kaggle.

Receiver Operating Characteristic (ROC) curve is used to evaluate the performance of classification
models by plotting the True Positive Rate (TPR) against the False Positive Rate (FPR) at various
threshold settings, with the area under the ROC curve (AUC) serving as a measure of the model's ability
to distinguish between classes. AdaBoost combines multiple weak learners to create a strong classifier,
with each subsequent model attempting to correct the errors of the previous models. Gradient Boosting
operates similarly to AdaBoost but builds models sequentially, training each new model to correct the
errors made by its predecessors. Stacking involves training multiple models, such as AdaBoost and
Gradient Boosting, and then combining their predictions using another model to improve overall

performance. The ROC curve is shown in Figure 10.
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Figure 10. ROC curve for AdaBoost, Stacking, and Gradient Boosting algorithms

The ROC results focus on identifying the 'No' class, indicating individuals without heart disease. Both
false positive and false negative prediction errors have an associated cost of 500. With a target
probability threshold of 91.0%, models predicting a 91.0% chance or higher of an individual not having
heart disease classify them as 'No." A higher Area Under the Curve (AUC) value suggests a better-
performing model. Comparing AUC values for AdaBoost, Gradient Boosting, and the stacking ensemble
helps identify which model best distinguishes between individuals with and without heart disease. Since
false positive and false negative costs are equal, balancing sensitivity (True Positive Rate) and
specificity (1 - False Positive Rate) is essential. The 91.0% threshold reflects a conservative approach

to avoid false negatives.
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Conclusion

The present study assessed the efficacy of three ensemble machine learning algorithms—AdaBoost,
Stacking, and Gradient Boosting—Dby analyzing a dataset consisting of 319795 records with 18 variables
pertaining to heart disease. The efficacy of these algorithms was evaluated by doing statistical analysis
on the confusion matrices obtained from their classification outcomes.

Of the algorithms assessed, Gradient Boosting proved to be the most effective, attaining an accuracy
rate of 91.6%. It had a training time of 291.04 seconds and a testing time of 1.15 seconds. The
performance of the algorithm highlights its ability process extensive datasets and a multitude of
attributes efficiently. The Stacking approach achieved a high accuracy rate of 91.5%, but it necessitated
a somewhat longer training duration. Although AdaBoost achieved an accuracy of 88.8%, it
outperformed the other two algorithms.

The study emphasizes the potential of ensemble approaches in the early detection of cardiac disease.
The exceptional efficacy of Gradient Boosting, specifically, indicates its appropriateness for medical
applications of this nature. Subsequent investigations may delve into the incorporation of supplementary
data mining methodologies and the creation of more intricate models to augment the predicted precision
for diagnosing heart disease.

In its entirety, the research highlights the effectiveness of ensemble machine learning algorithms in
identifying heart illness, particularly Gradient Boosting, which stands out for its quick and precise
performance. This study establishes the foundation for future research endeavors focused on enhancing
early detection and treatment approaches using sophisticated machine learning methods.

Data Availability

The dataset can be accessed using the links provided:
https://www.kaggle.com/datasets/abubakarsiddiqguemahi/heart-disease-dataset

https://www.kaggle.com/code/sumitkumarprasad/heart-disease-prediction-with-gradio-deployment
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Abstract

Atrtificial intelligence techniques are a broad field of research with
training, computation and prediction capabilities. Among these
techniques, artificial neural networks (ANNs) are widely used as a
predictive model. Learning algorithms in ANN classifiers have great
importance on the success of ANN. The ANN model generally uses
gradient-based learning models. However, due to the disadvantages of
gradient-based learning models in local search, they have begun to be
replaced by heuristic-based algorithms in recent years. Heuristic
algorithms have attracted the attention of many researchers in recent years
due to their success in problem solving. In this study, the Zebra
Optimization Algorithm (ZOA), which has been proposed recently to train
ANN networks, was examined. The main purpose of this study is to train
the neural network using ZOA and increase the sensitivity of the
perceptron neural network. In this study, a new ANN network integrated
with ZOA is proposed. In this study, a detailed parameter analysis was
carried out to show the effect of the population size and maximum
ORCID of the Authors generation number parameter settings, which f_orm the bas_is for ZOA, on
E B 0000-0003-4322-6010 the ANN network. Then, a parameter analysis was carried out _for the
S.B: 0000-0002-4142-6580 number of layers, number of neurons and epoch values, which are
important for ANN networks. Such an ideal ANN network has been
identified. This ideal ANN model was run on seven different data sets and
was successful in predicting accurate data. In addition, three different
heuristic algorithms (Gazelle Optimization Algorithm (GOA), Prairie
Dogs Optimization (PDO), and Osprey Optimization Algorithm (OOA))
selected from the literature were integrated on the same ANN model and
compared with the results of ANN integrated with ZOA operated under
similar conditions. The results reveal that the proposed algorithm leads to
greater convergence with the neural network coefficient compared to other
algorithms. In addition, the proposed method caused the prediction error
in the neural network to decrease.
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Zebra Optimizasyon Algoritmasi Tarafindan Egitilmis Bir Sinir Aginin Kullanildig:
Siiflandirma Ornegi

Oz

Yapay zeka teknikleri egitim, hesaplama ve tahmin yeteneklerine sahip
genis bir arastirma alanidir. Bu teknikler arasinda yapay sinir aglar1 (YSA)
tahmin modeli olarak yaygm olarak kullanilmaktadir. YSA
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smiflandiricilarindaki 6grenme algoritmalart YSA'nin basarist iizerinde
bliyiilk onem tasimaktadir. YSA modeli genellikle gradyan tabanli
!Konya Technical University, o6grenme modellerini kullanir. Ancak yerel aramada gradyan tabanl
Faculty of Engineering and ogrenme modellerinin dezavantajlari nedeniyle son yillarda yerini sezgisel
Nature Sciences, Department of  tabanl algoritmalar almaya baglamistir. Sezgisel algoritmalar problem
Software Engineering, Konya, c¢ozmedeki basarilarindan dolayr son yillarda birgok arastirmacinin
Tiirkiye dikkatini cekmistir. Bu ¢alismada YSA aglarinin egitimi i¢in son donemde
onerilen Zebra Optimizasyon Algoritmasi (ZOA) incelenmistir. Bu
calismanin temel amaci sinir agin1 ZOA kullanarak egitmek ve algilayict
sinir aginin duyarliligini arttirmaktir. Bu ¢alismada ZOA ile entegre yeni
bir YSA ag1 onerilmektedir. Bu g¢alismada ZOA'ya temel olusturan
popiilasyon biiylikliigli ve maksimum nesil sayisi parametre ayarlarmin
YSA ag1 iizerindeki etkisini gostermek amactyla detayli bir parametre
analizi yapilmistir. Daha sonra YSA aglari i¢in 6nemli olan katman sayist,
noron sayist ve ¢ag degerleri i¢in parametre analizi yapilmistir. Boyle
ideal bir YSA ag1 belirlendi. Bu ideal YSA modeli yedi farkli veri seti
iizerinde ¢alistirilmis ve dogru verileri tahmin etmede basarili olmustur.
Ayrica literatiirden segilen ii¢ farkli sezgisel algoritma (Ceylan
Optimizasyon Algoritmas1 (GOA), Cayir Kopekleri Optimizasyonu
(PDO), and Balikkartali Optimizasyon Algoritmasi (OOA)) aym1 YSA
modeli lizerine entegre edilmis ve benzer kosullar altinda ¢alisan ZOA ile
entegre edilmis YSA'nin sonuglari ile Kkarsilastirilmistir. Sonuglar,
onerilen algoritmanin diger algoritmalara gore sinir ag1 katsayisi ile daha
fazla yakinsamaya yol agtigini ortaya koymaktadir. Ayrica Onerilen
yontem sinir agindaki tahmin hatasinin azalmasina neden olmustur.

2Selcuk University, Beysehir Ali
Akkanat Vocational School,
Konya, Tiirkiye

This work is licensed under a

Creative Commons Attribution
4.0 International License Anahtar Kelimeler: ANN, zebra, katman, néron, ag, tahmin

Introduction

Artificial Neural Networks (ANNSs), proposed in 1943, are one of the most widely used artificial
intelligence approaches in the literature [1]. ANN was inspired by the biological nervous system. ANNs
have been used in various problem solutions in recent years (classification, regression, pattern
recognition, forecasting and time series problems, etc.) [2-5]. ANNs are a frequently used classifier in
the field of data mining. ANNSs can be used for supervised and unsupervised learning. Training of ANNs
is one of the most important tasks. It has a complex structure. Classification error is minimized by
updating the weights during the ANN training process. This means ANNSs can recognize patterns and
respond to their behavior accordingly [6-8]. There are two types of supervised trainers: deterministic
trainers and stochastic trainers. Gradient descent and backpropagation-based methods are well-known
deterministic trainers [9]. Learning algorithms used in ANN network training are generally gradient-
based learning algorithms. These algorithms have several negative aspects. These algorithms depend on
local minima and primary weights. Additionally, it may not show the same performance on all datasets
[10, 11]. Therefore, despite their simplicity and fast convergence rates, they are not reliable in practical
applications trainers [12]. Stochastic algorithms, on the other hand, start the learning process with
stochastic solutions and improve them. Randomness is the most important feature of stochastic trainers.
The most important advantage of stochastic trainers is the avoidance of high local minima. However,
their most important disadvantage is that they work slower than deterministic algorithms. When the

literature is examined, it shows that stochastic trainers are more preferred due to their ability to avoid
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local minima. Stochastic trainers are divided into two main categories: single solution and multiple

solutions. It has been proven in many studies that multi-solution stochastic trainers avoid local optimum
traps better than single-solution stochastic trainers [13-19]. Local pitfalls can be avoided by using meta-
heuristic algorithms in ANN training. By using heuristic algorithms in ANN training, acceptable
solutions are provided in a reasonable time to solve complex problems. Heuristic algorithms are less
likely to get stuck in local minima than gradient-based search algorithms. Heuristic algorithms can be
used in almost all types of ANNs [11]. The slow convergence and learning ability deficiencies of ANN
have been overcome with heuristic algorithms. Determining the weights and bias values of ANN with
heuristic algorithms improved the learning process of ANN [20]. Various heuristic algorithms have been
used for ANN training in the literature. Some of these are Chimp Optimization Algorithm (COA) [12],
Invasive Weed Optimization (IWO) [21], Particle Swarm Optimization (PSO) [22, 23], Firefy
algorithms (FA) [22], Genetic Algorithms (GA) [23], Arithmetic Optimization Algorithm (AOA) [24],
etc. Khishe and Mosavi [12] developed an ANN trained with Chimpanzee Optimization Algorithm
(ChOA) for classification of underwater acoustic dataset Movassagh et al. [21] designed an ANN
training model with IWO and demonstrated its success on heart, cancer, and iris datasets in a 5 and 10
layer network structure. Dang et al. [22] developed an ANN model optimized with particle swarm
optimization and firefy algorithm to predict the scour depths around circular piers in the equilibrium
phase. Jamali et al. [23] proposed an Artificial Neural Network (ANN) model based on PSO-GA
optimization algorithm to predict a Solar Space Heating System (SSHS) performance. Khatir et al. [24]
proposed IANN-AOA and IANN-BCMO developed with Arithmetic Optimization Algorithm and
Composite Motion Optimization (BCMO) and solved the problem of damage measurement. They
compared both methods. For damage measurement, IANN-AOA provided more accurate results than
IANN-BCMO. The proposed algorithm is compared with lon Motion Algorithm (IMA), Gray Wolf
Optimization (GWO) and a hybrid algorithm. The results prove that the newly proposed algorithm
performs better than other benchmark algorithms in most cases. The results obtained were compared
with an ANN network trained by the Levenberg-Marquardt (LM) algorithm, which is widely adopted in
the literature. It can be seen that the prediction results obtained from the proposed models are better
compared to the values obtained from the single ANN model trained by LM. To demonstrate the success
of the PSO-GA-ANN model, the results are compared to High Exploration Particle Swarm Optimization
(HEPSO) and Team Game Algorithm (TGA). According to the results, the highest R2 and RMSE belong
to PSO-GA-ANN. Gurgenc et al. [25] trained the MLP network with the adaptive opposition slime mold
algorithm and estimated the reservoir temperature of geothermal resources. The results were compared
with MLP-ANNSs and basic artificial neural networks trained with the whale optimization algorithm and
the antlion algorithm under equal conditions. The results prove that AOSMA-MLP outperforms the
baseline MLP and other metaheuristic-based MLPs. Altay and Altay [26] also developed the Gray Wolf
Optimizer (GWO) and hybridized the developed new GWO and MLP. As a result, the IMP-GWO-MLP
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algorithm was proposed and its success was tested on various datasets. The obtained results were

proposed in the literature and compared with the commonly used GWO, particle swarm optimization,
whale optimization algorithm, antlion algorithm and genetic algorithm-based MLP methods.
Experimental results show that the proposed method is superior to other current methods in the literature.
Altay et al. [27] hybridized Gray Wolf Optimizer with MLP (GWO-MLP) and used naive Bayes
classifier, K-nearest neighbor, linear discrimination analysis, binary decision tree and support vector
machine approaches to predict the reservoir temperature using hydrogeochemical data of different. They
used it in geothermal areas in Anatolia [27]. Altay and Gurgenc [28] estimated wear losses using the
proposed hybrid golden jackal optimizer-multilayer perceptron (GJO-MLP) method. The performance
of GJO-MLP was compared with whale optimization-MLP (WOA-MLP), genetic algorithm-MLP (GA-
MLP) and antlion optimization-MLP (ALO-MLP) methods. Cinar [29] trained a feed forward MLP (FF
MLP) networks using the Tree Seed Algorithm. Particle swarm optimization, gray wolf optimizer,
genetic algorithm, ant colony optimization, evolution strategy, population-based incremental learning,
artificial bee colony, biogeography-based optimization were compared with TSA. The results confirmed
the superiority of TSA. In this study, the newly proposed Zebra Optimization Algorithm (ZOA) was
used in ANN training [30]. The reason why the ZOA algorithm was preferred in this study is because it
has been newly proposed in recent years. Herustic algorithms continue to be proposed in recent years.
The success of the newly proposed heuristic algorithms is higher than the old algorithms. Due to the
success of ZOA in the tests performed in the original paper, it was preferred as the heuristic algorithm
for MLP-ANN training in this study. Additionally, when the literature was examined, ZOA had never
been used as a training algorithm in MLP-ANN before. The motivation for this study begins at this
point. Learning algorithms are of great importance in ANN-based classifier models. In this study, an
ANN training model with ZOA is proposed. The local and global search capabilities offered by ZOA
have been transferred to the ANN training and learning model. Thus, ANN classification was performed
faster. First of all, a detailed parameter analysis was carried out to determine the best parameter values.
ANN training was carried out with the ZOA learning model on the zoo dataset for ten different
population sizes (10, 20, 30, 40, 50, 60, 70, 80, 90, and 100) and the most appropriate population size
was determined as 100. Then, the effect of four different maximum iteration values (20, 50, 75, and 100)
on ANN classification is shown. Six different ANN network structures were determined and the effects
of ZOA on the ANN learning model were examined. The effect of four different epoch values (500,
1000, 5000, and 10000) on the ANN learning model of ZOA is detailed in this study. In this study, the
effect of ZOA on the ANN learning model was demonstrated on six different datasets (somerville
happiness survey 2015, iris, breast cancer wisconsin, wine, ecoli, and fertility), apart from the zoo
dataset, on the ANN network model determined using the most appropriate parameter values. In
addition, the effect of Gazelle Optimization Algorithm (GOA) [31], Prairie Dogs Optimization (PDO)
[32], and Osprey Optimization Algorithm (OOA) [33] heuristic algorithms on the ANN learning model
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is shown and compared with ZOA. The results showed that ZOA can be used as an training model. In

Bas and Bas

this study, the success of ZOA in an ANN training model was demonstrated for the first time. In this
respect, this study shows originality. The rest of this work follows: In Section 2, the structure of ZOA,
ANN training model, and dataset definitions are explained. In Section 3, parameter analyzes of ZOA
determined for ANN training and comparisons of ZOA with different heuristic algorithms are presented.

In the last section, the results are explained.
Related Works

Heuristic algorithms are frequently used in the literature in training Multi-Layer Perceptron Artificial
Neural Networks (MLP-ANN). Some of these are presented in Table 1.

Table 1. A comprehensive review of related work on MLP-ANN

References Using Heuristic Algorithms  Models of ANN Recommended
Method
[12] Chimpanzee Optimization Multilayer perceptron MLP-ChOA
Algorithm (COA) (MLP)
[21] Invasive Weed Optimization Multilayer perceptron MLP-IWO
(IWO) (MLP)
[22] Particle Swarm Optimization Multilayer perceptron MLP-PSO
(PSO) and Firefy Algorithm (MLP) MLP-FA
(FA)
[23] Particle Swarm Optimization Multilayer perceptron PSO-GA-ANN
(PSO) and (MLP)
Genetic Algorithm (GA)
[24] Arithmetic Optimization Multilayer perceptron IANN-AOA
Algorithm (AOA) and (MLP) IANN-BCMO
Composite Motion
Optimization (BCMO)
[25] Adaptive Opposition Slime Multilayer perceptron AOSMA-MLP
Mold Algorithm (AOSMA) (MLP)
[26, 27] Gray Wolf Optimizer (GWO)  Multilayer perceptron IMP-GWO-MLP
(MLP)
[28] Golden Jackal Optimizer Multilayer perceptron GJO-MLP
(MLP)
[29] Tree Seed Algorithm (TSA) Multilayer perceptron TSA-MLP

(MLP)

The Main Contribution of the Study

e ZOA is used for training the feed forward (FF) MLP ANN for the first time.

e ZOA is compared and outperformed on 7 different datasets with 3 metaheuristic algorithms
(GOA, PDO, and OOA).
e ZOA finds eligible weights and biases of FF MLP ANN.

e Interms of average classification rates, ZOA ranked second in 7 different datasets, except

Z00.
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e A detailed analysis was made with ZOA for the effects of population sizes and maximum

iteration on classification success.

e A detailed analysis was conducted with ZOA for the effects of 6 different MLP-ANN network
structures on classification success.

e A detailed analysis was carried out with ZOA for the effects of 4 different epoch values on the

classification success of MLP-ANN.
Zebra Optimization Algorithm (ZOA)

Zebras are animals from the horse breed and generally live in eastern and southern Africa. The body
feathers of these animals are black and white striped. Their most charismatic features come from this
fur structure. Zebras are social living creatures. They exhibit two types of characteristic behaviors in
social life. These are: food search and defense behaviors against predators. A zebra leads the zebras in
their search for food. Lead zebras are responsible for guiding other zebras in the herd towards food
sources. Zebras exhibit two behaviors to escape predators. The first of these is to escape with a zigzag
movement pattern. The second is to come together and try to confuse or scare the predator [30]. Zebra
Optimization Algorithm (ZOA) was created inspired by the behavior of zebras in social life.
Mathematical model of ZOA:

Initialization: The zebra population in ZOA is defined mathematically as candidate solutions
searching the search space. Zebras are initially placed randomly in the search space, that is, on the plain
where the food sources are located. The position of each zebra is a matrix of decision variables. The
number of decision variables varies depending on the problem size. When the population matrix is first

created in ZOA, it is randomly generated according to Equation 1 [30].

X1 X110 7 Xyj e Xidim
X = Xi = xl,i xi'j xi’dim (1)
Xpop . Xpopi - Xpopi - Xpop.dim ,
popxdim pop, pop,J pop, popxdim

where X is zebra population, X; is the i'" zebra, x; ; is position for the j" dimension of the i"" zebra, pop
is the population size of the zebra, and dim is the dimension of the problem. Each zebra individual
represents one candidate solution. By using the size values of each zebra individual, the function values
of the target zebras are calculated. Values from the objective function of the zebra population are stored

in a matrix. This matrix structure is shown in Equation 2 [30].

Fit, Fit(Xy)
Fitness =| Fit; =| Fit(X;) 2
Fitpop hopx1 Fit(Xpop) opx1
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where Fitness is the matris of the objective function values.

The values obtained with the objective function are compared with the individuals in the population and
the leader zebra in the best position is determined. Depending on the type of problem, the zebra with the
lowest fitness value or the zebra with the highest fitness value is determined as the best leader zebra. In
each iteration, the positions of the zebras and their fitness values in their new positions are updated. Two
types of behavior of zebras are used when determining new positions of the zebra population [30].
These behaviors are: (a) searching for food and (b) defending against predators.

(@) Foraging Behavior: Zebras spend most of their time eating food. Generally, their food
sources are grasses and sedges. One of the zebras is defined as the plains zebra and this zebra leads the
population. In ZOA, the best member of the population is considered the lead zebra and leads the other
population members towards its position in the search area. Mathematical modeling of this stage is
shown in Equations 3 and 4 [30].

xlrllle = x;; + rand. (Zebra]BeSt —L.x;;) @)

¥ = {Xi”e‘“, Fit!*"! < Fit;;
Lo, else,

(4)

where X[**"! is the new position of the i"" zebra based on foraging behavior, x7'f** is the j" dimension
position of the i™ new zebra, Fit!®"! is the fitness value of the i new zebra, Zebraf""’“ is the pioneer
zebra, rand is a random number in interval [0, 1], and I = round (1 + rand) [30].

(b) Defense Strategies Against Predators:

At this stage, the defense strategies of zebras against their enemies were modeled mathematically in
order to update their positions in the search space of the zebra population. Zebras' defense strategies
vary depending on the type of their enemies. They escape against their main enemies, the lions, in a
zigzag pattern and with a random side-turning movement. They act in a confusing and frightening
manner towards other enemies. These two defensive strategies are assumed to be similarly likely. In
Equation 5, the defense strategy of zebras against lions is modeled in M1, and the defense strategy of
zebras against other predators is modeled in M2. The position of the zebras is updated in Equation 6
[30].

It
newz _ im: X,y + R 2rand = 1).(1-227) x;, < 05; 5
v M2: x; ; + rand. (Zebra®t*®k — . x; ;), else,
new2 .. new2 L
X; = {Xi , Fit]'*"? < Fit;; ©
X, else,

394



Bas and Bas Sinop Uni J Nat Sci 9(2): 388-420 (2024)
E-ISSN: 2564-7873
where X7**”? is the new position of the i zebra based on defense strategies behavior, x7'¢*? is the j"

dimension position of the i™ new zebra, Fit!®"? is the fitness value of the i" new zebra, Zebra]‘-m‘“k
is the attack zebra, rand is a random number in interval [0, 1], and I =round (1 + rand), Iter is current
iteration number, Iter;,q, IS maximum iteration number, R is a constant value (R=0.01). S is the
probability of choosing one of the defense strategies for randomly generated zebras in the range [0, 1].
Figure 1 shows the flowchart of the ZOA [30].

Start Set zebra population size (pop) and Initialization of zebra population and
maximum iteration number (Iter,,.) evaluation of the fitness function.
v
I—Yes Iter = Itetq,
y Best
Update Zebra; No The best solution
J' |_, obtained by ZOA
-~ Yes, *
1=1, pop, 1 —»| Calculate x]'/*" using Eq. (3)
—
¥ End
Update it zebra using Eq. (4)
¥
Calculate S=rand
Y .
Yes No
¢— §<05 _£
Strategy 1: Calculate Strategy 2: Calculate
new status of the new status of the
zebra using mode M1 zebra using mode M2
using Eq. (5) using Eq. (5)
Update i zebra using Eq. (6)
|

Figure 1. The flowchart of the ZOA [30]
Artificial Neural Network (ANN)

Acrtificial neural network (ANN) is a classification technique inspired by the human brain cell structure
(neuron). Generally, ANNs consist of three layers. These are: input layer, hidden layers and output layer.
An ANN structure can consist of a single hidden layer or it can consist of many hidden layers. The
purpose of an ANN is to find the optimum weight values and make the most appropriate classification
in the least possible iterations. There are many types of ANNs in the literature. Some of them are
feedforward networks (FNNSs) [34], Kohonen self-organizing networks [35], radial basis function (RBF)
networks [36], recurrent neural networks [37], convolutional neural networks [38], spiking neural
networks [39], etc. Multilayer perceptron (MLP), a special type of feed-forward networks (FNNSs), is
one of the most widely used models in the literature [34, 40]. In this study, an MLP-ANN structure was
analyzed by training it with a metaheuristic algorithm selected from the literature. It is often seen that

heuristic algorithms are used as training algorithms in MLP structures.
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Multi-Layer Perceptron Artificial Neural Networks (MLP-ANN): Similar to ANNs, MLP

works by matching a set of input values to a corresponding set of output values. This mapping is

accomplished through a transformation process designed to derive the output. An MLP consists of three
layers: the input layer contains n input values; The size of the hidden layer located between the input
and output layers varies depending on the type of problem; and there is the output layer, which combines
the results of the MLP network [25, 41]. The input layer hosts n neurons, the output layer includes k
neurons, and the hidden layer comprises m neurons. Each neuron in the hidden layer performs two
critical operations: summation and activation. The sum obtained is subsequently passed through an
activation function, as depicted in Equation 7. Here w; ; is the connection weight between the hidden

neuron j and the input neuron i. b; is the bias value. y; is the output value of neuron j, and f is the sigmoid

function. Figure 2 shows a single hidden layer MLP network.

Sumj = Z?:l Wi,j * i?’li + b] (7)
yj = f(Sum;) (8)
1
f(Sum]) - 1+ e—Sumj (g)
) Hidden Layer
Input Layer Output Layer
h'_ Wi » Yy —
— W2 1
N \\ wl,.:‘ — - + Y, —_
s N A
\fl.t ‘.' T y —_—
N\ - £ 3
- h3 .
h Y —
—_ - > Im 3
It b1y -
PPt B L
— b 7 —> by ¥

Figure 2. The single hidden layer MLP network [25]
Training An ANN and Dataset Definition

In this subsection, the updates of ZOA that can be classified with Multi Layered Perceptron ANN (MLP

ANN) are explained. To train the ANN network, weights and bias values, which are ANN components,
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were placed on the dimensions of each population in the ZOA structure [12, 42]. The dimension value

of zebra population individuals was calculated using Equation 10. The problem dimension was
calculated using the number of inputs in the ANN (number of features in the datasets) (m) and the
number of neurons in the hidden layers (n) (Equation 11). The ANN network was created by
recombining the ANN values (weights and biases) in each dimension value from the zebra population.
Classification was made using the created network. Mean Square Error (MSE) was used to evaluate the
classification rate. MSE has also been used to evaluate ZOA individuals as a fitness function. MSE
calculation is shown in Equation 12 [12, 42]. In this study, the datasets shown in Table 2 obtained from
the UCI library were used (https://archive.ics.uci.edu/) [43]. 80% of the datasets used in classification

were set as training and 20% as test dataset.

Length of problem dimension = (mxn)+ (2 xn) +1 (10)
Zebra; = [weight, weight, weight; ...bias, bias, biass ... ] (12)
Minimization  Fitness Function = MSE = %Z{-‘zl(Xreal — Xmoder)? (12)

where X,..q; is desired values and X,,,,4¢; 1S €valuated values. k is the number of instances in the training
dataset [12, 42].

Table 2. Dataset descriptions

ID Dataset Number of Number of Number  Missing Type
features instances of classes values
1 Zoo 17 101 7 No Life
2  Somerville 7 143 2 No Health and Medicine
Happiness
Survey 2015
3 lris 5 150 3 No Biology
4  Breast 31 569 2 No Health and Medicine
Cancer
Wisconsin
5 Wine 14 178 3 No Physics and
Chemistry
6  Ecoli 8 336 8 No Biology
7 Fertility 10 100 2 No Health and Medicine

Results and Discussion

In this subsection, classification was made by training an ANN with the ZOA algorithm. All applications
were carried out with a machine with the features used in Table 2. The success of ZOA's parameter
settings in ANN training is analyzed in detail in this subsection. Analysis of parameter settings was

performed on the zoo dataset.
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Table 3. PC specifications

Name Detailed settings
Hardware

CPU Core i5

Frequency 1.19 GHz

RAM 12 GB

Software

Operating system Windows 10 (64-bit)
Language MATLAB R2014A

Parameter Analyzes

a- The Analyses of the Population Size: The success of ten different population values on
ZOA was analyzed for ANN. The parameter settings used in the population analysis are shown in Table
4. The results are shown in Table 5. The best results are marked in bold. According to the results, the
population size is directly proportional to the success of ZOA in ANN training. The most successful
population size relative to the average is 100, 80 and 90, respectively. The least successful population
values are 10, 20 and 30 respectively. According to the best value, the best population size is 60.
According to the standard deviation, the best population size is 90. According to the time value, the
fastest working population size is 10. Figure 3 shows the convergence chart of the population size
analysis for ZOA on ANN. Figure 4 shows the boxplot of the population size analysis for ZOA on ANN.
Figure 5 shows the graphics of the results from ANN trained with ZOA on zoo train data (for pop=100)
and Figure 6 shows the graphics of the results from ANN trained with ZOA on zoo test data (for
pop=100). In the graphs, it can be seen that as the population size increases, ZOA's success in ANN
training increases. At the same time, for the value of 100, which is the most successful population
amount, the actual values in both the training and test data sets in the zoo data set and the training and
test results of the ANN trained with ZOA were compared graphically. In this study, the population size
was selected as 20 in classifying other datasets with ANN. In Figure 3, the x axes value shows the MSE
value and the y axes value shows the iteration number. According to Figure 3, the fastest convergences
were obtained at pop=90 and pop=100 values. The slowest convergent value was pop=10. In Figure 4,
the x axes value shows the MSE value and the y axes value shows the population sizes. According to
Figure 4, the average values vary in almost all population values. In this case, as the population size
changes, the similarities between the results also differ. In Figure 5, the x axes value shows the training
data set class values, and the y axes value shows the number of training data set samples. Figure 5 shows
the error amounts between the actual training dataset values and the predicted training datasets.
According to Figure 5, there is not much difference between the predicted target value and the actual

target values for the training data set. Close values have been estimated. In Figure 6, the x axes value
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shows the test data set class values, and the y axes value shows the number of test data set samples.

Figure 6 shows the error amounts between the actual test dataset values and the predicted test datasets.

According to Figure 6, there is not much difference between the predicted target value and the actual

target values for the test data set.

Table 4. Parameter settings

Parameters Values

Population size (pop) 10, 20, 30, 40, 50, 60, 70, 80, 90, 100
The maximum number of iterations (Itery,,,) 20

Dimension 16

R value 0.1

The number of run 20

Training data rate

80% (81 instance for zoo dataset)

Test data rate

20% (20 instance for zoo dataset)

Search space boundary [-1,1]
Hidden Layer number 1
Neuron number 5
Epochs (for ANN) 500
Transfer function (for ANN) Tansig

Table 5. The results of ZOA for population size analysis on zoo dataset

MSE pop pop pop pop pop pop pop pop pop pop

=10 =20 =30 =40 =50 =60 =70 =80 =90 =100
Best 0.3472 0.4256  0.1805 0.3788 0.3042 0.1652 0.2770 0.1806  0.1675 0.1919
Worst 3.3380 2.7869 21350 1.7901 1.3299 1.0884 0.8718 0.6493 0.6810  0.7707
Median 15175 0.9517 05818 0.5720 0.6019 04783 05049 0.3849 0.3875  0.3565
Mean 17167 1.0625 0.7272 0.6809  0.6367 0.5228 0.5027 0.3894 0.3915 0.3782
SD 0.8521 0.5393  0.4969 0.3344 0.2702 0.2319 0.1609 0.1356 0.1262  0.1354
Time 7.3397 13.9212 20.7881 36.1899 36.7285 43.6268 54.3813 60.8385 69.7256 85.3010
Rank
(According
Mean) 10 9 8 7 6 5 4 2 & 1

Population size analysis with ZOA for ANN
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Figure 3. The convergence chart of the population size analysis for ZOA on ANN
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Population size analysis for ZOA on ANN
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Figure 4. The boxplot of the population size analysis for ZOA on ANN
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Figure 5. The graphics of the results from ANN trained with ZOA on zoo train data (for pop=100).

400



Bas and Bas Sinop Uni J Nat Sci 9(2): 388-420 (2024)
E-1SSN: 2564-7873

Test data

\\ I
\ A A
\ / Y A
\ {7
A\ \

I

Real value

Result from ANN trained with ZOA
R [ Ay

/ [ /N —

[\ [N\

7
6
5
G / \ / VN / 17N
ir / N/ S N )N\
3
2
1
0

_, - . /
‘( / \\‘«\ N /i A ,/f / \
B { / - N\ /‘4 i/ Y
/ \ / /
L . R
™~ \ I N . / [
I N Ny / |
| | | | | | | | |
0 2 4 [} 8 10 12 14 16 18 20
15 T T T T T T
1 /|
A
05 A
/ﬂ\\ / /\ \ ///\ ‘I/ \\ /«\
/ /
0 / / \/ \ ] \\ / s f

S = N W B on o = @

| I I I L | | |
0 2 4 6 8 10 12 14 16 13 20 25 2 -15 -1 05 0 05 1 15 2 25

Figure 6. The graphics of the results from ANN trained with ZOA on zoo test data (for pop=100)

b- The Analyses of the Maximum Iteration: The success of four different maximum number
of iterations on ZOA was analyzed for ANN. The parameter settings used in the maximum number of
iterations are shown in Table 6. The results are shown in Table 7. The best results are marked in bold.
According to the results, the maximum number of iterations is directly proportional to the success of
ZOA in ANN training. The most successful maximum number of iterations relative to the average is
100 and 75, respectively. The least successful maximum number of iterations are 20 and 50,
respectively. According to the best value, the best maximum number of iteration is 75. According to the
standard deviation, the best maximum number of iteration is 75. According to the time value, the fastest
working maximum number of iteration is 20. Figure 7 shows the convergence chart of the maximum
number of iteration analysis for ZOA on ANN. Figure 8 shows the boxplot of the maximum number of
iteration analysis for ZOA on ANN. Figure 9 shows the graphics of the results from ANN trained with
ZOA on zoo train data (for Iter;,,,=100) and Figure 10 shows the graphics of the results from ANN
trained with ZOA on zoo test data (for Itern,,,,=100). In the graphs, it can be seen that as the maximum
number of iteration increases, ZOA's success in ANN training increases. At the same time, for the value
of 100, which is the most successful number of the maximum iteration, the actual values in both the
training and test data sets in the zoo data set and the training and test results of the ANN trained with
ZOA were compared graphically. In this study, the maximum number of iteration was selected as 50 in
classifying other datasets with ANN. In Figure 7, the x axes value shows the MSE value and the y axes
value shows the iteration number. According to Figure 7, the fastest convergences were obtained at
maximum iteration=75 and maximum iteration=100 values. The slowest convergent value was
maximum iteration=20. In Figure 8, the x axes value shows the MSE value and the y axes value shows

the number of the maximum iteration. According to Figure 8, the average values vary in almost all
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similarities between the results also differ. In Figure 9, the x axes value shows the training data set class
values, and the y axes value shows the number of training data set samples. Figure 9 shows the error
amounts between the actual training dataset values and the predicted training datasets. According to
Figure 9, there is not much difference between the predicted target value and the actual target values for
the training data set. Close values have been estimated. In Figure 10, the x axes value shows the test
data set class values, and the y axes value shows the number of test data set samples. Figure 10 shows
the error amounts between the actual test dataset values and the predicted test datasets. According to

Figure 10, there is not much difference between the predicted target value and the actual target values

for the test data set.

E-ISSN: 2564-7873
numbers of the maximum iterations. In this case, as the number of the maximum iterations changes, the

Table 6. Parameter settings

Parameters Values
Population size (pop) 20

The maximum number of iterations (Itery,qy) 20, 50, 75, 100
Dimension 16

R value 0.1

The number of run 20

Training data rate

80% (81 instance for zoo dataset)

Test data rate

20% (20 instance for zoo dataset)

Search space boundary [-1,1]
Hidden Layer number 1
Neuron number 5
Epochs (for ANN) 500
Transfer function (for ANN) Tansig

Table 7. The results of ZOA for population size analysis on zoo dataset

MSE Iter, ,,=20 Itery,q,=50 Itery, =15 Iter,,,,=100
Best 0.4256 0.2503 0.1516 0.1572
Worst 2.7869 0.9374 0.8963 0.9777
Median 0.9517 0.5579 0.3111 0.3998
Mean 1.0625 0.5568 0.3630 0.4440
SD 0.5393 0.1955 0.1756 0.1898
Time 13.9212 36.3699 55.5139 77.3042
Rank

(According

Mean) 4 3 2
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Figure 7. The convergence chart of the maximum iteration analysis for ZOA on ANN.
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Figure 8. The boxplot of the the maximum iteration analysis for ZOA on ANN.
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Figure 10. The graphics of the results from ANN trained with ZOA on zoo test data (for Iter;;,4,=100)

c- The Analyses of the Layer and Neuron Number: The success of three different layer number

and six different neuron number on ZOA was analyzed for ANN. The parameter settings used in the

number of the layer and neuron are shown in Table 8. The results are shown in Table 9. The best results

are marked in bold. According to average values, the most successful network design is a two-layer

network design with five and ten neurons each (Network4 = {5,10}). Figure 11 shows the convergence
chart of the different ANN networks analysis for ZOA.

Table 8. Parameter settings

Parameters Values
Population size (pop) 20
The maximum number of iterations (Iter;,qy) 50
Dimension 16
R value 0.1
The number of run 20

Training data rate

80% (81 instance for zoo dataset)

Test data rate

20% (20 instance for zoo dataset)

Search space boundary

[-1.1]

Hidden Layer number

{1,2, 3}

Neuron number

{53.{10}.{5, 5},{5, 10}.{5, 5, 5}, {10, 10, 10}

Epochs (for ANN)

500

Transfer function (for ANN)

Tansig, purelin
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Table 9. The results of ZOA for layer and neuron humber analysis on zoo dataset

MSE Network1={5} Network2={10} Network3={5,5} Network4={5,10} Network5={5, Network6={10,
5, 5} 10, 10}
Best 0.2503 0.2596 0.1826 0.1595 0.2419 0.2285
Worst 0.9374 0.9411 1.6367 0.8175 1.7184 1.0251
Median 0.5579 0.3776 0.6605 0.3692 0.8875 0.3316
Mean 0.5568 0.4198 0.6827 0.4168 0.8804 0.4331
SD 0.1955 0.1597 0.3655 0.1789 0.3617 0.2034
Time 36.3699 25.7894 27.7151 24.6374 47.5577 46.2427
Rank 4 2 5 1 6 3
(According
Mean)

Figure 12 shows the boxplot of the different ANN networks analysis for ZOA. Figure 13 shows the
graphics of the results from ANN trained with ZOA on zoo train data (for Network6={=10 10 10}) and
Figure 14 shows the graphics of the results from ANN trained with ZOA on zoo test data (for
Network6={=10 10 10}). In this study, the number of layers and neurons was selected as Network4 =
{5,10} in the classification of other data sets with ANN. In Figure 11, the x axes value shows the MSE
value and the y axes value shows the iteration number. According to Figure 11, the fastest convergences
were obtained at Network4 and Network3. The slowest convergent value was Network5. In Figure 12,
the x axes value shows the MSE value and the y axes value shows the number of the network. According
to Figure 12, the average values vary in almost all networks (except Network2 and Network4). In this
case, as the networks changes, the similarities between the results also differ. In Figure 13, the x axes
value shows the training data set class values, and the y axes value shows the number of training data set
samples. Figure 13 shows the error amounts between the actual training dataset values and the predicted
training datasets. According to Figure 13, there is not much difference between the predicted target value
and the actual target values for the training data set. Close values have been estimated. In Figure 14, the
X axes value shows the test data set class values, and the y axes value shows the number of test data set
samples. Figure 14 shows the error amounts between the actual test dataset values and the predicted test
datasets. According to Figure 14, there is much difference between the predicted target value and the

actual target values for the test data set.
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Figure 11. The convergence chart of the layer and neuron number analysis for ZOA on ANN
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Figure 12. The boxplot of the the layer and neuron number analysis for ZOA on ANN.
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Figure 13. The graphics of the results from ANN trained with ZOA on zoo train data (for
Network6={10, 10, 10}).
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Figure 14. The graphics of the results from ANN trained with ZOA on zoo test data (for
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Network6={10, 10, 10}).

The Analyses of the Number of Epoch for ANN: The success of four different epochs values

on ZOA was analyzed for ANN. The parameter settings used in the epochs values (500, 1000, 5000,

and 10000) are shown in Table 10. The results are shown in Table 11.

Table 10. Parameter settings

Parameters Values
Population size (pop) 20
The maximum number of iterations (Iter;,qx) 50
Dimension 16
R value 0.1
The number of run 20

Training data rate

80% (81 instance for zoo dataset)

Test data rate

20% (20 instance for zoo dataset)

Search space boundary [-1,1]
Hidden Layer number 2
Neuron number {5, 10}

Epochs (for ANN)

500, 1000, 5000, 10000

Transfer function (for ANN)

Tansig, purelin

Table 11. The results of ZOA for number of epochs analysis on zoo dataset

MSE Epochs=500 Epochs=1000 Epochs=5000 Epochs=10000
Best 0.1595 0.1843 0.2835 0.2054
Worst 0.8175 1.0438 0.8614 1.0442
Median 0.3692 0.4306 0.5215 0.5908
Mean 0.4168 0.4796 0.5464 0.5692

SD 0.1789 0.2362 0.1719 0.2324
Time 24.6374 41.8842 33.4862 25.1088
Rank 1 2 2 3

(According Mean)
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Figure 15. The convergence chart of the number of epochs analysis for ZOA on ANN.
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Figure 16. The boxplot of the number of epochs analysis for ZOA on ANN

The best results are marked in bold. According to average values, the most successful epoch value is
500. Figure 15 shows the convergence chart of the different epoch values analysis for ZOA. Figure 16
shows the boxplot of the different epoch values analysis for ZOA. Figure 17 shows the graphics of the
results from ANN trained with ZOA on zoo train data (for Epoch value=1000) and Figure 18 shows the
graphics of the results from ANN trained with ZOA on zoo test data (for Epoch value=1000). In this
study, the epoch value was selected as 500 in the classification of other data sets with ANN. In Figure
15, the x-axis value shows the MSE value and the y-axis value shows the number of iterations.
According to Figure 15, the fastest convergence was achieved at Epochs=500 and Epochs=1000. The
slowest convergent value was Epochs=10000. In this case, the ANN network faced overfitting at high
epoch values. In Figure 16, the x-axis value shows the MSE value and the y-axis value shows the number
of epochs. According to Figure 16, the average values differ in almost all epochs. In this case, as the
number of epoch change, the similarities between the results also differ. In Figure 17, the x-axis value
shows the training data set class values, and the y-axis value shows the number of training data set

samples. Figure 17 shows the error amounts between the actual training data set values and the predicted
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training data sets. According to Figure 17, there is not much difference between the predicted target

value and the actual target values for the training data set. Close values have been estimated. In Figure
18, the x-axis value shows the test data set class values, and the y-axis value shows the number of test
data set samples. Figure 18 shows the error amounts between the actual test data set values and the
predicted test data sets. According to Figure 18, there is not a lot of difference between the predicted

target value and the actual target values for the test data set.

; Train data
T "‘l T T4 ) | i i I D - ‘.'aL:E L

5 ;/ | A I' ﬂ ( | /I ‘ Ees‘u\I:mmAJ‘-JP-JtrzmedmchOA}’
i f Mo L Wi d
o } . 1 ’I»\ GI : "\ / \ | :\ i " | F\ ”' I“I ‘
NV VAT | -
VRN R R R A AT
AN ¥ \ lf\«’ VRS Y WY ) |
0 ! | \ ! ! I \ !

0 10 20 30 40 50 60 70 80 90
1 \ A I R 4 R

LA [W | /1 \

VA 1 PR/ L ‘
o A VAT l[ VA A Y 3

A |’ R RY \

1 \VI V 2
2+ 10r
3 ‘ : ‘ — : : ‘ [ . -

0 10 20 30 40 50 60 70 80 90 25 2 15 A1 05 0 05 1 15 2

Figure 17. The graphics of the results from ANN tfained with ZOA 6n zoo train daté (for
Epochs=1000).
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Figure 18. The graphics of the results from ANN trained with ZOA on zoo test data (for
Epochs=1000).

Evaluation of the Success of the ZOA Algorithm and Other Algorithms on Different Data Sets: In

this subsection, ZOA is compared with three different heuristic algorithms that have been proposed in
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recent years and selected from the literature. These heuristic algorithms are Gazelle Optimization

Algorithm (GOA) [31], Prairie Dogs Optimization (PDO) [32], and Osprey Optimization Algorithm
(OOA) [33]. GOA was created inspired by the behavior of gazelles. PDO was inspired by the social

lifestyle of Prairie dogs. OOA was proposed inspired by the lifestyle of osprey creatures. The parameter
settings used in the population analysis are shown in Table 12. The results are shown in Table 13.

Table 12. Parameter settings

Parameters Values

Population size (pop) 20

The maximum number of iterations 50

(Itermax)

Dimension 16

R value for ZOA 0.1

The number of run 20

Training data rate 80%

Test data rate 20%

Search space boundary [-1,1]

Hidden Layer number 2

Neuron number {5, 10}

Epochs (for ANN) 500

Transfer function (for ANN) Tansig, purelin
Fixed parameters for PDO rho=0.005; epsPD=0.1
Fixed parameters for GOA PSRs=0.34; S=0.88;

The best results are marked in bold. A detailed comparison analysis was performed on seven different
datasets (zoo, somerville happiness survey 2015, iris, breast cancer wisconsin, wine, ecoli, and fertility).
The details of these datasets are shown in Table 1. Total mean, standard deviation (SD), and time results
are shown in Figure 19, Figure 20, and Figure 21, respectively. Figure 22 and Figure 23 show the
convergence and box plots of the comparison algorithms on ANN training. Figure 24, Figure 25, and
Figure 26 compare the results from the ANN trained and tested with ZOA, GOA, PDO and OOA on the
200, wine, and iris datasets, respectively, with their real values. When Table 13 is examined, according
to the average results, GOA algorithm is ranked first and ZOA algorithm is ranked second in almost
every dataset. According to the total average results, ZOA, GOA, PDO and OOA are listed respectively.
According to the total average results, the best heuristic algorithm that trained the ANN network was
ZOA, and the worst heuristic algorithm was OOA. Figure 19 proves this situation. The best total
standard deviation results belong to GOA, while the worst total standard deviation results belong to
OOA. Figure 20 proves this situation. According to Figure 21, the fastest running heuristic algorithm
was PDO, while the slowest running heuristic algorithm was OOA. The best working speeds of heuristic
algorithms on ANN are listed as PDO, GOA, ZOA and OOA, respectively. Figure 22 shows the
convergence of the comparison algorithms on each data set while training the ANN. In general, OOA
converged slowly to optimum results, while ZOA converged faster. It can be seen that the ANN training

success of ZOA on the iris data set is not very good. In Figure 23, the success of the comparison
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algorithms in ANN training on three different data sets is shown as box plots. On the Zoo data set, the

results of ZOA, GOA and PDO algorithms, except OOA, are close to each other. There is consistency
among the results obtained. The GOA algorithm obtained the most consistent results on the Iris data set.
It is also seen that ZOA, PDO and OOA algorithms do not achieve very good results. The most
successful ANN training on the Wine dataset belongs to ZOA and GOA. In this case, the box plots are
close to each other and it can be said that the results are consistent. The heuristic algorithms that
performed the least successful ANN training on the Wine dataset were PDO and OOA. In Figure 24, the
predictions made by the comparison algorithms during ANN training and testing on the zoo dataset are
compared with the real prediction values. According to the results, the best predictive heuristics were
ZOA and GOA, while PDO and OOA were ranked lower. In Figure 25, the predictions made by the
comparison algorithms during ANN training and testing on the wine dataset are compared with the real
prediction values. A similar situation shown by the algorithms in Figure 24 can also be seen in Figure
26. In Figure 26, the predictions made by the comparison algorithms during ANN training and testing
on the iris dataset are compared with the real prediction values. It is seen that a better ANN training is
performed on the iris dataset with PDO and GOA heuristic algorithms.

Table 13. The comparison results of ZOA and other algorithms on different data sets

Datasets MSE ZOA GOA PDO OOA
200 Best 0.1595 0.5798 0.7316 4.2066
Rt 0.8175 1.5346 2.9024 25.5013
LA CATED 0.3692 0.9183 1.7671 11.0427
ke 0.4168 0.9257 1.7519 12.5194
=2 0.1789 0.2847 0.5680 6.7819
UL 24.6374 24.4081 18.1180 36.6146
RIS 1 2 3 4
ls_";”;glr;]’é's'g Best 0.1795 0.1824 0.2054 0.1947
Survey bt 0.2207 0.2028 0.2355 0.2279
2015 YCAIE 0.2030 0.1951 0.2147 0.2081
Vi 0.2011 0.1941 0.2164 0.2090
SD 0.0110 0.0050 0.0081 0.0070
LS 32.3040 25.6380 17.2326 38.0155
Rank 2 1 4 3
e e 0.0435 0.0392 0.0344 0.0379
Worst 0.1573 0.0498 0.1005 0.1215
M 0.0684 0.0420 0.0539 0.0855
Mean 0.0784 0.0425 0.0625 0.0847
= 0.0318 0.0029 0.0206 0.0243
Ui 60.3356 24.9541 14.5459 40.1815
Rank 3 1 2 4
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Table 13 continued...
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st Bt 0.0480 0.0467 0.0376 0.0680
Wisconsin ~ Vorst 0.0931 0.0878 0.1030 0.2274
LACLIET 0.0583 0.0580 0.0644 0.1276
il 0.0645 0.0601 0.0688 0.1411
Sb 0.0130 0.0107 0.0200 0.0437
LS 31.8206 31.4186 21.6767 44.8578
Rank 2 1 3 4
WIS B 0.0728 0.0750 0.0775 0.1071
L 0.1476 0.1198 0.2783 0.3567
Ledin 0.1038 0.0997 0.1454 0.1909
LAl 0.1065 0.0988 0.1577 0.1907
sb 0.0219 0.0136 0.0528 0.0613
Ulus 38.8456 27.5143 20.0673 40.0668
REiS 2 1 3 4
eecli e 0.8076 0.8019 0.8735 1.1652
Worst 1.5705 1.0730 1.4427 2.3248
el 1.0107 0.9376 0.9918 1.4828
VL 1.0462 0.9343 1.0792 1.5353
sb 0.1802 0.0652 0.1878 0.2944
L= 28.8783 24.5822 14.7665 122.8615
Rank 2 1 3 4
EULU 0.0872 0.0934 0.1064 0.1028
Worst 0.1090 0.1049 0.1232 0.1117
R 0.1006 0.1002 0.1103 0.1076
ke 0.1001 0.0996 0.1125 0.1073
SD 0.0051 0.0034 0.0047 0.0022
LS 38.9971 24.3091 22.4168 26.3487
RGNS 2 1 4 3
UCEEE 2.0136 2.3551 3.449 14.7875
R 1 2 3 4

412



Bas and Bas

Sinop Uni J Nat Sci 9(2): 388-420 (2024)

16
14
12
10

o N OB~ OO ©

E-ISSN: 2564-7873

The total mean of comparison algorithms

2,0136

= -

14,7875

mZOA
uGOA
uPDO
1 00A

3,449

Mean

Figure 19. The graphic of total mean of ZOA and comparison algorithms

o P N W b OO N

The total SD of comparison algorithms

0,4419

7,2148
mZOA

mGOA
mPDO
= 00A

0,862

0,3855

SD

Figure 20. The graphic of total SD of ZOA and comparison algorithms

400
350
300
250
200
150
100

50

The total time of comparison algorithms

255,8186

348,9464

mZOA
EGOA
uPDO
= 00A

182,8244

128,8238

Time

Figure 21. The graphic of total time of ZOA and comparison algorithms

413



Bas and Bas

Sinop Uni J Nat Sci 9(2): 388-420 (2024)

E-ISSN: 2564-7873

Fertility dataset Somenvlle Happiness Survey 2015 dataset
04 T T T 05
— Z0A — I0A
—— GOA oal —— GOA||
w — PDO " ——— PDO
= O0A g 00A
4 03t 1
02— =
20 30 40 50 0 10 20 30 40 50
Iterations Iterations
Inis dataset Breast Cancer Wisconsin dataset
1 04
— Z0A — I0A
——— GOA 03 -\ —— GOA [
uw — PO w o[ —— PDO
05 H 0.2 H
@ 00A @ M 00A
01F . R
0 ; ! : T 0 . : ; ;
0 10 20 30 40 50 0 10 20 30 40 50
[terations Iterations
Wine dataset Ecoli dataset
08 6
— Z0A — Z0A
06 —— GOA[{ s —— GOA ||
w ——PDO w —PDO
g 04 ™~ 00A ‘£ , 00A
o2 ——— - —
0 . y : . 0 . : : .
0 10 20 30 40 50 0 10 20 30 40 50
Iterations Iterations
Fertility dataset
0.35
0.3
w 025
@ 1
= o2}l
0.15F
0'10 10 20 30 40 50
lterations
Figure 22. The convergence chart of ZOA and comparison algorithms on ANN
Zoo Dataset Ins Dataset
2l p— 0.16F e
| 014}
2f | i
0.12F —_
w ] wooif ——
- 10 4 = 008}
5t 4 006 |
) — —— == ] oosf = 1
Z0A GDA PDO 00A Z0A GOA PDO 00A
Wine Dataset
035 * 1
03F - =
— I
025+ ‘ 4
ﬂ =
= 02r ]
== -
Z0A GOA PDO 00A
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Conclusions

In this study, an Artificial Neural Network (ANN) model with predictive ability was designed on seven
different data sets obtained from the UCI data set. In this designed ANN model, weight values were
determined by the Zebra Optimization Algorithm (ZOA), a heuristic algorithm. Due to the success of
heuristic algorithms in estimating weight values, classical gradient-based algorithms were abandoned in
this study and replaced by heuristic-based algorithms. First, a detailed parameter analysis was carried
out for parameter settings that are important for ZOA and ANN. Thus, the effects of population size and
maximum number of iterations on ANN training are shown. Additionally, the effects of neuron, layer,
and epoch values on the success of ANN are explained in detail. As a result, a suitable ANN network
was designed with a ZOA with the most appropriate parameter values. Predictions were made on seven
different data sets with this ANN model with ZOA. The results obtained were compared with the ANN
model created with three different state-of-the-art heuristic algorithms (Gazelle Optimization Algorithm
(GOA), Prairie Dogs Optimization (PDO), and Osprey Optimization Algorithm (OOA)) with similar
network structures selected from the literature. The results show that the ANN model trained with ZOA
is more successful in predicting layer weights. While faster convergence was achieved, the amount of
error in predicting the classes of the data decreased. The predictive analytics performed by the proposed
model can also improve ANN performance with proper convergence. While the ANN model integrated
and trained with ZOA can find better coefficients, other algorithms used in this paper except GOA

cannot obtain suitable outputs. ZOA's capabilities in local and global search are also reflected in the
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training of the ANN network. In the future, we plan to further increase the success of estimating ANN

weights by improving ZOA's local and global search capabilities with the help of chaotic maps.
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Abstract
In our research, the yellow mealworm, Tenebrio molitor L. was used. The
effects of two different foods on the pupation rate and time to emergence
from pupation of T. molitor at different larval densities were investigated.
The experiments were carried out under continuous dark laboratory
conditions with a temperature of 27+2°C and a relative humidity of
Research Article 60%+5%. Two different nutrient and four larval density groups were used
in the study. The first nutrient composition consisted of dry yeast and
wheat germ (150 gr in total, 1/2) The second nutrient composition
consisted of whole wheat flour and corn flour (150 gr in total, 1/1). Insects
were bred primarily on the tested nutrient media. Experimental sets were
prepared at four different larval densities for both foods. The number of

Correspopding Author larvae in plastic containers was adjusted to 20, 60, 200 and 600. To ensure
Yesim KOG equality, all larvae were selected from small larvae. (between 50 mg-120
ykoc@sinop.edu.tr mg). In our study, pupation rates were high, especially in groups

consisting of 20 and 60 larvae. The percentage of pupation decreased at
200 larval densities and sharply decreased at 600 larval densities in both
ORCID of the Authors diets. Especially the negative effects of the density are more obvious in
Y.K: 0000-0001-7125-2561 the second food. The effects on intensity were more pronounced,
especially in pupation of larvae, not in terms of pup time. As a result, it
would be advantageous for the larvae density not to be above 200 in terms
. of getting more yield and increasing the reproduction rate from T. molitor,
Received: 04.02.2024 which is demanded in large numbers as live feed. In conclusion, for the
Accepted: 12.08.2024 production of T. molitor, which is commonly used as live feed, it is
preferable to have a larval density below 200 in order to get a higher yield

and better reproduction rates.
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Iki Farkli Besinde Larval Yogunlugun, Tenebrio molitor Linnaeus, 1758 (Coleoptera:
Tenebrionidae) un Pupalasma Oram ve Pupadan Cikis Siiresine Etkisi

Sinop University, Faculty of Oz
Education, Department of
Mathematics and Science
Education, Sinop, Tiirkiye

Aragtirmamizda un kurdu Tenebrio molitor L. kullanilmistir. iki farkli
besinin, farkli larval yogunlugunda T. molitor’ un pupalasma oranm ve
pupadan ¢ikis siiresine etkisi arastirilmistir. Denemeler, sicakligi 27+2°C
ve nisbi nemi %6045 olan devamli karanlik laboratuvar kosullarinda
yapilmigtir. Arastirmada iki farkli besin tipi kullanilmistir. 1. besin;
bugday riiseymi ve kuru mayadan olusurken, 2. besin; tam bugday unu ve
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misir unun (esit miktarda) dan olusmustur. Oncelikle denenen besin
ortamlarinda bocekler yetistirilmistir. Her iki besin igin de dort farkli larva
yogunlugunda deney seti hazirlanmistir. Plastik kaplarda larva sayisi, 20,
60, 200 ve 600 olacak sekilde ayarlanmistir. Biyolojik testlerde 50 mg-
120 mg arasi kiigiik larvalar tercih edilmistir. Pupalagma yiizdesi her iki
besinde de 200 larva yogunlugunda azalmis, 600 larva yogunlugunda ise
keskin bir diisiis olmustur. Ozellikle yogunlugun ortaya ¢ikardig1 negatif
etkilerin 2. besinde daha bariz ortaya ¢iktig1 tespit edilmistir. Pup siireleri
bakimindan degil, 6zelikle larvalarin pupalagsmasinda yogunluktaki etkiler
daha bariz olmustur. Sonug olarak, canli yem olarak ¢ok fazla sayida talep
goren T. molitor den daha fazla verim almak, lireme hizin1 arttirmak
bakimindan larva yogunlugunun ozellikle 200 iin iizerinde olmamasi

. - avanvajli olacaktir
This work is licensed under a

Creative Commons Attribution  Anahtar Kelimeler: Tenebrio molitor, larval yogunluk, pupalagma orant,
4.0 International License pupadan gikis siiresi

Introduction

The yellow mealworm, Tenebrio molitor Linnaeus, 1758 is a pest of stored products. It is also a natural
feed for poultry and fish due to its high nutritional content. The ability of its larvae to break down
polystyrene and plastic parts, being a natural feed source and being recommended for human nutrition
has increased the interest in this insect in recent years. [1-5]. Research efforts to reduce the cost of
producing T. molitor are focused on determining the ideal rearing conditions and diet [6-15]. On the
other hand, larval density, in particular, can significantly affect production efficiency. Previous studies
have found that in many tenebrionid species, pupation is delayed or inhibited by crowding, including T.
molitor [16]. Weaver and McFarlane, [17] reported that larval crowding negatively affects growth in T.
molitor and found that growth rates decreased with increasing larval densities. A different study reported
that larval crowding is well-tolerated by T. molitor [18]. Larval crowding reduced pupation in Tribolium
castaneum (Herbst, 1797) (Coleoptera: Tenebrionidae) [19]. In Gnatocerus cornutus (Fabricaus, 1798)
(Coleoptera: Tenebrionidae), increased larval density delayed development and increased mortality and
cannibalism [20]. Similarly, in Alphitobius diaperinus Panzer, 1797 (Coleoptera: Tenebrionidae), high
larval densities were associated with prolonged development times and decreased pupal weight [21].
Further research is needed to determine the optimal larval density in the mass production of T. molitor.
The growing importance of this species, particularly for use as animal feed, requires a more in-depth
understanding of the effect of different rearing conditions and larval density on production. Therefore,

it is important to determine the optimal cut-off point for larval density.
Material and Methods
Material

In this study, Tenebrio molitor, one of the most common stored grain pests in Tirkiye, was used. The
larvae used for biological tests were obtained from the stock culture at the Science Research Laboratory

of Sinop University Faculty of Education.
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Method

This study researches the effect of larval density on pupation rate and time to emergence from pupation
in Tenebrio molitor (Coleoptera: Tenebrionidae) reared on two different feeds. The trials were
conducted under laboratory conditions in continuous dark (CD) with a temperature of 27+2°C and
relative humidity of 60%+5. Two different nutrient and four larval density groups were used in the study.
The first nutrient composition consisted of dry yeast and wheat germ (150 gr in total, 1/2). The second
nutrient composition consisted of whole wheat flour and corn flour (150 gr in total, 1/1). The studies
first started by rearing the beetle with this nutrient. The beetles were reared in medium size wide plastic
containers (30x20x5 ¢cm). Wood dust was added to nutrients to ease movement and the nutrients were
renewed every 10 days. The larvae in the old nutrients were sieved and transferred to the new nutrient.
Small pieces (2 for each, 4x4x6 cm) were cut from egg boxes which provide convenience for adults to
mate and which is also preferred to lay eggs and they were placed in containers. While the plastic
containers were covered to prevent other living beings from being transmitted, small holes were opened
on the top side to enable the insects to breathe. Potato was used for humidity (3x3 cm). Potatoes were
given wrapped in aluminium foil to prevent from contacting with the nutrients which otherwise may
lead to the decaying of the potatoes and moistening of the nutrients as well. Potatoes were changed every

3 days for the litter not to get mouldy. Litter for nutrients was adjusted as 4-5 cm high.
Biological Tests

The research was started with the beetle reared for two generations in the nutrient composition studied.
Each nutrient composition was prepared in the abovementioned amounts. For each nutrient composition
and different larval density groups (20, 60, 200, and 600 larvae), four sample groups were formed with
the beetle taken from the population at different times. Experimental sets were prepared at four different
larval densities for both foods. The number of larvae in plastic containers was adjusted to 20, 60, 200
and 600. To ensure equality, all larvae were selected from small larvae. (between 50 mg-120 mg). As
the pups formed in the vessels, they were taken into separate containers. The number of pupating larvae
and dead larvae were recorded. The dishes were checked every day and the pups were taken the day
they were first formed and then placed in petri dishes (9 cm x1.5 cm). Petri dishes were observed daily
and the time from pups to adults was recorded. The time to emerge from the pupa was determined by
calculating the time at each adult emergence. Three repetitions were performed for each intensity on

each food and the results were averaged.
Statistical Analysis

In the study, pupation percentages and time to emergence from pupation (in days) were presented as
descriptive statistics and compared based on different larval density groups (20, 60, 200, and 600 larvae).

The ANOVA test was used for statistical comparison. The groups that were significantly different in the
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ANOVA test were compared with the Tukey test. All statistical hypothesis tests were performed using

the R-Project software. The margin of error was determined as 5% in hypothesis testing.
Results

Table 1 presents the descriptive statistics for pupation rates (%) based on larval density groups.

Table 1. Descriptive statistics for pupation rates for Feed 1 and Feed 2.

Feed Group X SD Min Max
20 larvae 92.2 14 90.7 93.3
60 larvae 95.9 1.2 94.5 96.6

Feed 1
200 larvae 83.0 1.5 81.8 84.7
600 larvae 61.4 3.0 58.8 64.6
20 larvae 83.9 4.4 80.5 88.8

Feed 2 60 larvae 91.9 1.3 90.8 93.4
200 larvae 71.4 2.4 68.9 73.6
600 larvae 51.0 3.1 48.9 54.5

X: Mean, SD: Standard deviation, Min: Minimum, Max: Maximum

Table 2. Descriptive statistics for time to emergence (days) for Feed 1 and Feed 2.

Feed Group X SD Min Max
20 larvae 6.6 1.2 5.0 9.0

Feed 1 60 larvae 6.7 1.3 5.0 9.0
200 larvae 6.9 1.2 5.0 9.0
600 larvae 7.2 1.0 6.0 9.0
20 larvae 6.9 1.1 5.0 9.0

Feed 2 60 larvae 6.7 1.0 5.0 9.0
200 larvae 6.7 1.2 5.0 9.0
600 larvae 75 1.0 6.0 9.0

X: Mean, SD: Standard deviation, Min: Minimum, Max: Maximum

Table 2 presents the descriptive statistics for time to emergence (days) based on larval density groups.

Table 3. ANOVA test results where pupation percentages for Feed 1 is the dependent variable

DF SS MS F P
Group 3 2152.6 717.5 202.100 <0.001
Error 8 28.4 3.6

DF: Degree of freedom, SS: Sum of squares, MS: Mean sum of squares

Table 3 presents the ANOVA test results for pupation percentages considering different larval density
groups (20, 60, 200, 600 larvae) for Feed 1. According to the ANOVA table, pupation percentages for
Feed 1 were significantly different between larval density groups (F=202.100, P<0.05). Tukey test, a

multiple comparison test, was applied to larval density groups that were significantly different.
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Table 4. Pupation percentages of T. molitor for groups of different larval densities with Feed 1

95% CI
MD Lower limit Upper limit P
20 larvae-200 larvae 9.2 4.2 14.1 0.002
600 larvae-200 larvae -21.6 -26.6 -16.7 <0.001
60 larvae-200 larvae 12.9 7.9 17.8 <0.001
600 larvae-20 larvae -30.8 -35.7 -25.9 <0.001
60 larvae-20 larvae 3.7 -1.2 8.6 0.153
60 larvae-600 larvae 345 29.6 39.4 <0.001

MD: Mean difference, Cl: Confidence interval of mean difference

For larval density groups that were found to be significantly different (see Table 3), a Tukey test was
performed to determine the group from which the difference originated and the results are presented in
Table 4. According to the post hoc analysis, with Feed 1, the group with a larval density of 60 had a
significantly higher pupation percentage compared with the groups of 200 and 600 larvae. Moreover,
with Feed 1, the group with the larval density of 600 had a significantly lower pupation percentage
compared with the groups of 20 and 200 larvae. On the other hand, with Feed 1, the group with a larval
density of 20 had a significantly higher pupation percentage compared with the group of 200 larvae.

Table 5. ANOVA test results where pupation percentages for Feed 2 is the dependent variable

DF SS MS F P
Group 3 2859.9 953.3 106.600 <0.001
Error 8 71.5 8.9

DF: Degree of freedom, SS: Sum of squares, MS: Mean sum of squares

Table 5 presents the ANOVA test results for pupation percentages based on different larval density
groups (20, 60, 200, 600 larvae) for Feed 2. According to the ANOVA table, pupation percentages for
Feed 2 were significantly different between larval density groups (F=106.600, P<0.05). Tukey test, a
multiple comparison test, was determined to be appropriate to compare larval density groups that were

significantly different.

Table 6. Pupation percentages of T. molitor for groups of different larval densities with Feed 2

MD _ _95% Cl . b
Lower limit Upper limit
20 larvae-200 larvae 12.4 4.6 20.3 0.004
600 larvae-200 larvae -20.4 -28.3 -12.6 <0.001
60 larvae-200 larvae 20.5 12.7 28.3 <0.001
600 larvae-20 larvae -32.9 -40.7 -25.0 <0.001
60 larvae-20 larvae 8.1 0.2 15.9 0.043
60 larvae-600 larvae 40.9 33.1 48.8 <0.001

MD: Mean difference, Cl: Confidence interval of mean difference
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For larval density groups that were found to be significantly different (see Table 5), a Tukey test was

performed to determine the group from which the difference originated and the results are presented in
Table 6. According to the post hoc analysis, with Feed 2, the group with the larval density of 600 had a
significantly lower pupation percentage compared with the groups of 200, 20, and 60 larvae. Moreover,
with Feed 2, the group with the larval density of 60 had a significantly higher pupation percentage
compared to groups with 20 and 200 larvae. On the other hand, with Feed 2, the group with the larval

density of 20 had a significantly higher pupation percentage compared to the group with 200 larvae.

Table 7. ANOVA test results where time to emergence (days) for Feed 1 is the dependent variable

DF SS MS F P
Group 3 55 1.8 1.328 0.269
Error 116 161.1 1.4

DF: Degree of freedom, SS: Sum of squares, MS: Mean sum of squares

Table 7 presents the ANOVA test results for time to emergence (days) based on different larval density
groups (20, 60, 200, 600 larvae) for Feed 1. According to the ANOVA table, time to emergence from
pupation (days) with Feed 1 was not statistically different between groups of larval densities (F=1.328,
P>0.05).

Table 8. ANOVA test results where time to emergence (days) for Feed 2 is the dependent variable

DF SS MS F P
Group 3 15.0 5.0 4,192 0.007
Error 116 138.7 1.2

DF: Degree of freedom, SS: Sum of squares, MS: Mean sum of squares

Table 8 presents the ANOVA test results for time to emergence (days) according to larval density groups
(20, 60, 200, 600 larvae) for Feed 2. According to the ANOVA table, time to emergence from pupation
(days) for Feed 2 was significantly different considering larval densities (F=4.192, P>0.05). Tukey test,
a multiple comparison test, was found to be appropriate to compare larval density groups that were
significantly different.

Table 9. Time to emergence from pupation for T. molitor between groups of larval densities with Feed 2
95% ClI

MDb Lower limit Upper limit P
20 larvae-200 larvae 0.3 -0.5 1.0 0.781
600 larvae-200 larvae 0.9 0.1 1.6 0.014
60 larvae-200 larvae -0.0 -0.7 0.7 1.000
600 larvae-20 larvae 0.6 -0.1 1.3 0.151
60 larvae-20 larvae -0.3 -1.0 0.5 0.781
60 larvae-600 larvae -0.9 -1.6 -0.1 0.014

MD: Mean difference, Cl: Confidence interval of mean difference
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For larval density groups that were found to be significantly different (see Table 8), a Tukey test was

performed to determine the group from which the difference originated and the results are presented in
Table 9. According to the post hoc analysis, with Feed 2, the time to emergence (in days) was
significantly longer for the group with the larval density of 600 compared to groups with 200 and 60

larvae.
Discussion

Several studies on T. molitor Linnaeus, 1758 report negative effects with high larval density, in parallel
with our results. Producers often resort to cold exposure to increase production yield in this species; on
the other hand, it will be favorable to determine the exact effect of larval density on the reproduction of
T. molitor. According to Tschinkel and Willson [16] the negative impact of larval crowding in certain
tenebrionids is due to physical contact between larvae, or in other words, mechanical stimulation.
Although T. molitor is comparatively insensitive to mechanical disturbances, pupation was significantly
delayed by tactile stimulation (disturbing with chains) and vibration at low larval densities. Weaver and
McFarlane [17] hypothesized that in the setting of high larval density, the reduced growth in T. molitor
was due to reduced feeding opportunities caused by intraspecific competition. The same authors reared
one-day-old larvae of Tenebrio molitor at 30+=1°C at 55%+5% RH at densities of 1, 2, 5, 10, and 20
larvae per 455 mL rearing jar. After one month, larvae reared at a density of 20 were significantly larger
compared to those reared at a density of two individuals, which were the smallest. Harada and Spence,
[22] investigated the effects of rearing density on the duration of nymphal development in two wing-
dimorphic water strider species, namely Gerris buenoi Kirkaldy and Gerris pingreensis Drake and
Hottes (Hemiptera: Gerridae). Accordingly, they noted that under higher larval density, the average
nymphal period was significantly reduced by approximately 4-5 days for both species. However, they
did not find larval density to be significantly associated with per cent survival in either species. Silva et
al. [23] conducted a study to develop a mass production method for Euschistus heros (Fabricius, 1798)
(Hemiptera: Pentatomidae) in laboratory. Nymphs were reared at egg densities of 100, 200, 300, and
400 per petri dish (diameter 9 cm), and adults at densities of 50, 100, 150, and 200 couples per rearing
dish (900 mL). The highest survival rate was recorded in the group with an egg density of 100 (89%).
They reported that a density of 100 couples per rearing cage was the best density to improve the quality
of the progeny. Ito [24] reported that in O. strigicollis and O. laevigatus, when the initial nymphal
density was 100400, the average rate of individuals reaching the adult stage was 74-87% while noting
that the studied species had a high breeding capacity. In another study on T. molitor, reproductive output
per female decreased with increasing adult density. In this study, progeny per unit area peaked at a
density of 14 adults/dm and then sharply declined. Larval growth was also adversely affected by larval
density in Tenebrio molitor Linn, possibly due to reduced feeding opportunities as a result of increased

competition [25]. In our study, the decreased pupation rates recorded with high larval densities may be
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due to nutritional deficiency associated with competition. This decrease was particularly prominent in

groups with a larval density of up to 600. Pupation rates were higher at relatively lower densities. This
is consistent with the study which concluded that T. molitor well adapts to high larval densities and can
boost immunity in crowded conditions to prevent infection [26]. However, in our study, particularly at
a density of 600 larvae, the pupation rate was 61.4% with Feed 1 and 51% with Feed 2 (Table 1). The
higher pupation rate achieved with Feed 1 may be because of the compatibility of its composition to the
biological requirements of the species. Pupation began to decrease particularly after a density of 60
larvae, and this decrease was even more prominent after passing a larval density of 200. Overall, with
Feed 1, time to emergence was not prominently associated with larval density, that is results were similar
for all larval density groups. With Feed 2, time to emergence was significantly longer in the group with
a larval density of 600 (Table, 2).

Conclusions

In our study, pupation rates were higher especially in groups with densities of 20 and 60 larvae. The
negative impact of crowding was particularly prominent with Feed 2. This may be because Feed 1 was
more compatible with the biological requirements of the studied species. The effects of crowding were
even more prominent on pupation rates compared to time to emergence from pupation. In conclusion,
for the production of T. molitor, which is commonly used as a live feed, it is preferable to have a larval

density below 200 to get a higher yield and better reproduction rates.
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Abstract

In this study, the meat yield, nutritional composition (protein, fat,
moisture, ash, carbohydrate), amino acid content, fatty acid composition,
and mineral and heavy metal contents of annular seabream (Diplodus
Research Article annularis) were investigated. Additionally, the lipid quality indices (LQI)
of annular sea bream were examined. The meat yield of annular seabream
was found to be 29.69%. Protein, fat, moisture, ash and carbohydrate
values were 17.78 g/100g, 2.28 g/100g, 76.96 g/100g, 1.80 g/100g and
1.19 g/100g, respectively. The total amount of essential amino acids and
non-essential amino acids were determined as 147.45 mg/g and 462.74
Corresponding Author mg/g, respectively. Polyunsaturated fatty acids (PUFAs) were the
Bengiinur CORAPCI predominant fatty acids (37.74%), followed by saturated fatty acids
bengucorapci@hotmail.com (SFAS) (34.85%) and monounsaturated fatty acids (MUFAS) (27.36%).
Atherogenicity Index (Al), Thrombogenicity Index (TI) and Polyene
Index (PI) from LQIs were calculated as 0.47, 0.35 and 0.91, respectively.
ORCID of the Authors The H/H (Hypocholesterolemic/hypercholesterolemic) ratio of annular
B.C: 0000-0002-1005-5406 seabream was 2.83 and FLQ (Fish Lipid Quality) was 14.48. The first
three of the most abundant minerals in annular sea bream were potassium
(K), phosphorus (P) and sodium (Na). The heavy metals Hg, Pb and Cd
were found within the allowed limit values. As a result, the annular
seabream meat was found to have low fat values and high protein content,
Received: 08.03.2024 and to contain essential amino acids, polyunsaturated fatty acids and
Accepted: 13.08.2024 important minerals. The current study is the first research conducted on

the nutritional composition of annular sea bream in the Black Sea.

Keywords: Annular seabream, meat yield, nutritional composition, amino
acid, fatty acids, lipid quality indices, mineral composition, heavy metals

Karadeniz’de Avlanan Isparoz Bah@ (Diplodus annularis Linnaeus, 1758)’nin Et
Verimi, Besin Kompozisyonu, Lipid Kalite Indeksleri, Mineral ve Agir Metal
Icerikleri Uzerine Bir On Calisma

Department of Fishing and Oz
Seafood Processing Technology, ~Bu ¢alismada isparozun et verimi, besin kompozisyonu (protein, yag,
Sinop University, Faculty of nem, kiil, karbonhidrat), aminoasit igerigi, yag asitleri kompozisyonu,
Fisheries, Sinop, Tiirkiye mineral igerigi ve agir metal icerikleri arastirilmistir. Ayrica isparoz

baliginin yag kalite indeksleri incelenmistir. Isparoz baliginin et verimi
%29.69 olarak bulunmustur. Protein, yag, nem, kiil ve karbonhidrat
degerleri sirastyla, 17.78 g/100g, 2.28 g/100g, 76.96 g/100g, 1.80 g/100g
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ve 1.19 g/100g olarak tespit edilmistir. Toplam esansiyel aminoasit
miktar1 147.45 mg/g, toplam esansiyel olmayan aminoasit miktar1 ise
462.74 mg/g olarak belirlenmistir. Coklu doymamig yag asitleri (PUFAS)
(37.74%) baskin yag asitleri olup, onu doymus yag asitleri (SFAS)
(34.85%) ve tekli doymamis yag asitleri (MUFAS) (27.36%) takip
etmistir. Yag kalite indekslerinden aterojenite indeksi (Al), trombojenite
indeksi (TI) ve polien indeksi (PI) sirastyla 0.47, 0.35 0.91 olarak tespit
edilmistir. Isparoz baligmmm H/H oram 2.83 ve FLQ ise 14.48 olarak
bulunmustur. Isparoz baliginda en fazla bulunan minerallerden ilk iigii
potasyum (K), fosfor (P)ve sodyum (Na) olarak oOlgiilmiistiir. Agir
metallerden Hg, Pb ve Cd izin verilen limit degerler igerisinde
bulunmustur. Sonug olarak bu ¢aligmada isparoz balig: etinin, diisiik yag
ve yiiksek protein igerigine sahip oldugu, esansiyel aminoasitleri, ¢oklu
doymamis yag asitlerini ve dnemli mineralleri biinyesinde bulundurdugu
tespit edilmistir. Mevcut ¢alisma Karadeniz’de isparoz baliginin besinsel
kompozisyonuna yonelik olarak gerceklestirilen ilk aragtirma ozelligini
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Introduction

Fish is considered a nutritionally valuable part of the human diet and its consumption twice a week is
recommended, generally due to the content of polyunsaturated fatty acids (PUFA) in fish meat [1].
Moreover, it is an important source of high-quality protein, valuable oils, vitamins and minerals [2]. The
findings reveal that fish is a valuable source of essential amino acids and polyunsaturated fatty acids
that play important physiological functions in the maintenance and development of fetuses, neonates,
and infant brains [3]. For all these reasons, fish is a nutrient which human need beginning from the
mother’s womb till adulthood and throughout their lives. It is also an indispensable part of healthy and
balanced nutrition. The annular seabream (Diplodus annularis Linnaeus, 1758) is a species of fish from
the family Sparidae. It is locally known as "isparoz', 'ispari' or 'isparoz' in Tiirkiye. Its colours may be
silver grey or yellow green depending on where it lives and what it eats. It is adapted to seagrasses in
terms of appearance and colour. Its abdominal parts are generally white. The black band on the tail stalk
is its most distinctive feature. Their bodies are covered with large scales. It is a demersal fish species.
They survive in seagrass (Posidonia) beds on sandy bottoms and rarely on rocky bottoms. It is caught
using trawl nets, bottom gillnets and fishing lines [4, 5]. In some regions, this species may prefer places
where fish farms are located, to feed on fishmeal distributed from cages to the environment [6]. It is
found in the Eastern Atlantic from southwestern France to southwestern Spain and Portugal, including
the Canary Islands, throughout the Mediterranean, and in the Black Sea and the Sea of Azov [7]. The
annular seabream can survive between depths of 0-90 meters. It feeds on worms, crustaceans, molluscs,
echinoderms and hydrozoans. Although this is a hermaphrodite species, both sexes are seen in a
population. Some individuals are protandric. Although the maturity length varies between 8-19.6 cm,

the maximum growth length has been reported as 28 cm [7]. Despite the fact that the breeding time
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depends on water temperature, the periods were reported as June-August in the Black Sea, April-August

in the Marmara Sea and the Mediterranean, and March-August in the Aegean Sea.
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Note: Distribution range colours indicate degree of suitability of habitat which can be interpreted as probabilities of occurrence.

Figure 1. Distribution of annular seabream (Diplodus annularis) in marine areas and the sampling
area [7]
Recommended consumption months of annular seabream are January, February, October, November
and December for the Marmara Sea and the Mediterranean; January, February, March, April, October,
November and December for the Black Sea; and January, October, November and December for the
Aegean Sea [8]. The production quantity of annular sea bream over the past decade (2013-2022) has
been reported as 106.6, 58.7, 75, 84.2, 86.6, 45.9, 54.1, 54, 55, 38.2 tonnes/per year, respectively [9].
When the available data is considered, it can be said that the production amount of annular seabream
can be suggested to generally decrease over time. The population density of annular seabream in the
Black Sea is lower than those at the Aegean and the Mediterranean coasts of Tiirkiye and in the European
and African coasts of the Eastern Atlantic. The quite low production amount is probably due to the low
population density on the Turkish coast, as well as the fact that hunting as a target species is not a much-
preferred approach [6]. Many studies have been carried out on the age, growth, feeding habits and nets
used in hunting the annular sea bream [10 — 14]. In addition, the species has been the subject of various
studies in recent years to evaluate marine pollution and ecological risks [15, 16]. Studies on the chemical
composition of annular sea bream are quite limited [17, 18]. Information on the fatty acid content of
annular seabream can be obtained through literature [19 — 21]. Annular seabream is not an economically
valuable fish. It is not caught as a target species. However, it is a by-catch, which can be sold by
fishermen at certain periods in some provinces of the Black Sea, especially in Sinop. Research on the
nutritional composition of this fish is quite limited. Moreover, no studies on the nutritional composition

of annular sea bream caught in the Black Sea have been encountered in literature. The current study will
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serve as a pioneering work and is important in terms of its contribution to literature as well as its

informative content to consumers. This study aims to examine the meat yield, nutritional composition,
amino acids, fatty acids, lipid quality indices, and the mineral and heavy metal contents of annular
seabream caught in the Black Sea. It is thought that the data obtained will provide significant

contributions to future studies on the subject.
Materials and Methods
Material

In the present study, 2 kg (n=10) of annular seabream (Diplodus annularis) with average lengths of
19.04+£0.24 cm and average weights of 136.30+6.02 g were used as raw material. To create
homogeneous samples, larger fish were selected based on their sexual maturity. The fish were purchased
from a local fisherman in Sinop, (Tiirkiye) in May 2023. The fish were covered with ice chips in
styrofoam boxes and brought to the laboratory in 20 minutes.

Methods
Determination of Meat Yield (%)

The head, fins, internal organs, skin and bones of the fish were cut and weighed separately to calculate
the meat yield of the fish. Following removal of the head, fins, skin, bones and all internal organs, the
meat weight of the fish was assessed. The ratio of edible meat weight to total body weight was calculated
as meat yield. The obtained values were used in the formula below and the results were evaluated.
Meat yield (%) = [edible meat weight (g)/whole weight(g)]x100 [22]

Nutritional Composition Analyses
Nutritional Composition

Crude protein and crude fat contents of the samples were determined according to the methods of AOAC
[23] and Bligh and Dyer [24], respectively. Determination of % moisture content was carried out
according to Ludorf and Meyer [25]. Crude ash contents were analyzed according to the methods used
by AOAC [26]. Energy value was calculated following Falch et al. [27]. All measurements were carried

out in triplicate.
Amino Acids

Homogenized fish meat (0.5 g) was weighed and burned with 20 ml HCl at 110°C for 18-24 hours [28].
20 ml of pure water was added to the sample and it was dried in an evaporator at 70°C. The volume was
completed to 50 ml in a volumetric flask with pure water. Amino acids were separated by Zorbax Eclipse
AAA, UFLC using a 4.6 X 150 mm, 3.5 pm column. The flow rate was set to 1 mL/min and the column

temperature was set to 40 °C. All samples were analyzed in duplicate and the results were given in mg/g.
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Fatty Acids

Fatty acid compositions of samples were detected by Gas Chromatography/Mass Spectrometry
(GC/MS, Thermo Scientific 1ISQ LT) equipped with an autosampler. The capillary column used was
Trace Gold TG-WaxMS (60 m) with an inner diameter of 0.25 um and a thickness of 0.25 um. The
temperature was held initially at 100°C for 3 min and then increased to 240°C at a rate of 4°C/min, with
an initial hold of 6 min. The carrier gas used was helium (1 ml/min) and the split ratio was 1:20. Front
inlet temperature was set to 240°C, MS transfer line temp and ion source temperatures were 250°C and
240°C, respectively. The mass spectrometer was operated in the electron impact ionization mode (70
eV). A FAME mix (Supelco, 37 comp., Bellefonte, PA, USA) was used to provide standards for
comparison [29].

Lipid Quality Indices (LQI)

Atherogenic  Index  (Al),  Thrombogenicity  Index  (TI), Polyene Index (Pl),
Hypocholesterolemic/hypercholesterolaemic Index (HH) and Fish Lipid Quality (FLQ) were calculated
by using following equations described by Ulbricht and Southgate [30], Lubis and Buckle [31], Santos-
Silva et al. [32] and Abrami et al. [33].

Al = C12+(4XC14)+C16 o)
Zn6+Xn3+XMUFA
C14+C16+C18
T = (0.5XIMUFA)+(0.5X2n—6)+(3xZn—3)+(n-3)/(n—6)" (2)
__ (C20:5+C22:6)
Pl = — e 3)
HH = (C18:1n-9 + €18:2n—6 + €18:3n—3 + €20:4n—6 + €20:5n—3 + €22:5n-3 + C22:6n—3). (4)
(C14:0 + C16:0)
FLQ = (EPA%+DHA%) 10 (5)

" Total fatty acids%
Determination of Minerals and Heavy Metals

According to the method described by Milestone [34] the acid (7 ml of HNO3; 65%, 1 ml H,O, 30%:
Merck, Darmstadt, Germany) digestion of the sample in a closed vessel device is provided using a
temperature control microwave (Ethos D, Milestone Inc. Sorisole, Italy) for the determination of metals
by spectroscopic methods. Analyses of 28 elements (Macro, trace elements and heavy metals: Na, Mg,
K, P, Ca, Si, Fe, Zn, Al, Rb, Sr, Cr, Ti, Be, Se, Cu, Mn, Li, Mo, Ni, Sh, Cs, Ba, Gd, As, Hg, Pb, Cd)
were carried out using inductively coupled plasma mass spectrometry using dynamic reaction cell
technology (Agilent Technologies / 7700X ICP-MS Systems). Results are expressed in milligrams of

element per kilogram of fish meat. All samples were analyzed in triplicate.
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Public Health Risk Analysis
Metal Pollution Index (MPI)

The following formula was used to find the MPI value;

MPI = (C1XC1X ......XCn)+ (6)

Cn = metal concentration in the sample (mg-kg-1)

n = number of samples [35]
Estimated Daily Intake (EDI), Estimated Weekly Intake (EWI)

The weekly seafood consumption amount used in calculating the EDI and EWI values was calculated
using the average per capita seafood consumption amount in Tiirkiye in 2022. This value is
approximately 0.140 kg-week-1 (7.3 kg/52 weeks annually) [36].

The USEPA [37] equation (7) below was used to calculate the EDI value:

Mxw
BW

EDI =

(")

where:

M = metal concentration in the sample (mg-kg-1)

W =daily amount of seafood consumption (kg)

BW = body weight (kg)

The relation between the EWI and EDI is presented in the equation (8).

EWI = EDIx7 (8)

In the study, the average weight of an adult was taken as 70 kg (18 years old) and
32 kg for children (10 years old) [38].

Results and Discussion
Meat Yield (%)

The length, weight and meat yield of annular seabream are shown in Table 1. The average length and
average weight of annular seabream were found as 19.04 cm and 136.30 g, respectively. Kasapoglu and
Duzgunes [39] reported minimum and maximum length and weight values of annular sea bream in the
Black Sea as 6.4-7.8 cm and 2.79-8.21 g. In another study conducted in the Black Sea, these values were
given as 13.3-23 cm and 50.3-235.8 g [6]. In a study comparing the length and weight values of annular
seabream for Turkish waters, the minimum/maximum length was reported as 12-23.2 cm and the weight
as 28.69-180 g [13]. Samsun et al. [40] reported that the minimum and maximum length-weight values

of annular seabream in the central Black Sea (Sinop) were 12.5-23.4 cm and 39.9-249.3 g, respectively.
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Table 1. The length, weight and meat yield of annular seabream (Diplodus annularis)

Min Avg Max
Fish Total Lenght (cm) 17.8 19.04+0.24 20
Fish Total Weight (g) 107.64 136.30+6.02 174.57
Fillet weight (g) 31.24 40.47+1.85 54.56
Meat yield (%) 27.33 29.69+0.58 33.38

Values are shown as mean =+ standard error (n=10)

The average meat yield of annular seabream was found as 29.69%. To select homogeneous samples,
larger fish were picked based on their sexual maturities. Lenght-weight ratios and meat yield % may
vary depending on various factors. Age of the fish, catch region, maturity, nutritional status, water
temperature, etc. are some of these factors.

Nutritional Composition

Protein, fat, moisture, ash and carbohydrate contents of annular seabream were found as 17.78%, 2.28%,
76.96%, 1.80% and 1.19%, respectively (Figure 2). The energy value of the annular seabream was
calculated as 96.35 kcal/100g.
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Figure 2. Nutritional composition of the annular seabream (Diplodus annularis) (g 100g/wet weight
(ww))

No study has been found in literature investigating the nutritional composition of annular seabream
inhabiting the Black Sea. Moreover, Smichi et al. [41] pointed out that there is no published data on the
nutritional quality and composition of annular seabream, although it has a wide distribution in the
Mediterranean. However, Ketata-Khitouni et al. [17] examined the protein, fat, moisture and ash
amounts of samples taken from different body parts of the male and female annular sea breams,
separately. In another study, the chemical composition of sea bream was investigated seasonally. When
compared with the sampling conducted by the researchers in May, the moisture and protein % values of

the data obtained were found to be close to our study, while the fat and ash values were higher than
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those found in our study [18]. Smichi et al. [41] calculated the protein, fat and moisture values of annular

seabream on dry weight. Accordingly, the % moisture value of annular sea bream was reported as
18.67% based on dry matter. Ozogul et al. [21] reported the fat value of annular sea bream as 2.52%. In
another study, Passi [19] reported this value as 2.32%. It can be said that these fat values are quite close

to the values found in our study.
Amino Acids

The amino acid composition of annular seabream is shown in Table 2. Seafood is one of the most
aromatic foods. It has a particularly delicious and different aroma compared to other foods, especially
because it contains a high proportion of glutamic acid [42]. The first three amino acids most abundant
in annular seabream were glutamic acid, aspartic acid and alanine, respectively. However, the least
abundant ones were cystine, tyrosine and histidine, respectively. While the total amount of essential
amino acid was 147.45 mg/g, the total amount of non-essential amino acid was measured as 462.74
mg/g. The ratio of essential/non-essential amino acids (E/NE) was observed to be 0.32 in the annular
seabream. The amount of total sweet amino acids was found to be higher than the total bitter amino

acids.
Table 2. Amino acid composition of annular seabream (Diplodus annularis)
Amino acids (mg/g / ww) Annular seabream
(Diplodus annularis)
Alanine 56.39+2.33
Leucine* 18.24+1.57
Aspartic acid 100.57+1.94
Arginine 13.96+1.20
Cystine 1.48+0.14
Glutamine 15.16£1.07
Glutamic acid 225.40+25.93
Histidine* 8.07+1.30
Isoleucine* 18.12+1.87
Lysine* 15.10+1.33
Methionine 9.41+2.21
Phenylalanine* 8.83+0.23
Proline 23.27+2.11
Serine 33.42+0.65
Threonine 43.32+2.34
Tyrosine 7.05+£0.22
Valine* 12.42+0.42
Total amino acids 610.19+39.92
Total essential amino acids (E)* 147.45+3.65
Total non-essential amino acids (NE) 462.74+32.02
E/NE 0.32+0.00
Sweet amino acids 315.22+27.52
Bitter amino acids 55.35+5.73

All samples were analyzed in duplicate. Values are shown as mean + standard error

No study has been found in literature investigating the amino acid composition of annular seabream
(Diplodus annularis). However, in recent years, protein hydrolyzate studies have been carried out on

this species [43, 44]. Kouroupakis et al. [45] studied the amino acid composition of the species Diplodus

438



Corapct Sinop Uni J Nat Sci 9(2): 431-448 (2024)
E-ISSN: 2564-7873
sargus. When the data obtained in the aforementioned study were compared with the present study, it

was observed that glutamic acid was the highest amino acid in both studies. Similarly, total essential

amino acids were lower than total non-essential amino acids in both studies.
Fatty Acids

The fatty acid composition of annular seabream is shown in Table 3. The XSFA amount was found to
be 34.85%. While the highest amount of saturated fatty acid was found as palmitic acid (15.86%), the
lowest amount of saturated fatty acid was tridecanoic acid (0.02%). The amount of XMUFA was
27.36%. Oleic acid was the highest monounsaturated fatty acid with 19.42%, whereas erucic acid was
the lowest with 0.11%. The amount of ZPUFA was measured as 37.74%. The highest amounts of
polyunsaturated fatty acids were detected as linoleic acid (8.78%) and docosahexaenoic acid (8.76%),
respectively. These fatty acid values were found to be close to each other. However, the lowest amount
of polyunsaturated fatty acid was docosadienoic acid with a value of 0.16%. The amounts of ®3 and ©6
were 19.00% and 17.36%, respectively. Accordingly, the ®3/w6 ratio was calculated as 1.09%. Ketata-
Khitouni et al. [18] examined the seasonal fatty acid profile of annular sea bream. The total amount of
SFA, MUFA and PUFA in spring was reported as 42.43%, 35.32% and 22.24% in males, and 41.28%,
37.17% and 21.54% in females, respectively. In another study, the ZSFA, XMUFA and XPUFA contents
were reported as 28.73%, 54.66 %and 16.6%, respectively [41]. PUFA values in our study were found
to be higher than those found in both of these aforementioned studies. However, SFA and MUFA values
are different from each other. Another research was carried out on fish caught off the coasts of Tunisia.
There are many factors (such as catch location, catch time, nutritional status, age, and gender) that affect
the nutritional composition of fish in general. Passi et al. [19] and Bouhlel et al. [20] reported that the
amounts of palmitic acid, oleic acid and docosahexanoic acid in annular seabream were higher than the

other fatty acids detected. These results are similar to our study.
Lipid Quality Indices (LQI)

Lipid Quality Indices (LQI) of annular seabream are shown in Table 4. In the simplest terms, the
Atherogenicity Index (Al) shows the relationship between total major saturated fatty acids and total
major unsaturated fatty acids. A low Al value is desirable to prevent micro and macro coronary diseases.
The Thrombogenicity Index (TI) indicates a tendency to form clots in blood vessels. It is defined as the
relationship between pro-thrombogenetic (saturated) and anti-thrombogenetic fatty acids (MUFAs,
PUFAs — n6 and PUFAs — n3) [30]. It has been reported that Al and TI values should be lower than 1
to prevent heart diseases [30, 46]. The Al and TI values obtained in our study were within the

recommended values.
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Table 3. Fatty acid composition of annular seabream (Diplodus annularis) (g 100g/wet weight(ww))

Fatty acid (%)

Annular seabream

C12:0 Lauric acid 0.12+0.00
C13:0 Tridecanoic acid 0.02+0.00
C14:0 Myristic acid 3.44+0.06
C15:0 Penta decanoic acid 0.91+0.04
C16.0 Palmitic acid 15.86+0.24
C17:0 Heptadecanoic acid 1.33+0.00
C18:0 Stearic acid 8.65+0.11
C20:0 Arachidic acid 0.84+0.02
C21.0 Heneicosanoic acid 0.04+0.01
C22:0 Behenic acid 0.57+0.03
C23:0 Tricosanoic acid 0.24+0.00
C24:0 Lignocerik acid 2.85+0.07
YSFA 34.85+0.32
Cl4:1 Myristoleic acid 0.40+0.01
C15:1 cis-10 Pentadecenoic acid 0.224+0.00
Ci16.1 Palimiteloic acid 1.57+0.04
C17:1 cis-10 Heptadecanoic acid 0.87+0.01
C18:1n9c Oleic acid 19.42+0.02
C18:1n9t Elaidic acid 1.96+0.09
C20:1 cis-11 Eicosenoic acid 1.88+0.01
C22:1n9 Erucic acid 0.11+0.01
C24:1 Nervonic acid 0.95+0.07
IMUFA 27.36£0.07
C18:2n6t Linoleadic acid 0.56+0.04
C18:2n6¢ Linoleic acid 8.78+0.03
C18:3n3 a-Linolenic acid 2.99+0.03
C18:3n6 g-Linolenic acid 0.33+0.01
C20:2cis 11,14 Eicosadienoic acid 1.234+0.02
C20:3n3 cis 11,14,17 Eicosatrienoic acid 1.54+0.01
C22:2 cis 13,16 Docosadienoic acid 0.16+0.01
C20:5n3 cis 5,8,11,14,17 Eicosapentanoic acid 5.71£0.02
C22:6n3 cis-4,10,13,16,19 Docosahexanoic acid 8.76+0.15
C20:4n6 Arachidonic acid 6.46+0.10
C20:3n6 cis-_8 11 14 Eicosatrienoic acid 1.234£0.02
XPUFA 37.74+0.36
3 19.00+0.22
6 17.36+0.13
Unidentified 0.06+0.03
®3/m6 1.09+0.00

All samples were analyzed in triplicate. Values are shown as mean =+ standard error

Table 4. Lipid Quality Indices (LQI) of annular seabream (Diplodus annularis)

Indices Annular References

seabream
Al (Atherogenicity Index) 0.47+£0.00  Ulbricht and Southgate [30]
TI (Thrombogenicity Index) 0.35+£0.00  Ulbricht and Southgate [30]
PI (Polyene Index) 0.91+0.02  Lubis and Buckle [31]
H/H (Hypocholesterolemic/hypercholesterolemic ratio) 2.83+0.05  Santos-Silva et al. [32]
FLQ (Fish Lipid Quality) 14.48+0.17  Abrami et al. [33]

Values are shown as mean =+ standard error
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The Polyene Index (PI) was used as a measure of PUFA damage [31]. In our study, the PI value was

calculated as 0.91. An increase in the amount of cholesterol in the blood is called hypercholesterolemia,
and a decrease in it is called hypocholesterolemia [47]. In the current study, the
Hypocholesterolemic/Hypercholesterolemic (H/H) ratio was 2.83. This ratio should be high in terms of
healthy nutrition. Based on the total lipids, fish lipid quality (FLQ) demonstrates the percentage of the
main HUFA-n3 (EPA and DHA\) in total fatty acids of the muscle. The higher the value of this index,
the higher the quality of the dietary lipid source [33]. In the current study, the FLQ value of annular

seabream was found as 14.48.
Minerals and Heavy Metals

Mineral and heavy metal contents of annular seabream are shown in Table 5 and Table 6. The mineral
content of muscle foods such as seafood is relatively variable and depends on several factors. Some of
these factors can be considered as nutrition, species, breed, sex, age at slaughter, muscle types,
physiological status, production system, processing methods and method of analysing the mineral
content of the meat samples [48 — 50]. In the present study, the concentrations of K, P, Na, Ca and Mg
minerals in the annular sea bream were in the order of K>P> Na>Ca>Mg. The potassium (K) and
phosphorus (P) content of the annular seabream were 6228.02 mg/kg and 3726.48 mg/kg, respectively.
The rarest minerals in the annular seabream were Cs, Mo, Gd, Ni and Sb, respectively. Ketata-Khitouni
et al. [18] reported that annular sea bream was rich in potassium (K) and calcium (Ca) in all seasons. In
another study, Smichi et al. [41] reported the main minerals in annular seabream as sodium (Na), calcium
(Ca) and magnesium (Mg). However, in the present study, P was found to be one of the most abundant
main elements, along with K, Na, Ca and Mg. In the current study, Fe, Zn, Cu and Ni values were
measured as 8.59 mg/kg, 7.89 mg/kg, 0.30 mg/kg and 0.02 mg/kg, respectively. These values were
reported as 12.20 mg/kg, 135.77 mg/kg, 0.11 mg/kg and 0.66 mg/kg in another work [51]. It was
observed that the findings of both studies were different from each other. Bat [52] reported the Fe, Zn
and Cu values of annular sea bream in the Black Sea as 19.3 mg/kg, 10.2 mg/kg and 0.17 mg/kg,
respectively. Accordingly, while the Fe and Zn values in our study were lower than the values of Bat

[52], the Cu value was found to be higher.
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Table 5. Mineral contents of annular seabream (Diplodus annularis) (mg kg?, ww)

Mineral elements Annular seabream (mg kg-1, ww)
Na 900.88+0.59
Mg 454.82+2.20

K 6228.02+10.03

P 3726.48+20.05
Ca 584.83+0.15
Mn 0.22+0.00
Se 0.50+0.00
Si 10.21+0.16
Fe 8.59+0.04
Zn 7.89+0.08
Al 4.09+0.03
Rb 1.13£0.00
Sr 1.95+0.01
Cr 0.83+0.00
As 0.71+0.01
Ti 0.59+0.02
Be 0.57+0.00
Cu 0.30+0.00
Li 0.05+0.00
Ba 0.08+0.00
Gd 0.02+0.00
Ni 0.02+0.00
Sh 0.02+0.00
Cs 0.01+0.00
Mo 0.01£0.00
Hg 0.15+0.00
Pb 0.02+0.00
Cd 0.01+0.00

All samples were analyzed in triplicate,
Values are shown as mean + standard error, ww. wet weight

In a study conducted with the Black Sea annular seabream, Cd, Hg and Pb values were reported as 0.01
mg/kg, 0.02 mg/kg and 0.12 mg/kg, respectively [52]. Cd values of the current study were similar to
those given by Bat [52]. However, in the current study, Hg values were found to be higher, while Pb
values were lower. Ben Salem and Ayadi [51] reported Pb and Cd values in annular sea bream as 0.17
mg/kg and 0.76 mg/kg, respectively. The same researchers reported the Hg value as 0.20 mg/kg [53].
The European Commission has set maximum levels for heavy metals in fish muscle. The legal limits
for Hg, Pb, and Cd are 500, 300, and 50 ug/kg w.w., respectively [54]. The values of Hg, Pb, and Cd in
the muscles of fish in the current study were below the maximum limits set by Commission Regulation
(EC) [54].

Public Health Risk Analysis
Metal Pollution Index (MPI)

The MPI value of the annular seabream was calculated as 0.23. Gencer and Kocatepe [55] reported that

high heavy metal contamination in the samples increased the MPI value. Haseeb-ur-Rehman et al. [56]
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reported in a study that the MPI values of various seafood products varied between 0.62 and 2.78.

Compared to these values, the metal pollution of annular seabream can be considered as quite low.
Estimated Daily Intake (EDI), Estimated Weekly Intake (EWI)

The EDIs and EWIs of metals through the consumption of annular seabream muscles are shown in Table
6. EWI values of Cd, Hg and Pb were compared with the Provisional Tolerable Weekly Intake (PTWI)
to assess public health risks. The PTWI values were assumed to be 0.007 mg for Cd, 0.004 mg for Hg
[38] and 0.025 mg for Pb [57].

Table 6. EDIs and EWIs of metals via consumptions of annular seabream muscles

Elements PTWI* PTWI** EDI EWI
Cd 0.007 0.49 2.86E-06 2.00E-05
Pb 0.025 1.75 5.71E-06 4.00E-05
Hg 0.004 0.28 4.29E-05 3.00E-04

* Internationally recommended PTWI safe levels for the studied metals.
Provisional tolerable weekly intake in mg/week/kg body weight [38]
**PTWI for a 70 kg adult (mg/week/kg body weight)

EDI Estimated Daily Intake (mg/day body weight)

EWI Estimated Weekly Intake (mg/week body weight)

The Estimated Weekly Intake (EWI) values for metals are based on an adult's weekly consumption.
Annular seabream's EDI and EW!I values were found to be below the recommended standard reference

values.
Conclusion

In the current study, meat yield, nutritional composition, amino acids, fatty acids, lipid quality indices,
and mineral and heavy metal contents of annular seabream caught in the Black Sea were investigated.
Accordingly, annular seabream was observed to have high protein and low fat content. The most
abundant amino acids in annular sea bream meat were found as glutamic acid, aspartic acid and alanine.
In addition, polyunsaturated fatty acids (PUFAS) were the predominant fatty acids. Al and TI values
were found to be less than 1. One can say that annular seabream is rich in potassium, phosphorus and
sodium minerals. Additionally, the amounts of Hg, Pb and Cd were found to be within the permitted
limits for consumption. As a result, annular seabream (Diplodus annularis) can be an alternative species
that can be consumed in healthy diets since it contains high protein, low fat, rich essential amino acids,
high quality fatty acids and important minerals. However, considering the annually declining stocks,

future studies should focus on the reasons for the low population density of this valuable fish.
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Oz

Depresyon, en yaygin zihinsel sorunlardan biridir ve intiharlarin 6nemli
bir nedenidir. Sosyal medya platformlarmin kullanimmin artmasi,
kullanicilarin giinliik dilini kullanarak ifade ettikleri ciimleler lizerinden
depresyonun erken teshisine olanak saglamistir. Sosyal medya
platformlarinin bireylerin giinliik hayatlarinda merkezi bir rol oynamaya
devam etmesiyle, bu platformlar1 ruh sagligi analizi i¢in kullanma
konusunda artan bir ilgi bulunmaktadir. Bu c¢alismada, Twitter
(giiniimiizde X) iizerinden depresyon siniflandirmasi yapilmistir. Bu
calismanin amaci1 Twitter'dan alinan tweetler arasinda depresif 6zellik
tagiyan tweetleri tespit etmektir. Calismada, Cift Yonli Uzun Kisa Siireli
Bellek (Bi-LSTM) mimarisi kullanarak depresyon tahmini i¢in yenilikgi
bir model sunulmustur. Bu model, tweetlerdeki dil 6zelliklerini kullanarak
depresyonun daha dogru tespiti i¢in uygun temizleme ve On isleme
tekniklerinden faydalanmaktadir. Calisma igin, Twitter API yoluyla elde
edilen 6zel bir veri seti olusturulmus ve analizler bu veri seti tizerinde
gerceklestirilmistir. Onerilen Bi-LSTM modeli, %97.22'lik bir dogruluk
oran1 elde ederek dikkate deger bir etkinlik gostermistir. Elde edilen
sonuglar, Twitter kullanicilarmin duygularindaki depresyonla ilgili
ortintiileri ayirt etmek i¢in derin 6grenme tekniklerinin kullanilabilirligi ve
etkinligini gostermistir. Bu arastirma, ruh sagligi izlemede ileri diizey
tahmin analitikleri icin bir temel olusturmakta ve depresyon tespit
modellerinin dogrulugunu ve verimliligini artirmada Bi-LSTM'in
potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Sosyal Medya, Depresyon Siniflandirmasi, Twitter,
Derin Ogrenme, Bi-LSTM

Using Deep Learning Techniques to Identify Depression in Social Media Interactions
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Abstract

Depression is one of the most common mental problems and an important
cause of suicide. The increased use of social media platforms has enabled
early diagnosis of depression through the sentences expressed by users
using everyday language. As social media platforms continue to play a
central role in individuals' daily lives, there is a growing interest in using
these platforms for mental health analysis. In this study, Twitter
(nowadays X) was used to categorize depression. The aim of this study is
to identify tweets with depressive characteristics among tweets retrieved
from Twitter. We present an innovative model for depression prediction
using a Bi-directional Long Short-Term Memory (Bi-LSTM) architecture.
This model utilizes appropriate cleaning and preprocessing techniques for
more accurate detection of depression using language features in tweets.
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For the study, a special dataset obtained through Twitter APl was created
and analyses were performed on this dataset. The proposed Bi-LSTM
model has shown remarkable effectiveness, achieving an accuracy rate of
97.22%. The results obtained demonstrated the feasibility and
effectiveness of deep learning techniques for recognizing depression-
related patterns in the emotions of Twitter users. This research provides a
foundation for advanced predictive analytics in mental health monitoring
and highlights the potential of Bi-LSTM in improving the accuracy and
efficiency of depression detection models.
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Giris

Depresyon, kiiresel bir psikiyatrik bozukluk olarak, diinyanin saglik problemlerinin dnemli bir kismini
olusturmakta ve niifusun %4.4"linii etkilemektedir [1]. Bu durum kisisel, ailesel ve toplumsal refahi
derinden etkileyerek zor ¢ocukluklar, istismar, bagimlilik ve toplumsal baskilar gibi ¢esitli faktorlerle
ortaya ¢ikabilir [2]. Bilinen tedavilere ragmen, ruh sagligi sorunlarinin siddeti, 6zellikle depresyon hem
bireyler hem de toplum icin ciddi zorluklar yaratmaktadir [3, 4]. Ozellikle ergenler icin engellilige,
kendine zarar vermeye ve hatta intihara yol agma potansiyeli goz Oniine alindiginda depresyonun
ciddiyetini anlamak acil bir konu haline gelmektedir [5]. Giinlimiiz diinyasinda sosyal medya, goriislerin
ifade edilmesi ve duygularin paylasilmasi i¢in hayati neme sahiptir. Twitter ve Facebook gibi biiyiik
platformlar kullanicilarin duygulari lizerine degerli veriler sunmaktadir [4]. Bireylerde depresyon tespiti
zor kalmakta, arastirmacilar1 erken tespit icin sosyal medyanin potansiyelini kesfetmeye tesvik
etmektedir [6]. Kiiresel niifusun %57'den fazlasi sosyal medya kullandig1 i¢in bu platformlar benzersiz
bir firsat sunmaktadir. Online tarama araglari, geleneksel yontemleri geride birakarak ruh sagligi
degerlendirmeleri i¢in énemli hale gelmistir [7, 8]. Ozellikle Twitter'in giinliik biiyiik tweet hacmi
diisiiniildiigiinde ruh saglig1 arastirmalarinda etkili modellerin egitimi i¢in bu platform daha da degerli
hale gelmektedir [9, 10]. Platformlar tarafindan sunulan Uygulama Programlama Arayiizii (Aplication
Programming Interface - API), diizenli ifadeler kullanarak sosyal medya platformlarindan veri almay1
kolaylastirir [11 - 13]. Dogal Dil Isleme (Natural Language Processing - NLP) ve Duygu Analizi
(Sentiment Analysisi - SA), metinlerdeki duygusal yonleri degerlendirerek, sosyal medya igerigi
araciliiyla depresyon seviyelerine dair i¢ goriiler saglar [14, 15]. Dil kaliplarindan yararlanarak Yapay
Zeka (YZ) ve NLP tabanli teknikler, sosyal medya kullanicilart arasinda depresyonun erken tespitinde
arastirmacilara yardimci olur [16]. Boylece makine dgrenimi ve derin 6grenme modelleri, 6zellikle
depresyon olmak tizere ruh sagligi bozukluklari hakkinda degerli i¢ goriiler ortaya ¢ikarma imkani
sunmaktadir. Bu ¢alismada, ruh sagligi bozukluklariyla iliskili g¢esitli anahtar kelimeler kullanarak
Twitter'dan tweetler alinmigtir. Calismanin amaci potansiyel olarak ruh saglig1 sorunlar1 yasayan veya
depresyon deneyimleyen kullanicilart tespit etmektir. Bu baglamda sosyal medyadan empirik olarak
desteklenen psikolojik i¢ goriileri gézlemleme miimkiin olmaktadir. Bu ¢alisma sosyal medya lizerinden

depresyon tespitine yonelik bir temel olusturmaktadir. Gelecek calismalarla birlikte ruh saglig
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bozukluklar1 alaninda duygularin ve hislerin daha kesin bir sekilde tanimlanmasina yol agabilir. Bu

calismanin yapisi soyle olusturulmustur. Ikinci boliimde konu ile ilgili alan ¢alismalar1 6zetlenmistir.
Ucgiincii boliimde calismada kullanilan materyal aciklanmis ve uygulanan metodoloji anlatilmistir.
Dordiincti boliimde c¢alismadan elde edilen bulgular sunulmus ve tartisilmistir. Besinci boliimde ise

calisma sonuclandirilmaistir.
Tlgili Calismalar

Sosyal medya metin verilerinin siniflandirilmas: igin ¢esitli makine Ogrenimi algoritmalari ve
istatistiksel teknikler kullanilmaktadir. Geleneksel calismalar, depresyon ile sosyal medya kullanimi
arasinda bir iligki oldugunu gostermektedir [17]. Bu amagla literatiirde farkli ¢aligmalar
gergeklestirilmistir. Costello ve ark. [17], internet platformlarinda kullanilan dil temelinde psikolojik
Ozelliklerin ¢evrimici davraniglarda haritalanabilecegini belirtmislerdir. Eichstaedt ve ark. [18],
Facebook durum giincellemelerinde makine 6grenimi uygulayarak %69'luk bir depresyon tahmini elde
etmislerdir. Ahmad ve ark. [19] ise sosyal medyada %93 dogruluk oraniyla depresyonu tanimlamak i¢in
derin 6grenme kullanmiglardir. Bir bagka ¢alismada Priva ve ark. [20] tarafindan bes makine 6grenimi
algoritmasi kullanilmig ve Naif Bayes (Naive Bayes - NB) algoritmasimnin en yiiksek dogruluga sahip
oldugu belirtilmistir. Mori ve Haruno [21] tarafindan Twitter verilerinde dort farkli makine 6grenimi
algoritmasiyla 24 kisisel veriye ait 239 6zellik analiz edilmistir. Calismada dort tiir sosyal ag hizmeti
bilgisine ait 23 alt 6l¢egin toplu olarak tahmin edebilecegi belirtilmistir [21]. Tao ve ark. [22] tarafindan
gergeklestirilen calismada depresif icerik tahminine odaklanilarak %90 F1 puam elde edilmistir. Bu
caligmalar, sosyal medya araciligiyla depresyonu karakterize etmede cesitli makine O6grenimi
yaklagimlarinin basarili sonuglar iiretebilecegini gostermektedir [22]. Guntuku ve arkadaslarinin [23]
yaklagik 400 milyon tweet toplayarak yalnizlikla ilgili terimler lizerine gerceklestirdigi calismada
yalnizlik seviyeleri tahmin edilmistir. Makine 6grenimi siniflandiricilart ve NLP tekniklerini kullanarak
Rastgele Orman (Random Forest - RF) modeliyle 0.86'lik bir AUC (Area Under the Curve) elde
etmislerdir [23]. Smys ve Raj [24], bir Twitter veri seti kullanarak hastalik riskini erken teshis yoluyla
azaltmay1 hedeflemislerdir. Arastirmacilar ¢esitli makine 6grenimi algoritmalarini kullanmis ve bireysel
siniflandiricilardan daha dstiin performans gosteren, duygulari tanima ve tahmin dogrulugunda daha
yiiksek basari elde eden hibrit bir yaklasim onermislerdir [24]. Hiraga [25] ise arastirmasinda, Japon
bloglarinda ruhsal bozukluklari siniflandirmak i¢in geleneksel makine Ogrenimi algoritmalarini
kullanarak NB ile %95'lik en yiiksek dogruluk oranini elde etmistir. Wu ve ark. [26], Weibo
kullanicilarinda titkenmislik hissini tahmin etmek i¢in makine 6grenimi algoritmalarini kullanmiglardir.
Arastirmacilar yiiksek geri ¢cagirma, hassasiyet ve F1 puani ile Asir1 Gradyan Artirma (eXtreme Gradient
Boosting - XGBoost) modelinin titkenmislik hislerini tespit etmedeki basarisini vurgulamislardir [26].
Bir baska calismada sosyal medya metinlerinden dogum sonrasi depresyonu tahmin etmek i¢in makine

ogrenimi teknikleri uygulanmistir [14]. Calismada, Cok Katmanli Algilayici (Multilayer Perceptron -
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MLP) algoritmasimin depresif icerigi tamimlamada ve dogum sonrasi depresyon igerigini yiiksek

dogrulukla tahmin etmede Destek Vektér Makinesi (Support Vector Machine - SVM) ve Lojistik
Regresyon'dan (Logistic Regression - LR) daha iistiin performans gosterdigi belirtilmistir [ 14]. Orabi ve
ark. [27], Twitter kullanicilarinda zihinsel hastalik belirtilerini tespit etmek i¢in derin sinir aglar
kullanmislardir. Calismada dort sinir ag1 modeli degerlendirilmis ve Evrisimli Sinir Ag1 (Convolutional
Neural Network - CNN) ile maksimum %87,957'lik en yiiksek dogruluga ulagilmistir. CNN tabanlt
modellerin Yinelemeli Sinir Aglar1 (Recurrent Neural Network — RNN) tabanli modellere gore daha iyi
performans gosterdigi gortilmiistiir [27]. Farkli bir platform olarak Reddit kullanicilarinda erken
depresyon tespiti icin Shah ve ark. [28], derin 6grenme tabanli kelime yerlestirme tekniklerini kullanmig
ve Word2VecEmbed ile Meta 6zelliklerin kombinasyonuyla depresyon tespitinde {istiin performans elde
etmislerdir [28]. Shen ve ark. [29] tarafindan gergeklestirilen ¢calismada Twitter'da depresif kullanicilar
tespit etmek i¢in ¢ok modlu sozlikk 6grenme yontemi Onerilmis ve minimum tanim uzunlugu ilkesiyle
%385'lik en yiiksek F1 puanina ulagilmistir. De Choudhury ve ark. [30], sosyal medyada depresyon tespiti
icin SVM algoritmasiyla, etiketlenmis egitim verilerinden ayirt edici Ozellikler kullanarak %70
siniflandirma dogrulugu elde etmislerdir. Sosyal aglarda kullanici tarafindan firetilen igerik analizi
yoluyla ruh saglig1 seviyelerini ayirt etme potansiyelini inceleyen bir ¢aligmada Aldarwish ve Ahmad
[31], NB yontemi kullanarak %92'lik bir dogruluk orani elde etmiglerdir. Guntuku ve ark. [32] tarafindan
gergeklestirilen ¢alismada sosyal medya araciligryla depresyonun tahmin edilmesi igin ¢esitli yontemler
karsilastirilmis ve standart verilerin sosyal medya verileriyle entegre edilmesinin gerekliligi
vurgulanmistir. Calismada 0.70 ile 0.91 arasinda degisen AUC degerleri, sosyal medyanin geleneksel
yontemlere kiyasla ruhsal hastaliklar1 tahmin etme potansiyelini gostermistir [32]. Ahmad ve ark. [33]
tarafindan gergeklestirilen caligmada Twitter'dan elde edilen veri seti kullanilarak c¢evrimigi
kullanicilarin depresyon belirtileri gosterip gostermedigini belirlemek i¢cin makine 6grenmesi ve derin
ogrenme modelleri kullanilmistir. Cift Yonlii Uzun Kisa Siireli Bellek (Bidirectional Long Short-Term
Memory - Bi-LSTM) modeli, %93.5 dogruluk oraniyla diger modellerden daha iyi bir performans
sergilemistir [33]. Syms ve Raj [24], zihinsel saglik sorunlar1 ve intihar risklerinden korunmaya yonelik
erken tahmin sistemi gelistirmek icin bir hibrit yontem Onermislerdir. Shah ve arkadaslarinin [28]
gergeklestirdigi calismada, kullanicilarin metin gonderilerini analiz ederek depresyonu tespit edebilen
bir model dnerilmistir. Bu model, egitim verileri kullanilarak derin 6grenme algoritmalariyla egitilmis
ve performansi, Reddit'in CLEF eRisk 2017'de yayinlanan 'Depresyonun Erken Tespiti' adli pilot
caligmasimin test verileriyle degerlendirilmistir. Calismada Bi-LSTM modeli, gesitli kelime gomme
teknikleri ve meta veri 6zellikleri kullanarak basarili sonuglar elde etmistir [28]. Figuerédo ve ark. [34]
tarafindan gerceklestirilen calismada depresyonun erken tespitine yonelik CNN tabanli bir yontem
onerilmistir. Onerilen yontemin potansiyel olarak depresyon belirtileri gdsteren kullanicilari tespit
edebildigi ve bir¢ok temel metrik agisindan diger yontemlere esit veya daha iyi performans gosterdigi

belirtilmistir [36]. Marriwala ve ark. [35] tarafindan depresyon tespiti i¢in, hastanin yanitlarinin metinsel
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ve isitsel Ozelliklerini birlestiren hibrit bir model Onerilmistir. Depresyonlu hastalarin davranigsal

ozelliklerini incelemek i¢in DAIC-WoZ veri tabani kullanilmustir. Onerilen yéntem ii¢ bilesenden
olusmaktadir. Ilk bilesen yalmzca metin &zellikleriyle egitilen bir metinsel CNN modelidir. ikinci
bilesen yalnizca ses dzellikleriyle egitilen bir isitsel CNN modelidir. Ugiincii bilesen ise ses ve metinsel
ozelliklerin bir kombinasyonundan olusan hibrit modeldir. Bu modellerde LSTM algoritmalari
kullanilmistir. Onerilen ¢alismada, Bi-LSTM modeli olarak adlandirilan gelistirilmis bir LSTM
versiyonu da kullanilmistir. Bi-LSTM'in %88 dogruluk orani ile diger modellere gore daha iyi 6grenme

performansi sergiledigi gozlenmistir [36].
Materyal ve Metodoloji

Bu arastirmada, tweetlerin depresyonu isaret edip etmedigini belirlemek icin Twitter kullanici
yorumlarindan veri toplama ve analiz etme konusunda kapsamli bir yontem kullanilmistir. Twitter'dan
veri toplama ve depresyon belirtisi gosteren bireylerin tweetlerini digerlerinden ayirarak iki ayri dosyada
yerlestirme iglemi gergeklestirilmistir. Sonrasinda elde edilen bu veriler analiz edilerek g¢alismada
olusturulan modelin performansi degerlendirilmistir. Caligmanin blok diyagrami Sekil 1'de

gOsterilmistir.

Text

I‘ .
l |

— ||| Veri kiimesi

Sekil 1. Veriler iizerinde on isleme ve dzellik ¢cikarimi adimlari

Veri Seti

Bu calismada kullanicilardan veri toplamak ic¢in Twitter''n API kullanmilmigtir. API, gelistiricilerin
manuel islemlere gerek kalmadan biiylik miktarda kamuya agik veriyle programatik olarak etkilesimde

bulunmalarini saglar. API erisimi, bir gelistirici hesabi olusturarak arastirma ¢alismasini detaylandirma
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ve gelistirici anlagmasi ile saglanmigtir. Sonug olarak, API 'anahtart’' ve 'erisim belirteci' kullanimi igin

yetki alinmigtir. Veri alimini kolaylastirmak icin bir Python kiitiiphanesi olan Tweepy kullanilmustir.

Sekil 2, veri setini edinmek i¢in kullanilan metodolojiyi gostermektedir.

a

kullanic

Veri seti

Ecxel csv

Python

.

Twitter Tweepy

Sekil 2. Veri setini edinmek icin kullanilan metodoloji

Caligmada gerceklestirilen analiz hem tweetlerdeki sozciik segimlerine hem de ifade edilen depresif
belirtilerin tiirlerine dayanmaktadir. Twitter API yardimiyla toplamda 100,033 veri ¢ekilmistir. Bu
veriler i¢erisinden %60 oraninda egitim verisi, %20 oraninda dogrulama verisi ve %20 oraninda ise test
verisi rastgele secilerek alt kiimeler olusturulmustur. Bu tweetlerde ifade edilen duygular iki sinifa
ayrilmstir. ilk simif 'depresyon', 'kotii', 'kendimi kétii hissediyorum', 'gergin', 'intihar', 'sizofren', 'yorgun',
'stres', 'anksiyete', 'caresiz' ve 'kriz' gibi terimleri icermektedir. Ikinci smif ise 'mutlu’, 'iyi', 'memnun’,
'neseli', 'daha iyi', 'umut', 'glizel' ve 'heyecanli’ gibi pozitif duygular1 kapsamaktadir. Veriler daha sonra
analiz i¢in Excel CSV formatina dontistiiriilmiistiir. Analiz i¢in tweet veri seti gruplara ayrilmistir. Her
grup; 'No', 'Tarih', 'tweet id', 'Metin', 'KullaniciAd1', 'Ad', 'Konum', 'takip¢i_sayisi', 'Dil' ve 'Etiket'
stitunlarint igermektedir. Son adim, bu tweetleri filtreleyerek depresif belirtilerle en alakali olanlar

belirlemektir.
On isleme

Veri madenciligi slirecinde veri 6n isleme, ham metin verilerini temizleme ve ardindan yapilacak
islemler veya analizler i¢in verileri hazirlama icin kritik bir adimdir. Bu siireg, tokenizasyon, etkisiz
kelimeleri (stop words) kaldirma, kok bulma (stemming) ve kdkten tiiretme (lemmatization) gibi birkag
onemli adimi icermektedir. Bu adimlar, metin verilerinin boyutunu azaltmaya ve NLP gorevlerinde
dogrulugu artirmaya yardimci olmaktadir. Metin verileri dogasi geregi yapilandirilmamis olup siklikla
yazim hatalari, dilbilgisi hatalar1 ve standart olmayan bigimlendirme gibi giiriiltii icerir. Bu giiriiltiiler
de verilerin islenmesini zorlastirir. Bu ¢alismadaki 6n isleme asamalari verideki giirtiltiiyl hafifletmeyi
ve boylece veri analizini kolaylastirmay1 hedeflemektedir. Kullanilan veri 6n isleme yontemleri arasinda

tweetleri temizleme, dengesizlikleri giderme, retweetleri eleme ve analiz igin kullanici tarafindan
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iiretilen igerik ve kullanici profil verilerinin kullanilabilirligini saglama yer almaktadir. Ozellikle

kullanici tanimlayicilart (6rn. @kullaniciadi), etiketler, baglantilar, harf olmayan karakterler, semboller,
sayilar, bos dizgiler, NaN degerleri igeren satirlar ve ¢ift girisler gibi fazlalik unsurlarin kaldirilmasi
hedeflenmistir. Tweet icindeki baglantilar, tahmin amagclar1 i¢in alakasiz olduklart ve hesaplama
karmagikligini artirdiklari i¢in hari¢ tutulmustur. Ayrica, analizi ¢arpitmamak i¢in tweetlerden tarihler,
saatler, sayilar ve etiketler kaldirilmistir. Emojiler, fazla bosluklar ve etkisiz kelimeler de ¢ikarilmustir.
Dogal dil araci (Natural Language Toolkit - NLTK) paketi, metinlerden etkisiz kelimeleri ¢ikarmada
onemli bir rol oynamigtir. Porter Stemmer gibi teknikler kullanilarak kelime koklerine indirgemek ve
ekleri ¢ikarmak amaciyla kok bulma islemi gerceklestirilmistir. Sekil 3, on islemenin ardindan

temizlenmis depresyon tweetlerini gostermektedir.

edited_tweet Original_Tweet
0 thread thinking bsp lust misery melancholy sp rt @itsamenanni: thread thinking bsp + lust mi

1  taekookau college student jeongguk mob bos ta... rt @mykingjk: &°a,aC Da¥%#taekookau college stud

2 time avvabothundhi ante inactive hour active rt @roaringrebels_: time 11 avvabothundhi ante
3 almost new tesla getting towed stopped inters.. rt @mrinalsri: my almost new tesla getting tow
4 disappointed know woman try commit suicide suc @tragicbirdapp she'll disappointed know women

Sekil 3. On islemenin ardindan temizlenmis depresyon tweetlerini gostermektedir

Makine 6grenimi algoritmalari ilk basta metin verilerini anlamsal olarak yorumlama yeteneginden dogal
olarak yoksundur. Bu acig1 kapatmak i¢in kelimeleri sayisal degerlere eslemek gereklidir. Bu islem
Ozellik ¢ikarma yoluyla gergeklestirilir. Bu sayisal esleme metinlerin anlamlarini etkili bir sekilde
kapsiillemeyi amaglar. Bu baglamda metin verilerini sayisal 6zelliklere doniistiiren iki yaygin teknik
arastirilmistir. Bunlar, kelime torbasi modelinden tiireyen CountVectorizer ve Terim Frekansi-Ters
Belge Frekansi (Term Frequency-Inverse Document Frequency - TF-IDF) yontemleridir.
CountVectorizer, metin analizinde kullanilan bir yontemdir ve bir metin belgeleri koleksiyonunu kelime
(token) sayilarinin bir matrisine doniistiiriir. Temelde metni bireysel kelimelere ayirir ve her bir
belgedeki olusum sayilarin1 sayar. Bu islem metin verilerini makine O6grenimi algoritmalarinin
yorumlayabilecegi sayisal bir formata doniistiiriir. Ayrica veri igslemede veri normallestirme teknigi
kullanilmistir. Normalizasyon, bir veri kiimesindeki degerleri, degerlerin araligindaki farklar1 bozmadan
veya bilgi kaybetmeden ortak bir 6lcege ayarlamak i¢in kullanilan bir tekniktir. Veri setindeki her bir
satir, metnin kelimelere ayrilmasiyla belirteclestirilmistir (tokenizasyon). Bu islem NLP yontemleri i¢in
on islemenin temel adimidir. Sekil 4’te veri setindeki metinleri kelimelere ayirma islemi

gosterilmektedir.
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-
So excited to just lose myself after weeks of being anxious,
stressed, and depressed
A"
I am in shambles |
I am devastated ]
Belirteclestirme
v
| o H excited || to || just || lose | | myself || after H weeks
of | | being | anxious | | , | | stressed | | , | | and | ‘ depressed |
[I‘Iam|[sha.mblesl
| I | [ am ‘ devastated

Sekil 4. Veri setindeki metinleri kelimelere ayirma islemi

Kelime bulutu, bu ¢alismada tweetlerden elde edilen ve 6n islemeden gegirilen depresyon igeren ve

depresyon icermeyen veri setlerini temsil etmektedir. Sekil 5'te, 6n isleme sonrasi olusturulan kelime

Teel reall
happylooky

bulutu goriilmektedir.

==
Q)
W
('D

- Kknowt ine i

C 8

E :1,(?,)2 \ellée :j

4-J‘j b
dlsappomted .hF.aH‘?;’S 10

Sektl 5. Depresyon iceren ve icermeyen kelime bulutlarl

Kullanilan Modeller

Caligmada analiz islemlerini gerceklestirmek makine 6grenimi modellerinden faydalanilmistir. NB,
Lojistik Regresyon (LR), Cok Terimli Naive Bayes (MultinomialNB), Destek Vektor Siniflandiricist
(Support Vector Classifier - SVC) ve Bi-LSTM gibi modeller performanslart agisindan

karsilagtirilmistir.
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a) Bi-LSTM Modeli

Bi-LSTM ozellikle NLP gorevlerinde kullanilan temel LSTM modelinin gelismis bir varyantidir. Veriyi
tek bir yonde (ileri veya geri) isleyen standart LSTM algoritmasinin aksine Bi-LSTM, veriyi es zamanli
olarak her iki yonde de isler. Bu ¢ift yonli isleme modelin veri dizisinin hem ge¢mis (geri) hem de
gelecek (ileri) durumlarindan bilgi toplamasina olanak tanir. Bi-LSTM algoritmasinin temel avantaji
geleneksel LSTM algoritmasina gore baglami daha iyi anlayabilmesidir. Algoritma, tek yonlii bir
yaklagimla kacirilacak olan verilerdeki desenleri ve bagimliliklart etkili bir sekilde &grenebilir.
Potansiyel bir dezavantaji ise hesaplama karmasikligidir. Iki yonden veri islemek daha fazla hesaplama
kaynag1 ve zaman gerektirir, bu da modeli standart LSTM algoritmasina kiyasla daha kaynak yogun
hale getirir. Tasarimi1 6zellikle sirali girdi verilerinden 6grenmek ve hem ileri hem de geri yonde
bagimliliklar1 yakalamak icin 6zellestirilmistir. Onerilen Bi-LSTM modelinin mimarisi, depresyon
belirtisi igeren ve icermeyen tweetlerin siiflandirilmasi amaciyla tasarlanmistir. Bu mimarinin temel
bileseni, giris metnini bir dizi belirte¢ indeksine doniistiiren metin vektorlestirme katmanidir. Miiteakip
asamada, bu belirtecler, her kelimeye egitilebilir bir vektor atayan gdbmme katmanina iletilir. Yeterli
egitim siireci sonrasinda bu vektorler, semantik agidan benzer kelimelerin benzer vektorel temsillere
sahip olmasini saglayacak sekilde optimize edilir. Elde edilen veriler, ardindan bu dizileri isleyen ve
nihai olarak tek bir logit degerine indirgeyerek smiflandirma ¢iktisi ireten Cift Yonli LSTM
katmanlarina aktarilir. Depresyon siniflandirmasi baglaminda, her bir tweet "normal" veya "depresif"
olmak tizere ikili bir siniflandirmaya tabi tutulmustur. Bu amagla gelistirilen Bi-LSTM modeli, Cizelge

1'de detaylandirilan parametreler kullanilarak uygulanmisgtir.

Tablo 1. Bi-LSTM modelinin parametre ayarlar

Model Parametresi Deger

Num hidden units 97

Input size 1

Num classes 2

Loss Categorical_crossentropy
Optimizer Adam

metrics Accuracy
Epoches 17

Validation split 0.2

Verbose 1

b) Naive Bayes Modeli

Bayes teoremi, NB algoritmasi yoluyla dogal dil islemede de kullanilan matematiksel bir ¢erceve olup
bir dilin "kurallarina" ve "tiirlerine" dayanan bir siniflandirma teorisidir. Bayes teoreminin formiilii

Denklem (1)'de gosterilmistir.

P(BIA)-P(A)
P(A1B) =758 6
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c) Lojistik Regresyon Modeli

LR, iki tiir veriyi analiz etmek i¢in kullanilan istatistiksel bir yontemdir. Verileri analiz etmek i¢in belirli
bir etiketli veri kategorisi kullanir. Ayrica karar alma siireglerinde ¢esitli kaynaklardan gelen verileri
analiz etme ve sirketlerde en iyi eylem planini tahmin etmek gibi durumlarda da kullanilir. LR, birden

fazla veri tiiriinii analiz etmenin karmasikliklarini ele almak i¢in 6nemli bir aragtir [36].
d) Destek Vektor Simiflandiric1 Modeli

SVC, SVM algoritmasinin bir varyanti olarak ¢esitli stniflandirma gorevleri i¢in kullanilan bir makine
Ogrenimi algoritmasidir. Biiyiik ve karmagik veri kiimelerinden 6grenmek igin son derece etkilidir. Bu
algoritma veri setlerinden veri analizi yapmak, verileri daha anlamli bir formata doniistiirmek ve en son

bilgilere dayali yeni veri iiretmek gibi bir¢ok uygulamada kullanilabilir [37].
e) Cok Terimli Naive Bayes Modeli

MultinomialNB, cesitli veri tiirleri arasindaki benzerlikleri ve farkliliklari belirleme ve analiz etmeye
odaklanan bir NB algoritmasidir. Bir makine 6grenimi yaklasimi olarak MultinomialNB ¢ok yonliidiir
ve metin, e-postalar, SMS ve daha fazlas1 gibi genis bir veri yelpazesine uygulanabilir. Bayes teoremini

kullanarak en yaygin veri tiirlerini ve aralarindaki iliskileri belirler.
Degerlendirme Metrikleri

Cesitli 6lciimler kullanilarak kapsamli bir degerlendirme yapilmadan bir makine 6grenimi modelini yeni
verilere uygulamak sorunlara ve yanlis tahminlere yol acabilir [38]. Modellerin tahmin performansini
iyilestirmek i¢in dogruluk, kesinlik, hatirlama ve F1 puani gibi metrikler énemlidir. Karigiklik matrisi
yoluyla elde edilen dogru pozitif, yanlis pozitif, dogru negatif ve yanlis negatif sonuglari, modellerin
performansi ile ilgili 6ngoriiler saglar. Degerlendirme igin kullanilan metrikler, Denklemler (2), (3), (4)

ve (5)’te verilmigtir.

Dogruluk = _ TPHTN .,
TP+FP+FN+TN
Kesinlik = —= .
TP+FP
Hatirlama = —— .
TP+FN
F1 puani = 2 X Kesinlik X Haturlama (5)

Kesinlik + Hatirlama

Denklemlerde dogru pozitifi¢in TP, yanlis pozitif i¢in FP, dogru negatif i¢in TN ve yanlis negatif icinse

FN kisaltmalar1 kullanilmistir.
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Bulgular ve Tartisma

Bu boliimde her modelin performansi ve sonuglar ilgili degerlendirmeler gerceklestirilmistir. Sekil 6’da

modellerin karisiklik matrisi sonuglar gosterilmistir.
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Sekil 6. Modellerin karisikltk matrisleri (a) MultinomialNB, (b) NB, (c) LR, (d) SVC (e) Bi-LSTM

Caligmada kullanilan modeller igerisinde en basarili model olarak karisiklik matrisinde 6n plana ¢ikan
(dogru pozitif sayis1 9620 ve dogru negatif sayist 9733) Bi-LSTM modeline ait dogruluk ve kayip
grafikleri Sekil 7'de gosterilmistir.
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Sekil 7. Bi-LSTM modelinin dogruluk ve kaywp grafikleri

Bir siniflandiricinin degeri ne kadar yiiksekse, pozitif ve negatif kategoriler arasinda ayirma yetenegi o
kadar giicliidiir. Sekil 8’de Bi-LSTM modeline ait Alic1 Isletim Karakteristigi (Receiver Operating
Characteristic - ROC) egrisinin AUC degeri gosterilmistir. Sonug olarak 6nerilen Bi-LSTM modelinin

veri kiimesinin pozitif sinifin1 etkili bir sekilde siniflandirdigi sonucuna varilabilir.
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Metin siniflandirmasinda genellikle metin verilerinden elde edilen sayisal 6zellikler igin minimum-
maksimum normalizasyon tercih edilir. Bu teknik, 6zellikleri (6rnegin kelime sayilar1 veya TF-IDF
degerleri) belirli bir aralikta (genellikle [0, 1]) standartlagtirarak, model egitimi verimliligini ve
performansim artirabilir. Modelin normalizasyon olmadan egitilmesi ise dzelliklerin farkli dlgeklerde
ve dagilimlarda olmasina bagh zorluklarla karsilagilmasina neden olabilir. Ayrica modelin yeni veriye
etkili sekilde genelleme yapma yetenegini olumsuz etkileyebilir. Tablo 2, metin siniflandirmasinda min-
max normallestirme ve normallestirme olmadan model egitimi konusunda iki farkli yaklagimi temsil

etmektedir.
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Tablo 2. Bi-LSTM modellerinin karsilastirmast

Model Dogruluk Kesinlik Hatirlama F1 Puam
Normalizayon ile egitilen Bi-LSTM modeli %97.22 %98 %97 %97
Normalizasyon olmadan egitilen Bi-LSTM modeli %91 %97 %84 %90

Calismadaki Bi-LSTM modeli, yiiksek dogruluk oranlariyla (pozitif 9620 ve negatif 9733) dikkat
cekerek tweetlerde depresyonu tanimlamada oldukga etkili olmustur. Ote yandan NB modeli, depresif
olmayan bir¢ok tweeti dogru bir sekilde tamimlamasina ragmen, depresif tweetlerde 6nemli sayida yanlis
smiflandirma gergeklestirmistir. Bu, baglamsal duyarlilik eksikligine veya daha yaygin simiflara karst
bir dnyargiya isaret etmektedir. LR modeli, depresif tweetler i¢in makul sayida dogru pozitiflerle daha
dengeli bir yaklasim sergilese de yiiksek yanlis siniflandirma oranlar1 gdstermistir. Bu, depresif ve
depresif olmayan tweetler arasinda orta diizeyde bir ayrim yetenegine isaret etmektedir. SVC modeli,
depresif tweetleri yiiksek sayida dogru pozitiflerle tanimlamada iyi bir performans gosterirken, her iki
siif i¢in de dnemli yanlis siiflandirma sorunlar1 gdstermistir. Bu, NB modeline benzer sekilde
tweetlerde kullanilan niianshi dili kavramada zorluk g¢ektigine isaret etmektedir. Bu nedenle, metin
icindeki baglami anlama yetenegi ve iistiin dogrulugu ile Bi-LSTM modeli bu uygulama i¢in en uygun
secim olarak 6ne ¢ikmaktadir. Buna karsilik, NB, LR ve SVC modelleri, belirli agilardan yararl
olmalarina ragmen, 6zellikle sosyal medya iceriginden depresyon tespit etme gibi uygulamalarda dilin
inceliklerinin kritik oldugu dogal dil isleme ve duygu analizi alanindaki karmasikliklarla basa ¢ikmada
sinirhiliklar gostermektedir. Tablo 3’te bes modelin dogruluk, kesinlik, hatirlama ve F1 puanlan
karsilagtirllmistir. Bu karsilastirmaya gore Bi-LSTM modeli, Twitter veri setini ‘depresif' ve 'depresif

olmayan kategorilere siniflandirmada diger yaklasimlardan daha basarili performans gostermektedir.

Tablo 3. Onerilen modeller arasindaki sonuclarin karsilastirilmast

Model Dogruluk Kesinlik Hatirlama F1 Puam
Bi-LSTM %97.22 %98 %97 %97
NB %51 %50 %92 %65
LR %85 %388 %83 %85
SvC %79 %386 %71 %77
MultinomialNB %52 %52 %61 %56

Bi-LSTM modeli, tiim metriklerde iistiin performans sergileyerek %97.22 dogruluk, %98 kesinlik, %97
hatirlama ve %97 F1 puani ile 6ne ¢ikmaktadir. Bu, ilgili durumlart dogru bir sekilde tanimlamada
yiiksek giivenilirligini ve kesinlik ile hatirlama arasinda dengeli bir tutum sergiledigini gostermektedir.
Diger yandan, NB modeli, %51 dogruluk ve %50 kesinlik ile performansi diisiikkken, %92 ile iistiin bir
hatirlama gostermektedir. Bu, %65'lik F1 puani ile yiiksek hatirlama ve diisiik kesinlik arasindaki
tutarsizligi gostermektedir. LR modeli, %85 dogruluk, %88 kesinlik, %83 hatirlama ve %85 F1 puani
ile orta derecede bir performans gostermektedir. Model, kesinlik ve F1 puani konusunda dengeli bir
yetenek sergilemektedir. SVC, %79 dogruluk, %86 kesinlik, %71 hatirlama ve %77 F1 puani ile diisiik
bir performans sergilemistir. Benzer sekilde MultinomialNB modeli %52 dogruluk, %52 kesinlik, %61
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hatirlama ve %56 F1 puani ile nispeten daha diisiik performans sergilemistir. Bu sonuglar, Bi-LSTM'nin

yiiksek dogruluk ve kesinlik ile hatirlama arasinda dengeli bir yaklasim gerektiren gérevler icin en
uygun model oldugunu gostermektedir. Diger modellerin, 6zellikle NB'nin, yiiksek geri cagirma
oncelikli senaryolarda, artan yanlis pozitiflerin potansiyeli géz oniinde bulundurularak daha uygun
olabilecegini gostermektedir. Pratik uygulamalardaki model secimi, bu nedenle eldeki gorevin 6zel
gereksinimlerine bagli olacaktir. Calisma yontemi, sosyal medyada zihinsel saglik sorunlar1 olan
kullanicilar1 belirlemede etkili bir arag olma potansiyeline sahiptir ve arastirmada yeni bir dénemin
habercisi olabilir. Ayrica, ruhsal bozukluklar1 tanimak i¢in 6zellestirilmis NLP yontemleri kullanilmasi,
kullanicilarin génderilerine dayanarak potansiyel ruh sagligi sorunlarini tespit etmeyi kolaylastirabilir.
Bu yaklasim, kolayca erisilebilir sosyal medya verilerinden yararlanmaktadir. Bu tiir analizler igin
kullanicilarin hesaplarina erismeden Once onaylarinin alinmasi gerektigini belirtmek énemlidir. Onay
alindiktan sonra bu dogrulanmis modeller, ¢evrimici platformlardaki kullanicilarin gonderilerine
dayanarak cesitli zihinsel bozukluklarin olasiligini ortaya ¢ikarabilir. Sonug olarak bu ¢aligma, sosyal
medyada zihinsel hastaliklar1 tespit etmenin gelecekte dnemli bir aragtirma alani olabilecegini 6ne

surmektedir.
Sonu¢

Bu calismada derin sinir ag1 modeli olan Bi-LSTM kullanilarak Twitter génderilerinden depresyonlu
tweetleri tespit etmeye yonelik bir model 6nerilmistir. Onerilen Bi-LSTM modeli, metin verilerindeki
sirali bagimliliklari etkili bir sekilde yakalayabilir ve kullanabilir. Bu 6zellik, kelimelerin veya ifadelerin
sirasinin metnin anlamini, duygusunu veya siniflandirmasini énemli 6lgiide etkiledigi gorevler icin son
derece 6nemlidir. Bi-LSTM, bilgileri hem ileri hem de geri yonde ayni anda isleyerek metin igindeki
baglami ve niianslar1 daha iyi anlayabilir. Bi-LSTM'deki ¢ift yonliiliik, modelin tahmin yaparken hem
onceki hem de sonraki kelimeleri dikkate alabilmesine olanak tanir. Bu yetenek, bir ciimle i¢cindeki
duygu degisimlerini anlamak veya sosyal medya gonderilerindeki depresyonun inceliklerini belirlemek
gibi ciimle baglaminin kritik bir rol oynadig1 gorevler i¢in degerlidir. Son olarak ¢aligmada tweetler
normal veya depresif olarak siniflandirilmistir. Farkli makine 6grenimi modelleriyle yapilan deneylerde
modellerin performanslar1 Twitter API aracigiyla elde edilen veri seti tizerinde degerlendirilmistir.
Onerilen model depresyon tespitinde iyi performans gostermistir. Bi-LSTM modelinin F1 puani (%97),
hatirlama (%91), dogruluk (%97.22) ve kesinlik (%98) metriklerinde diger yaklasimlara gére daha iyi
sonuclar verdigi gozlenmistir. Bu arastirmanin temel bulgusu, makine 6grenimi modellerinin Twitter
kullanicilarinda depresif belirtileri tespit etme ve anlamada 6nemli bir etkiye sahip oldugudur. Bu i¢gorii
kritiktir ¢iinkii makine 6grenimi ve Bi-LSTM gibi tekniklerin, teorik arastirmalarin yani sira pratik
uygulamalarda da &zellikle depresyonla basa ¢ikan bireylerin yasam kalitesini artirmada potansiyeli
oldugunu vurgulamaktadir. Caligmanin sonuglari nemlidir ve ruh sagligi izleme ve miidahalesinde ileri

analitiklerin kullanimi i¢in umut verici bir gelecek sunmaktadir. Bu calisma ayni zamanda
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profesyonellerin depresyonlu kigileri analiz etmek igin ilk verilere ulagmalarina yardimci olabilir.

Gelecekte, bir kullanicinin sosyal agmin ve etkilesimlerinin onun depresif durumunu nasil
etkileyebilecegi dikkate alinarak bu c¢alisma genisletilebilir ve faktorlerin etkisini 6lgmenin daha

giivenilir bir yolunun bulunmasi saglanabilir.

Tesekkiir " Arastirma siireci boyunca degerli katkilari, 6nerileri ve destegi icin Dr. Ogr. Uyesi Serkan

SAVAS’a tesekkiir ederim."
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Oz

Bu c¢alismada, 4-kloro-5-siilfamoilbenzoik asit (HClsba) ile 2-
aminopiridin (2ap), 2-amino-3-pikolin (2a3p), 2-amino-5-pikolin (2a5p)
ve 2-amino-6-pikolin’in  (2a6p) proton transfer tuzlar1 (1-4)
sentezlenmistir. Sentezlenen bilesiklerin yapilari, *H NMR, IR, elementel
analiz ve UV ile aciklanmistir. Calismada kullanilan ve sentezlenen tiim
maddelerin Candida albicans (ATCC 14053) mayasina Ve Enterococcus
faecalis (ATCC 29212), Staphylococcus aureus (NRRL-B 767), Bacillus
subtilis, Listeria monocytogenes (ATCC 7644) (Gram pozitif),
Pseudomonas aeruginosa (ATCC 27853) ve Escherichia coli (ATCC
25922) (Gram negatif) bakterilerine karsi antimikrobiyal aktiviteleri
incelenmistir. Antimikrobiyal aktiviteleri Flukonazol, Levofloksasin,
Vankomisin ve Sefepim ile kiyaslanmistir. Bilesiklerde en iyi aktivite
degerleri S. aureus bakterisinde tiim bilesikler (HClsba harig), E. coli
bakterisinde HClsba ve 2ap, P. aeruginosa bakterisinde tiim bilesikler
(2a6mp ve 3 harig), L. monocytogenes bakterisinde HClsba, 2a3mp, 1, 3
ve 4, E. faecalis bakterisinde tiim bilesikler (3 harig), B. subtilis
bakterisinde 2a5mp ve C. albicans mayasinda tiim bilesikler (3 harig)
gozlenmistir.

Anahtar Kelimeler: 4-Kloro-5-Siilfamoilbenzoik asit, 2-Aminopiridin,
2-Aminopikolin, proton transfer tuzu, antimikrobiyal aktivite

Synthesis, Characterization and Investigation of Antimicrobial Properties of Salts of
2-Aminopyridine Derivatives and 4-Chloro-5-Sulfamoylbenzoic Acid

IKiitahya Dumlupinar
Universitesi Fen-Edebiyat
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Abstract

In this study, proton transfer salts (1-4) of 4-chloro-5-sulfamoylbenzoic
acid (HClsba) with 2-aminopyridine (2ap), 2-amino-3-picoline (2a3p), 2-
amino-5-picoline (2a5p) and 2-amino-6-picoline (2a6p) were synthesized.
The structures of the synthesized compounds were elucidated by *H NMR,
IR, elemental analysis, and UV. The antimicrobial activities of all
substances used and synthesized in the study are examined against the
yeast Candida albicans (ATCC 14053), and the bacteria Enterococcus
faecalis (ATCC 29212), Staphylococcus aureus (NRRL-B 767), Bacillus
subtilis, Listeria monocytogenes (ATCC 7644) (Gram positive),
Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (ATCC
25922) (Gram negative). Their antimicrobial activities were compared
with Fluconazole, Levofloxacin, Vancomycin and Cefepime. The best
activity values of the compounds are all compounds (except HClsba) for
S. aureus bacteria, HClsba and 2ap for E. coli bacteria, all compounds
(except 2a6mp and 3) for P. aeruginosa bacteria, HClsba, 2a3mp, 1, 3 and
4 for L. monocytogenes bacteria, all compounds (except 3) for E. faecalis
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bacteria, 2a5mp for B. subtilis bacteria, and all compounds (except 3) were

Bu caligma Creative Commons observed for C. albicans yeast.

Attribution 4.0 International Keywords: 4-Chloro-5-Sulfamoylbenzoic acid, 2-Aminopyridine, 2-
License ile lisanslanmistir Aminopicoline, proton transfer salt, antimicrobial activity
Giris

Proton transfer reaksiyonlari, bir protonun molekiil i¢i veya molekiiller arasi olarak bir baglanma
bolgesinden digerine aktarildigr ¢ok sayida kimyasal islem arasinda benzersizdir. Bunlar yalnizca
herhangi bir yardimei elektron olmadan bir gekirdegin tasinmasini igerir. Ozellikle, bu tiir reaksiyonlar,
bag elektronlarinda ciddi bir diizensizlik olmaksizin ve bag yapmayan elektronlar arasindaki itme
kuvvetlerini devreye sokmadan meydana gelebilir [1]. Proton transferi, birgok kimyasal ve biyokimyasal
reaksiyonda dnemli bir rol oynayan en temel siireglerden biridir [2, 3]. Son zamanlarda, proton transferi
ile ilgili arastirmalar esas olarak kristal miihendisligi [4, 5], katalitik reaksiyonlar [6, 7], organik
ferroelektrikler [8, 9], enerjik malzemeler [10-12], dogrusal olmayan optik malzemeler [13, 14],
hidrojen depolama [15-18] ve ilag endiistrisi [19, 20] gibi diger ilgili alanlara odaklanmistir. Proton
transferi ayrica bir¢ok biyokimyasal siiregte onemli bir adim olarak bilinir [21-25]. Proton transfer
tuzlarinin sentezinde genellikle aromatik/alifatik karboksilik asitler ve aromatik/alifatik bazlar
kullanilmaktadir. Bu bilesikler genellikle suda ¢oziinebilen bilesiklerdir [26]. Sentezlenen tuzlarin
asidik bileseni olan 4-kloro-5-siilfamoilbenzoik asitin (HClsba) antibakteriyel [27] ve antihipertansif
[28], bazik bileseni olan 2-aminopiridin tiirevleri, antifungal, antiviral, antiinflamatuar, antihistaminik,
antibakteriyel, antiparazitik, antikonviilsan, antialzheimer, antidiyabetik ve analjezik gibi aktivitelere
sahiptir [29]. Grubumuz suda ¢6ziilebilecek 3-siilfamoilbenzoik asit tiirevleri ile 2-aminopiridin
tiirevlerinden olusan proton transfer tuzu, tuzlarin metal komplekslerinin sentezi ve biyolojik aktivite
Ozelliklerini incelemektedir [30-41]. Bu ¢alismada, 4-kloro-5-siilfamoilbenzoik asit (HClsba) ile 2-
aminopiridin (2ap), 2-amino-3-pikolin (2a3p), 2-amino-5-pikolin (2a5p) ve 2-amino-6-pikolin’in (2a6p)
proton transfer tuzlar1 (1-4) sentezlenmistir. Sentezlenen bilesiklerin yapilari, elementel analiz, *H NMR,
IR ve UV ile agiklanmistir. Tiim maddelerin Candida albicans (ATCC 14053) mayasina, Enterococcus
faecalis (ATCC 29212), Staphylococcus aureus (NRRL-B 767), Bacillus subtilis, Listeria
monocytogenes (ATCC 7644) (Gram pozitif), Pseudomonas aeruginosa (ATCC 27853) ve Escherichia
coli (ATCC 25922) (Gram negatif) bakterilerine kars1 antimikrobiyal aktiviteleri incelenmistir.

Materyal ve Metot

Kimyasal maddeler Merck firmasindan alinmigtir. Elementel analiz i¢cin Elementar Vario 11l EL, FT-IR
icin BRUKER OPTICS VERTEX 70; *H NMR i¢in 500 MHz UltraShield NMR Spektrometrisi ve UV—
Vis analizi i¢in SHIMADZU UV-2550 cihazlar kullanilmistir.
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Yontem
Proton Transfer Tuzlarinin Sentezi

5 mmol HClsba (1,1782 g) ve 5 mmol 2-aminopiridin tiirevi {1 i¢in 0.4706 2ap, 2 i¢in 0.5407 g 2a3p, 3
icin 0.5407 g 2abp ve 4 i¢in 0.5407 g 2a6p} bilesikleri balonda 100 mL saf etanolde ¢oziildii. Oda
kosullarinda karistirilan ¢ozeltide olusan beyaz renkli proton transfer tuzlar (1-4) siiziildii ve kurutuldu
(Sekil 1).

0 O
<0
B A HO B A
— —\®
C N + - = C NH
\ 5 \ / o
N g 1
5 E NI D E S0 €
H,N 2
H4Cl3sba tuz
A=NH,,B=H,C=H,D=H,E=H (€))]
A=NH,, B=CH,;,C=H,D=H,E=H )
A=NH,,B=H,C=H,D=CH;, E=H 3)

A=NH,,B=H,C=H,D=H, E=CH, @)
Sekil 1. 1-4 Tuzlarimn sentezi

Antimikrobiyal Aktivite Calismalar:

Bilesiklerin mikroorganizmalar gelisimini inhibe eden en diisiik konsantrasyon degerinin (MiK)
belirlenmesinde mikro-tiip seyreltme teknigi uygulandi. Bu amagla mikrodiliisyon yonteminde U
seklinde 96 kuyucuklu mikro plakalar kullanildi. Mueller Hinton Agar ortami tek ve ¢ift kuvvet olarak
hazirlandi. Kullanilan, sentezlenen ve referans bilesiklerin 4 mg 6rnegi 2 mL DMSO igerisinde ¢oziildii.
Kullanilan bakteri ve mantar tiirleri tek kuvvetli MHB besiyerinde gece boyunca inkiibe edildi ve taze
kiiltiirleri hazirlandi. Kiiltiirlerin siispansiyonlar1 hazirlandi ve hiicre yogunluklar1 0.5 Mc Farland tiip

bulanikligina (1.0.108 (kob)/mL) ayarland1 [37, 40, 41].
Bulgular ve Tartisma
NMR Spektrumu Sonuglar:

Sentezlenen 1-4 proton transfer tuzlar1 de-DMSO ve DO ilaveli d-DMSO ortaminda alinan *H-NMR

spektrumlari sirastyla Sekiller 2-5’de ve kimyasal kayma degerleri Tablo 1’de verilmistir.
1 Tuzunun 'H-NMR sonuclar1

1 Tuzunun 7.30 ve 8.10 ppm’de gdzlenen 1H’lik dublet pikler (H®, 3Jusra = 7.281 Hz ve H8, “Jugha =
2.036 Hz) ile 7.92 ppm’de gozlenen 1H’lik dublet-dublet pik (H*, 3Juans = 8.218 Hz, *Jnans = 2.031
Hz), ve 7.77 ppm’de gozlenen 2H ik (H™X) singlet pikler yapida bulunan Clsba grubunun protonlarindan
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kaynaklanmaktadir. 6.48 ppm’de gozlenen 2H’lik (H*2 ve H®, 2Ju13-H14 veya His-H1amis = 7.649 HZ) ve 7.45

ppm’de gézlenen 1H ik (Hl4, 3J|—114.}-|15/}-|16 =4.872 HZ, 4JH14-H16 =1.378 HZ) triplet—dublet plkler ile7.77
ppm’de gozlenen 1H’lik dublet pik (H®, 3Jnigniz = 4.896 Hz) ve 6.35 ppm 2H’lik (HY') olmasi

gerekirken 1H’lik gozlenen singlet pik yapida bulunan Hap® grubunun protonlarindan

kaynaklanmaktadir.

0.682

T T T T
3 2 1 0 ppm

1250.310
1257541

1255.820
26807

<

850 @846 B16 &M B80S BO0 V85 W 78S J& 7 M Jk l

T
O ppm

FET%ET%H% ﬁ
Sekil 2. 1 Tuzunun a. DO ilave5|z ve b. D,0 ilaveli 'HNMR spektrumu
2 Tuzunun *H-NMR Sonugclar:
2 Tuzunun yapisinda bulunan H* protonu 7.92 ppm’de 1H’Iik dublet-dublet olarak ((Jua-ns = 8.320 Hz,
4Jna-ns = 2.061 Hz); H®, H® ve H protonlar1 7.77 ppm’de 4H’lik multiplet olarak (3Jus-H4 veya Hi6-H15 =
8.181 Hz, *Ju1-H14 = 1.170 Hz); H8 ve H“ protonlar1 8.53 ppm ve 7.28 ppm’de dublet olarak (*Jus-qa =

2.037 Hz ve 3Jnia-ms = 7.115 Hz); H protonu 6.49 ppm’de 1H’lik triplet olarak (3Juis-riamis = 6.121
Hz), HY (2H’lik) ve H!® (3H’11ik) protonlari 5.98 ppm ve 2.05 ppm’de singlet olarak gdzlenmistir.
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Tablo 1. 1-4 Tuzlarinin *H-NMR spektrumunun kimyasal kayma degerleri Xppm)

1
17 e()
]4</ \g :
]5_ ! O\i ! Cl
’ o ©
e 7.92 (1H, dxd) [*Jnans = 8.218 Hz, e 7.92 (1H, dxd) [*Jnans = 8.320 Hz,
4~]H4-H8 =2.031 HZ] 4\]H4-H8 =2.061 HZ]
HS, H10 7.77 (4H, M) [2Jus-H4 veya H16-H15 =
5 3 - ' ' Il Y
H 7.30 (1H, d) [*ns-Ha = 7.281 HZz] K16 8.181 Hz, “Jrsie = 1.170 Hz]
H®  8.10 (1H, d) [“Jns-na = 2.036 Hz] Hé8 8.53 (1H, d) [*Jns-ra = 2.037 Hz]
HY®  7.77 (2H, s) H -
H - H 7.28 (1H, d) [Jn1-m1s = 7.115 Hz]
H13 A48 (2H, d+t) [PIuizmia v . =
H15’ S 629( HZ,]d t) [*JH13-H14 veya H15-H14/H16 H1s 6.49 (1H, 1) [nts.raemas = 6.121 Hz]
7.45 (lH, th) [3JH14—H15/H16 =4.872
14 17
H Hz, *Jn14-116 = 1.378 Hz] H 5.98 (2H,5)
H  7.77 (1H, d) [*Ju1s-H17 = 4.896 Hz] H 2.05(3H,s)
HY  6.35(1H,s)
14 /
e 8.10 (1H, dxd) [*Jua-ms = 8.215 Hz, e 8.11 (1H, dxd) [*Jus-ns = 8.197 Hz,
*Jna-ns = 2.108 Hz] *Jna-ns = 1.952 Hz]
H5! 3 —
Hllz, |7—|.Z64531:,H2):[2J%5§T \|/_e|3;]H16-H15 =8.209 HS, H1o 7.76 (3H, s+d) [*uss = 8.219 Hz]
H ' ” '
H8 8.10 (1H, d) [4~]H8-H4 =2.044 HZ] H8 8.10 (1H, d) [4~]H8-H4 =1.956 HZ]
Hll . Hll _
6.40 (2H, d+d) [3JH1s- H14 =
H 6.48 (1H, d) [BJH13-H14 =8.478 HZ] Hl3, His 7.199( HZ] ) [ H13-H14 veya H15-H14
3 _
H¥ ZinS? - ng%7[ I{IHzl]LLHl3 TOABARE 7.40 (1H, t) [*JH14-H13m15 = 7.525 Hz]
HY  6.35(1H,s) HY 6.80 (1H, s)
H® 2.10 (3H,s) H8 2.30 (3H, s)
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Sekil 3. 2 Tuzunun a. D20 ilavesiz ve b. DO ilaveli *HNMR spektrumu
3 Tuzunun *H-NMR Sonuglari

3 Tuzunun yapisinda bulunan H* protonu 8.10 ppm’de 1H’lik dublet-dublet olarak (*Jns-ns = 8.215 Hz.
*Ja-ns = 2.108 Hz); H®, H ve H® protonlar1 7.76 ppm’de 4H’lik multiplet olarak (3Jus-Ha veya His-H15 =
8.209 Hz, “nie-H14 = 2.681 Hz); H® ve H'® protonlar1 8.10 ppm ve 6.48 ppm’de 2H ik dublet olarak
(“Jrs-na = 2.044 Hz ve 3Juis-14 = 8.478 Hz); H protonu 7.31 ppm’de 1H’lik dublet-dublet olarak (3Ju1a-
Hiz = 8.484 Hz, “Juisnis = 2.187 Hz) ve HY (2H gozlenmesi gerekirken 1H ik gozlenmis) ve H®
(3H’lik) protonlar1 6.35 ppm ve 2.10 ppm’de singlet olarak gézlenmistir.
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Sekil 4. 3 Tuzunun a. D20 ilavesiz ve b. D0 ilaveli *HNMR spektrumu
4 Tuzunun *H-NMR Sonuglari

4 Tuzunun yapisinda bulunan H* protonu 8.11 ppm’de 1H’lik dublet-dublet olarak (3Jus.ns = 8.197 Hz.
*Jna-ns = 1.952 Hz); H® ve H¥ protonlar1 7.76 ppm’de 3H’lik singlet+dublet olarak (3Jus.na = 8.219 Hz);
H?® proton 8.10 ppm’de 1H’lik dublet olarak (*Jus-na = 1.956 Hz); H®® ve H™ protonlar1 6.40 ppm’de
2H’lik dublet+dublet olarak (*Jus-ra = 2.044 Hz Ve 3Jn1z-n14 = 8.478 Hz); H protonu 7.40 ppm’de 1H’lik
triplet olarak (3Jnia-nizmis = 7.525 Hz) ve HY (2H gozlenmesi gerekirken 1H’lik gozlenmis) ve H®
(3H’lik) protonlar1 6.80 ppm ve 2.30 ppm’de singlet olarak gézlenmistir.
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Sekil 5. 4 Tuzunun a. D,0 ilavesiz ve b. D,O ilaveli ‘HNMR spektrumu

Tuzlarda 13 ppm civarinda beklenen HClsba’a ait —COOH hidrojenleri (H!) spektrumlarda

gozlenmemistir. Bu hidrojenlerin aminopiridinlerdeki N'*’e transfer oldugu diisiiniilmektedir (H'). H!

FH! tersinir tepkimesi nedeniyle spektrumunda gézlenememistir. Kati tuzlarin IR spektrumlarinda
H®%iin varlig: belirlenmistir (Sekiller 6-9). de-DMSO ¢ozeltisine D-O ilavesinden sonra ¢ekilen H-
NMR spektrumlarinda (Sekiller 2b-5b); H* ve H' hidrojenleri gézlenmemistir.
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Elementel Analiz Sonuclar:

1-4 Tuzlarim onerilen yapilardaki deneysel(teorik) element miktarlar1 Tablo 2’de verilmistir. Bu

sonuglara gore asit:baz oranlari 1:1 olarak goriilmektedir.

Tablo 2. Tuzlarin elementel analiz sonug¢lar
% Deneysel(% Teorik)

Bilesik Kapal formiilii
C H N S
1 C12H12CIN3O4S 43.70(43.71) 3.70(3.67) 12.85(12.74) 9.75(9.72)
2 C13H14CIN3O4S 4550(45.42) 4.00(4.10) 12.25(12.22) 9.35(9.33)
3 C13H14CIN3O4S 45.45(45.42) 4.05(4.10) 12.20(12.22) 9.34(9.33)
4 C13H14CIN304S 45.40(45.42)  41(4.10) 12.23(12.22) 9.30(9.33)

IR Sonuglari
35‘00 30‘00 25‘00 20‘00 15‘00 1;;00 560 35‘00 30‘00 z;oo zo‘oo 1;00 10‘00 5:30
Wavenumber cm-1 Wavenumber cm-1
Sekil 6. 1 Tuzunun IR spektrumu Sekil 7. 2 Tuzunun IR spektrumu
3500 3000 ZSBV(\]/ aaaaa o 2012201 1500 1000 500 3500 3000 250\;avenummv i('):iﬂl 1500 1000 500
Sekil 8. 3 Tuzunun IR spektrumu Sekil 9. 4 Tuzunun IR spektrumu

1-9 Bilesiklerinin IR degerleri Tablo 3’te, elde edilen tuzlarim FT-IR spektrumlari Sekiller 6-9’da
verilmistir. Spektrumlarda tuzlarin yapilarin1 destekleyen bantlar mevcuttur. v(N-H) gerilmeleri 1

tuzunda 3418, 3357, 3275 ve 3147 cm™, 2 tuzunda 3438 ve 3336 cm™, 3 tuzunda 3484, 3337, 3260 ve
3151 cm ve 4 tuzunda 3376, 3329 ve 3142 cm™¥’de gdzlenmistir. v(N*-H) titresim bantlar1 1 tuzunda
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2767 ve 2498 cm™, 2 tuzunda 2702 ve 2515 cm™, 3 tuzunda 2736 ve 2528 cm™ ve 4 tuzunda 2747 ve

2485 cm™Y’de gozlenmistir. Bu bantlarin gozlenmesi tuzlarda bazin protonlandigini gostermektedir
(Sekil 1) [42]. Karboksilat v(C=0) gerilmeleri 1 tuzunda 1669 ve 1490 cm™, 2 tuzunda 1675 ve 1475
cm?, 3 tuzunda 1689 ve 1459 cm™ ve 4 tuzunda 1661 ve 1482 cm™’de gdzlenmistir. 1-4 Tuzlarinda,
3080-3098 cm araliginda aromatik v(C-H) gerilmeleri, 2818-3013 c¢cm™ arahiginda alifatik v(C-H)
gerilmeleri (1 tuzu harig), 1440-143 cm™? araliginda v(C=N) ve v(C=C) gerilmeleri, 1088-1392 cm
araliginda v(C-0), 1142-1260 cm™ araliginda v(S=0) gerilmeleri ve 782-798 cm™ araliginda piridin

halkasindan kaynaklanan pikler gozlenmistir.

Tablo 3. 1-4 Tuzlarimin IR bantlar: (cm™)

1 2 3 4
v(NH>) 3418(os) 3438(os) 3484(os) 3376(0s)
3357(os) 3336(0s) 3337(os) 3329(os)
3275(0s) 3260(os) 3142(os)
3147(os) 3151(os)
V(CH)ar 3080(z) 3098(z2) 3093(z) 3097(z)
V(CH)Aar. 2964(z) 2989(z) 3013(2) 2952(z)
2937(2) 2948(z2) 2860(z2) 2910(z2)
2859(z) 2869(z) 2818(z) 2860(z)
v(N*H) 2767(z) 2702(z) 2736(z) 2747(2)
2498(2) 2515(z) 2528(2) 2485(2)
v(C=0) 1669(s) 1675(s) 1689(s) 1661(s)
1490(s) 1475(s) 1459(s) 1482(s)
v(C=N) 1618(s) 1634(s) 1643(s) 1622(s)
v(C=C) 1582(s) 1583(s) 1586(s) 1580(s)
1571(s) 1538(s) 1539(s) 1532(s)
1546(s) 1440(s) 1496(s) 1447(s)
1470(s) 1440(s)
v(CO) 1389(s) 1390(s) 1389(s) 1392(s)
1284(s) 1245(s) 1292(s) 1284(s)
1088(s) 1149(s) 1091(s) 1107(s)
v(S=0) 1241(s) 1212(s) 1260(s) 1246(s)
1169(s) 1171(s) 1170(s) 1173(s)
1142(s) 1149(s) 1144(s) 1145(s)
v(py) 798(s) 786(s) 782(s) 791(s)

*s; siddetli, os; orta siddetli, z; zayif

UV-Vis Sonugclar:

HClsba, 2ap, 2a3mp, 2abmp, 2aémp ve 1-4 tuzlarinin DMSO ¢o6ziiciileri i¢inde alinan UV-Visible
spektrumlarinda m—=w* elektronik gegislerinin dalga boyu ve gy degerleri HClsba i¢in 306 (34750 Lmol
emt) ve 290 nm (27560 Lmol*cm™), 2ap igin 313 nm (32610 Lmol*cm™), 2a3mp i¢in 296 nm (34190
Lmol*cm™), 2a5mp igin 325 (28780 Lmol*cm™) ve 295 nm (29280 Lmol*cm™), 2a6mp igin 321 (32150
Lmol*cm™) ve 308 nm (31940 Lmol*cm™), 1 tuzu igin 300 (13550 Lmolcm™) ve 289 nm (13060 Lmol-
em), 2 tuzu i¢in 315 (35390 Lmol*cm™) ve 290 nm (26970 Lmol-*cm™), 3 tuzu igin 322 (41190 Lmol
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em™) ve 291 nm (28730 Lmol*cm™) ve 4 tuzu i¢in 322 (37760 Lmol*cm™) ve 291 nm (27670 Lmol

lem) olarak gozlenmistir.
Antimikrobiyal Aktivite Calismalar

Bu calismada, baslangic maddeleri ve 1-4 tuzlarinin mikrodiliisyon yontemi ile antifungal ve

antibakteriyel aktivite sonuglarimin MiK degerleri Tablo 4’te verilmistir.

Tablo 4. Bilesiklerin antimikrobiyal aktivite degerleri (ug/mlL)

S. E. P. L. E. B. C.
aureus coli aeruginosa monocytogenes faecalis subtilis albicans
Sefepim 62.50 62.50 31.25 31.25 31.25 6250 -
Vankomisin ~ 31.25 31.25 62.50 125.00 62.50  250.00 -
Levofloksasin  31.25 31.25 31.25 31.25 62.50 62.50 -
Flukonazol - - - - - - 62.50
HClsba 62.50 15.60 62.50 31.25 62.50  62.50 62.50
2ap 62.50 15.60 62.50 62.50 62.50  62.50 62.50
2a3mp 62.50 31.25 62.50 31.25 62.50 62.50 62.50
2a5mp 62.50 62.50 62.50 62.50 62.50 7.80 62.50
2a6mp 62.50 62.50 125.00 62.50 62.50 62.50 62.50
1 62.50 31.25 62.50 31.25 62.50 62.50 62.50
2 62.50 31.25 62.50 62.50 62.50 31.25 62.50
3 62.50 62.50 125.00 31.25 125.00 62.50 125.00
4 125.00 62.50 62.50 31.25 6250 31.25 62.50

Bilesiklerin S. aureus bakterisine karsi aktivitelerinin Vankomisin ve Levoflaksin ile
karsilastirildiginda; tiim Dbilesiklerin kontrol bilesiklerine gére daha az etkili, Sefepim ile
karsilastirildiginda; 4 harig bilesikler ayni derecede etkili iken, 4 ise daha az etkili oldugu gozlenmistir.
E. coli bakterisine kars1 Vankomisin ve Levoflaksin ile kiyaslandiginda; HClsba ve 2ap en iyi aktiviteye
sahip iken, 2a3mp, 1 ve 2 ayni derecede etkili oldugu, diger maddelerin ise daha az etkili oldugu
gdzlenmistir. Sefepim ile kiyaslandiginda ise; HClsba, 2ap, 2a3mp, 1 ve 2 daha iyi etkili oldugu, diger
bilesiklerin ayni derecede etkili oldugu gbzlenmistir. P. aeruginosa bakterisine kars1 aktivitelerinin
Sefepim ve Levoflaksin ile karsilastirildiginda; tim bilesikler kontrol bilesiklerine gore daha az etkili,
Vankomisin ile karsilastirildiginda; 2a6mp ve 3 harig bilesikler ayni derecede etkili iken, 2a6mp ve 3
ise daha az etkili oldugu gozlenmistir. L. monocytogens bakterisine karsi aktivitelerinin Sefepim ve
Levoflaksin ile kiyaslandiginda; HClsba, 2a3mp, 1, 3 ve 4 aynmi derece aktiviteye sahipken diger
maddeler daha az aktiviteye sahip oldugu gozlenmistir. Vankomisin ile kiyaslandiginda ise; bilesiklerin
daha iyi etkiye sahip oldugu goézlenmistir. E. faecalis bakterisine kars1 aktivitelerinin Sefepim ile
kiyaslandiginda; tiim bilesikler daha az etkiye sahiptir. Vankomisin ve Levoflaksin ile kiyaslandiginda;
3 harig diger bilesikler aymi derecede etkili iken, 3 daha az etkili oldugu gozlenmistir. B. subtilis
bakterisine kars1 aktivitelerinin Sefepim ve Levoflaksin (62.50 pg/mL) ile kiyaslandiginda; 2a5mp, 2
ve 4 daha iyi aktivite gosterirken, diger bilesikler ise benzer aktivite gdstermistir. Vankomisin ile

kiyaslandiginda ise tiim bilesikler daha iyi etki gostermistir.
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Candida albicans mayasina karsi aktivitelerinin Fluconazole ile kiyaslandiginda; 3 hari¢ diger bilesikler

ayni derecede etkili iken, 3 daha az etkili oldugu gozlenmistir.
Sonuclar

Bu calismada, 4-kloro-5-stilfamoilbenzoik asit (Hclsba) ile 2-aminopiridin (2ap), 2-amino-3-pikolin
(2a3p), 2-amino-5-pikolin (2a5p) ve 2-amino-6-pikolin’in (2a6p) proton transfer tuzlar1 (1-4)
sentezlenmistir. Baslangi¢ maddeleri ve proton transfer tuzlarinin maya (C. albicans) ve bakterileri (S.
aureus, B. subtilis, E. faecalis, L. monocytogenes, E. coli ve P. aeruginosa) karsi antibakteriyel ve anti
fungal aktiviteleri incelenmistir. Tuzlarin spektrum sonuglarina gére HClsba:ap oranlar1 1:1 olarak
hesaplanmistir. Tuzlarin yapilarinda bulunan fonksiyonel gruplarin gerilme ve titresim bantlart IR
spektrumlarinda mevcuttur. Aktivite ¢aligmalart sonucunda tiim bilesiklerin maya ve bakterilere karst
aktiviteye sahip oldugu gozlenmistir. Bilesiklerin en iyi aktivite degerleri S. aureus bakterilerinde tiim
bilesikler (HClsba harig), E. coli bakterisinde HClsba ve 2ap, P. aeruginosa bakterisinde tiim bilesikler
(2a6mp ve 3 harig), L. monocytogenes bakterisinde HClsba, 2a3mp, 1, 3 ve 4, E. faecalis bakterisinde
tiim bilesikler (3 harig), B. subtilis bakterisinde 2a5mp ve C. albicans mayasinda tiim bilesikler (3 harig)
gozlenmistir. Yapi-aktivite iliskisi incelendiginde, Tablo 4’te gdore metil grubunun piridin azotuna
yaklagmasi genel olarak S. aureus ve E. coli i¢in aktivite degerlerini azaltirken, P. aeruginosa, E.
faecalis ve C. albicans igin aktivite degerlerini degistirmezken, L. monocytogenes ve B. subtilis i¢in
aktivite degerlerini arttirmistir. Bu sonuglar literatiirde bulunan benzer maddelerin sonuglari ile uyum

ierisindedir [31-33, 36, 37, 40, 41].
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Abstract
Research Article This study presents a genetic analysis of Clethrionomys glareolus
populations across northern Anatolia, utilizing mitochondrial Cytb and
COl gene sequences. Phylogenetic analysis identified two distinct Turkish
clades, Clade 1 and Clade 2. Neutrality tests and mismatch distribution
analyses indicate a recent population expansion following a genetic
bottleneck associated with Pleistocene climatic changes. Interestingly,
bank voles from Uludag in Bursa Province of northwestern Anatolia
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between the clades did not align closely with main rivers, suggesting that
these geographic features did not act as strong long-term barriers to gene
flow among bank vole populations. Our mtDNA study lays the foundation
for future research to evaluate these scenarios using phylogeographic
patterns of genome-wide diversity for a comprehensive understanding of

the complex evolutionary history of bank voles in Tiirkiye.
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Kuzey Anadolu’da Bank Vole (Clethrionomys glareolus) Populasyonlariin
Mitokondriyal Genetik Cesitliligi ve Tarihsel Populasyon Dinamikleri: Cytb ve COI
Gen Dizilerinden Elde Edilen Bilgiler
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populasyonlarinin mitokondriyal Cytb ve COIl gen dizileri kullanilarak
yapilan genetik analizlerini sunmaktadir. Filogenetik analizler, iki ayri
Tirkiye kladini, Klad 1 ve Klad 2'yi ayirt etmistir. Notralite testleri ve
uyumsuzluk analizleri, Pleistosen donemi iklim degisiklikleri ile iliskili
genetik bir darbogazin ardindan yakin zamanda bir populasyon
genislemesi oldugunu ortaya koymustur. Dikkat cekici bir sekilde,
Bursa'nin Uludag bolgesinden alinan kizil sirth orman faresi drnekleri,
diger kuzeybat1 populasyonlar1 yerine kuzeydogu populasyonlari ile daha
yakin filogenetik iliskiler sergilemistir. Bu durum, kuzey Anadolu'da
potansiyel bir populasyon degisimi ve Uludag'da bir kalint1 populasyonun
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hayatta kalmasimi igeren karmasik tarihsel populasyon dinamiklerine

isaret etmektedir. Kladlar arasindaki cografi sinirlar, ana nehirlerle dogru

orantili olmayip, bu cografi ozelliklerin kizil sirtlh orman faresi

populasyonlart arasindaki gen akisina ciddi engeller olusturmadigini

gostermektedir. Bu mitokondriyal DNA ¢aligmasi, Tiirkiye'deki kizil sirtli

orman farelerinin evrimsel tarihini derinlemesine anlamak amaciyla

gelecekte yapilacak arastirmalar i¢in saglam bir temel olusturarak, genetik
cesitlilik gdsteren filocografik desenlerin kullanilmasini 6nermektedir.
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Anahtar Kelimeler: Kizil sirth orman faresi, mitokondriyal DNA,
Tirkiye Pleistosen siginaklart, i¢ su bariyerleri, Tiirkiye

Introduction

During the Pleistocene glaciations, many European species found refugia in the Mediterranean region
of Europe. However, some species also survived in temperate areas in northern Anatolia [1, 2]. The bank
vole, Clethrionomys glareolus Schreber, 1780 (sometimes also called Myodes glareolus; Krystufek et
al. [3]), is a species extensively studied to comprehend the response of the European fauna to Pleistocene
climate changes [4-12]. This species is found in temperate and boreal forests across Europe and western
Asia, including northern Anatolia [13, 11]. Recent phylogenetic and phylogeographic studies by
Deffontaine et al. [4], Filipi et al. [7], Colak et al. [8], Lu et al. [9], Chiocchio et al. [11] and Kotlik et
al. [12] have highlighted the significant role of climatic fluctuations and environmental changes during
the Pleistocene period (starting around 1.81 million years ago) in influencing the genetic differentiation
of Clethrionomys glareolus. Bank voles are distributed along the boreal forests of Anatolia. According
to Osborn [14], the bank vole exhibits a fragmented distribution in Anatolia, with noticeable
morphological differences observed among specimens in the western and eastern parts of northern
Anatolia. Several major geographic features, including the Sakarya River, Kizilirmak River, Melet
River, Ikizdere stream, and the Izmit Gulf-Lake Sapanca—Sakarya Valley waterway [15], may have
contributed to the fragmentation of the geographic range of terrestrial species in Anatolia, potentially
leading to phylogeographical breaks. However, the impact of these barriers on the differentiation of C.
glareolus remains unknown. Colak et al. [16] identified two distinct groups in the northern Anatolia
region based on allozyme data, with the differentiation largely associated with altitudinal differences.
Similarly, Betes et al. [17] revealed the existence of two lineages as western and eastern, in the northern
Anatolia through RAPD-PCR analysis. Colak et al. [8] identified two lineages in Anatolia as
northeastern and northwestern, using phylogenetic analysis of the mitochondrial DNA (mtDNA) Cytb
and D-loop regions, which were separated by the Kizilirmak valley. Interestingly, the study showed that
specimens from Uludag region (N=2) in the northwestern Anatolia clustered together with the
northeastern Anatolia lineage. Uludag, a prominent mountain located in the Marmara Region of the
northwestern Anatolia, reaches an elevation of 2543 meters and presents a distinct ecological setting
that may contribute to genetic differentiation within the species. In a parallel vein, ibis etal. [18], through
their study on Crocidura leucodon, suggested the existence of a glacial refuge in the Uludag-Bursa

region for this species. It is noteworthy that C. glareolus and Crocidura leucodon shares similar

484



Tas et al. Sinop Uni J Nat Sci 9(2): 483-501 (2024)
E-1SSN: 2564-7873
characteristics as having a small size and a limited mobility, traits that allow these species to potentially

respond rapidly to environmental and climatic factors. Building upon the insights presented in the study
by ibis et al. [18], we aim to investigate whether Uludag and its surroundings served as a Pleistocene
refugium for C. glareolus. For the purpose to achieve this, we expanded the sample size in this area
incorporating additional gene regions into our analysis, complementing the findings of Colak et al. [8].
The primary objective of our study is to investigate the genetic differentiation and past population
dynamics of bank vole populations in Anatolia. Specifically, we aim to reassess the distinctions of the
Uludag population as a unique genetic entity, utilizing sequences of the COI gene region selected for its
lower variability relative to the D-loop region used in previous studies [8]. By expanding our sample
size from Uludag and its surrounding areas, our aim is to achieve a more comprehensive understanding
of the genetic diversity and population structure across the region spanning from Uludag to northeastern
Anatolia, and to explore potential drivers such as geographical barriers and climatic changes during the
Pleistocene.

Materials and Method
Sample Collection

We examined a total of 66 cytochrome b (Cytb) gene sequences for bank voles collected from 24

different locations across northern Anatolia, covering the species’ distribution in Tirkiye (Table 1,

“\L/_V\

Figure 1).

Ikizdere Stream

2

Figure 1. Sampling localities of the bank voles from Anatolia (see the map references in Table 1)

Among these, 34 samples had been previously analyzed for the Cytb gene by Colak et al. [8]. In this
study, we extended the Cytb analysis by including additional 32 specimens. Furthermore, we conducted
the first analysis of the cytochrome ¢ oxidase subunit I (COI) gene region using 63 samples in Tiirkiye.

Ethical permits were obtained from the Animal Experiments Local Ethics Committee of Ankara
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University (no: 2019-11-108) for the collection of all specimens.In addition to the Turkish samples,

Tas et al.

specimens from GenBank were included in phylogenetic tree construction and genetic distance
calculations (Appendix E). Clethrionomys centralis (KYY968281 for Cytb and KY 968255 for COI) [17]

was used as the outgroup.

Table 1. Map references, locality name, number of specimens from each locality and GenBank
Accession numbers of the bank vole haplotypes from Anatolia

Total GenBank Accession Number
Map Locali ber of
references ocality number o
specimens Cytb COl
1 Bursa 9 KM508997, KM508998 OM674417
OM674439
2 Uludag-Bursa 3 KM508997, KM508998, OMG674417, OM674418
KM508997
3 Muratdere-Bilecik 3 OM674439 -
4 Sile-Istanbul 4 KM508989, KM508990 OM674420, OM674421
5 Kandira-Kocaeli 3 KM508989, KM508991, OMG674417, OM674420
KM508992
6 Kartepe-Kocaeli 3 KM509000, KM509001, OMG674420, OM674427
KM509002
. KM508993, KM508990, OM674420
! Akgakoca-Diizce 3 KM508994. OM674428
8 Abant-Bolu 4 KM508995, KM508995, 0OM674419, OM674420
KM508996 OM674423
9 Zonguldak 4 KM508999, KM508989 0OM674419, OM674420
10 Caycuma- 1 OM674433 OM674419
Zonguldak
11 Kizilcahamam- 1 KM509003 OM674420
Ankara
12 llgaz-Cankiri 4 OM674435, OM674436  OMG674420
OM674437, OM674438
13 Kiire-Kastamonu 3 KM509005, KM508996 OM674419, OM674422
14 Biirniik-Sinop 2 KM509006 OM674419, OM674420
15 Goktepe-Sinop 4 KM509007, KM509008 OM®674419, OM674420
OM674431 OM674423
16 Cakalli-Samsun 1 KM509009 OM674417
17 Unye-Ordu 2 KM509011 OM674417
18 Giirgentepe-Ordu 2 KM509010, OM674429 OM674424
19 Ulubey-Ordu 2 KM509010, OM674432 OMG674417
20 Bulancak-Giresun 1 KM509012 OM674425
21 Bicik-Giresun 1 KM509012 OM674417
29 Bgrga village- 2 KM509013 OM674417, OM674424
Giresun
23 Stimela-Trabzon 3 KM509014, OM674430 OMG674417
24 ikizdere-Rize 1 OM674434 OM674426

Laboratory Methods

Genomic DNA was extracted from muscle and kidney tissues of the samples using Doyle [20]'s
Cetyltrimethyl Ammonium Bromide (CTAB) isolation protocol. The Cytb gene was amplified using the
universal primers L14724 and H15915 [21]. Additionally, a 700 bp fragment of the COI gene was
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amplified using the primers LCO1490 and HCO2198 [22]. Sanger sequencing was performed, and both

forward and reverse sequences were obtained for each amplicon. The sequences have been deposited in
GenBank under accession humbers OM674417-OM674439 (Table 1). The polymerase chain reaction
(PCR) mixture and amplification of the Cytb gene region were conducted following the procedures
described in Colak et al. [8]. For the COI gene region, the PCR protocol consisted of an initial
denaturation step at 96 °C for 1 min, followed by 35 cycles of denaturation at 94 °C for 1 min, annealing

at 55 °C for 1 min, extension at 72 °C for 1.5 min, and a final extension step at 72 °C for 10 min.
Phylogenetic Inferences, Genetic Distances and Network Analyses

The sequences were aligned using the ClustalW alignment tool implemented in BioEdit (ver. 7.2.5) [23].
Unique haplotypes were identified using DnaSP (ver.6.12.03) [24]. We reconstructed the phylogenetic
relationships among haplotypes separately for each gene region, Cytb and COI, using both maximum
likelihood (ML) and Bayesian inference (Bl) approaches. For ML analysis, we employed 1Q-TREE (ver.
1.6) [25]. The best-fitting model of sequence evolution for each gene region was determined by applying
the Bayesian information criterion (BIC) in MEGAX. The HKY+G models were chosen for the COI
and Cytb regions, respectively. This model is used for the ML and BI reconstructions. The Nearest-
Neighbor Interchange (NNI) algorithm was employed as the tree-building method for ML analysis.
Bootstrap resampling (BP) was used to generate the ML tree with 1000 replicates, providing a measure
of the tree's robustness. For the Bayesian analysis, we utilized MrBayes (version 3.2.7a) [26]. Separate
Markov chain Monte Carlo (MCMC) Bayesian analyses were conducted for COl and Cytb gene regions.
In each analysis, we performed 2 million iterations for the COI gene region and 5 million iterations for
the Cytb gene region to ensure robust results. Empirically determined, the initial 25% of each run was
discarded as a burn-in. Bayesian posterior probabilities (BPP) were calculated based on the 50%
majority rule consensus of trees sampled every 1000 generations. We used a significance level of P <
0.01 for Bayesian posterior probabilities to determine the statistical support for clades. The median-
joining networks (MJN) were constructed to illustrate the relationships between haplotypes for each
gene region using Network (ver. 10.2) [27]. The genetic distance between the groups appearing in the
phylogenetic trees was estimated with the Kimura-2 parameter (K2P) using the MEGA X software. To
explore the connection between geographical distances and genetic differentiation among C. glareolus
populations, we conducted a Mantel test using the IBD: Isolation By Distance v1.52 software [28]. For
this purpose, pairwise differences (pi) were computed among three groups representing Eastern
haplotypes, Western haplotypes, and Uludag-Bilecik haplotypes. Distance data between populations
were determined by measuring the geographical distances between the Siimela (representing Eastern
haplotypes), Sile (representing Western haplotypes), Abant, and Uludag localities using the distances in
kilometres obtained through Google Earth. Uludag locality was chosen due to the clustering of
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haplotypes with Eastern haplotypes in the phylogenetic tree. This allowed us to assess whether

geographical distance has an effect on genetic distance among populations.
Demographic History and Neutrality

Nucleotide diversity (m), haplotype diversity (h), and mismatch distribution analyses were assessed
using DnaSP (ver. 6.12.03) [24]. The Arlequin software (ver. 3.5.2.2) [29] was utilized for neutrality
analyses, including Tajima's D [30] and Fu's Fs [31] tests, which provide insights into population

expansion and bottlenecks.
Mutation Rates

The parameter T (Tau) estimated by DnaSP was utilized to determine the time since the last population
expansion. The time (T) elapsed since the last population expansion for each group, based on the studied
gene regions, was calculated using the formula "T = 1/2u” (as described by Honda et al. [32]). Three
different mutation rates, 0.11, 0.047, and 0.028 substitutions/site/My [32-34], were used to estimate the
expansion times of C. glareolus groups in Anatolia during the Pleistocene period. According to Ho et
al. [35], using mutation rates for molecular dating is particularly suitable when investigating

intraspecific variations and time frames within the last 2 million years.
Results

A total of 716 base pairs (bp) of the COI gene were analyzed for 63 specimens, along with 1,110 bp of
the Cytb gene from 32 new specimens. Additionally, 34 C. glareolus samples (KM508990-KM509014)
from the study of Colak et al. [8] were included. In total, the COI sequences revealed 11 haplotypes,
while the Cytb sequences exhibited 35 haplotypes.

Phylogenetic Analysis

Phylogenetic trees constructed from the COIl and Cytb gene regions revealed consistent clustering
patterns among bank vole populations in Tiirkiye, placing them in two distinct clades: Clade 1 and Clade
2. Additional clades were identified for populations from other regions, aligning with previous studies
(Figures 2 and 3, Appendix C and D). Clade 1 comprises the majority of specimens from the
northwestern Anatolia region, while Clade 2 includes specimens from both the southern Marmara region
in northwestern Anatolia (including Uludag, Bursa and Bilecik; haplotypes 01, 02, and 35) as well as
from the northeastern Anatolia region. In the Cytb tree (Figure 2), both Clade 1 and 2 are moderately to
well supported, with moderate bootstrap support for them being sister clades and thus monophyly of
Turkish bank voles. In contrast, in the COI tree, the monophyly of Turkish bank voles is well supported
(85%), but Clade 2 is not recovered as monophyletic, with some haplotypes placed at the base of the

entire Turkish clade (Figure 3). Additionally, the phylogenetic trees constructed using the Cytb data (no
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Balkan haplotypes were present in COI data) support clustering of the Balkan and Anatolian populations

in one clade (BS=93% and BI=0.88%), consistent with the previous studies.
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Figure 2. Maximum likelihood tree obtained for Cytb gene. Clethrionomys centralis is used as an
outgroup. Bootstrap supports are showed on each node for each main group
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Figure 3. Maximum likelihood tree obtained for COI gene. Clethrionomys centralis is used as an
outgroup. Bootstrap supports are showed on each node for each main group
In the MJN constructed for Cytb and COI haplotypes, Turkish haplotypes formed two distinct groups,
consistent with the phylogenetic trees, and were separated by two and single mutational steps in the Cytb
and COI MJNs, respectively (Appendix G and F). The Cytb groups each exhibited a star-like topology
(Appendix G). The group of Cytb haplotypes from the Balkans was separated from Clade 1 by three
mutational steps (no Balkan haplotypes were present in COl MJN), while the European group was
differentiated from Clade 2 by six and three mutational steps in the Cytb and COI networks, respectively.

Genetic Diversity

Haplotype diversity was relatively high for both of the northwestern and northeastern Anatolia samples,
while nucleotide diversity was low in both gene regions. In contrast, the Uludag population showed
notably lower haplotype diversity and nucleotide diversity when compared to other populations (Table
2).
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Table 2. Genetic diversity within bank vole populations (N: number of specimens, H: Number of
haplotypes, Hd: Haplotype diversity, z: Nucleotide diversity, SD: Standard deviations, NW:
northwestern, NE: northeastern)

. Cytb col
Lineage

N H HI#SD) =n(#=SD) N H Hd@SD) = (+SD)
0.96 0.003 0.94 0.003
NW Anatolia 36 22 (£0.01)  (#0.0003) 36 22 (x0.02)  (£0.0003)
0.92 0.002 0.96 0.003
NE Anatolia 15 10  (20.05)  (£0.0005) 15 12 (£0.04)  (+0.0005)
0.73 0.002 0.72 0.002

Uludag-Bursa 15 3 (20.06) (x0.0004) 12 2 (#0.11) (x£0.0003)

Genetic Distance

The genetic distance within the Turkish clades of C. glareolus, as determined by the Kimura 2-parameter
(K2P) model, was very low (K2P% = 0.63 for Cytb and K2P% = 0.72 for COIl). However, the K2P value
was relatively high between the Turkish and European populations (K2P% = 2.21 for Cytb and K2P%
=1.79 for COI). Specifically, based on the Cytb sequences, 0.98% differentiation was observed between
the Balkan and Anatolian populations. (Table 3).

Table 3. Degree of sequence divergence (in per cent) with Kimura 2-parameter distance for the Cytb
and COI between clades (The standard errors (in parenthesis) are based on 10.000 bootstrap
replicates of the Kimura 2-parameter)

Clades Cytb col
Clade 1/Clade 2 0.63 (0.16) 0.72 (0.21)
Anatolia/Europe 2.21 (0.26) 1.79 (0.46)
Anatolia/Balkan 0.98 (0.23) }

Mantel Test

The Mantel Test analysis allowed us to assess the correlation between pairwise geographical distances
and genetic distances based on the Cytb and COI gene regions. While the calculated correlation
coefficient (r) indicated a negative relationship between geographical and genetic distances, the

relationship was not statistically significant (r = -0.2618, P <= 0.7140).
Mismatch Distribution and Neutrality Tests

Mismatch distribution analysis and neutrality tests were conducted for both COI and Cytb sequences,
considering the presence of two clusters in the phylogenetic tree (Clade 1 and Clade 2). In the case of
COl, Fu's test statistic FS exhibited significantly negative values different from zero in both Clade 1 (FS
=-16.9, P < 0.01) and Clade 2 (FS = -10.2, P < 0.01), indicating an excess of recent mutations or rare
alleles. However, Tajima’s D values for Clade 1 (D =-0.71, P = 0.26) and Clade 2 (D =-0.99, P =0.17)
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were not statistically significant. For Cytb, Tajima's D and Fu's test statistic Fs displayed significantly

negative values different from zero in Clade 1 (D =-1.81, P < 0.05, FS = -15.86, P < 0.01). Although
Tajima's D and Fu's test statistic Fs values were negative for Clade 2, the values were not statistically
significant (D = -1.54, P = 0.07, FS = -4.57, P = 0.99). The mismatch distributions of both Clade 1 and

Clade 2 were unimodal, providing support for rapid expansion (Figure. 4).

03

0.24

I
014
[

Clade 1 _Cytb

T )
10 15
Pairwise Differences

A
25 30

0.4

0.3

0.14

024 |

Clade 1 _COI

T
5

T \
10 15
Pairwise Differences

¥
20

T T
25 30

0.4

04

0.3+
0.2+

¢
014 |/

Clade 2 _Cytb

T T T+ + T
10 15 20 25 30
Pairwise Differences

03
024 |

1/
0.1/

Clade2 COI

T T M T+ T
10 15 20 25 30
Pairwise Differences

Figure 4. Observed (red line) and expected (green line) mismatch distributions of the bank vole group
for Cytb and COI showing the demographic history in panels.

Expansion Times

The t values obtained to estimate the last expansion time of the groups were between 6.126 (Clade 1)
and 6.350 (Clade 2) for the COI gene region. Based on three different mutation rates (0.11, 0.047, and
0.028 substitutions/site/My), the elapsed time since the last expansion was approximately 40.000,
90.000, and 150.000 years ago, respectively (Table 4). For the Cytb gene region, the t values ranged
from 3.237 (Clade 1) to 3.213 (Clade 2), and the estimated expansion times were 13.000, 30.000, and
50.000 years ago (Table 4).
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Table 4. Expansion time estimates inferred from Cytb and COI genes for bank voles from Anatolia
with three potential evolutionary rates (* Expansion times of populations were calculated with three
different evolutionary rates stated in literature. These evolutionary rates are the rate of mutation in 1
million years, substitutions/site/My. (My, Million years.)
Expansion times (My)*

Tau () 0.028 0.047 0.11
Col
Clade 1 6.126 0.152 0.091 0.038
Clade 2 6.35 0.158 0.094 0.04
Cytb
Clade 1 3.237 0.052 0.03 0.013
Clade 2 3.213 0.051 0.03 0.013

Discussion
Phylogeny

The bank vole, Clethrionomys glareolus has been used as a model organism in many genetic studies to
investigate the effects of climatic fluctuations during the Pleistocene period on mammalian species
(reviewed by Kotlik et al. [36]). The most comprehensive phylogenetic study to date on the bank vole
population in Tiirkiye was conducted by Colak et al. [8], using the Cytb and D-loop gene regions,
identifying two haplotype groups in northern Anatolia. They also asserted that despite the distant
geographical separation, the Uludag population in southern Marmara showed closer genetic affinity with
samples from the northeastern Anatolia rather than the adjacent northwestern Anatolian populations.
However, the scarcity of samples from important regions, and the use of the D-loop region with its high
mutation rate and highly variable nature, may have constrained the study by Colak et al. [8]. Therefore,
this study aimed to reassess the phylogenetic analyses of Anatolian bank vole populations by expanding
sampling efforts in the Uludag region and nearby areas, and comparing results obtained from different
additional mtDNA gene. Specifically, the COI gene was chosen to explore the long-term connectivity
between bank vole populations in Anatolia due to its low mutation rates, contributing to a better
understanding of population dynamics and evolutionary processes. The phylogenetic and MJN analyses
of the COI and Cytb datasets consistently support the presence of two main groups within the bank vole
population in Anatolia, which aligns with previous studies, including those utilizing RAPD-PCR [17]
and Cytb [8]. These groups, referred to as Clade 1 and Clade 2, are located in the northwestern Anatolia
region (Clade 1) and the southern Marmara region (Uludag, Bursa and Bilecik) and the northeastern
Anatolia region (Clade 2), respectively (Figure 2, 3). The observed lower haplotype and nucleotide
diversity in the Uludag-Bursa-Bilecik population may suggest that this population underwent a stronger
bottleneck than other populations (or experienced a stronger selective sweep), potentially during cold
periods of the Pleistocene [37]. The clustering of Uludag-Bursa-Bilecik haplotypes within Clade 2,

predominantly found in northeastern Anatolia, is intriguing due to its discontinuous distribution
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compared to Clade 1, which is widespread throughout central Tiirkiye (Figure 1). The minimal haplotype

differences within Clade 2 and its star-like structure suggest a recent origin from a single ancestor. It is
plausible that Clade 2 initially expanded from a glacial refugium, covering much of northern Anatolia,
with subsequent replacement of central populations by those from Clade 1. Whether this replacement
involved only mtDNA or entire populations cannot be determined from the present data. Similar
population replacements, initially identified through mtDNA phylogeography, have been documented
in other regions of the bank vole range, such as Britain [38, 39] and Fennoscandia [40]. This evidence
suggests that population dynamics in bank voles have been climate-driven, reflecting adaptations of
populations from different refugia to varying environmental conditions [41]. An alternative explanation
that the Uludag-Bursa-Bilecik populations share a more recent ancestor with those of Clade 1 and the
discordance between phylogeny and geography is due to incomplete lineage sorting, seems less likely.
This is indicated by the small differences among Clade 2 haplotypes, suggesting a recent common
ancestor between Uludag-Bursa-Bilecik and northeastern Anatolia. Our results do not support the role
of altitude in the observed geographic structure suggested by isoenzyme studies [16] as the high-altitude
populations (altitude 1020-1650 m above sea level) in Abant (Hap09-Hap10), Kartepe (Hap 29-Hap30),
and llgaz (Hap 31-Hap34) were clustered with populations at lower altitudes. These results highlight the
complexity of population structure and genetic diversity in bank voles in Anatolia and possible
differences between mtDNA and nuclear genetic structure that require further investigation to uncover
the underlying factors shaping these patterns. In phylogenetic analyses by Ledevin et al. [42] the
specimens from Uludag (the only bank vole locality from Tiirkiye included in that study) were clustered
with the Balkan lineage. In our study, the samples from Uludag were grouped together with specimens
from the northeastern Anatolia region and the remaining samples from northern Anatolia. Our findings
are consistent with Ledevin et al. [42] in that the Anatolian clades form a sister clade to the Balkan clade,

highlighting regional genetic affinities within the bank vole populations across these areas.
Genetic Divergence

The genetic distance within the Turkish clades of C. glareolus, as determined by the Kimura 2-parameter
(K2P) model, was remarkably low (K2P% = 0.63 for Cytb and K2P% = 0.72 for COI). These values
indicate a relatively low genetic divergence among the studied populations. Similar patterns of low
genetic divergence have been observed in other rodent species distributed in Anatolia, such as squirrels
and hamsters [43-46]. According to Baker and Bradley [47], populations with genetic divergence values
below 2% are unlikely to represent different species. While the genetic divergence values suggest the
specimens within the Turkish groups of bank vole are closely related, the lack of shared haplotypes
between the two clades indicates that ongoing gene flow between these populations is unlikely.

However, comparatively higher K2P values were observed between the Turkish and European
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populations (K2P% = 2.21 for Cytb and K2P% = 1.79 for COI). Specifically, based on the Cyth

sequences, a distance of 0.98% was observed between the Balkan and Anatolian populations.

Past Population Demography

The nucleotide and haplotype diversities observed in the Spanish and Italian phylogroups of the bank
voles were low, attributed to population fragmentation during glaciations [4]. In contrast, the two groups
in Anatolia exhibited high haplotype diversity and low nucleotide diversity in both gene regions, which
could indicate a rapid expansion following the Last Glacial Maximum (LGM) [37]. The MJN
constructed from Cytb haplotypes revealed a star-like topology for each of the two Turkish clades, which
may have been a result of such an expansion. Consistent with such a scenario, Tajima's D was found to
be significantly negative only for Cytb sequences, supporting the evidence of recent demographic
expansion in Clade 1. Although Tajima's D was negative in Clade 2 for Cytb and in all groups for COl,
the values were not statistically significant. On the other hand, Fu's Fs was negative in all groups for
both Cytb and COI, but it was statistically insignificant only in Clade 2 for the Cytb gene. The differences
between Tajima's D and Fu's Fs values can be attributed to the calculation of these two neutrality tests
using different parameters. Tajima's D estimates the nucleotide differences in the sequences, while Fu's
Fs considers the haplotype diversity in the population [48]. In this study, nucleotide diversity in the bank
vole groups was found to be lower than haplotype diversity, leading to differences in the neutrality
calculations. Moreover, the number of segregating sites (S: segregating sites) differed between the gene
regions. The highest number of segregating sites was observed in the Cytb sequences of Clade 1 (S=28),
which explains why Tajima's D value was significantly negative only in this group. The significantly
negative Fu’s Fs values suggest an excess of rare haplotypes, likely reflecting a recent population
expansion following a bottleneck, while the less significant Tajima’s D values indicate that the
nucleotide diversity has not fully recovered from past events. This discrepancy underscores the complex
demographic history of C. glareolus, with the combination of these tests providing a more nuanced

understanding of population growth after the Last Glacial Maximum.

Timing of Population Expansion

Based on the population expansion analyses conducted in our study, the bank vole populations in
Anatolia exhibit a complex demographic history shaped by the climatic fluctuations during the
Pleistocene. The presence of glacial refugia and subsequent population expansions during interglacial
periods has been documented in various species [1, 6, 49, 50]. We estimated the expansion time of bank
vole groups in Anatolia by analyzing mismatch distribution and using various mutation rates reported
in literature. The results consistently indicated rapid population growth towards the end of the
Pleistocene, with estimates ranging from approximately 13.000 to 50.000 years ago (MIS1 and MIS3)
based on Cytb sequences, and from approximately 40.000 to 150.000 years ago (MIS3 and MIS6) based
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on COI sequences. These patterns of expansion likely indicate the dynamic response of bank vole

populations in Anatolia to changing climatic conditions over time. The discrepancies between the two
gene regions may be attributed to differences in mutation rates. Further studies should consider specific
mutation rates for the COI gene in expansion time analyses, as previous studies have focused primarily

on Cytb gene analyses [32-34].
Geographic Barriers

Geographic barriers in northern Anatolia, including the major river systems Sakarya River, Kizilirmak
River, Melet stream, Ikizdere stream, and Izmit Gulf-Lake Sapanca-Sakarya Valley, have been
implicated in shaping the phylogeography of various animal species during the Plio-Pleistocene period
[50-55]. However, our phylogenetic analysis and the relatively low support values suggest that these
barriers did not play significant roles in separating bank vole populations in Anatolia. The Melet River,
specifically examined in relation to dormouse populations [53], did not appear to have acted as a strong
barrier affecting the phylogenetic patterns of bank voles. Similarly, the closure of the 1zmit Gulf-Lake
Sapanca-Sakarya Valley waterway approximately 11.7 thousand years ago [15] did not seem to act as a
barrier for the bank vole population in the Sakarya Valley (Localities 4-8 in Figure. 1), as indicated by
the clustering of specimens from surrounding locations (Hap03, Hap04 and Hapl12 for Cytb, Hap03-
HapO07 for COIl). This suggests a potential rapid westward expansion of Clade 1 specimens following
the closure of the waterway. In the case of the Kizilirmak River, although considered a potential barrier
for gene flow in the region [50, 55], haplotypes from the localities at the west of the river such as Biirniik
and Goktepe (Hap13, Hap15, and Hap19 for Cytb; Hap04 for COI) and those from Cakalli on the east
(Hap26 for Cyth; HapO1 for Cakalli) were found in different clades in both Cytb and COI phylogenetic
trees. This discrepancy underscores the need for more comprehensive sampling and the use of
microsatellite markers to detail the polymorphism between haplotypes on either side of the Kizilirmak
River. On the other hand, the absence of bank vole specimens in the eastern part of the Ikizdere stream
suggests the need for further investigations in this region to determine the relationships of bank voles in

this area.
Conclusion

Our examination of mitochondrial DNA variation in bank voles from northern Tiirkiye has yielded
several noteworthy findings. Phylogenetic and network analyses of Cytb and COI sequences support the
existence of two genetically distinct clades in northern Anatolia, which are closely related to the Balkan
populations from Europe. These Turkish clades likely occupied major refugia during the Pleistocene
glaciations, one in the western part and the other in the eastern part of northern Anatolia. Evidence of
recent population expansion and the broadly estimated times of this expansion highlight the impact of
climatic fluctuations towards the end of the Pleistocene on bank vole demography in Tiirkiye. The close

relationship between the Uludag-Bursa-Bilecik haplotypes and those from northeastern Anatolia
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indicates a recent common ancestor for the populations from these regions. This suggests that the

survival of a relic population in the vicinity of Uludag, probably after a mitochondrial DNA or
population replacement in northern Anatolia. Main Turkish rivers except for the Kizilirmak River, do
not seem to have acted as strong long-term barriers inhibiting gene flow among bank vole populations.
The clustering of haplotypes near the Kizilirmak River in different clades suggests it may influence gene
flow, pointing to the need for further detailed analysis with increased sampling. These insights not only
deepen our understanding of the evolutionary history of bank voles in this region but also underscore
the complex interplay between geographic and climatic factors in shaping genetic diversity and
structure. Moving forward, integrating nuclear DNA markers or genome-wide diversity studies would
allow for a more comprehensive understanding of both historical and contemporary population
dynamics. Such studies could also help to uncover the roles of selective pressures on these populations,
particularly in light of current climatic changes.
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versiyonunu tanitiyoruz. Ayrica bunlarin bazi 6zelliklerini de inceliyoruz.
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formiilleri ve binom toplam formiilleri de dahil olmak iizere bu yeni tiirleri
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International License formiili, iirete¢ fonksiyonlari, binom toplami

Introduction

Numerous calculi with various features have been developed since Newton and Leibnitz established
modern calculus. As an alternative to Newton and Leibniz’s standard calculus, Grossman and Katz
created a new family of calculi known as non-Newtonian calculus, and, defined modern forms of integrals
and derivatives that converted addition and subtraction operations into multiplication and division opera-
tions [1]. In classical calculus, every property finds an analogue in non-Newtonian calculus. Non-Newto-
nian calculus offers a distinct approach to problems traditionally tackled by calculus. For certain scenarios,
such as those involving wage rates (in dollars, euros, etc.), proponents suggest employing bigeometric

calculus, a type of non-Newtonian calculus, instead of the conventional Newtonian approach [1-3].
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Duyar and Sagir aimed to generalize the traditional Lebesgue measure on real numbers to the context of

non-Newtonian real numbers. To achieve this, they introduced the concept of Lebesgue measure for both
open and closed sets in the non-Newtonian framework and explored its fundamental properties [4].
Erdogan and Duyar introduced non-Newtonian improper integrals and investigated their convergence
conditions. Additionally, key theorems such as the second mean value theorem and the intermediate
value theorem were proved within the non-Newtonian framework to provide convergence tests [5].
Degirmen and Duyar introduced one of these gains by introducing non-Newtonian Fibonacci and non-
Newtonian Lucas numbers. Additionally, they provide some formulas and identities such as the Binet
formula, d’Ocagne identity, Cassini identity, and Gelin-Cesaro identity, and find the functions that
generate these numbers [6].

Yagmur introduced a new type of Pell and Pell-Lucas numbers in terms of non-Newtonian calculus, and
studied some significant identities and formulas for classical Pell and Pell-Lucas numbers [7].

In this research endeavor, we commence by providing essential insights into non-Newtonian calculus.
Subsequently, we present the definition and certain properties of Padovan numbers, establishing their
connection with non-Newtonian calculus. We then delve into an examination of various identities
associated with these numbers. An injective function is called a generator, and its codomain is a subset
of R, and whose domain is R. There is precisely one arithmetic produced by each generator, and there
is exactly one generator that produces each arithmetic. We select the exponential function from R to the

set RT asa generator, in other words,

a:R—=RY, Ao al))=e* =y,
al:RT SR, A—altN)=lnp=A\

I is referred to as the unit function, whose inverse is oneself, if I(\) = A for all A € R. The definition

of the non-Newtonian real number set R(N) is as follows:
R(N) :={a()) : A € R}.

It is important to recognize that every concept in classical arithmetic has an inherent equivalent in

a—arithmetic. As an example, the a—integers shown to be as follows:
oy a(=3),a(=2), a(~1),a(0), a(1), a(2), a(3), . . .

For every integer m, we set 1 = a(m). Naturally, if 7 is an a—positive integer, then

=1+ 1.
N——
m terms
For a generator o with range A = R(N), which is a subset of the real numbers, a—arithmetic denotes

arithmetic operations defined on the domain A as follows: For any generator a and A, u € R(N),
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o — addition — Mp=a{a*(\) +a H(w)},

Q

o — subtraction — Ap=oafa"T(\) —a ()},
o — maltiplication —  Axp = afa 1 (\) x a ()},
. A
o — division  — M p=a{at(\) +a(p)) = EN,

a—order — Ap=afa'(\) <a N (p)})

Specifically, selecting a—generator I, which is the identity function o(t) =t forallt € R = o~ 1(t) =
t, makes it evident that a—arithmetic is indeed classical arithmetic. Assuming that the av—generator is
exp and that (k) = €* for k € R, a~!(k) = Ink, a—arithmetic transforms into geometric arithmetic

as follows:

Geometric addition — Mp = a{a ™ (A) +a H(p)} = elmAHuk — Xy

. A
Geometric  subtraction — A—p = afa ™ (\) —a  (p)} = elmAInet = " (u #0),

{InAxInp} )\lnp, — MlnA

)

Geometric multiplication — Axpu = afa ' (\) x a ™ (u)} =e

Geometric division — M p=a{a ' (\) = a ()} = elPAsond = \{snuk ) ),

These operations define a-arithmetic, where « is typically the exponential function in this context.
Now, we create the non-Newtonian real field R(N) and provide some associated characteristics.
Definition of the dual operations addition and multiplication for the set of non-Newtonian real numbers

R(N) as follows, respectively:

R(N) xR(N) = R(N)

( p) = M= afa (A) + a7 ()}
RN) xRNV) = R(N)

(A1) — A = afa (A) x a~ ()}

It is demonstrable that (R(/\/ ), +, ><) is an complete field by normal checking, so we omit out the
specifics. Let A C R(N) be a set of integers in the extended real numbers [3].
The v—th a—power of A € R(N) for a given integer v is represented by

AN = AXAX .. LXA.
—_——

v terms

The a-factorial of a given positive integer v is represented by

Oy = ox (6-1) % (0-2) % . .. x2x1.
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The a-binomial of a given positive integer v and v is represented by

() -y
) O (U=0)

The a-binomial sum of a given integer A, i and w is represented by
A )™ =n Y <U> XN 5l e
v=0 N

The notation ﬁN will be utilized for s = a{y/a~1(\)} where every s is «—nonnegative integer. This
indicates that s2¢ = X is the only a—nonnegative integer whose a—square equals \. Additionally,
a(=\) = af—a (A} = “Aall A e R

The Padovan and Perrin sequences are defined as follows. The Padovan sequence { P, }vzo and Perrin

sequence { R, },~ are defined by the third order recurrences, respectively,

Pyy3=Pyi1+ Py, 2

Ryy3 = Ryy1 + Ry, 3)

with the initial conditions Py = P, = P, = 1 and Ry = 3, Ry = 0, Re = 2, respectively [8,
9]. The Padovan and Perrin sequences appear as sequences A000931 and A001608 on the On-Line
Encyclopedia of Integer Sequences (OEIS), respectively [10]. The first few values of these sequences are
1,1,1,2,2,3,4,5,7,9,12,16,21,28,37 and 3,0,2,3,2,5,5,7,10,12,17, 22, respectively. The unique

real root of the characteristic equation of these sequences is known as the plastic number:
P —t—1=0
with a value of

s/1 1 /23 51 1 /23
¢2+6V2'+¢2_6VC3N13MH&

By designating its roots as J, 1, and -, the subsequent equalities can be obtained

o+n+v=0,

on+ oy +ny=—1,

ony = 1.

In addition, the Binet-like formulas for the Padovan and Perrin sequences are as follows:

P, =ad’ +bn’ + ", “4)
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R, =0"+n"+7",

respectively, where

It is commonly known that the following identities are recognized based on [11, 12]:

Py 7= PS - PerlP'ufla

PU:PU—1+PU—57

Rv = Pv—lO + P’U-‘r17

Py 5Py 5+ Py 3P y 4+ Py 4Py 3=1,

Pv = Puflpv7u74 + Pu+1Pv7u73 + Pqu7u72>

U
va:Pu+5_37

u

> Ry=Ry5-5
v=1

1+
ZP‘E 12 _ 3

ZR‘T 1_1;2:6_353’

o0

v=0

P,
Z —Tﬂ;” = ae®® + bel + ce?®,
v!
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&)

(6)

(N

(®)

€))

(10)

an

(12)

(13)

(14)

5)

(16)



Diskaya Sinop Uni J Nat Sci 9(2): 502-515 (2024)
E-ISSN: 2564-7873
In recent years, numerous studies on Padovan numbers have been published. For further information,

please refer to the works cited in [13-19].

Some Properties of the Non-Newtonian Padovan and Non-Newtonian Perrin Numbers

This section provides a novel interpretation of the definitions of a non-Newtonian Padovan number and a
non-Newtonian Perrin number from a different perspective. Along with dealing with the non-Newtonian
versions of various formulas and identities, we also demonstrate their links by comparing them in an

analogy with several well-known identities and formulas for their classical equivalents.
Definition 1. The non-Newtonian Padovan and non-Newtonian Perrin numbers are defined by
NP, =P,=a(P,) and NR,=R,=a(R,),

respectively, where the v—th Padovan and Perrin numbers are P, and R, respectively. The NP and
N R represent the set of the non-Newtonian Padovan and non-Newtonian Perrin numbers, respectively.
That is,

Regarding classical arithmetic, we obtain Padovan and Perrin numbers if we utilize the generator [
specified by a(z) = « for any = € R.
Additionally, by selecting the generator exp, which is defined as a(x) = e” for any z € R, we may

derive the following Padovan and Perrin numbers in terms of geometric arithmetic:

NGP = {a(P,) : v e N}
= {el" : v e N}

1 1.1 .2 2 3 4 5 7 9 12 16 P,
={e,e,e e e e’ et e el e’ et e, et L)

and

NGR = {a(R,) : v € N}

= {ef ;v €N}

_f.3 .0 .2 .3 2 5 5 7 10 12 17 22 R
={e’,e’ e e’ e e’ e’ el et et e et et Lt

Now, we emphasize on a few relations concerning non-Newtonian Padovan and non-Newtonian Perrin

numbers, as well as their respective relationships.
Theorem 1. For v, u > 0, the following identities valid:

iy NP,+NP, 1 = NP,,3,
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i) NP,_1+NP,_5 = NP,

iii) NR,+NRyt1 = N Ry,

iv) NP,_10+NP,;1 = NR,,

V) NP2-NP, 1 xNPyy1 = NP 1,

Vi) NPy sXxNP_y 54NP,_3xNP_y_4+NPy yxNP_, 3=1,
vii) NP, 1 XxN Py + NPy 1 XN Py oy 1 +NPyx NPy 0 = NP,.

Proof. The proofs of 4, it, iii, tv, v and vi are obvious based on the addition and subtraction properties
of non-Newtonian real numbers by using expressions (2), (7), (3), (8), (6) and (9), respectively. The
proof of equality vii is shown by using expression (10) as follows:

NP, 1 XNPy_ g+ NPyi1 XN Py 1+ N Pyx NPy 12

= a(Py_1)X(Py_y)Fo(Pyr1) X a(Py—yi1)Fa(Py)xa(Py_yi2)

=a{ata(Py_1) x a ta(Py_y)} Fa{a T a(Pyy1) x o ta(Py_vi1)}

Fofata(P) x a a(Py_vio)}

=afata{ata(Py_1) x a ta(Py_y)} + a ta{a a(Pyy1) X a ta(Py_yvi1)}}
+ofata(P,) x a ta(Py_ypi0)}

= a{atofatafa a(Pyy) x ata(Py_y)} + o taf{ata(Pyyy) x o ta(Py_yi1)}}
+ata{ata(P,) x ata(Py_vi2)}}

= a(Py_1Py—v + Poy1Pyvi1 + PyPy_yy2)

Remark 1. The non-Newtonian characteristic equation of the recurrence relation in the i-th item of the

above theorem is as follows:

3N = {41. (17
If N'P, = £V is taken in the recurrence relation in the i-th

03N — oty o

is obtained.

Thus, we get the result by simplifying the £%V’s.

Theorem 2. For all v > 0, the Binet-like formulas for N’ P, and N R,, are given by

NP, = axd"N Fbxn'N 4-¢x VN (18)
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and
NRy = 6" Fi™N 447, (19)
respectively, where

Fii)x (31 Fii)x(n-i
w/\/’ and ¢ = M/\/ :
(=0)x(7—=%) (3=0)x (=)
Also, 4, 7 and  are roots of the characteristic equation 3~ —f -1 = 0.

Proof. By using the equation (4) for Padovan numbers, we obtain

ax "N Fhx NN FexAUN

=afa™(@) x " (a{(a7 1 (0) HHafa™ () x o~ af(a™ (7))}
+afa”l(¢) x a7 (e{(a (1) D}

= Oé{a_l(a{a_l(') aHa{(a™H(9)"})
+a N afa H(¢) x a Haf(a (1) H1)}
= af{a"!(a) x (04_1( )" +a”t(b) x (' ()" +a (&) x (a7 (9))"}
= o{ad’ +bn" + "}

=o{P,} = NP,.

B +aHafa (b)) x a” af(a ()" D}

On the other hand, by performing the equation (5) for the Perrin numbers, one can easily observe that

0"N 1N 44N = af(a ()"} Ha{(a™ ()} HFa{(a™(9))")
= afa” (oo (af(a™!(8))")) +a  Ha{(a @) H}) +a  af(a™ (9) 1)
= a8+ 77477
= a{R,} = NR,.

Theorem 3. The generating functions for NP, and N/ R, are as follows, respectively,

L

> 14¢
P y tvN —_
ii.
§ W) = 5
N 12 g

where the notation s ) -~ denotes the non-Newtonian real number series as elaborated in [20].
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Proof.  i. Let gap(t) =n Yoo o(N Py xt"™N). We have

o
np(t) = LHH £ 3P e)

v=3
oo oo

LR Y WP S NPyt
v=3 v=3

o0
PN s gnp(t) =n Z NPt WFIN) = 428 3 N (NP xt™Y)
v=0 v=3

W X gup(t) = Y (NP3t V) =3 N (NP _5xt™Y)
v=0 v=3

Therefore, it follows that

(=27 ZV) xgnp(t) = garp ()t X gnp (8) 1> X gnrp (1)
=14t

14t
Thus, we obtain the function gnrp(t) = ﬁ/\/’ as the intended outcome.

11. The proof can be obtained in a manner similar to the proof above.
Theorem 4. The exponential generating functions for N'P, and N R, are, respectively,
i.

[e.e]
NZ(NPUXQ';M/)/@!N — C.L>.<é6xi'N—i—b>'<éﬁXj3N—i—c'>.<é;7Xj3N’
v=0
1l

o0
NZ(NRvkx”N)/@!N _ é‘SX"’;"N-i-éﬁXf”N_i_éWibN,

where the notation s > .-, denotes the non-Newtonian real number series as elaborated.

Proof. 1. Using the identity (15), we get
0 .
N Y _(NPxit™) [l
v=0

=N Z Py)xa{(a”!(#))})/!
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= afa™ (afa™ (efa™H(a(P)) x a” (of(a7H(a(2)))")}) + o~ H(a(0))})

+a Hafa  afa T a(P)) x a”Ha{(a T a(@))' H}) + o Ha(1)})

+a Hafa T afa T a(R)) x a7 Ha{(aTH a(@))* D)) + o Ha2))}) +... }
=a{(Ppx2®)+ (P xa) + (P xa?)=2+...}

=af> (Pa’) + 0!}
v=0

= afae®® + b + ¢’}
= a{a{a_l(a(a)) x af(a _1(a(e)))"‘{0‘ (a(0 ))Xa_l(a(w))}}}

+afa"t(ab)) x af(a" (a(e))) e (o) ‘W”}}}
+afa" (a(e) x af(a" (a(e)))le (@ xa  a@)hipy
)a 1(5 1(:1: }}}

= afa"1(a) x af(a7}(e))e
tafa™l(b) x a{(a" (&) e X @y
tafa”l(e) x af(a7t(e) e DxeT @y

= axVEN Lhx eMXEN Jax g VXEN

1¢. The proof can be obtained in a manner similar to the proof above by using the identity (16).

Theorem 5. The partial sum formulas for A’ P, and N R, are, respectively,

i.
NZNPU :NPU+5;37

v=1
ii.

NZNR’U - NRU+5;5,

v=1

where the notation Y . _, represents a finite sum based on a—arithmetic, and v is a non-negative

integer.

Proof. 1. Using the formula (11), we find

u u
NZNPU =\ Za P,
v=1 v=1

= afa™H(a(Py)) + a7 (a(P2)) + -+ a7 (a(P)}
:Oz{P1+P2+--~—|—Pu}

= a{z P,}

e Oé{Pu_H’) - 3}
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= ofa N (a(Puys)) — o H(a(3))}
= NP, 5-3.

12. The proof can be obtained in a manner similar to the proof above by using the formula (12).

Theorem 6. The binomial sum formulas for NP, and N R, are, respectively,
i.
(i
DS () SNPy = NPy,
—o \V/ N
v=0
ii.
= (U
NZ () XNR, = N Rz,
—o \Y/ N
v=0
where the notation nr >, represents a finite sum based on o—arithmetic, and v is a non-negative
integer.

Proof. 1. Using the equalities (18), (17) and (1), we obtain

v=0 N
= axNUZu::O <Z>N>'<5”N+bx/\[vzu:_o <Z>N>'<n”N+cxN§ ( )NX’YUN
=3 (3) gl @) (5) st i)
tein > (1) satla @)}
v=0 N

% {8 by 2:) (Z)Nm{nvmw; <Z>Nm{7v}

%afdU 1 b S (“) %afy 1m0}
v
v=0 N
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. L. al u . _ . v _ S\ U—v

de Y (1) xal@ ) x (@ D))
v=0 N

:Mi@ n@mu—vubwi(?) e
v=0 v N v N

v=0
e
+C><./\/'Z <> X,wixluva
v=0 v N
= aX (04 1) b (1) "N Frex e (341)
= aX N OPN FhX NN e AP
= NPSu

1t. The proof can be obtained in a manner similar to the proof above by using the the equalities (19),
(17) and (1).

Conclusions

In this work, we have introduced a novel perspective on Padovan and Perrin numbers, termed as non-
Newtonian Padovan and non-Newtonian Perrin numbers. We have explored various properties of these
new numbers and provided a range of identities and formulas. These include Binet-like formulas,
generating functions, partial sum formulas, and binomial sum formulas.

Important conclusions from our research include:

Recurrence relations and recursive formulations for non-Newtonian Padovan and non-Newtonian Perrin
numbers. Derivation and proof of several formulas applicable in the analysis of these new numbers.
In-depth investigation into the analytic and combinatorial properties of these numbers. In conclusion,
this study aims to enhance understanding of the mathematical structures of non-Newtonian Padovan and
non-Newtonian Perrin numbers, potentially opening new avenues for advanced mathematical research
and applications. Future work could explore further applications of these new numbers in different fields
and investigate extended properties.

By contributing an innovative perspective to the classical theories of Padovan and Perrin numbers, this
work encourages further exploration and utilization of these new types within those working in this
field.

Acknowledgments The author would like to thank the editors and reviewers for their careful reading and

suggestions.

Funding/Financial Disclosure The author has no received any financial support for the research, authorship,
or publication of this study.

Ethics Committee Approval and Permissions The work does not require ethics committee approval and

any private permission.
Conflict of Interests The author stated that there are no conflict of interest in this article.

Authors Contribution -

513



Diskaya Sinop Uni J Nat Sci 9(2): 502-515 (2024)
E-ISSN: 2564-7873

References

[1] Grossman, M. & Katz, R. (1972). Non-Newtonian calculus, Lee Press: Pigeon Cove, MA, USA.

[2] Grossman, M. (1979). An introduction to non-Newtonian calculus. International
Journal of Mathematical Educational in Science and Technology 10(4), 525-528.
https://doi.org/10.1080/0020739790100406

[3] Cakmak, A. F. & Basar, F (2012). Some new results on sequence spaces Wwith
respect to non-Newtonian calculus. Journal of Inequalities and Applications, 1-17.
https://doi.org/10.1186/1029-242X-2012-228

[4] Duyar, C., & Sagir, B. (2017). Non-Newtonian Comment of Lebesgue Measure in Real Numbers.
Journal of Mathematics 2017(1), 6507013. https://doi.org/10.1155/2017/6507013

[5] Erdogan, M., & Duyar, C. (2018). Non-Newtonian improper integrals. Journal of Science and Arts
18(1), 49-74.

[6] Degirmen, N. & Duyar, C. (2023). A new perspective on Fibonacci and Lucas numbers. Filomat,
37(28), 9561-9574. https://doi.org/10.2298/FIL2328561D

[7] Yagmur, T. (2024). Non-Newtonian Pell and Pell-Lucas numbers. Journal of New Results in Science,
13(1), 22-35. https://doi.org/10.54187/jnrs. 1447678

[8] Shannon, A. G., Horadam, A. F., & Anderson, P. R. (2006). The Auxiliary Equation Associated with
the Plastic Numbers, Notes Number Theory Discrete Mathematics, 12(1), 1-12.

[9] Shannon, A. G., Anderson, P. R. & Horadam, A. F. (2006). Properties of Cordonnier, Perrin and Van
der Laan numbers, International Journal of Mathematical Education in Science and Technology,
37(7), 825-831. https://doi.org/10.1080/00207390600712554

[10] Sloane, N.J. A. (1973). A Handbook of Integer Sequences, Academic Press, NY.

[11] Digkaya, O. (2023). Padovan sayilarinin genellemeleri ve uygulamalari . (Tez no. 826990) [Doktora
Tezi, Mersin Universitesi].

[12] Adegoke, K. (2022). Summation identities involving Padovan and Perrin numbers. Palestine Journal
of Mathematics, 11(1), 633—650.

[13] Yilmaz, N. & Taskara, N. (2013). Matrix sequences in terms of Padovan and Perrin numbers.
Journal of Applied Mathematics, 2013(1), 941673. https://doi.org/10.1155/2013/941673

[14] Digkaya, O. & Menken, H. (2021). Some properties of the plastic constant. Journal of Science and
Arts 21(4), 883—-894. https://doi.org/10.46939/].Sci.Arts-21.4-a01

[15] Diskaya, O., & Menken, H. (2020). On the Padovan Triangle. Journal of Contemporary Applied
Mathematics 10(2), 77-83.

[16] Diskaya, O., & Menken, H. (2024). On the pulsating Padovan sequence. Notes on Number Theory
and Discrete Mathematics 30(1), 1-7. https://doi.org/10.7546/nntdm.2024.30.1.1-7

514



Diskaya Sinop Uni J Nat Sci 9(2): 502-515 (2024)

E-ISSN: 2564-7873
[17] Diskaya, O., & Menken, H. (2023). Padovan Polynomials Matrix. Bulletin of The International

Mathematical Virtual Institute 13(3), 499-509. https://doi.org/10.7251/BIMVI12303499D

[18] Diskaya, O., & Menken, H. (2020). Some Identities of Gadovan Numbers. Journal of Science and
Arts, 20(2), 317-322.

[19] Deveci, O., & Karaduman, E. (2017). On the Padovan p-numbers. Hacettepe Journal of
Mathematics and Statistics 46(4), 579-592.

[20] Duyar, C. & Erdogan, M. (2016). On non-Newtonian real number series. IOSR Journal of
Mathematics, 12(6), 34-48.

515



Sinopfbd, 2024; 9(2): 516-533 https://doi.org/10.33484/sinopfbd.1587996

Sinop Universitesi Fen Bilimleri Dergisi

Sinop Uni J Nat Sci =155 29647678

https://dergipark.org.tr/tr/pub/sinopfbd

Determination of the Phytochemical, Antioxidant, and Antimicrobial
Properties of Smilax excelsa L. Extracted with Different Solvents

Elif Fatma TOPKARA! Beyza KABA?'" Hayrettin SAYGIN3® Eda TURGUT
UGURTAY'" and Hojjat PASHAZADE*

How to cite: Topkara, E. F., Kaba, B., Saygin, H., Turgut Ugurtay, E., & Pashazade, H. (2024). Determination
of the phytochemical, antioxidant, and antimicrobial properties of Smilax excelsa L. extracted with different
solvents. Sinop Universitesi Fen Bilimleri Dergisi, 9(2), 516-533. https://doi.org/10.33484/sinopfbd.1587996

Abstract

Smilax excelsa L., an edible wild plant whose leaves and shoots are
Research Article frequently consumed in the daily diet and used to treat various diseases in

traditional medicine, grows in certain regions of Tiirkiye, especially in the

Black Sea Region. This study aims to determine the phytochemical

properties, antioxidant and antimicrobial activities of S. excelsa with

different solvents. In this study, the shoots of S. excelsa were extracted

Corresponding Author with water, 70% ethanol, and 80% methanol solvents and an ultrasound-
Elif Fatma TOPKARA assisted extraction method was used. It was found that the total phenolic
topkaraelif@hotmail.com contents of the extracts obtained from the plant were higher in the ethanol

(75.09 mg/g) and methanol (74.72 mg/g) extracts compared to the water
extract (49.62 mg/g). While the water extract had the highest amount of
flavonoids (22.96 mg/g), the 80% methanol extract had the highest amount
ORCID of the Authors of total anthocyanins (0.52 mg/g). The efficacy of the extracts against
EBFKT:0%%%06%%012-7‘;75‘23?092154 various pathogens was also investigated. It was determined that in the Petri
H.S- 0000-0002-8642-5872 dish in which Enterococcus faecalis ATCC 29212 pathogen was
E T.U: 0000-0001-9793-2872 cultivated, a clear zone was formed around the disc into which only the
H.P: 0000-0001-8932-8165 water extract was impregnated. The zone diameter was 2.10 £ 0.08 cm.
As a result of the study, it can be said that especially the ethanol and
methanol extracts were effective in terms of both the phytochemical
properties and antioxidant activities and therefore they exhibited high

Received: 19.11.2024 antioxidant properties.

Accepted: 17.12.2024 Keywords: Smilax excelsa, edible wild plants, phenolic compound,
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Farkh Coziiciilerle Ekstrakte Edilen Smilax excelsa L.’nin Fitokimyasal, Antioksidan
ve Antimikrobiyal Ozelliklerinin Belirlenmesi

Oz
*Ondokuz May1s University, Yaprak ve siirgiinleri giinliik diyette siklikla tiiketilen ve geleneksel tipta
Black Sea Advance_d T_eChnomgy cesitli hastaliklarin tedavisinde kullanilan, yenilebilir yabani bir bitki olan
Research and Application Center,  gmijax excelsa L. basta Karadeniz Bolgesi olmak iizere Tiirkiye nin belirli

BiOIeChmIOgy Unit, Samsun, bolgelerinde yetismektedir. Bu g¢aligmanin amaci, farkli ¢oziiciilerle
Tirkiye hazirlanan S. excelsa ekstraktlarmin fitokimyasal —ozelliklerini,

20ndokuz May1s University, antioksidan ve antimikrobiyal aktivitelerini belirlemektir. Caligmada, S.
Faculty of Engineering, excelsa siirgtinleri su, %70 etanol ve %80 metanol ¢6ziiciileriyle ekstrakte
Department of Food Engineering, edilmis ve ultrason destekli ekstraksiyon metodu uygulanmistir. Bitkiden
Samsun, Tiirkiye elde edilen ekstraktlarin toplam fenolik madde miktarmin etanol (75.09

mg/g) ve metanol (74.72 mg/g) ekstraktlarinda su ekstraktina (49.62
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mg/g) kiyasla yiiksek oldugu bulunmustur. Su ekstrakti en yiiksek
flavonoid (22.96 mg/g) miktarina sahipken, %80°lik metanol ekstrakti en
yiiksek toplam antosiyanin miktarma (0.52 mg/g) sahiptir. S. excelsa
ekstraktlarmin ¢esitli patojenlere karsi etkinligi de arastirilmistir.
Enterococcus faecalis ATCC 29212 patojeninin ekili oldugu Petride,
“Istanbul Nisantas1 University, yalnizca su ekstraktinin emdirildigi diskin etrafinda agik zon olusumu

Art and Design Faculty, meydana geldigi belirlenmistir. Zon ¢ap1 2.10 £ 0.08 cm’idi. Calisma
Department of Gastronomy and  sonucunda, 6zellikle etanol ve metanol ekstraktlarinin hem fitokimyasal
Culinary Arts, istanbul, Tiirkiye  6zellikler hem de antioksidan aktiviteler bakimindan etkin oldugu ve bu
nedenle yiiksek antioksidan 6zellikler sergiledikleri soylenebilir.

30Ondokuz Mayis University,
Faculty of Science, Department of
Molecular Biology and Genetics,
Samsun, Tiirkiye

This work is licensed under a
Creative Commons Attribution ~ Anahtar Kelimeler: Smilax excelsa, yenilebilir yabani bitkiler, fenolik
4.0 International License bilesik, antioksidan aktivite

Introduction

Wild edible plants (WEPSs) are found in various agroecosystems and offer both direct and indirect
resources for human nutrition and health [1]. In addition to being a potential source of income, these
plants are crucial for the traditional food, fodder, medicine, socio-cultural, and general well-being of
rural dwellers, especially in mountainous areas [2, 3]. WEPs are an inexpensive source of minerals,
vitamins, and antioxidants and a cultural heritage that should be protected worldwide [4]. In addition to
their nutritional content, these plants are increasingly attracting people's attention due to diversifying
dietary habits and promoting ecological and biodiversity sustainability [5]. Recently, a new trend in
some developed countries and Europe is using local edible wild plants in modern cuisines, both for their
health benefits and as an element of cultural identity [6, 4]. WEPs are an alternative raw material for
clean-label food production in the food industry thanks to their bioactive compounds [7]. Due to their
medicinal functions, many edible wild plants are believed to have positive effects on human health. Due
to their medicinal functions, many edible wild plants are believed to have positive effects on human
health. These plants are also known as “nutraceutical plants” because they offer nutritional and
pharmaceutical benefits [8]. WEPSs, which have many properties such as antioxidants, antimicrobial,
anticarcinogenic, antidiabetic, anti-inflammatory, and anti-obesity effects, are the focus of studies in
pharmacology and food science [7]. Smilax (Smilacaceae), including edible wild plants, is a genus of
about 350 species in tropical, temperate, and subtropical regions worldwide. This genus contains plants
in America, Europe, Asia, and Oceania. Species of the genus Smilax, commonly called sarsaparilla, have
long, slender spiny stems and are characterized as climbers. They climb by clinging to other plants or
objects with their tendrils, which grow continuously upwards [9]. The leaves, stems, roots, and rhizomes
of sarsaparilla are consumed as food and used in traditional medicine. The genus Smilax has
pharmacological properties with antioxidant, antibacterial, antifungal, and immunomodulatory effects.
It is used in the treatment of diabetes, different types of cancer, ulcers, and various skin diseases as well
as gout, fever, and eye diseases [10]. These plants, which have saponins in their roots, are also utilized
as diuretics and tranquilizers [11]. S. excelsa, a species belonging to the genus Smilax, is a climbing,
perennial and shrubby wild plant. It grows up to 800 m in height in shrubby and forested areas [12] and

grows in temperate regions, especially in North and South America, and East Asia [13]. In Tiirkiye, it
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is distributed in the Black Sea, Mediterranean, Aegean, and western Marmara regions including Samsun,

Sinop, Artvin, Zonguldak, Trabzon, Tekirdag, Istanbul, Bolu, Antalya, Mugla, Aydin, and Hatay
provinces [14-17]. Locally known as “kir¢an, dikenucu, melocan, saparna, meriilcen, and melevcan”
[18], the leaves and shoots of this plant are frequently consumed in the daily diet. Due to its antioxidant,
antimutagenic, antiviral, and antimicrobial properties [19], this plant is used in traditional medicine in
Tiirkiye to treat stomach pain, breast cancer, and indigestion [9]. In addition, it is of great importance in
the field of pharmacology as it is actively used in treating rheumatism, diabetes, ulcers, and various skin
diseases [20, 13]. In this study, it was aimed to determine the phytochemical properties (leaf properties,
the total phenolic, flavonoid, and anthocyanin contents) of shoots of S. excelsa, which is frequently
consumed in Tiirkiye, extracted with different solvents (water, ethanol, and methanol) and prepared by
ultrasound-assisted extraction. In addition, the antioxidant [(DPPH (1,1-diphenyl-2-picrylhydrazyl),
FRAP (ferric-reducing antioxidant power), and ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)] and antimicrobial activities of the S. excelsa extracts were also determined.

Materials and Methods
Sampling

The shoots of S. excelsa were collected from the Dikbiyik District of Carsamba, in 2024 (41.221082° N
36.608975° E). Species identification was made by Prof. Dr. Hamdi Giiray Kutbay from the Department
of Botany, Department of Biology, Ondokuz Mayis University. The weeds were removed from S.

excelsa in the laboratory (Figure 1).

The shoots were washed with distilled water, and the water was removed. Some of the fresh shoots were
separated for color determination. The remaining shoot samples were kept in a lyophilizer (Labconco

Freezone 12 plus, USA) at 85°C and 0.020 mbar pressure for 24 hours to remove the water. After 24
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hours, the samples taken from the device were pulverized with the help of a grinder (Sinbo, Scm 2934,

Istanbul, Tiirkiye).
Preparation of the Extracts of Smilax excelsa

The method reported by Raghunath et al. [21] was modified and used to prepare extracts. A certain
amount of the lyophilized S. excelsa powder was weighed and pure water, 70% ethyl alcohol, and 80%
methyl alcohol were added as three different solvent with a solid: solvent ratio of 1:25. First, it was left
to macerate in an ultrasonic water bath at 20°C for 30 minutes, then at room temperature for 2 hours.
Then, it was centrifuged at 4000 rpm for 15 minutes and the obtained extracts were analyzed for

antioxidant and phenolic compound composition by passing through a 0.45 pum pore teflon filter.
Color Measurement

Color measurement of S. excelsa leaves was made with the MiniScan EZ 4500 (Reston, Virginia, USA)
color measuring device. L* (light/darkness), a* (redness/greenness), and b* (yellowness/blueness)

values were measured.
Determination of Dry Matter

The fresh samples were weighed in a certain amount in tarred nickel containers. Then, they were dried

in a vacuum oven at 70°C and 100 mm Hg pressure until they reached constant weight [22].
Total Phenolic Compound Analysis

The method reported by Singleton and Rossi [23] was modified and used to determine the total phenolic
compound content. The total phenolic content of the S. excelsa was determined using the Folin-Ciocalteu
reagent. For this, 150 pl of the diluted sample was mixed with 750 ul of 10% Folin-Ciocalteu reagent
(5 minutes) and 600 pl of 7.5% Na,COs. The mixture was kept in the dark for 2 hours, and then its

absorbance was determined at 760 nm. Results are expressed as mg gallic acid equivalent/g (mg GAE/g).
Determination of Total Flavonoid Content (TFC)

1 ml of the diluted sample was taken, 0.3 ml of 5% NaNO: was added and then the mixture was left for
5 minutes. Then, 0.5 ml of 5% AICIs was added. After the mixture was left for 6 minutes, 0.5 ml of 1 M
NaOH was added. After 10 minutes, the absorbance was read at 510 nm. TFC was calculated based on
a calibration curve created using the epicatechin standard. Results are given as mg epicatechin
equivalent (ECE)/g dry weight [24].

Total Anthocyanin Analysis

The total anthocyanin contents of the extracts were determined by the pH differential method. The
absorbances of the extracts mixed with pH 1 and 4.5 buffers were determined at 510 and 700 nm.

Expressed as mg cyanidin-3-glucoside equivalent (mg CGE/qg) per g of total anthocyanin [25].
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Determination of Individual Phenolic Compounds

The samples were extracted with different solvents and the phenolic compound compositions were
determined through LC-MS/MS. Liquid chromatography and Tandem MS mass spectroscopy were used
in the study. MS/MS conditions, operating conditions, and Gradient program are given in Tables 1 and
2. A total of 10 phenolic compounds (prigallol, procateutic acid, procateutic aldehyde, catechin,

chlorogenic acid, epicatechin, caffeic acid, taxifolin, luteolin-7-glycoside, and rutin) could be identified

in S. excelsa.
Table 1. MS/MS instrument conditions
Capillary temperature 300 °C
Vaporizer temperature 350 °C
Sheat gas pressure (Arb) 30
Aux gas pressure (Arb) 13
Spray voltage (V) (Positive polarity) 4000
Spray voltage (V) (Negative polarity) 2500
Discharge current (LA) 4.0
Table 2. Sample information and analysis test conditions.
Minute VoA S 0B
(0.1% Formic acid water) (Methanol)
0 100 0
Solvent Program 1 100 0
22 5 95
25 5 95
30 0 100
Solvent flow rate 0.7 ml/minute
Column oven temperature 30°C
Column properties ODS HYPERSIL 4,6%¥250 mm 5 um colon
Injection volume 20 pl
Analysis time 34 Minutes

Determination of DPPH (1,1-diphenyl-2-picrylhydrazyl) Radical Scavenging Effect

The method reported by Tural and Koca [26] was modified to determine the scavenging effect of DPPH
radical (2,2-diphenyl-1 picrylhydrazyl). A solution of 50 ul of the extract was prepared and prepared
and then mixed with 1 ml of a solution of 0.06 mM DPPH. The mixture was shaken and left in the dark
for 2 hours until the reaction was complete. At the end of the reaction, the absorbance at 517 nm was
recorded. The same process was repeated without extract and only solvents, and the DPPH free radical

scavenging effect was determined using the following formula:

A control sample—A sample

Reduction (%) = ( )x 100

A control sample

The DPPH radical scavenging effect was calculated by a calibration curve using Trolox as the standard.

Results are given in mmol Trolox equivalent (TE)/g.
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Determination of Iron Reducing Antioxidant Power (FRAP)

50 pl of the extract was mixed with 950 pl of FRAP solution containing 100 mM acetate buffer, 10 mM
FeCls, and 10 mM TPTZ (2,4,6-tri-pyridyl-s-triazine). The mixture was shaken for approximately 5
minutes and the absorbance was read against the blank solution at 593 nm. FRAP values of the extracts
were calculated with the help of a calibration curve prepared using Trolox as a standard. Results are

given as mmol Trolox equivalents (mmol TE/g dry weight) [27].
ABTS Radical Scavenging Capacity

0.2 ml of the extract was mixed with 2 ml of ABTS" radical cation solution. Then, the mixture was left
in the dark for 2 hours and measurements were made using a spectrophotometer at 734 nm. Results are
expressed as mmol of Trolox equivalents per gram (mmol TE/g) [28].

Disc Diffusion Test Method

The antimicrobial activities of the extracts were determined by the disc diffusion method by Bauer et al.
[29]. Five of the human and plant pathogens kept at -80°C in the Microbiology Laboratory at Ondokuz
Mayis University were selected and cultivated with the help of a loop. Nutrient agar (NA) and Sabouraud
dextrose agar (SDA) [30] media were used for incubation of pathogenic bacteria and fungus,

respectively. The pathogen strains used in the study are given in Table 3.

Table 3. Pathogenic strains were used in the study.

Pathogenic strain Group/Host Medium Incubation
temperature

Aspergillus niger ATCC 16404 Fungus/Plant SDA 30

Bacillus subtilis ATCC 6633 Bacteria/Human Nutrient Agar 37

Enterococcus faecalis ATCC 29212 Bacteria/Human Nutrient Agar 37
Klebsiella pneumoniae ATCC 700603  Bacteria/Human Nutrient Agar 37
Staphylococcus aureus ATCC 25923 Bacteria/Human Nutrient Agar 37

The Petri dishes were allowed to briefly dry at room temperature, then bagged and inverted, and
incubated at 37°C for A. niger and 30°C for bacteria with an incubation period of 48 hours. At the end
of 48 hours, the microbial growth and purity of the Petri dishes were checked. Cotton wool was placed
in the mouth of the flasks and the cotton wool was covered and wrapped with aluminium foil. The flasks
were autoclaved to sterilize the media before the bacterial and fungal inoculation. At the end of
autoclaving, each of the pathogens was transferred to 20 ml Nutrient broth medium in 50 ml Erlenmeyer
flasks. Then, each flask was placed in a shaking incubator running at 150 rpm and incubated at the
specified temperature given above for both fungus and bacteria for 48 hours. After incubation period,
the turbidity was checked in the media. Microbial suspensions were prepared as equivalent to 0.5
McFarland standard (approximately 1.5x108 cfu/ml for bacteria and 1.0x10° cfu/ml for fungi) within

glass tubes containing 10 ml Nutrient and Sabouraud dextrose broth using a spectrophotometer. Then,
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200 pl of each solution was taken and the pathogens were cultivated on a Nutrient agar and Sabouraud

dextrose media by spreading plate method. Petri dishes were allowed to dry in a sterile cabinet for 30
minutes. Meanwhile, the empty discs were held with a sterile clamp and 20 ul of the plant extracts to be
tested for antimicrobial activity and the solutions to be used as negative controls were drawn with a
pipette and impregnated on these discs. Then, the discs were carefully placed on the Petri dishes where
the pathogens were cultivated with the help of forceps. As negative controls, 70% ethanol, 80%
methanol or water was used as appropriate for each extract. Discs containing the appropriate antibiotic
to be used as a positive control were also placed in the Petri dishes (Table 4). For each pathogen, the
study was performed in 3 replicates. A total of 7 discs were placed on each Petri dish. After placing the
discs, the Petri dishes were bagged and inverted and incubated at 30°C and 37°C for 48 hours. At the
end of the incubation period, each Petri dish was examined to see whether a clear zone formed around
the discs. The diameter of the zone was measured with a ruler in the Petri dishes in which zone formation
was observed and recorded [31].

Table 4. Antibiotics used according to pathogenic strains in the disc diffusion method

Pathogenic strain Antibiotics as positive control
Aspergillus niger ATCC 16404 Amphotericin B (10 ug/disc)
Bacillus subtilis ATCC 6633 Amoxycillin (10 pg/disc)
Enterococcus faecalis ATCC 29212 Penicillin G (10 pg/disc)
Klebsiella pneumoniae ATCC 700603 Amoxycillin (10 pg/disc)
Staphylococcus aureus ATCC 25923 Penicillin G (10 ug/disc)

Minimum Inhibition Concentration (MIC) Test

MIC test was performed to determine the lowest concentration at which the inhibitory effect of the water
extract, which gave positive results in the disc diffusion test, on E. faecalis ATCC 29212. For this
purpose, a 96-well plate was used. Cells of the pathogen previously grown on Nutrient agar were
removed with a toothpick and transferred to glass tubes containing 10 ml Nutrient Broth. Then, a
Nutrient Broth solution with a McFarland value of 0.5 was obtained by diluting the solution in this glass
tube. Then, 500 pl of distilled water was aseptically added to each of the 9 sterile centrifuge tubes. Using
a pipette, 500 pl of the water extract in the capped glass tube was taken and transferred to the centrifuge
tube containing 500 pul of distilled water. Thus, the concentration of the main extract was halved. Then,
500 pl was taken from this tube and transferred to the next tube in the same way and the process was
continued until the 9th centrifuge tube. 200 pl of sterile Nutrient broth was added to the 12th well of the
96-well plate and 200 pl of bacterial solution was added to the 11th well. 100 pl of the bacterial solution
was added to wells 1-10. 100 pul of the master stock of the water extract (undiluted) was added at the 1st
well. In the 2nd-10th wells, 100 pul of the extracts diluted from high concentrated to low concentrated

were added. The study was carried out in 3 replicates in each well. Then, the plate was covered with a
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sterile lid and incubated at 37°C for 24 hours. At the end of the incubation, the turbidity in the wells was

evaluated with the naked eye.
Statistical Analysis

The data were evaluated according to one-way analysis of variance (ANOVA) in the SPSS 22.0 package
program (licensed by Ondokuz Mayis University). The differences between the averages were

determined by Duncan's multiple comparison. All measurements were performed in triplicate.
Results and Discussion
Phytochemical Contents

In this study, the shoots as edible parts of S. excelsa were extracted with different solvents and the
phytochemical properties, and the antioxidant and antimicrobial activities of the extracts prepared by
ultrasound-assisted extraction were determined. In the study, it was determined that the water content
of fresh plants was 88.57+0.67% and the water content of plant powder was 8.93%. The mean L*
(brightness) value was 24.83+ 4.84, a* (redness) value was 5.41£1.03, and b* (yellowness) value was
31.85+1.85. Topdas et al. [32] measured the color of lyophilized green (LY) and lyophilized reddish
(LK) S. excelsa samples. As a result of their study, they determined the brightness (L*) value as 50.01
in the LY sample and 40.93 in the LK sample; redness (a*) value as -7.75 in the LY sample and 7.17 in
the LK sample; yellowness (b*) value as 30.03 in the LY sample and 14.00 in the LK sample. The
brightness and redness values determined by the researchers are higher than our findings, while the
yellowness value is lower. This situation indicates that our samples have a more intense yellowness
tone. The main reason for the difference in color values from literature is the difference in water content
between the samples [33]. The total phenolic, flavonoid, and anthocyanin contents and the antioxidant
activities (DPPH, FRAP, and ABTYS) of S. excelsa extracts are given in Table 5.

Table 5. The phytochemical and antioxidant properties of the extracts from different solvents

Total Total Total
Solvent phenolic flavonoid  antosiyanin DPPH, mmol/g FRAP, ABTS, mmol/g
content, content, content, mmol/g
mg/g mg/g mg/g

Water 49.62+0.53>  22.96+0.812  0.19+0.01°  807.54+198.07° 918.05+226.11°  322.17+38.10P
Ethanol  75.09+0.732 22.50+0.59%  0.11+0.07¢ 1868.384282.35% 2000.46+92.70* 326.66+39.38"
Methanol 74.7242.51% 21.40+0.962  0.52+0.072  1701.51+63.212  2030.84+67.832 684.10+120.662

There is no statistical difference between the averages indicated with the same letter in the same column (P>0.05)

The total phenolic content of the S. excelsa varied significantly according to the solvent (P<0.05). The
total phenolic content of the extract prepared with water was lower than the others. The extracts prepared
with 70% ethanol and 80% methanol had higher phenolic contents (75.09 mg/g and 74.72 mg/g,

respectively). There was no statistically significant difference between the ethanol and methanol extract
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groups (P>0.05). Different results were obtained in various studies. For example, Miser-Salihoglu et al.

[34] found the total phenolic content of the extract obtained from shoots and roots of S. excelsa to be
645.38 pg/ml gallic acid. Yilmaz-Sarialtin et al. [18] investigated the total phenolic content of S. excelsa
extracts prepared with different solvents by HPLC. The authors determined phenolic amounts as 402.94
mg GAE/g in the methanol extract and 366.46 mg GAE/g in the water extract of S. excelsa. As can be
seen, the phenolic content obtained from the methanol extract was higher than that of the water extract.
These findings are compatible with the results obtained in our study. However, when analyzed
guantitatively, it was determined that the total phenolic content obtained from our study was lower than
that determined by Yilmaz-Sarialtin et al. [18]. Demir [12] determined the total phenolic contents in the
ethanol, methanol, and water extracts of fresh shoots of S. excelsa as 4.96, 4.94, and 4.71 mg/g,
respectively, which were considerably lower than the results obtained from our study. Sahin [35] proved
that the total phenolic contents in the ethanol extract of S. excelsa leaves varied between 53.57-61.68
mg gallic acid/g depending on the solvent concentration and time, which was close to the results of our
study. According to our results, the total flavonoid content did not change much depending on the
solvent. The extracts prepared with water (22.96 mg/g) and ethanol (22.50 mg/g) solvents had the
highest flavonoid contents, but there was no statistically significant difference (P>0.05). Yilmaz-
Sarialtin et al. [18] determined the total flavonoid content as 191.42 mg QE/g in the methanol extract
and 109.96 mg QE/g in the water extract of S. excelsa. The authors also noted the high flavonoid contents
in parallel with the high total phenolic contents, which are higher than our findings. When the
anthocyanin contents were compared, it was determined that the extract prepared with 80% methanol
gave higher results (0.52 mg/g) than the other extracts. Ozsoy et al. [19] found that the passage of
antioxidant compounds was different depending on the solvent and preparation technique in the
extraction of water, ethanol, and ethyl acetate of the leaves of S. excelsa. The researchers found that the
total phenolic contents of the water and ethanol extracts (30.6 mg/g and 30.1 mg/g, respectively) were
higher than that of ethyl acetate (8.8 mg/g). They found the highest flavonoid content in the ethanol
extract (28.7 mg/g), which is almost similar to the results obtained in our study. Ozsoy et al. [19]
determined the total anthocyanin content in leaves as 0.32 mg/g, which is much higher than the total
anthocyanin content obtained in the methanol extract in our study. Al Yassine et al. [36] determined that
the total phenolic content in the water extract of stems and leaves of S. excelsa was significantly higher
than the ethanol extract. The results of our study do not coincide with the results of this study because
the water extract gave the lowest result. Significant differences were found in the phenolic compound

compositions of the S. excelsa extracted in different solvents (Table 6).

524



Topkara et al. Sinop Uni J Nat Sci 9(2): 516-533 (2024)
E-ISSN: 2564-7873
Table 6. Phenolic compound composition of Smilax excelsa (ug/g).

Parent  Product Collision Polarity Water Methanol Ethanol
energy

Pyrogallol 124.86 ?ggé gg ~ 7.93+0.00°  11.80+8.35% 5.6240.00°
:’é?;amh“ic 155.01 gg:gg ig : 2.75+0.00° Nd 5.75+0.66°
e 199 mEL BT g N o
Catechin 289.2 ggg:?g i? ~ nd 1250.77+31.758  1116.14+£20.87°
gg:joroge”ic 353.4 18962'_5100 gi ~ nd 2246.13+0.86  2253.17+34.62
Epicatechin 2915 133:38 12 : 31242210 124.38+4.63%  106.26+12.83°
Caffeic acid 179.7 12238 i; : nd 0.42+0.042 0.21+0.15°
Taxifolin 303 ;gggg ig T 021£000°  3.31£0.09° 2.9540.06"
;I‘f}ggs':gg 446.89 52‘5‘:88 3(5) - 0.14£0.05  0.120.01 0.17+0.06
Rutin 609.37 282:(758 gj _ 4.95+0.50°  494.06£26.53*  500.31+3.07°

nd: not detected. There is no statistical difference between the means indicated with the same letter on the same
line (P>0.05).

Among all compounds, the highest values were found for chlorogenic acid in the methanol and ethanol
extracts (2246.13 pg/g and 2253.17 pg/g, respectively). This situation indicates that both solvents
provide high yields in the extraction of chlorogenic acid. Chlorogenic acid is an important compound
with multiple pharmacological properties such as antioxidant, anti-inflammatory, hypoglycemic,
hypolipidemic [37], anti-hypertensive, anti-viral, neuroprotective, hepatoprotective, central nervous
system stimulant, anti-proliferative, cardioprotective, and anti-obesity. Al Yassine et al. [36] examined
the phenolic compound profile of S. excelsa and found protocatechuic acid (5.35 mg/100 g), chlorogenic
acid (5.91 mg/100 g), and chlorogenic acid derivatives (9.76 mg/100 g) as the main phenolic acids. In
particular, chlorogenic acid and its derivatives are known as compounds that increase the antioxidant
capacity of the plant. Compounds such as protocatechuic acid and chlorogenic acid contribute
significantly to the antioxidant potential of the plant since they contribute to cell protection with their
free radical scavenging activities. In our study, especially chlorogenic acid is dominant. In this respect,
the results of our study are consistent with the results of Al Yassine et al. [36]. In the present study,
catechin, a flavonoid, was found at high levels in the methanol and ethanol extracts (1250.77 pg/g and

1116.14 pg/g, respectively). Catechin prevents cell damage and reduces oxidative stress by fighting free
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radicals [38]. Rutin is an important flavonoid that supports the antioxidant capacity. The amount of rutin

was found to be 500.31 pg/g in the ethanol extract and 494.06 pg/g in the methanol extract. It was
reported that rutin can effectively eliminate free radicals and inhibit lipid peroxidation [39]. Cellat et al.
[40] determined that protocatechuic acid was 0.416 mg/g, protocatechuic aldehyde was 0.072 mg/g,
catechin was 2.203 mg/g, chlorogenic acid was 3.218 mg/g, epicatechin was 1.720 mg/g, caffeic acid
was 0.043 mg/g, and luteolin was 0.15 mg/qg in the ethanol extract obtained from the leaves of S. excelsa,
but they could not detect rutin. Yilmaz-Sarialtin et al. [18] showed that chlorogenic acid (2.78 mg/g)
and caffeic acid (0.22 mg/g) were particularly high in the methanol extract of S. excelsa. The researchers
also detected rutin (0.126 mg/g) in the S. excelsa extract. In the present study, it was also found that S.
excelsa contains rutin and is rich in chlorogenic acid. On the other hand, luteolin-7 glycoside and
taxifolin were found at the lowest amounts. Taxifolin is one of the flavonols, a subclass of flavonoids.
They are potent phenolic compounds and are a food and dietary supplement. Taxifolin is a powerful
antioxidant and fights against antiradical activities. It is used to minimize or prevent lipid oxidation in
food products, delay the formation of toxic oxidation products and maintain nutritional quality [41].
Furthermore, this compound has been reported to show promising inhibitory activity against oxidative
stress, microbial infection, inflammation, cardiovascular disease, and liver disease [42]. As a result of
our study, it was recorded that the amounts of taxifolin varied between 0.21-3.31 ng/g. Luteolin-7-
glycoside was very low in all extracts, 0.14 ug/g in the water extract, 0.12 pg/g in the methanol extract,
and 0.17 pg/g in the ethanol extract. Similarly, the amounts of caffeic acid were also found at very low
levels in the methanol and ethanol extracts (0.42 pg/g and 0.21 pg/g, respectively). These results showed
that methanol and ethanol were more effective in the extraction of some phenolic compounds, while
water provided low extraction efficiency, especially for compounds other than chlorogenic acid and
catechin. Different information on the phenolic compound composition of S. excelsa was found in
literature. For example, Demir [12] investigated the phenolic compound composition of S. excelsa and
identified six phenolic acids. These were gallic acid (117.33 pg/g), vanillic acid (33.89 pg/g), caffeic
acid (4.55 pg/g), ferulic acid (93.78 pg/g), rosmarinic acid (0.33 pg/g), and hydroxycinnamic acid (0.33
pg/g). The researcher reported that gallic acid, vanillic acid, and ferulic acid were the dominant phenolic
acids in S. excelsa. The phenolic compound composition determined in the present study is different
from the findings of Demir [12]. In another study, Khaligh et al. [13] reported the presence of five major
compounds in S. excelsa, namely solanesol, violasterol A, trans-resveratrol, 5-O-caffeoylchikimic acid,
and 6-O-caffeoyl-B-d-fructofuranosyl-(2-1)-a-d-glucopyranoside. Cellat et al. [40] reported the
presence of twenty-four different phytochemicals, including phenolic acids and flavonoids, in the
ethanol extract of S. excelsa. The phenolic compound composition determined by the researchers
overlaps with the compounds detected in our study. The results obtained from both our study and other
studies explain the differences in the total phenolic, flavonoid, and anthocyanin contents as well as the

differences in the phenolic compounds composition as affected by many factors such as growing
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conditions, soil structure and geographical region, collection time, climatic conditions, solvent type, and

genetics.
Antioxidant Activity

According to the antioxidant activity (DPPH, FRAP, and ABTS) results, it was determined that the
extracts prepared with 70% ethanol and 80% methanol solvents showed high antioxidant activities,
especially in the DPPH and FRAP tests. The 70% ethanol extract had the highest value (1868.38
mmol/g) in the DPPH test, while the 80% methanol extract gave the highest value (2030.84 mmol/g) in
the FRAP test. At the ABTS value, the 80% methanol extract exhibited a higher antioxidant capacity
(684.10 mmol/g) compared to the others. In various studies, the antioxidant activities in the S. excelsa
extracts prepared with different solvents were investigated. Yilmaz-Sarialtin et al. [18] determined that
in the DPPH test, the methanol extract of S. excelsa showed the strongest effect with an ICs, value of
45.81 pg/ml, while the water extract had a lower effect with an ICso value of 57.49 pg/ml. These results
reveal that the methanol extract is stronger than the water extract in terms of antioxidant capacity. In the
ABTS test, the authors recorded the IC50 value of the methanol extract as 17.16 pg/ml and the value of
the water extract as 21.31 pg/ml [17]. These results are consistent with the findings of our study, where
we found that both the DPPH and FRAP values of the methanol extract were higher than those of the
water extract. Ozsoy et al. [19] noted that the DPPH free radical scavenging value of the water extract
of S. excelsa was higher than that of the ethanol extract, which does not coincide with the findings of
our study. These researchers attributed the antioxidant activity of Smilax rhizomes to different
compounds such as proanthocyanidins, trans-resveratrol, naringenin, 1-O-trans-p-coumarolglycerol,
etc. [19]. In the current study, it has been proven that the most effective extract in terms of DPPH free
radical scavenging effect was obtained with ethanol, and in terms of FRAP and ABTS-reducing
activities, the most effective extract was obtained with methanol. Oguz Akin et al. [43] found that the
fruit extract of S. aspera exhibited 61% DPPH radical scavenging activity. Yildiz et al. [44] examined
the characteristics of two different Smilax species growing in Hatay and its surroundings, and they found
that the FRAP value of S. excelsa was 62.28-64.07 mmol Fe+2/kg in the leaves, which are much lower
than our findings. As the researchers reported, these differences may result from climatic conditions or
genotypes. Demir [12] prepared the extracts with different solvents from the fresh shoots of S. excelsa
growing in Diizce and compared the antioxidant properties of the extracts. As a result of the study, the
DPPH activities were listed as methanol>ethanol>water, while the ABTS activities were listed as
ethanol> methanol>water. The fact that the water extract showed the lowest activities in both cases
coincides with our study. The shoots and leaves of S. excelsa are sources of biologically active
phytochemicals, including various phenolic compounds [45], and it has been proven that the main
chemical components responsible for antioxidant activity consist of flavonoids and anthocyanins [19].

In our study, it has been proven that the extracts are rich in phenolic and flavonoid contents, and
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especially the ethanol and methanol extracts with high phenolic amounts show high DPPH and FRAP

values, which is attributed to the fact that phenolic compounds may have a strong antioxidant effect.
Results of Antimicrobial Activity and Minimum Inhibition Concentration (MIC)

In this study, the efficacy of different solvent extracts of S. excelsa against one fungus, three gram (+)
bacteria, and one gram (-) bacteria was investigated. As a result of the disc diffusion test, a clear zone
was observed around all discs used as positive controls. In the Petri dish in which the E. faecalis ATCC
29212 pathogen was cultivated, a clear zone formation was observed around the disc in which only the
water extract was impregnated (Figure 2). The zone diameter for this Petri dish was measured with the
help of a ruler (Table 7). Apart from this, no zones were formed in the other Petri dishes.

Figure 2. Antibacterial activity of the Smilax excelséréxtracts against Enterococcus faecalis ATCC
29212. 1, methanol extract (80%); 2, ethanol extract (70%); 3, water; 4-6, negative control for
methanol extract (80%), ethanol extract (70%) and water, respectively; 7, positive control

Table 7. Zone diameters of the water extract giving positive results in the disc diffusion test.
Average zone

Average zone

Extract Pathogen diameter in positive diameter in
extract (cm) £
control (cm) = SD D
Water extract Enterococcus faecalis ATCC 510 4 0.08 172 0.05

29212

SD: standard deviation

MIC test was performed to determine the lowest concentration at which the inhibitory effect of the water
extract, which gave positive results in the disc diffusion test, on E. faecalis ATCC 29212 was achieved.
At the end of incubation, the turbidity in the wells was evaluated with the naked eye. Accordingly, it
was observed that there was no turbidity in the 12th well containing sterile medium, and therefore the
study was carried out aseptically. In the wells containing the extract, an increased turbidity was observed
in the 4th-11th wells compared to the previous 24 hours, but no such change was detected in the first 3
wells. As a result, it was found that the concentration of the extract in the 3rd well was the lowest
concentration required for the inhibition of the pathogen. The minimum inhibitory concentration (MIC)

of the water extract against E. faecalis ATCC 29212 was determined to be 10 mg/mL (Figure 3).
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Figure 3. Minimum inhibition concentration tests of the water extract against Enterococcus faecalis
using a 96-well plate assay (conducted in triplicate)
It was documented in a study that the extracts made from the fresh shoots of S. excelsa exhibited the
antibacterial and antifungal activities [46]. Efe et al. [47] proved that the fruit extract of S. excelsa has
an inhibitory effect against Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Staphylococcus epidermidis, Candida krusei, Candida albicans, and
Streptococcus mutans. Researchers have determined different antimicrobial activities against all tested
microorganisms; the maximum antimicrobial effect was recorded with a 16 mm inhibition zone against
E. coli, while the lowest antimicrobial effect was reported to be obtained with an 11 mm inhibition zone
against S. aureus. Khaligh et al. [13] reported that the compounds violasterol A and trans-resveratrol
(3), obtained from the ethyl acetate extract of S. excelsa, showed activity against S. aureus with MIC
values of 142.5 and 136.9 uM, respectively. Oguz Akin et al. [43] found the MIC values of the ethanol
extracts of S. aspera fruits against E. coli and C. albicans as 31.25 pg/ml. On the other hand, no
antimicrobial activity of the methanol and ethanol extracts of S. excelsa was observed in this study, and
the activity against E. faecalis ATCC 29212 strain was only found in the water extract. This situation
reveals the effect of the choice of solvent. In addition, it is thought that the necessity of a synergistic
effect in the antimicrobial activities of the S. excelsa extracts or the lack of stability of the compounds

enabled these results to be obtained.
Conclusion

As a result of this study, it was determined that different solvent extracts of shoots, which are the edible
parts of S. excelsa, differ in terms of phytochemical properties, and antioxidant and antimicrobial
activities. In this context, it can be said that the ethanol and methanol extracts are more effective in terms
of both phytochemical properties and antioxidant activities compared to the water extract. In particular,
the high amounts of phenolic compounds in the ethanol and methanol extracts brought about high
antioxidant activities. According to this result, it can be concluded that the edible parts of S. excelsa
have an essential potential in terms of health and food. Plants are used in the treatment of various
diseases. In addition, secondary compounds obtained from plants also have deterrent or toxic effects on
pests. For this reason, it is recommended to determine the effects of the extracts that can be obtained

from the edible wild plant or the secondary compounds that can be isolated from the plant on different
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organisms. In line with the results obtained, it is suggested that, due to the antioxidant properties

exhibited by S. excelsa, this plant can be an important source for different medicines and can be

integrated into many treatment methods in modern medicine.
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Oz

X, A (Z, Zy veya Q) iizerinde sonlu kohomolojik boyuta sahip bir
parakompakt uzay ve GG, X iizerine sonlu sayida orbit tipi ile etki eden
kompakt bir Lie grubu olsun. R. Oliver tarafindan kanitland: ki eger X,
A iizerinde asiklik bir uzay ise X/G orbit uzay1 da A iizerinde asiklik bir
uzaydir. Bu calismada, sonlu sayida baglantili orbit tipli, sonlu boyutlu
ekivaryant CW kompleksler iizerine sonlu boyutlu kompakt grup (Lie
grubu olmayabilir) etkileri i¢in bu sonu¢ kanitlanacaktir. Ayrica, bazi
kosullar altinda parakompakt uzaylar tizerine etki eden kompakt baglantil
grup (Lie grubu olmayabilir) etkileri icin rasyonel sayilar iizerinde bir
asiklik uzayn sabit nokta uzayinin asiklik oldugu gosterilecektir.
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Abstract

Let X be a paracompact space of finite cohomological dimension over
A (Z, Z, or Q) and G be a compact Lie group acting on X with finite
many orbit types. It has been proven by R. Oliver that if X is acyclic
over A, then the orbit space X/G is also acyclic over A. In this study,
for rational coefficients, this result will be proven for finite-dimensional
compact (non-Lie) group actions on finite dimensional equivariant CW
complexes with finitely many connective orbit types. Furthermore, it will
be showen that the fixed point space of an acyclic space over rationals is
acyclic for compact connected (non-Lie) group actions on paracompact
spaces under certain conditions.

Keywords: Conner conjecture, Acyclic spaces, Compact group actions

Giris

G, bir X topolojik uzay: iizerine siirekli bir sekilde etki eden bir topolojik grup olsun. Kompakt doniistiim

gruplarinin ¢alismasinda ilging ve 6nemli bir problem X uzayinin kohomolojik yapist ile X sabit nokta

kiimesi veya X /G orbit uzaymnin kohomolojik yapisi arasindaki iliskileri incelemektir. Bu sekilde bir ¢ok

sonug literatiirde bulunabilir (Allday ve Puppe [1], Borel [2], Bredon [3], Bredon [4], Conner [5], Conner
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[6], Deo [7], Deo ve ark. [8], Ku [9], Ku [10], Oliver [11]). Bu bicimdeki bazi sonuglar1 hatirlayarak ise

baglayalim.
H* bir kohomoloji teorisi olmak iizere eger H (X;A) = A ve n > 1 iken H" (X;A) = 0 ise X

topolojik uzayina asiklik (acyclic) uzay veya A-asiklik uzay denir.

Teorem 1. (Conner’in Sanis1) G kompakt bir Lie grup ve X sonlu sayida orbit tipli, sonlu boyutlu bir
G-CW kompleks olsun. O zaman eger X bir A-asiklik uzay ise X /G orbit uzay1 da A-asiklik uzaydur,
burada A herhangi bir abelyen gruptur.

Teoremde X’in sonlu boyutlu olmasi gerekli bir kosuldur. Evrensel serbest (free) G-uzay E¢, sonsuz
boyutlu bir G-CW komplekstir (G asikar degilse) ve asiklik bir uzaydir fakat B = E¢/G orbit uzay1
stfirdan farkli kohomoloji cebirine sahiptir.
Bu teoremin Conner’in sanisinin 6zel bir durumu oldugunu not edelim. Teorem bazi kosullar altinda
Conner [6] tarafindan kanitlandi. Daha sonra Oliver [11] gosterdi ki eger G, sonlu sayida orbit tipi
ile sonlu kohomolojik boyutlu, parakompakt bir X uzay1 veya kompakt bir X uzay1 iizerine etki eden
kompakt bir Lie grubu ise A-asiklik (A = Z, Z,, veya Q) X uzaymmn X/G orbit uzayr da A-asiklik
bir uzaydir. X uzayinin kompakt olmasi durumunda sonlu sayida orbit tipi hipotezine gerek yoktur. Bu
sonuclar ayni1 zamanda Bredon’un kitabinda bulunabilir [4, IV, §14].
Bununla birlikte Deo ve ark. [8] gosterdi ki eger GG, sonlu sayida orbit tipi ile finitistik (her zaman
parakompakt) bir X uzay iizerine etki eden kompakt bir Lie grubu ise A-asiklik bir uzaym X /G orbit
uzayi da A-asiklik bir uzaydir.
Simdi Euler karakteristiginin tanim1 hatirlansin. x (X)) Euler karakteristigi herhangi bir katsay1 halkasi
icin

00
X(X) = 3 (-1 dim B (X)

i=0
biciminde tanimlanir. Asagidaki teorem Borel-Hsiang-Quillen lokalizasyon teoreminin énemli bir sonu-

cudur.

Teorem 2. G bir torus (kompakt, baglantili, abelyen Lie grubu, yani G = S' x --- x S!) ve X
sonlu sayida baglantili orbit tipli ve sonlu kohomolojik boyutlu parakompakt bir G-uzay olsun. Eger
SisoTkH (X;Q) < ocise Y juorkH! (X9 Q) < 00 ve x (X) = x (X%) olur. Ozellikle eger
X (X) # 0ise XC # 0 olur. Ayrica, X bir Q-asiklik uzay ise XC sabit nokta kiimesi de Q-asiklik

uzaydir.
Kanit. Allday ve Puppe [1, Corollary 3.1.13 ve Remark 3.10.5]’de bulunabilir.

Bundan sonra A katsayisina gére X uzayimin kohomolojik boyutu dimp X ile gosterilecektir, tanim icin
bkz. Bredon [4] veya Quillen [12].

Teorem 3. (Borel [2, p. 60], Conner [5]) G kompakt bir Lie grup ve X, kompakt bir G-uzay olsun. Eger
dimy X < oo ve her z ¢ X% igin H* (Bg,;A) = 0 ve heri > N igin H? (X;A) = 0 ise o zaman
asagidakiler saglanir.

a. Heri > N igin H' (X/G;A) = 0’du.
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b. Eger G sonsuz ise her i > N igin H' (XG; A) = 0’dir.

Asagidaki kosul kisaca ([) olarak adlandirilacaktir.

G izotropi alt grubunun birim baglantili bileseni G, verilen etki altinda sabit olmayan her x € X
noktast i¢in G”nin merkezi Z (G')’de igerilir, yani her € X \ X ¢ i¢in GY C Z (G)’dir.

Asagidaki sonu¢ Hofmann ve Mostert [13] tarafindan kanitlandi.

Teorem 4. GG, kompakt, Q-asiklik bir X uzay1 tizerine etki eden kompakt, baglantili bir grup olsun. Eger
(Io) kosulu saglantyorsa X @ sabit nokta kiimesi bostan farklidir ve Q-asiklik uzaydir.

Asagidaki sonuglar Ku [10] tarafindan kanitlandi.

Teorem 5. GG, kompakt, Q-asiklik bir X uzay1 tizerine etki eden kompakt, baglantili bir grup olsun. Eger
(Ip) kosulu saglamyor ve her i > N icin H* (X;Q) = O ise her i > N igin H' (XG; Q) = O olur.

Teorem 6. G, kompakt, Q-asiklik bir X uzay: iizerine etki eden kompakt bir grup olsun ve () kosulu
saglansm. Eger Gnin birim bileseni G, Z (G)’de igerilmiyor ve her i > N i¢in H' (X; Q) = 0 ise her
i > Nigin H (X“;,Q) = 0 olur.

Teorem 7. G, kompakt bir X uzay: iizerine etki eden sonlu boyutlu kompakt bir grup olsun ve (I)
kosulu saglansm. Eger her i > N i¢in H* (X;Q) = 0ise her i > N i¢in H* (X/G;Q) = 0 olur. Ozel
olarak X, Q-asiklik bir uzay ise X /G orbit uzay1 da Q-asiklik uzaydir.

Teorem 8. X kompakt bir uzay ve (G, X tlizerine etki eden abelyen ve sonlu boyutlu kompakt bir grup
olsun. Eger her i > N igin H* (X;Q) = Oise heri > N i¢in H' (X/G;Q) = 0 olur.

Deo [7] uzayin (Ip) kosulunu saglamasi ile sonlu sayida orbit tipine sahip olmasi kogulunu yer degistirdi

ve sonraki teoremi kanitladi. Bu iki kosulun birbirinden bagimsiz oldugunu not edelim.

Teorem 9. G, Q iizerinde sonlu kohomolojik boyuta sahip yerel kompakt Hausdorff bir X uzayi tizerine
etki eden sonlu boyutlu, kompakt bir grup olsun. Eger X sonlu sayida orbit tipine sahip ve her i > N
icin H! (X;Q) = 0ise her i > N i¢in H! (X/G;Q) = 0 olur. Burada H}, kompakt destekli sheaf
kohomolojiyi gosterir ve X kompakt uzay ise alisilmis H* kohomolojisine esit olur.

G-CW kompleksler ile ilgili agagidaki sonug Allday ve Puppe [1, Corollary 3.10.12] de bulunabilir.

Teorem 10. G bir torus ve X, sonlu sayida baglantili orbit tipli, sonlu boyutlu bir G-CW kompleks
olsun. Eger her i > N i¢in H* (X;Q) = Oise heri > N i¢in H* (X/G;Q) = 0 ve H' (X“;Q) =0

olur.

Yukaridaki teoremlerde G kompakt grubunun etki ettigi topolojik uzaylar kompakt ya da yerel kompakt
uzaylardir.

Bu makalede bu uzaylarin sonlu boyutlu G-CW kompleksler (parakompakt uzaylarin bir alt sinifidir) ile
yer degistirilebilecegi gosterilecektir.

Daha acik yazilacak olursa asagidaki teoremler ve sonlu boyutlu G-CW kompleksler iizerine etki eden
sonlu boyutlu kompakt gruplar icin lokalizasyon teoreminin dogru oldugu kanitlanacaktir.

Bu sonuglarin 6nemi topolojik grup etkileri teorisinde Hilbert-Smith sanis1 olarak bilinen hala cevaplana-
mamisg bir problemin var olmasidir. Bu sani, bir sonlu boyutlu manifold iizerine efektif olarak etki eden

bir kompakt topolojik grubun bir Lie grubu olmasi gerektigini iddia eder.
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Teorem 11. G, sonlu boyuta sahip kompakt bir grup ve X sonlu boyutlu G-CW kompleks olsun. Eger

X, Q-asiklik bir uzay ise X /G orbit uzay1 da Q-asiklik uzaydur.

Teorem 12. G, sonlu boyutlu baglantili, kompakt, abelyen bir grup ve X sonlu boyutlu bir G-CW
kompleks olsun. Eger X, Q-asiklik bir uzay ve X sonlu sayida baglantili orbit tipine sahip ise X sabit
nokta kiimesi de Q-asiklik uzaydir.

Teorem 13. G, kompakt, baglantili bir grup ve X, Q-asiklik, parakompakt bir uzay olsun. Eger (1)
kosulu saglaniyorsa X @ sabit nokta kiimesi bos degildir ve Q-asiklik uzaydur.

On Bilgiler

Bu boliimde bazi temel kavram ve sonuglar ifade edilecektir. Topolojik gruplar da dahil tiim topolojik
uzaylarin Hausdorff oldugu kabul edilecektir.

Aciklanmamig notasyon ve kavramlart okuyucuyu Allday ve Puppe [1], Borel [2], Bredon [3], Hofmann
ve Morris [14], veya Onat [19] kaynaklarinda bulabilir.

Simdi X herhangi bir topolojik uzay ve GG herhangi bir topolojik grup olsun. Asagidaki kosullar1 saglayan

O : G x X — X siirekli doniisiimiine G’nin X {izerine bir etkisi ve X uzayina da G-uzay denir.

a. Herz € X ve g,h € G igin (gh) x = g (hz)’dir.

b. Her x € X icin ex = «x’dir, burada e , G’nin birimidir.

Bir € X noktasinin izotropi alt grubu G’nin G, = {g € G : gx = z} (kapal) alt grubudur. Bir z € X
noktasinin orbiti X’in G () = {gz € X : g € G} alt uzayidir. Daha genel olarak bir H C G alt grubu
ve Y C X altuzayiigin H (Y) = {hy : h € H,y € Y} olarak tanimlanir. Eger G (Y) =Y ise Y C X
alt uzayimna G-invaryant alt uzay denir.

G-etkiler ile uyumlu (yani her g € G ve z € X i¢in f (gz) = gf (x)) G-uzaylar arasinda siirekli bir
f : X — Y doniisiimiine G-ekivaryant bir doniisiim denir. Eger X Hausdorff bir uzay ve G kompakt
bir grup ise G (z), G/G, homojen uzayma G-izomorfiktir.

Eger G, = G (veya denk olarak G (x) = {z}) ise z € X noktasina G-etkisinin sabit noktas1 (fixed or
stationary point) denir. Etkinin sabit noktalarmin kiimesi X veya I’ (G, X) ile gosterilecektir.

Her bir x € X noktasim G (z) orbiti ile 6zdeslestirerek elde edilen boliim uzay1 X ’in orbit uzayi olarak
adlandirtlir ve X /G ile gosterilir. Boylece X /G = {G (z) : x € X} olur ve boliim topoloji ile verilir.
G, bir X uzay: iizerine etki eden bir topolojik grup olsun. Eger {[G;] : € X'} sonlu bir kiime ise X
sonlu sayida orbit tipine sahiptir (finitely many orbit types) veya GG, X iizerine sonlu sayida orbit tipi ile
etki eder denir, burada [G,], G izotropi alt grubunun G’de konjuge snifini gosterir. Eger { [G] : z € X }
sonlu bir kiime ise X sonlu sayida baglantili orbit tipine sahiptir (finitely many connective orbit types)
veya (i, X iizerine sonlu sayida baglantili orbit tipi ile etki eder denir, burada GY, G izotropi alt
grubunun birim baglantili bilesenidir. Asagidaki lokalizasyon teoreminde eger katsayilar halkasi karakte-
ristigi sifir olan bir cisim ise sonlu sayida baglantili orbit tipine sahip olmasi varsayimi yeterlidir (Allday
ve Puppe [1, p.131]). Sonlu sayida orbit tipine sahip olma, sonlu sayida baglantili orbit tipine sahip olma
ozelligini gerektirir. Eger G = S! ise herhangi bir G-uzayinin sonlu sayida baglantili orbit tipine sahip

oldugu agiktir.
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G kompakt bir grup ve X herhangi bir G-uzay olsun. Eger H, G’nin kapali ve normal bir alt grubu

ise G/H boliim grubunun X/ H orbit uzay: iizerine etkisi (gH ) x (Hz) = H (gx) ile verilir ve H nin
X tizerine etkisi G’nin kisitlanmus etkisidir. Ayrica ¢ (Gx) = (G/H) * (Hz) = Gz /H ile tamimlanan
i: X/G — (X/H)/(G/H) déniigiimii bir homeomorfizmdir (Bredon [3] veya Hofmann ve Morris
[14D).

Iyi bilinen bagka bir gercek sudur:

Lemma 14. (Bredon ve ark. [15], Ku [10]) Eger G, bir X uzay: iizerine etki eden baglantili bir grup ve
N tamamen baglantisiz (totally disconnected) bir alt grup ise o zaman (X /N )G/ N~ XG olur.

Bu gercgekler gosterir ki kompakt grup etkileri ile ilgili problemler Lie grubu etkilerine indirgenebilirler.
Yukaridaki verilen grup etkisi ile boliim grubu etkisinin izotropi alt gruplar1 ve baglantili bilesenleri

arasinda agagidaki iligkiler vardir.

Not 15. G, bir X uzayi iizerine etki eden kompakt bir grup ve N, G nin kapali ve normal bir alt grubu
olsun. Her z € X i¢in

(G/N)xe = NGa/N

(Hofmann ve Morris [14, Proposition 10.31] veya Conner [6]) ve
0

(G/N)y@) = (NGT) /N

(Hofmann ve Morris [14, Lemma 9.18]) oldugundan kolayca goriilebilir ki eger G, X {izerine sonlu
sayida (sirastyla baglantil) orbit tipi ile etki ediyorsa G /N, X /N iizerine sonlu sayida (sirasiyla baglantili)
orbit tipi ile etki eder.

Eger G bir torus ve X sonlu sayida baglantil1 orbit tipli herhagi bir G-uzay ise X& = X S olacak sekilde
bir S' C G alt ¢ember grubu vardir (Allday ve Puppe [1, Lemma 4.2.1]). Bu gercek gosterir ki sonlu
sayida baglantili orbit tipine sahip bir uzay iizerine etki eden torus etkilerinin sabit noktalar ile ilgili
sonuclar1 yalnizca gember grubu etkisi i¢cin kanitlamak yeterlidir.

Simdi kompakt gruplar ile ilgili baz1 gercekler ifade edilecektir.

Oncelikle bir normal uzayin boyutunu hatirlayalim. X bir kiime ve .4, X’in alt kiimelerinin sonlu bir
ailesi olsun. Her 2 € X i¢in x noktasini igeren .A’nin elemanlarinin sayisim r (x) ile gosterelim. X
tizerinde tanimlanan 7 (x) fonksiyonunun maksimumu .4’nin derecesi (order) olarak adlandirilir.

A ve B, bir X uzayinin ortiileri olsun. Eger her B € Bigin B C A olacak gekilde bir A € A varsa B’ye
A’nin bir incelmisi (refinement) denir.

Simdi X # () normal bir uzay olsun. X in 6rtii boyutu negatif olmayan bir tamsay1 ya da oo olarak

asagidaki sekilde tanimlanir ve dim X ile gosterilir.

1. Eger X uzayimn her sonlu acik ortiisii, derecesi n’den kiiciik ya da esit olan bir sonlu agik

incelmige sahip ise dim X < n’dir, buradan = 0,1, - - - seklindedir.
2. Egerdim X < nvedimX >n — lisedim X = n’dir.

3. Egern =0,1,--- icindim X > nise dim X = oo’dur.
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Bir kompakt grubun sifir boyutlu olmasi i¢in gerek ve yeter sart tamamen baglantisiz olmasidir.

Iyi bilinir ki her kompakt gruba Lie gruplan ile yaklasilabilir, yani her kompakt grup kompakt Lie
gruplarinin ters (projektif) limitidir. G kompakt bir grup ve N, G’nin normal, kapali ve tamamen baglantisiz
alt gruplarinin bir filtre bazi olsun dyle ki her N € N i¢in G/N sonlu boyuta sahip kompakt bir
Lie gruptur ve (N = {1}’dir. O zaman G, ImyenG /N ters limitine homeomorfiktir. Eger G sonlu
boyutlu, kompakt bir grup ise her N € A i¢in dim G = dim G/N oldugu kabul edilebilir.

Eger G, n-boyutlu toruslarin bir ters limiti ise G sonlu boyutlu pro-torus olarak adlandirilir, yani G sonlu
boyutlu kompakt, baglantili, abelyen bir gruptur. 1-boyutlu pro-torus solenoid olarak adlandirilir. Daha
fazla detay, Montgomery ve Zippin [16], Pontryagin [17] veya Hofmann ve Morris [18] kaynaklarinda

bulunabilir.

Teorem 16. [17, Theorem 69] Eger G sonlu boyutlu kompakt bir grup ise G/N bir Lie grubu olacak

sekilde G’nin tamamen baglantisiz kapali bir [V alt grubu vardir.

(GG-uzaylarin kohomolojini ¢alismak i¢cin Borel [2] tarafindan bir metod ortaya kondu. Bu metod, topolojik
doniigiim gruplar teorisinin temel araci haline gelmistir. Bu yap1 asagidaki sekilde tanimlanir.

Her G topolojik grubu i¢in G’nin serbest etki ettigi bir (biiziilebilir, parakompakt) Eg uzay1 vardir
ve G — Eg — DBg bir esas demet uzay1 (principal bundle) olup evrensel esas demet uzay1 olarak
adlandirilir, burada B = E¢ /G orbit uzayr G nin sinif uzay1 olarak adlandirihir. (Milnor [20]). Simdi
X herhangi bir G-uzayi ise G'nin X x Eg carpim uzayi iizerine g (z,e) = (gz,ge) ile tanimlanan
bir (serbest) etkisi vardir. Bu etkinin orbit uzayr X¢ = X xXg Eg = (X x Eg) /G ile gosterilir ve
X’in Borel yapisi olarak adlandirilir. X5 uzayi tizerinde diigiiniilmesi gereken iki dogal doniisiim vardr.
X X Eq — Eg, 2. izdiisiim doniisiimii, lifi (fiber) X olan bir w2 : X — Bg demetimsi (fibration)
belirler. Bu demetimsi Borel demetimsi olarak adlandirilir (Borel [2]).

Ayrica X x Eg — X, 1. izdiigiim doniigiimii, bir m; : Xg — X/G doniisiimii belirler (genelde
bir demetimsi degildir) 6yle ki bu doniisiimiin lifleri 7; *(2*) = G (z) x¢ Eq = (G/G.) xg Eq =
(G x¢ Eg) /Gy = Eg/Ggolur,buradaz* € X/G vex € *’dir. Eger G — G/ G, bir esas G-demet
ise (6rnegin G kompakt Lie grubu ya da G sonlu boyutlu, kompakt bir grup iken bu saglanir) bu durumda
E¢ — E¢ /G, bir evrensel esas G,-demet olur ve E = F¢, almabilir ve Eg /G, bolim uzay1 B,
sinif uzay1 olarak segilebilir.

HE (X5 A) := H* (X@; A) (burada sagdaki kohomoloji alisilmig kohomoloji teorisidir) ile tanimlanan
genellestirilmis kohomoloji teorisi A katsayili Borel kohomoloji ya da ekivaryant kohomoloji olarak
adlandirilir. H, (X; A) kohomoloji halkas1 H* (Bg; A) iizerinde 75 : H* (Bg; A) — Hf (X; A) halka
homomorfizmi ile belirlenen kanonik bir cebir yapisina sahiptir. Carpma islemi a € H* (Bg;A) ve
x € HE (X;A)igin ax = 73 (a) Uz ile verilir, burada U, H (X; A)’deki cup carpmadir. Bu cebir X’in
ekivaryant dereceli kohomoloji cebiri olarak adlandirilir.

Simdi G ve G’ iki topolojik grup ve X ile X', sirasiyla G ve G'-uzaylar olsun. u : G — G’ siirekli bir
doniisiim ve f : X — X', u-ekivaryant bir doniigiim (yani her g € G,z € X i¢in f (gz) = u (g) f (x))
ise 0 zaman (u, f) ikilisi H, (X') — H¢ (X)) homomorfizmini belirler (Quillen [12]).

Bu makalede rasyonel katsayili, kapali destekli sheaf kohomoloji ile calisilacaktir. Fakat sonuglar karakteristigi
sifir olan bir cisim durumunda da saglanir.

Son olarak bu makalenin temel konusu olan sonlu boyutlu G-CW komplekslerin tanimi ve bazi énemli

ozellikleri verilecektir.
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Tamim 17. A/G, Hausdorff bir uzay olmak iizere (X, A), G-uzaylarn bir ¢ifti olsun. (X, A) lizerinde

bir relatif G-CW kompleks yapisi agagidakilerden olugur.
a. X={," XpuzaymmA=X_; CXoCX;CXyp---
seklinde bir filtrasyonu vardir.

b. Her n > 0 i¢in agagidaki 6zelliklere sahip X,,’in e C X,,, G-alt uzaylarmm bir {e} : i € I,,}

koleksiyonu vardir.

i. X, {X, :n > —1} filtrasyonuna goére zayif topolojiye sahiptir, yani herhangi bir n > —1 i¢in B C
X’in kapali olmasi i¢in gerek ve yeter sart B N X,, C X, nin kapali olmasidir.

ii. Hern > 0i¢in, el = Q7 (G/H; x Int D™) olacak sekilde bir G-pushout diyagrami vardur.

Hieln qa;
- >

[Lic;, G/Hi x sn—t xn-t

[lic;, G/Hix D" X"

i€ln Qz
Eger A = () ise 0 zaman X uzay1 bir G-CW kompleks olarak adlandirilir.

X, alt uzaylar1 (X, A)’nin n. iskeleti olarak adlandirilir ve e]’, G-alt uzaylari agik n-hiicreler olarak
adlandirilir. Eger X = X, ve X # X,,_; saglanmyorsa bir (X, A) relatif G-CW komplekse n-boyutlu
denir. Eger bir n icin bu kompleks n-boyutlu ise bu kompleks sonlu boyutlu olarak adlandirilir. Eger
G kompakt bir grup ise herhangi bir sonlu boyutlu G-CW kompleks hem sonlu kohomolojik boyuta
sahip parakompakt uzaydir hem de finitistik bir uzaydir. Agagidaki lemmanin kanit1 Liick [21, p. 7]’da

bulunabilir.

Lemma 18. (X, A) ¢ifti A/G, Hausdorff bir uzay olacak sekilde bir relatif G-CW kompleks olsun. Eger
H, G’nin bir normal alt grubu ve asagidaki kosullardan biri saglaniyor ise (X/H, A/H) bir kanonik
G/ H-CW kompleks yapisina sahiptir.

a. H kompakttir.
b. Her z € X \ A i¢in G, kompakttir.

c¢. G/H ayriktr.

Eger X,,, X’in n. iskeleti ve {e]' : i € I,}, X in agik n-hiicreleri ise o zaman X,,/H, X/H nin n.
iskeletidir ve {e]'/H : i € I,,}, X/H ’nin ag¢ik n-hiicreleridir.

Ana teoremlerin kanitlanmasi i¢in asagidaki iyi bilinen lemmalara ihtiyag vardir.

Lemma 19. [10] Bir kompakt, tamamen baglantisiz grubun sinif uzay1 Q-asiklik uzaydir, yani
H*(Bg; Q) = Q'dur.

Kanit. Ku [10] veya Onat [22]’da bulunabilir.
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Lemma 20. (Vietoris-Begle doniisiim teoremi) X ve Y parakompakt Hausdorff uzaylar, G bir abelyen

grup ve f : X — Y oOrten, siirekli ve kapali bir doniigtim olsun. Her y € Y ve ¢ < n i¢gin
H4 ( ty); G) = 0 olacak sekilde bir n > 0 dogal sayisinin var oldugunu kabul edelim. O zaman

f9 HI(Y:G) — H(X;G)

homomorfizmi g < n i¢in bir izomorfizm ve ¢ = n i¢in bir monomorfizmdir.

Kanit. Spanier [23, p. 344]’de bulunabilir.

Asiklik Uzaylari Orbit Uzay:1 ve Sabit Nokta Kiimesi

Tamamen baglantisiz, kompakt gruplarin etkileri sonlu boyuta sahip kompakt gruplarin etkilerinde 6nemli
bir yere sahiptir. ilk olarak kompakt, tamamen baglantisiz grup etkilerinin orbit uzaymin kohomolojisi
ile ilgili bir sonug¢ kanitlanacaktir. Asagidaki 6nermenin X kompakt uzayi i¢in dogru oldugu yukaridaki

ifade edilmisti. Simdi bu sonucun parakompakt uzaylar icin genellemesi kanitlanacaktur.

Onerme 21. G, parakompakt bir X uzayi iizerine etki eden kompakt, tamamen baglantisiz bir grup
olsun. Eger X, Q-asiklik bir uzay ise X /G orbit uzay1 da Q-asiklik uzaydir.

Kamnit. X parakompakt bir uzay oldugundan X uzay1 da parakompakttir (Allday ve Puppe [1, p.141])
ve Bg smif uzayr da parakompakttir. Simdi X — Xg — Bg Borel demetimsisini diisiinelim. X,
Q-asiklik bir uzay ise Vietoris-Begle doniisiim teoreminden H* (Bg; Q) — H* (X; Q) homomorfizmi
bir izomorfizmdir. Ayrica Bg, Q-asiklik uzay oldugundan (Lemma 19) X uzaymnin Q-asiklik uzay
oldugu elde edilir. Diger taraftan m : X¢ — X/G siirekli bir doniigiim ve lifleri 7, ! (G (z)) = Bg,
ve Bg,, Q-asiklik uzaydir ¢iinkii G, kompakt, tamamen baglantisiz bir uzaydir. Yine Vietoris-Begle
doniisiim teoreminden ; doniisimit H* (X/G;Q) — H* (Xg; Q) izomorfizmini belirler. Boylece
X /G orbit uzay1 Q-asiklik bir uzay olur.

Simdi ana teoremlerimizi kanitlamak icin haziriz.

Teorem 22. GG sonlu boyuta sahip kompakt bir grup ve X sonlu boyutlu bir G-CW kompleks olsun. Eger
X, Q-asiklik bir uzay ise X /G uzay1 da Q-asikliktir.

Kamit. G /N kompakt bir Lie grubu olacak bigimde G’nin kapali, normal, tamamen baglantisiz bir N
alt grubu vardir (Teorem 16). X/ orbit uzay iizerinde G /N kompakt Lie grubunun dogal etkisini goz
oniine alalim. Onerme 21 geregi X /N bir Q-asiklik uzaydir. Lemma 18 geregi agiktir ki X/, sonlu
boyutlu bir G/N-CW komplekstir. Ayrica G/N, X /N iizerine sonlu sayida orbit tipi ile etki eder (Not
15). Conner’in teoremi (Teorem 1) geregi X/G ~ (X/N) / (G/N) uzay1 da Q-asiklik uzaydir.

Teorem 23. G sonlu boyutlu bir pro-torus ve X, sonlu sayida baglantili orbit tipli, sonlu boyutlu bir
G-CW kompleks olsun. Eger X, Q-asiklik bir uzay ise X sabit nokta kiimesi de Q-asiklik uzaydir.

Kamit. G/N bolim grubu torus olacak bigcimde G’nin kapali, normal, tamamen baglantisiz bir N alt
grubu vardir (Teorem 16). X /N orbit uzayi iizerinde, G/N torus grubunun kanonik etkisini diigiinelim.
Bu etki sonlu sayida baglantili orbit tipine sahiptir (Not 15). Ayrica Onerme 21 geregi X/N, Q-asiklik
bir uzaydir ve Lemma 18 geregi X/N, sonlu boyutlu bir G/N-CW komplekstir. Teorem 2 geregi
(X/N )G/ N~ X sabit nokta kiimesi de Q-asiklik uzaydur.
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Asagidaki teoremler yerel kompakt uzaylar i¢in Ku [9, p. 33] tarafindan kanitland: fakat parakompakt

uzaylar icin de saglanir.

Teorem 24. S' cember grubu parakompakt bir X uzayi iizerine etki etsin. Eger dim H* (X; Q) < oo ise
X (X;Q) = x (F; Q) olur. Ozel olarak eger X, Q-asiklik uzay ise X sabit nokta kiimesi de Q-asiklik

uzaydir.

Teorem 25. X, parakompakt bir uzay ve GG, X iizerine etki eden kompakt, tamamen baglantisiz olmayan
bir grup olsun. Eger dim H* (X; Q) < oo ve her z ¢ X icin G, sonlu ise x (X;Q) = x (F; Q) olur.

Hofmann ve Mostert [13, Theorem 3.7] tarafindan kullanilan teknikleri kullanarak agagidaki teoremi

kanitlayabiliriz.

Teorem 26. G, sonlu boyuta sahip kompakt ve baglantili bir grup ve X, Q-asiklik, parakompakt bir
G-uzay olsun. Eger (Iy) kosulu saglaniyorsa o zaman X ¢ sabit nokta kiimesi bos degildir ve Q-asiklik

bir uzaydir.

Kamit. G /N kompakt ve baglantili bir Lie grup olacak bigimde G’ nin kapali, normal, tamamen baglantisiz
bir IV alt grubu bulunabilir (Teorem 16). Boylece F (G, X) ~ F (G/N,X/N) ve Onerme 21 geregi
X/N, Q-asiklik bir uzaydir. Ayrica

(G/N)N@ = (NGR) /N C INZ(G)] /N € Z(G/N)

oldugundan G’yi kompakt, baglantili bir Lie grubu varsayabiliriz.

Ik olarak G’nin abelyen oldugu varsayilsin. O zaman G bir torus olup iddia G nin boyutu iizerinden
tiimevarimla kanitlanabilir. Eger GG, 1-boyutlu ise o zaman Teorem 24 geregi iddia dogrudur.

Simdi iddianin (n — 1)-boyutlu toruslar i¢in dogru oldugu varsayilsin ve kabul edelim ki dimG = n
olsun. NV, G’nin bir gember alt grubu olsun. O halde F' (N, X)) sabit nokta kiimesi Q-asiklik bir uzaydir
ve N, alunda invaryanttir. Bylece G/N, F (N, X) uzay1 iizerine etki eder ve dim G/N = n — 1’dir.
Boylece tiimevarim hipotezinden F' (G, X) = F (G/N, F (N, X)), Q-asiklik bir uzaydir.

Simdi G herhangi bir kompakt, baglantili Lie grup olsun. Z, G’nin Z (G) merkezinin birim bilesenini
gostersin. O zaman Z, X iizerine etki eder ve abelyen durumdan dolay1 F' (Z, X) sabit nokta kiimesi
Q-asiklik bir uzaydir. Z normal alt grup ve F'(Z, X), Z altinda invaryant oldugundan G/Z kompakt,
baglantili Lie grubu F' (Z, X) tizerine etki eder. Her x € F'(Z,X) \ F (G/Z,F (Z, X)) i¢in (G/Z),
izotropi alt grubu sonludur. Gergekten GO C Z (G) oldugundan G = GONZ < G, NZ ve (G/Z), =
{92 : 9Zx =gz =2z} = Gfrﬁ - < % olur. % sonlu oldugundan (G//Z),, sonlu olur. Boylece Teorem
25 geregi F' (G, X)=F (G/Z,F (Z,mX ) sabit nokta kiimesi Q-asiklik bir uzay olur.

Yukaridaki teoremi kompakt, baglantili gruplara genellemek i¢in asagidaki lemmaya (Hofmann ve Mostert
[13, p. 332]) ihtiyag vardir.

Lemma 27. (Hofmann-Mostert) Eger G' kompakt, baglantili bir grup ve A tiim sonlu boyutlu, kompakt,
baglantili, normal alt gruplarin kiimesi ise alt gruplarin ¢arpimi altinda .4 bir yarilatistir ve birlesimi G’de

yogundur.
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Teorem 28. i, parakompakt bir X uzay1 iizerine etki eden kompakt, baglantili bir grup olsun. Eger

(Io) kosulu saglantyor ve X, Q-asiklik bir uzay ise X sabit nokta kiimesi bos degildir ve Q-asiklik bir

uzaydir.

Kamit. G’nin herhangi iki kompakt, normal H, H' alt gruplani¢cin ¥ (HH', X) = F (H, X)NF (H', X)
olur. Lemma 27 geregi GG grubu tiim sonlu boyutlu kompakt, baglantili, normal H alt gruplari tarafindan
dogurulur ve bunlarin sabit nokta kiimeleri ' (H, X ), Q-asiklik uzaylardir. Boylece sonug, sheaf kohomo-

lojinin tautness 6zelliginden (Bredon [4, p. 73] veya Spanier [23, p. 316]) elde edilir.

Lokalizasyon Teoremi

Bu bolimde, sonlu boyutlu G-CW kompleksler iizerine sonlu sayida orbit tipi ile etki eden sonlu boyuta
sahip kompakt grup etkileri i¢in Borel-Hsiang-Quillen lokalizasyon teoremini ¢alisacagiz.

Kabul edelim ki S € H*(Bg; Q) = R carpimsal kapali bir alt kiime olsun. Lokalizasyon teoremi,
carpimsal kapali bir alt kiimeye gore H¢,(X; Q), R-moduliiniin lokalizasyonu ile ilgilidir. i, : G, —
G kanonik icerme déniisiimii ve 7% : H*(Bg; Q) — H*(Bg,; Q) olsun.

X% ={z € X :Hers € Sigini’ (s) # 0}
olarak tanimlansin. X¢ C X oldugu agiktir. Eger X bir G-CW kompleks ise kohomolojinin tautness

ozelliginden X°, X uzaymin G-invaryant kapali bir alt uzay1 ve X’in bir G-CW alt kompleksidir.

Teorem 29. (Borel-Hsiang-Quillen-Deo ve ark.) Kabul edelim ki G kompakt bir Lie grup ve X, agsagidaki
kosullardan birini saglayan bir G-uzay olsun. Eger S C H* (Bg) ¢arpimsal kapali bir alt kiime ise o
zaman X° — X icerme doniisiimii tarafindan belirlenen ™' H}, (X) — S~1H(, (X*°) lokal kisitlanmug

homomorfizm bir izomorfizmdir.
1. X bir kompakt uzaydir (Hsiang [24]).

2. X sonlu sayida orbit tipli, sonlu kohomolojik boyuta sahip bir parakompakt uzaydir (Hsiang [24]
veya Quillen [12]).

3. X sonlu sayida orbit tipli parakompakt finitistik bir uzaydir (Deo ve ark. [8]).

Dikkat edilsin ki katsay1 halkas1 olarak karakteristigi sifir olan bir cisim kullanildiginda 2. ve 3. durumda
sonlu sayida baglantili orbit tipli uzay varsayimi yapmak yeterlidir (Allday ve Puppe [1, s.131]).

Sonlu boyuta sahip kompakt gruplarin kompakt uzaylar iizerine etkileri igin lokalizasyon teoremi, Ozkurt
ve Onat [25] tarafindan ¢aligildi. Simdi 2. durumun 6zel bir hali olan G-CW kompleksler i¢in lokalizasyon

teoreminin dogrulugunu inceleyecegiz.

Teorem 30. G, sonlu boyutlu, kompakt bir grup ve X, sonlu sayida baglantili orbit tipine sahip sonlu
boyutlu bir G-CW kompleks olsun. Kabul edelim ki her z € X'\ X ve her n > 1i¢in H* (Bg,; Q) = 0
olsun. Eger S C H* (Bg; Q) carpimsal kapali bir alt kiime ise X — X icerme doniisiimii

STHE (X;Q) — STHHE (X75Q)

izomorfizmini belirler.
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Kamit. G /N kompakt bir Lie grubu olacak bi¢cimde G’nin kapali, normal, tamamen baglantisiz bir N alt

grubu bulunabilir (Teorem 16).
Ilk olarak X = () oldugu varsayilsin. O zaman X sabit nokta kiimesi de bos olur. 7; : X¢ — X/G
doniisiimiinii diisiinelim. Boylece 77 ' (G (x)), Bg, smif uzayina homeomorfiktir. Hipotezden her z €

X i¢in Bg,, Q-asiklik bir uzay oldugundan Vietoris-Begle doniisiim teoremi geregi

i HY (X/G:Q) — HE (X;Q)

izomorfizmi elde edilir. Diger taraftan Ozkurt ve Onat [25, Remark 3.5] tarafindan
* . * .

H (B(G/N)N(z) ; Q) — H" (Bg,; Q)

doniisiimiiniin bir izomorfizm oldugu kanitlandi. Boylece N (x) noktast X/N orbit uzayinda G/N
etkisinin sabit bir noktasi degildir ve B g/ N n o) Q-asiklik bir uzaydir.
Benzer sekilde

(X/N)gy — (X/N) /(G/N) = X/G
kanonik doniigiimiiniin lifi B g, N) na) siif uzayina homeomorfik oldugundan

H* (X/G5Q) — Hyx (X/N; Q)

izomorfizmini elde ederiz.

Boylece
Heyy (X/N;Q) — HE (X;Q)

izomorfizmi elde edilir. Ayrica Ozkurt ve Onat [25, Lemma 3.3] tarafindan 7 : G — G/N boliim

doniisiimiiniin
7™ : H* (Bg/n; Q) — H* (Ba; Q)

izomorfizmini belirledigi gosterildi. Simdi R = (7*)~!(S) C H*(Bg/n; Q) carpimsal kapal: alt kiimesini
diistinelim, aciktir ki R, S’nin bir kopyasidir. Boylece

R™YHE iy (X/N;Q) = STHHE (X;Q)

izomorfizmi elde edilir. Ozkurt ve Onat [25, Corollary 3.6] tarafindan X°/N ~ (X/N )R oldugu
gosterildi. Boylece (X/N )R = () elde edilir. X/N, sonlu sayida baglantili orbit tipine sahip sonlu
boyutlu bir G/N-CW kompleks oldugundan sonlu boyutlu G-CW kompleksler iizerine kompakt Lie
grup etkileri i¢in lokalizasyon teoreminden (Allday ve Puppe [1, Theorem 3.1.6])

R (X/N:Q) — R Hgy (X/N)"Q)

homomorfizminin bir izomorfizm oldugu elde edilir. Buradan ise R~ H, N (X/N;Q) =0ve ST HY, (X;Q) =
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0 oldugu goriiliir.
Genel durum S_IHE (X D GE Q) = 0 oldugunu gostermeye denktir. Her z € H (X X5, Q) icin
s - x = 0 olacak sekilde bir s € S oldugunu gostermek bunun i¢in yeterlidir. Simdi eger Bg, Bg smif

uzayinin k. iskeleti ve X% = 75! (BE) ise o zaman
H (x5Q) — H' (X5Q)

kisitlanmig homomorfizminin her ¢ < k i¢in bir izomorfizm oldugu biliniyor (Allday ve Puppe [1, p.
130]). O halde

k>niding € H" (Xa, X8 Q) = H" (X&, X5 0 X Q)

oldugunu kabul edebiliriz. Simdi X[, parakompakt, Hausdorff bir uzay ve X% uzaynda X2 N X£ nmn
{VG nX é} : V, X nin bir invaryant k0m§ulugudur} formundaki komsuluklar cofinal’dir. H7,-kohomoloji

teorisinin tautness ozelliginden (Quillen [12, p. 552])
x € Im{H} (X,V;Q) — HE (X, X%Q)}

olacak sekilde X°’nin invaryant bir V komsulugu vardir. Ayrica X = V U IntY olacak sekilde G
altinda invaryant olan parakompakt bir Y € X \ X alt uzay1 vardir. Y = (} olacagindan ilk durumdan

ve H.-teori i¢in (X, Y) ciftinin Mayer-Vietoris uzun tam dizisinden
75 (s) € Im{H{H(X,Y;Q) — HE (X, IntY;Q) — HE (X;Q)}
olacak sekilde bir s € S vardir. Boylece

m (s) € Im{Hg (X, IntY;Q) — Hg (X;Q)}

olur. Bu ise 75 (s)  elemaninin

0=Hg (X, VUulntY;Q) — HE (X, X%;Q)

doniisiimiiniin gortintiisiinde oldugu anlamina gelir. O halde s - z = 75 (s) z = 0 oldugu elde edilmis

olur.

Sonuc 31. G bir solenoid ve X, sonlu sayida baglantili orbit tipli, sonlu boyutlu bir G-CW kompleks
olsun. Eger S C H* (Bg; Q) carpimsal kapali bir alt kiime ise X — X icerme doniisiimii

STUHE (X5Q) — S HE (X5;Q)
izomorfimini belirler.

Kanit. G, gember gruplarimin ters limtidir, yani her N € A igin G/N = S! olmak iizere G =
@1 Nen'G/N seklindedir. Burada tekrar hatirlayalim ki NV, G/N = S! olacak bicimde G’nin kapals,

normal, tamamen baglantisiz alt gruplarinin ailesini gosterir. O zaman Hofmann ve Morris [26, Theorem
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2.2] tarafindan kanitlanan kapal1 alt grup teoremine gore

Go = lmyenyGeN/N = limyen (G/N) y(y

oldugu elde edilir. Boylece Hofmann ve Mostert [27, III, Corollary 1.12] geregi
H" (Bg,;Q) = limyenH" (B(G/N)N(m)§(@)

elde edilir. Eger € X sabit bir nokta degilse o zaman N (x) € X /N noktas:t da X/N tizerine G/N
etkisinin bir sabit noktasi degildir. Buradan (G/N) y(,, G/N = St ¢ember grubunun sonlu bir alt grubu

olacagindan her n > 1 icin H” (B(G N Q) — 0 oldugu elde edilir (Borel [2, p. 511). Boylece her
n > 1igin

H"(Bg,;Q) =0

bulunur. Boylece sonug, Teorem 30 geregi aciktir.

Sabit nokta olmayan her z € X noktast ve her n > 1i¢in H" (Bg,; Q) = 0 olmasinin kamti Ozkurt [28,
Theorem 3.2] tarafindan farkl tekniklerle gosterildi.

Eger GG, herhangi bir X uzay1 iizerine etki eden kompakt, baglantili, abelyen bir grup ise S = H*(Bg; Q)
{0} € H*(Bg; Q) carpimsal kapali alt kiimesi igin X S = X6 olur (Ozkurt ve Onat [25, Remark 3.10]).
Bu gercekle birlikte Borel’in sabit noktanin varligi i¢in kriterinin sonlu boyutlu pro-torus etkiler i¢in bir

genellemesi elde edilmis olur.

Onerme 32. G, sonlu boyutlu bir pro-torus ve X, sonlu sayida orbit tipli, sonlu boyutlu bir G-CW
kompleks olsun. Eger her x € X \ X ve hern > 1igin H" (Bg,; Q) = 0ise S = H*(Bg; Q) — {0}
carpimsal kapali alt kiimesi icin X° = X — X icerme doniisiimii

STUHE (X;Q) — STUHE (X9Q) = H* (X9;Q) ®q (S™'H* (Bg; Q)
izomorfizmini belirler.

Sonug 33. (Borel’in sabit nokta kriteri) (¢, sonlu boyutlu bir pro-torus ve X, sonlu sayida baglantili orbit
tipli, sonlu boyutlu bir G-CW kompleks olsun. Eger her z € X \ X© ve hern > 1i¢in H" (Bg,; Q) =
0ise X # () olmast igin gerek ve yeter sart H* (Bg; Q) — HY (X; Q) homomorfizminin injektif

olmasidir.
Kanit. Hsiang [24, p. 45]°de bulunabilir.

Not edelim ki bu sonu¢ B¢, , Q-asiklik bir uzay olmasa da dogrudur (Onat [22, Theorem 3.9]).
Asagidaki sorularin cevaplari yazar tarafindan bilinmiyor.

Soru 1: G kompakt (baglantili, abelyen, sonlu boyutlu) bir grup ve X, parakompakt bir G-uzay olsun.
Bu durumda Teorem 5 — 8 saglanir m1?

Soru 2: G sonlu boyuta sahip kompakt bir grup ve X asagidaki kosullardan birini saglayan bir G-uzay

olsun. Bu durumda lokalizasyon teoremi dogru mudur?
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a. X sonlu sayida baglantili orbit tipli ve sonlu kohomolojik boyuta sahip parakompakt bir uzaydir.

b. X sonlu sayida baglantili orbit tipli parakompakt, finitistik bir uzaydir.

Simdi bazi1 6zel durumlarda lokalizasyon teoreminin daha basit kanitlarini verecegiz. Daha 6nce bahsettigimiz
gibi daha genel olarak sonlu boyuta sahip kompakt gruplarin kompakt uzaylar lizerine etkileri i¢in
lokalizasyon teoremi Ozkurt ve Onat [25] tarafindan elde edildi. Orada acik bir sekilde ifade edilmesede

X kompakt uzayinin baglantili olmasina ihtiyag vardir, bu kosul iki demetimsinin lif, baz ve total uzaylarinin
kohomoloji gruplarinin karsilagtirilmasi i¢in gereklidir. Burada uzayin baglantili olmasi kosulundan da
kurtulmus olacagiz.

Kamt1 vermeden once iyi bilinen bir gercegi hatirlayarak ise baslayalim. Kompakt bir X uzaymin Cech
kohomoloji cebirinde (bu sheaf kohomoloji cebirine izomorfiktir) pozitif dereceli her eleman nilpotenttir,
yani eger bir m > 1igina € H™ (X;Q) ise o zaman her n > ng i¢in a = 0 € H* (X;Q) olacak
sekilde bir ng dogal sayis1 vardir. Bu gercek daha genel olarak herhangi bir finitistik X uzayi i¢in Deo

ve ark. [8] tarafindan kanitlandi. Simdi teoremimizi kanitlayabiliriz.

Teorem 34. Kabul edilsin ki G, kompakt bir X uzay1 tizerine etki eden bir solenoid olsun. O zaman

S = H*(Bg; Q) — {0} carpimsal kapali alt kiimesi icin X° = X¢ — X igerme doniisiimii
STUHE (X;Q) — ST'HE (X9;Q)
izomorfizmini belirler.

Kamt. 1lk olarak X© = () oldugu varsayilsin. O halde her = € X icini* (s) = 0 olacak sekilde bir s € S
vardir. B (yol) baglantili oldugundan ¥ : H(Bg; Q) — H°(Bg,; Q) bir izomorfizmdir ve boylece s,
pozitif dereceli bir elemandir, yani bir n > 1i¢in s € H" (Bg; Q) olur. O halde 73 (s), Hf (X;Q)
cebirinde pozitif dereceli bir elemandir. Yukarida gosterildigi gibi H* (X/G;Q) — H{ (X;Q) bir
izomorfizm olur. X /G kompakt oldugundan H* (X/G;Q)’de ve boylece Hf. (X; Q)’de pozitif dereceli
her eleman nilpotent olur. Sonug olarak bir ng € N i¢in (735 (s))" = 0 € Hf (X;Q) olur. Buradan
s" € S vem} (s™) = 0 olur. Buise ST'H, (X; Q) = 0 olmast demektir.

Eger X = () ise kamit Teorem 30’da oldugu gibi yapilir.

Sonuc 35. G, kompakt bir X uzay: iizerine etki eden bir solenoid olsun. O halde X& # (} olmast,
H* (Bg; Q) — H (X; Q) homomorfizminin injektif olmasi i¢in gerek ve yeter kosuldur.

Teorem 36. G, finitistik bir X uzay iizerine etki eden bir cember grubu olsun. O zaman S = H*(Bg; Q)—
{0} carpimsal kapali alt kiimesi i¢in X° = X% — X icerme doniisiimii

STUHE (X;Q) — S7UHE (X%Q)
izomorfizmini belirler.

Kamit. Eger G, finitistik bir X uzay1 iizerine etki eden kompakt bir Lie grup ise o zaman X /G orbit uzay1
da finitistiktir (Deo ve Tripathi [29]). Ayrica bir finitistik uzayin sheaf kohomolojisinde pozitif dereceli
her eleman nilpotenttir. Boylece kanit Teorem 34°de oldugu gibi yapilir.
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Bu teoremin, Deo ve ark. [8] tarafindan herhangi bir kompakt Lie grup etkisi i¢in kanitlandigini tekrarlayalim.

Simdi yukaridaki 1 — 3 kogullarindan herhangi birini saglayan iki uzayin ¢arpimi i¢in Borel’in sabit nokta

kriteri sonucunu inceleyecegiz.

Teorem 37. Kabul edilsin ki X ve Y uzaylar yukaridaki 1 — 3 kosullarindan birini saglayan iki G-uzay
olsun. G, X x Y carpim uzayi iizerine g (z,y) = (gz, gy) ile etki eden kompakt bir Lie grubu olsun. O
zaman (X x V)¢ #  olmasi, H* (Bg; Q) — H¢ (X x Y;Q) homomorfizminin injektif olmasi igin
gerek ve yeter sarttir.

Kamit. Bger (X x )9 # 0 ise H* (Bs; Q) — H{ (X x Y;Q) homomorfizminin injektif olmasi
agiktir. Simdi kabul edelim ki (X x Y)¢ = () olsun. (X x V)¢ = X% x Y oldugu kolayca goriliir.
Eger X = (ise H* (Bg; Q) — HY (X;Q) homomorfizmi injektif degildir. X x Y — X izdiisiim
doniisiimii G-invaryant oldugundan H. (X;Q) — H{ (X x Y;Q) doniisiimii belirlenir ve asagidaki
diyagram degismelidir. Diyagramdan H* (Bg; Q) — H{ (X x Y'; Q) homomorfizminin injektif olmadig1
elde edilir.

H* (Bg; Q) — Hg (X x Y;Q)

L

HE (X;Q)

Benzer sekilde Y& = () olmasit H* (Bg; Q) — H (X x Y; Q) homomorfizminin injektif olmamasini

gerektirir. Boylece kanit tamamlanir.
Dikkat edilsin ki finitistik bir uzay ile kompakt bir uzayin ya da sonlu kohomolojik boyuta sahip parakompakt
bir uzayin carpimu finitistik olmak zorunda degildir (Deo ve Singh [30]).

Tesekkiir Yazar, yorumlart ve onerileri ile bu makalenin gelistirilmesine ve netlestirilmesine yardimci

olan hakemlere tesekkiir etmeyi bir borg bilir.

Fon/Finansman bilgileri -

Etik Kurul Onay: ve Izinler Calisma, etik kurul izni ve herhangi bir 6zel izin gerektirmemektedir.
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Yazarlarin Katkist Yazar makalenin son halini okumus ve onaylamistir.
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Abstract

In the paper we consider a multiple regression model with elliptically
contoured errors. In the Bayesian view, a prior information is taken for
the weight under a prior based balanced-type loss function in order to
avoid making redundant assumptions. This is the essence of the Bayesian
inference with vague prior information in regression analysis. It directly
impacts on the performance of the quasi empirical Bayesian shrinkage
estimators through the inclusion of a reciprocal weight related to the
dimension of parameter space. The shrinkage factor of the estimator is also
robust to outliers and the unknown density generator of elliptical models.
Finally, this result is supported by an application.
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Oz

Bu calismada eliptik konturlu hatalara sahip olan ¢oklu regresyon modeli
ele alinmigtir. Bayesyen bakistan, gereksiz varsayimlarda bulunmaktan
kaginmak icin, agirlik icin dengeli tipteki kayip fonksiyonuna dayali
bir onsellik altinda onsellik bilgisi gozoniine alinmistir. Bu, regresyon
analizindeki muglak oncelik bilgisiyle Bayesyen c¢ikarimin oziidiir.
Parametre uzaymin boyutuyla ilgili karsilikli agirligin dahil edilmesi
yoluyla yar1 ampirik Bayesyen biiziicii tahmincilerin performans: bundan
etkilenir. ~ Tahmin edicinin biiziilme faktoriiniin, verilerdeki aykir
degerlere ve eliptik modellerin bilinmeyen yogunluk yaratici fonksiyonuna
karsi dayanikli oldugu gosterilmigtir. Son olarak, bir uygulama ile
desteklenmistir.

Anahtar Kelimeler: Dengeli kayip fonksiyonu, Eliptik konturlu dagilim,
Kayip fonksiyona dayali onsellik, Yari-ampirik Bayes tahmin edici,
Biiziicii tahmin edici
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Introduction

Multiple regression model is commonly used statistical tool applied in many disciplines of the modern
area. The estimation of parameters of the multiple regression model is a common interest in many

studies. Let us consider the following multiple regression model
y=XB+e, ey

where
* yisann X 1 response vector, representing the observed outcomes or dependent variable.

* X is an n x p design matrix, which contains the independent variables or predictors. It is assumed
to be non-stochastic (i.e., not random) and of full rank p with n > p (meaning the number of

observations is greater than the number of predictors).
* B= (B, -+ ,Bp) isap x 1 vector of unknown regression coefficients.

* €= (€1, - ,€,) is the n X 1 error vector, representing the random disturbances or noise in the
model. The errors are assumed to follow an elliptically contoured distribution (ECD), specifically
€ ~ &£,(0,0%V, g,), where: o2 is the variance of the error; V € S(n) is a known, positive definite
matrix (i.e., all its eigenvalues are positive) that defines the covariance structure of the errors; g,

is the density generator function, which specifies the shape of the distribution.

Precisely the density of € is given by

1 1
0 = 0lo*VI L |2V e] @

where ¢ is the normalizing constant given by

¢ = mn) /R+ y2 gn(y)dy 3)

for some density generator function g, (.). Here, I' (.) is the Gamma function, which generalizes the
factorial function to continuous values. The integral ensures that the distribution is properly normalized.

The condition in [1]
o0 n
/ 22 g, (r)dr < oo 4)
0

guarantees that g, (x) is a density generator. If the function g¢,,(.) does not depend on n, we use the
notation g instead of g, (z).

Lower risk improves the performance of the estimator. In such a case, the loss function plays as a decision
mechanism. It is quite significant to work with reasonable and practical losses in order to improve the
performance of the estimator.

Let 3* be any estimator of 3, then the quadratic loss function is described by (X 3* — y)(X3* — y),
which shows the goodness of fit. Then, the precision of the estimator 3* is computed using the weighted
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loss function (3* — 3)' X' X (B8* — 3). In order to show the performances of an estimator, both of the

above criteria are taken into consideration. In this paper, we take into consideration the issue of the

estimator with following balanced loss function (BLF)

LYs,(8%8) = wr (IIB]1*) (8" — 80) W (8* — 80) + (1 —w)r (IBI%) (B = BYW (B - 8), (5

where the weight shows with w € [0, 1], W shows the matrix including weights, a pd weight function is
7(.) and dy is the estimation of unknown vector 3. This loss function was proposed by Jozani [2] based on
Zellner’s balanced loss function [3]. Gémez-Déniz called it as weighted balanced loss function (WBLF)
and generalized that idea to the credibility theory [4]. Both measures for goodness of fit and estimator
error are taken using the WBLF. The first term in Eq. (5), wr (||8]|?) (8* — &0)'(8* — dp), is similar to
the penalty term for being without smoothness in non-parametric regression. The weight w in Eq. (5)
calibrates the relative importance of these two measures. Dey et al. [5] worked the issues of admissibility
and dominance under the loss function in Eq. (5) withr = 1and W = I,,. For w = 0, L(‘{V (8; 3) shows
the quadratic loss function. Bayesian context is used to explain the the weight function r(.). To the best
of our knowledge, the studies that use vague prior information (roughly speaking, objective Bayesian)
for the parameter space seem to provide no more than a classical approach. A possible idea to solve
this issue is to consider a prior information for the weight function in the loss function in Eq. (5). This
approach is different from the recent study of Evans and Jang [6], where they derived the least relative
surprise Bayes estimator using a prior based loss function.

The main focus of this study is to improve objective Bayesian inference considering a prior based loss
function. We estimate the unknown regression coefficients 3 = (81, - , 8,)’ under the condition that
we may not know whether 3 belongs to the subspace defined by HB = h. This implies the presence
of certain restrictions on the parameter space, which may influence the estimation process. Specifically,
the matrix H shows a ¢ x p matrix of constants, and h is a ¢-dimensional vector containing known
constants. These restrictions imply that certain linear combinations of the regression coefficients 3 are
fixed or constrained, and this affects how the coefficients are estimated.

The study pays special attention to the use of Stein-type shrinkage estimators and the preliminary test
(PT) estimator of 3. The key restriction here is that the prior information regarding the weights in
the balanced loss function (Eq. (3)) directly influences the risk associated with these estimators. By
incorporating prior knowledge about the relationship between 3 and H(3 = h, the shrinkage estimator
is able to reduce the risk, but the extent of this reduction depends on both the dimensionality of the
parameter vector and the specific choice of prior models. Saleh [7] provides an overview for this issue
under normal and non-parametric theory covering many standard models. For more information, see
[8-19].

Our contribution has the following specific highlights:

1. We propose shrinkage estimators with robust performance concerning.
2. We introduce a flexible prior-based balanced loss function that can calibrate variability and risk.
3. We propose a class of minimax estimators under the balanced loss function.

4. We proposed the preliminary and Stein-type estimators for the class of elliptically contoured
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distribution.

Apart from the highlights mentioned above, as an advantage of the proposed shrinkage estimators, they
outperform the Bayes estimator using the BLF, under some mild conditions.

The summary of this paper is here: In the next section we take the vague prior on the entire parameter
space @ = (B,02%) € RP x RT, in order to show that the results are not unrelated to the Bayesian
analysis, and then introduce the prior information that plays a key role for enabling a real Bayesian
analysis. The following section introduces various estimators. The bias function and the risk function
for the estimators are obtained in the next section. Then the performances of the five estimators are
compared theoretically and then supported the results with a numerical example Last section presents

out conclusions and remarks.

The Bayesian Setup

Under standard assumptions, the least squares (LS) estimator of 3 is

B=XV X)XV iy =C X'V 1y, where C = X'V~IX. (6)
Similarly the LS estimator of o2 is

52

Ly - X0V (y — X). (7)

n

It is straightforward to show that

§? = (y—XB)'V ' (y — XB) ®)

n—p

is an unbiased estimator of the true error variance o'2. Under the assumption of elliptical errors, the true

2

¢ is related to the characteristic generator ¢/'(0) of the elliptical distribution:

error variance o
o2 = —2¢'(0)0? ©)

where ¢’ (0) denotes the first derivative of the characteristic generator of the elliptical distribution at zero.
Thus, the estimator S2, derived from the residuals weighted by V1, provides an unbiased estimate of
the error variance o2, which is consistent with the true variance structure of the model. See Chapt. 4
of [1] for more details.

From the Bayesian perspective, firstly, it is assumed to be a little about the parameters and further the

elements of 3 are independent of 0. Therefore, the joint prior distribution has form

(8, 02) = W(ﬁ)ﬂ(az), (10)

where 7(+) is a prior density. At this stage, it is important to consider invariant theory, which ensures that

the accuracy of the models is preserved regardless of linear transformations applied to the dataset. Using
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the invariant theory as in [20], we take the prior knowledge about the parameter space as follows:

7(B) o constant, (%) ox o2 (thatis 7(3, 0%) x 7 2), (11)

where 3 and o2 are regression model parameters. Additionally, invariant theory enhances the reliability
of estimators by ensuring that the error variance remains unchanged under transformations, particularly

in special models such as elliptical distributions.

Lemma 1. (Arashi, 2010) Assume that € ~ &,(0,02V , g), where V' € S(n) in the multiple regression
model (1). Then, with respect to the prior distribution defined by (11), the posterior distribution of 3
follows a multivariate Student’s t-distribution, denoted as 3|(X, y) ~ t,(3, X, m), where = = S2C~1,
with the following density

= ; AR

:25 1+% B-B)TB-8)| (12)

f(BIX,y) Clm. p)m

where the normalizing constant C'(m, p) is given by

w\”@

C(m,p) = 252) , with m=n—p. (13)
2

)

Using Lemma 2 of Jozani et al. [2], the Bayes estimator under the BLF in Eq. (5) is given by

o (X.y)
7 =wdo + (1 —w)—p = e X )
(X

; B [Br(181°) (X, y)]
Ex[r (1812 [(X,9)]

where § refers to any estimator of 3 according to [2]. w is a weight factor between 0 and 1 that controls

Ex [Br(I8I17) (X

(14)

the balance between the prior and posterior components. E [.|(X, y)] presents the posterior expectation
given the data. r (||3]|?) is a function of the squared norm of 3. Let (3 be the target estimator. Here the
LS estimator of 3 as the target estimator, and w, r, and &y are defined in Eq. (5). When r (||8]?) =
the Bayes estimator reduces to BB = B, which is similar to considering the Bayes estimator under the
quadratic error loss (QEL) function. In this case, since the Bayes estimator is nothing more than the
classical LS estimator of (3, one may ask what would be the benefit of putting prior on the model? As a
response, we suggest to take a prior based loss function and consider the role of the prior distribution in
the loss function in the form of 7(||3||?).

For the ECDs, let us take the form of the 7(.) function as follows

r(181%) = g»(18I1*), (15)

where g, is defined in Eq. (2). Under the above assumption, the loss function relates to the density
generator of the base model and therefore the prior information has direct impact on the model understudy.
One should note that 7(.) can be independent of the function g(.).

In order to recompute the Bayes estimator, we need to use invariant theory, which refers to computing

expectations in two steps: first, calculating the conditional expectation of a quantity given the data

555



Arashi et al. Sinop Uni J Nat Sci 9(2): 551-571 (2024)
E-ISSN: 2564-7873
(X, vy), and then taking the expectation of that conditional expectation with respect to the posterior

distribution of the parameters 3. This process ensures that the estimator accounts for both the prior
knowledge (through the prior distribution) and the data (through the posterior distribution).

Therefore, using double expectation property and Lemma 1, we have

o E[Br (181 (X )]
A7 =wB (=9 T8 [(X.v)]

5, {2 [Br (181 |(X )]

(o)}

—wf(1-w)
Eq {En [ (I1811*) (X, y)] 7"(||ﬁ||2)}
_ B (- @Z_llﬂ _5 (16)

where we computed E;, {r(||3?)} by making use of (11) for fixed constant (to 1) as follows

B {181} = | aleis

=¢ 1, (17)

where ¢ corresponds to the normalizing constant as in (2) when n is replaced by p.

Note that the Bayes estimator we obtained with the prior based loss function may also be obtained by
using the QEL function. The advantage of using the risk function relative to the prior based loss function
will be benefited from the effect of prior in Eq. (17). In other words, the prior based BLF enables us to

evaluate the risk functions based on this loss, whereas the Bayes estimator is the QEL derived in reality.

Shrinkage Estimators

For testing Hy : HB3 = h (where q < p) against H, : H(3 # h, let us consider the restricted estimator
(RE) under Hy designated ,é given by

B=p%-C'H'Vi(HB - h), (18)

where Vi = [HC~'H']!, H is a ¢ x p constant matrix of row rank ¢(q < p) and h is a g-vector of
pre-specified values. C = X'V~1X, B is the LS estimator in (6), and ,@B is the Bayes estimator.

From the definition of the elliptical model in Eq. (1), ,é ~ & (,6' — A, 0%Vs, g) for A =C'H'V,(HB—
h) and Vo = C (I, — H'ViHC™!). Similarly, the following estimator is unbiased for o under
Hy: H3 = h,

1

S*2:
n—p+gq

(y—XB)V 'y - XP)|. (19)

In this part, we calculate the test statistic for testing the linear null hypothesis Hy : H3 = h.
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Direct computations using Corollary 1 [21], gives the likelihood ratio test statistic as follows

HB - h)Vi(HB —h)
qS?

r, =t . (20)
where 8 and S? are given respectively by Eq. (6), Eq. (8). Vi = [HC~'H'|"!, H is a ¢ x p constant
matrix of row rank ¢(q < p) and C = X'V~1X,

Under the hypothesis Hy, the pdf of the likelihood ratio test statistic £,, is given by

Swia

a\3 p2t
Gim(La) = < ; @b
B(§.3) (14 5L,) 2™

where m = n — p, B(-,-) is the beta function and ¢ is the rank of H and dimension of vector of
constants h in our restriction. Eq. (21) shows that £,, follows the central F-distribution with (g, m)
degrees of freedom (df).

Based on that model, 8 may not belong to the subspace defined by H3 = h. In such a situation one
combines the estimators of 3 and the test-statistic in order to obtain shrinkage estimators as in [7]. Firstly,
we consider the PT estimator as a convex combination of the LS estimator 3 (designated as unrestricted
estimator - UE) and ,3 (designated as RE) which are defined by Eq. (18) as follows:

BFT = BI(L, > F) + BI(L, < F,), (22)

where I(A) is an indicator function of the set A and F, is the upper o!” percentile of the central
F-distribution with (¢, m) df. The PT estimator has disadvantage since it is defined with o (0 < av < 1),
the significance level. In addition to this, it yields the extreme results. Therefore, ,é or B depends on the
outcome of the test. To overcome this problem, we suggest a Stein-type shrinkage (SS) estimator of 3,

as
B =p+01—-dL, B - B)=B—dL (B - B), (23)

where B and 3 are LS and RE estimators given by Eq. (6) and Eq. (18), respectively, and £,, as in Eq.
(20), and

_(g=2)m :
d= 7q(m ) with q > 3. (24)

However, the SS has some drawbacks for small values of £,, such as the shrinkage factor (1 — d£;;')
becomes negative for £,, < d. Another estimator is proposed using the positive-rule shrinkage (PRS)

estimator as follows
B =B+ (1 —dLHI(L, > d)(B - B), (25)

where () shows the indicator function.
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Bias and Risk for the Estimators

For an estimator 3, the risk function under the BLF in Eq. (5) is given by

R (8%8) = E{E[LY;, (8% 8)8} . (26)

Note that the computation of the risk function in Eq. (26) depends on the balanced-type expectation
(inner expectation) w.r.t the sampling distribution. Then the expectation (outer expectation) from the
prior information is obtained by equation (15).

This section is dedicated to deriving the bias and the risk function in Eq. (26) for the five different
estimators when the target estimator is determined by §g = 3 and the weight matrix is givenby W = C,
where C is defined in Eq. (6). We will simply write R} (3*; 3) for w = 0.

Computation of bias

The bias of the estimator BB in Eq. (14) and RE estimator ,é in Eq. (18) are
by =E[B° -B8]=0, and by = E[3 — 8] = —A, (27)
respectively, where A = C~'H'V;(H3 — h). Using [22], the bias of the PT is

= B(B"" — B) = E[B ~ I(£n < Fa)(B - B) - A]

~CH'V\”? E[I(L, < F)VY>(HB — h)] = ~AGY), . (Fa; A2) (28)

where A2 = 0/02,0 = (HB — h)V{(HB — h),
G2 (1., A2) = OOK A |52 ™ and =01 29
q_A,_sz Oca Z la 2 +T7§ , and 3 = U, 1, ( )

r=

— qFy,m(a)
a m+qum(a)’

KW(A2) = =20 OF ( )/ It OATYY (1) dt, (30)

7!

“u?1(1 — u)®~!du is the incomplete function of beta,

and W (t) is a weight function.
Then, the bias of the SS becomes

by = E(B° - B) = E[B —dL," (B B) - B]

— —dC'H'V}PE[L,;'V]'*(HB — h)] = ~dgAE® [y} 5(A%)], 3D
and here
ECIt(A2)] = Y0 LK (Mg + 5~ 24 2)7, for s =2,4. (32)
r>0
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Finally, the bias of the PRSE is obtained as follows:

E(B° - B) — E[I(L, < d)(B— B)] + dE[L, (L, < d)(B — B)]
— —dgAEQ X5 (AD)] + AGY), | (d; A?)

q+2,m
qd d

+ m AE®) [Fq o m (AT (Fpyam(AY) < qi” (33)
where
EBe- ])[Fq—i-ksn p(AZ) (Fyts,n— p(Az> < d)]

KO(A2) q+s B(q+s+§r‘2’“,m;%)1 g+s+2r—2k m+2k o

= Z —-p B(q+s+2r, %) x/ 2 ) 2 9 ( )

in which dy = %, and o’ = -9

Note that for the non-centrality parameter A?(= A’CA/0?) — oo, the bias of these estimators are
obtained by b; = b3 = by = bs; = 0, except for by which becomes unbounded. However, under
Hy : HB = h hypothesis, because A = 0, the bias of that estimators is defined as by = by = bs =
by =b5=0.

Computation of risk

The risk function of the Bayes estimator BB , RS B(.; () in Eq. (26), is computed as

RC5(8%:8) = (1 —w)Bs {r (I182) EI(3 - B)C(B - 8))|8}
=pol(l—w)Eg {r (I8}
=p ¢ log(l—w). (39)

where w € [0, 1] (see Eq. (5)), 02 = —2¢/(0)o?, and

n —1
¢ = ( 7T(i) / E 1gn(y)dy> : (36)
2

Using the fact that (see [8]) Vlé (HB — h) ~ Sq(VI% (HB — h),0%1,,g), the risk of the estimator RE
is given by
RO 5(8:8) = wEg {r (I181°) EI(HB — h)'Vi(HB - h))|}

+(1-w)Eg {r (I18I?) EL(B - BYC(B - BB}

= —quoeBg {r (I8I1") } + (1 = w)Bg {r (I8]*) } loetr(VaC) + A'CA]
= —quog¢™ + RS 5(8:8) + ¢ (1 — w)(~ofu[H'VIHC] + A'CA)

=R 5(8:8) —q ¢ ol + (1 -w)o™ 0, 37)
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where § = A'/CA = (HB — h)'Vi(HB — h). Note that R = C~/2H'V;HC~'/? is a symmetric
idempotent matrix of rank ¢ < p and C = X'V ~'X. Thus, there exists an orthogonal matrix Q
I, 0

(Q'Q = I,) such that QRQ' = [ S
QC~'2H'Vih, then w ~ &E,(n,0%I,,g), where n = QC'/?8 — QC~'/2H'V;h. Partitioning the

vector w = (w, wj)" and n = (n},n))’, where w; and wy are the subvectors of sequence ¢ and p — ¢

A random vector is defined by w = QC/23 —

respectively, one may rewrite the test statistic £,, defined in Eq. (17) as

wiw

En: qS2 )

0 = mym. (38)

Consequently, the risk of the PT, RSB(,@PT; ), noting that B—3= C’_1H’VIHC’_%w as follows:

RE5(B7:8) = wg {r (1BI) BlI(L. < F)(B - B)C(B - A8}
+(1-w)Bg {r (182) E(B™T - BYC(B" - 8))18}
= RC4(8:8) — (1 - 2)Bp {r (I18]) Elwiwi (L, < Fo))|8}
+2(1 ~w)Eg {r (1BI2) i Blwi [(£a < Fa)]|8}
= RE;(8:8) — (1 - 2w)q0207 Gy, (Fus A2)
+20(1 = w)o7t 26, (Fas 82) = Gy, (Fas A7) (39)

where we obtain this result by simplifying the expressions.

Similarly, after simplifying the expressions, the risk of the SE Rg 3 (,C:}S ; B) is obtained by

R p(0%8) = wit*Ba {r (181°) BIL whwnll8} + RE4(8:0
—2d(1 —w)Eg {r (|8|1°) E[L,," (whw; — 771101)”5}
+d*(1 —w)Eg {r (IIBII°) EIL, *wiw1]|B}

—RCL(B:8)+ a0 { [ — 2d(1 — w)] BV [y 15(A2)]
e w)E“)[xz;;;(AE)]} s

X { [dPw — 2d(1 — w)] E@[x,4(A2)]

—2d(1 — w)E@ [} 5(A2)] + d*(1 — w)E® [sz(Ai)]}, (40)
where
B (A2)] = 3 S KO (A2) (g +s— 2+ 20) (g +s— 4+ 20)7, @1
T
r>0
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€ [0, 1] is the weight used in the BLF, and (24)

(g —2)m .
d= ——F— th > 42
q(m +2) W g3 (42)

and w; is the first sub-partition of w. Finally, the risk function of the PRSE, RS B(BSJ“; 3) is found as

follows

RE5(6°%:8) = R 5(6% ) ~ Ba{ r (18I7) E( - L, 1L, < )
< (8- BYC(3 - BIB} - 285{r (181) {1 - d;)1L, < )
< (B~ BC(3- BB
= RO (6%:8) — Ep {r (I8I1%) E[(1 — L") I(L, < dyw)un)|8)

—2Eg {r (IBII*) E[(1 — dL; ) (L, < d)(wiw — nfw)]|B}
= Rﬁg(és;ﬁ)

2
_ qd qd
¢ loz{qu (1—+2 qﬁzm@?)) I(Fq+2,m<A2>s)

+ ﬂE@) 1— Ld (A2) 2] F (A2) < _qd_
O_z q+2 q+2m q+2,m — q+2
_ d __ d

_ 26 19E® [(1 — ‘12Fq+2m(Ai)> I (Fq%m(Ai) < q‘i2>] . (43)

Comparison of Risks

Recall that the LS estimator B is designated as UE and B is termed as RE. Then, the risk difference of
the estimator RE in Eq. (18) and the estimator UE in Eq. (6) is given by

Do = R 5(8;8) — RE5(8:8) = ¢ [(1 - w)0 — q07] (44)

It is shown that ,é outperforms to ,é (,é' > B) - in other words B dominates ,é - provided 0 < 0 < %
for w # 1 since ¢ > 0.
First, let us start the comparison of risk with BP T versus 3. We use the risk difference defined by

Dis = RE 5(B:8) — RS 5(B™":8) = (1 = 2)q 67" 02G L ,, (Fai A7)

— 20 QZ)_I( )[QGEI%BQ m (Fa; AZ) - G((ﬁ24,m (FO‘; Ai)] (45)

where G is defined in Eq. (29), w € [0, 1] is the weight under the BLF, q is the rank of matrix H,

ot = F7T(2) /R . y2 gn(y)dy (46)
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02 = —2¢/(0)0?, F, is the upper o!” percentile of the central F-distribution with (¢, m) df, and A2 =

0/02,0 = (HB — h)'V{(HB3 — h). For w # 1, the of Eq. (45) is not negative 37 > 3 whenever

(1-— Qw)qaZG(l) (Fa; AZ)

6 < 5 at2m 5 . (47)

21— w) |26y, (P A2) = GEy,, (Fas A2)]
Under the hypothesis Hy : H3 = h when 6 = 0, BPT > 3 for w with w < %
Secondly, the comparison of B and BP T using the risk difference is defined as follows

_ pC (4. C (AQPT.
Das = RC 4(8;8) — RC 5(8""; 8)

_ 1 _ 2

= —q 07021~ (1= 20)G\Yy , (Fas AD)] +0 67 (1 = w)[1 = 2G4, ,, (Fai A2)

+ G2 (Fas A2)], (48)
where G is defined in Eq. (29), w € [0, 1] is the weight used in the BLF, g is the rank of matrix H,

o m 519, (y)d 49

¢ NG /Wy gn(y)dy, 49)

02 = —2¢/(0)02, F, is the upper o' percentile of the central F-distribution with (g, m) df, and A? =
0/02.0 = (HB — h)'V{(HB - h).
Thus ,ép T B whenever

002 [L= (1= 2)G1, ,, (Fas 87)]

0> @ ) ; (50)
(1= w) |1 =2G,,, (Fas A2) + G4, (Fai 82)]

and vice versa. Under Hy, the superiority order of B B and BP T is defined by

BB =B, o BT BB, (51)

depending on the value « satisfying (5.5).
To demonstrate the superiority of BS to 3, we give the following results.

Theorem 1. Let us take into account the model in Eq. (1) with the error vector based on the ECD,
£,(0,0%V, g). Then the SS estimator of 3 is defined by

B =B-dL, (B-B) (52)

where 3 and ,3 are the UE and RE, respectively. The SS estimator uniformly controls the Bayes estimator
3 with respect to the BLF LOC (; B) and it is minimax iff 0 < d* < nf—m The biggest risk decrease is

+2
obtained for d* = ml—ﬂ

Proof: Let (mS2)

o2

T~ 12 and FH'VIHB | 7 ~ 720 2(A). Defining 2 = H'Vi(Hf3 — h),
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the SS estimator is as follows

85 =B qd's” [(HB— hYVi(HA ~ )| C'H'Vi(HA ~ h)
—B—qd"S?(FC7'z) oz (53)

Using the result of [23], the weight function W (¢) in elliptical models satisfies [ ¢~ W (dt) < oo
and fooo t~1W~(dt) < oo, where W+ — W~ is the Jordan decomposition of W in positive and negative
part.

Therefore, the risk difference between the SS estimator and the Bayes estimator under BLF is then given
by

Dus = Eg { E(8° - B)C(8° - 8) — E(8 - BYC(B - B)|8}

B {p
— By {(d*)ZE [q2S4 (z"C*lz')‘l] _20'E [q52 (ZCc12) (B - 5)':} \B}

)3
1)e)

= Eg? (d*)*E; {EN {(fs‘* (FCc'z)”

~2r 5 { By Jos? (£0712) 7 (B pYHVI(HB - )

2 -2 -2
1 )a (m—|—2) w12 T 9,2 g% 7—7
o () e ()

where A = 3’ H'V;H and Ey means getting expectation with respect to multivariate normal with

covariance 702V and E, means getting expectation with respect to measure dW ().

Therefore, Dy < 0iff 0 < d* < % since fo e 1z aw (r) >

Remark 1. Consider the shrinkage coefficient d given by Eq. (24). Forgq > 3, we get0 < d = (( — JZQ) <

2m_ and thus using Theorem 1, the ,65 uniformly controls the 3 on the entire parameter space under

m+2
BLE

Lemma 2. (Arashi, 2012)

(i) The estimator §o(X )+ (1 —w)hq(X) controls §o(X )+ (1—w)h2(X) under the BLF LY; (6; 3)

w,d0

iff 8o(X)+h1(X) dominates §(X )+ha(X) with respect to the quadratic loss function L}V (8; 3).

(ii) Suppose that the estimator do(X ) has the constant risk v with respect to the quadratic loss function
LY (8;3). Then §p(X) is minimax under the BLF LU‘:V(; (9; B) with constant risk (1 — w)~ iff
do(X) is minimax under the quadratic loss function L}V (8; 3) with constant risk ~.

Theorem 2. Suppose € ~ &,(0, 52V, g) in the model (1). Then the SS estimator
Bl =B—d1-w)L, (B~ P) (55)

uniformly dominates the 3 under the BLF Lf < (B i 3).
With Lemma 2(i) and Theorem 1, the theorem is proven easily.

Corollary 1. Let us take into consideration the Eq. (1), € ~ £,(0, 02V, g). In this case, BS > (3 under
the BLF Lﬁ é(ﬁ; B).
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Using Theorem 5.2 with w = 0, this corollary is proven, easily.

Lemma 3. Suppose € ~ &,(0,02V, g) in the model (1). Then the estimator ,é of 3 is minimax under
the BLF Lgé(é; B3) given in Eq. (2).

Theorem is proven using the information that 3 is minimax under quadratic loss function and applying

Lemma 2 (ii).
Remark 2. Using Corollary 1 and Lemma 2, the SS estimator BS of 3 is minimax.

To compare 3 and 37, it is easy to show that
R§(B°;8) = RS (B;8) + ¢~ (qoi — 0 - dg°o? {(q — 2)E[x};5(A2)]

+ - 2] eanmniian}). (56)
Under the hypothesis Ho, Eq. (56) becomes
R§ (8% 8) = RY (B;B) + qd,, ' o2(1 — d) > RS (B; B), (57)
where note that
R§(B;8) = RS (B; 8) — g6~ '02 < RF(B; B). (58)

Therefore, under the hypothesis Hy, ,@ > ,(;S with the BLF LUC(ﬂ*, ). Under the hypothesis Hy, using
Lemma 1(i), ,@ > BS with the BLF LS B(B*; 3). As m1 moves away from 0, € increases and the risk

of B becomes unbounded while the risk of BS remains below the risk of ,@ ,@S dominates ﬁ outside an

interval around the origin under the BLF Lf 5 (B*; B). The situation is repeated while comparing ,é’s

and ,@P T Let us consider the risk function under the hypothesis Hy as follows

R (8% 8) = R§ (B"":8) + 46~ 'ol[l —a — d] > R (B""; B), (59)
for all « such that qur2 m(d,0) < qf‘;, Wthh means the estimator ,65 does not dominate BP T under

Hy. Under hypothesis Hy with « holding F| m(d 0) < qFQ with the balanced loss function, ,8 b
BFT = 35 = 3 holds.

Afterwards, we compare the risks of ,@S * and BS with the risk difference given by
_ pC (aS+. C (2aS. —
D5y =R 5(877:8) - R 5(8”:8) =

2
-1 2 (1) qd 2 qd
¢ Je{qE (1 qg+2 q-l-2m(A )) I <Fq+2 m(A ) < q+2

+ 7(9 E® qd A? i I|F, A?) < 7qd
g ) q+2 m( ) q+2, m( ) q 2
— 2(;5719E(2) 1-— qd F (AQ) I|F (AQ) qd (60)
q+2 Q+2 m\ = q+2,m q+2

564



Arashi et al. Sinop Uni J Nat Sci 9(2): 551-571 (2024)
E-ISSN: 2564-7873

The r.h.s. of the above equality is negative for Fi,;2,,(A?) < qudZ, (quCquH,m(Ai) — 1) > 0 and the

expectation of a positive random variable is also positive. Thus, ,é’s T BS .

Remark 3. The positive-rule shrinkage estimator BS * of 3 is minimax.

Let us extend the comparisons under LOC (B*; B). The same results can be obtained for the BLF Lf 4 (8% B).

For comparison of B and BS *, let us take the case under the hypothesis H i.e., 71 = 0. For this

R§(B°;8) = R (8:8) + q¢—1az{<1 —d) - E[(l - q‘fZFqﬁz,m(o»?
X I(Fyy2,m(0) < q(id2)]} > RS (6;8), (61)

. d 71— d d p—
since B [ (1~ 2L FY (0)21(Fyyzm(0) < ;{TQ)} <E [(1 — e, ()2 =1-d
Under the hypothesis Hy, B >~ BS *. As 11 moves away from 0, 6 increases and the risk of B becomes
unbounded when the risk of BS T stays below the risk of B . This means that BS + predominates B outside

an interval around the origin.

Then, we compare BS+ and ,éPT. When hypothesis Hy holds, G2+2,m(F047 0) = 1—«. Therisk is given
by

RS(6%%:8) = RS (B"": ) +q¢1os{1 —a—d—E[(l _ e o))

d
% I(Fyram(0) < —1

< q+2)]} > R (8™ 0) (62)

forVo E|(1— 25 F Y (0))21(Fyyam(0) < qqu)} <l-a-d.

As a result, BS T does not always dominate BP T when the null-hypothesis Hj holds. Under the null
hypothesis, the dominance order of five estimators under the BLF LS ,é( (*; B) can be determined under

following two categories

1. B=BPT=p% = pB%=pBand2. B=p5 =%~ 6T -3 (63)

To look closely at the dominance relationships above, we examine the risk function of the estimators
graphically in Figure 1. Let us suppose the error term in Eq. (1) has the multivariate Student’s t (MT)
distribution with € ~ 7,(0, I,,,v). Figure 1 shows the results of the data sets with n = 30, p = 5,
q = 3 for different df values v = 5, 10 and for different values of w € {0,0.5,0.9} to fulfill possible
situations. The equations required for risk functions are considered as in [24], [25], and [26]. For more

clarity, equations can be simply obtained from equations (35), (37), (39), (40), (43) and the fact that
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The value of ¢! as in Eq. (2) is explored for arbitrary selection the arguments using Eq. (17) as

F(%&)
Application

Table 1 presents specific values of ¢!

(7v)2T (%) /T (2£%) for various parameter combinations

(p,v). It is important to note that when ¢~ (for the t-distribution kernel) becomes smaller than 1,

it leads to a reduction in risk values. We observe that as the number of parameters p increases while

v remains relatively small, the risk values decrease compared to situations with small p and large v.
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Therefore, as the dimension of the parameter space grows, we recommend using the MT distribution

rather than the multivariate normal distribution for the error terms. Note that we eliminated the effect of
¢~ ! in the graphs, since it gives the same amount of 54.16 and 679.36 for v = 5 and v = 10, respectively,
according to each risk value as seen in Table 1.

The dimension p is constrained by the sample size for the results to remain valid, as the theoretical
framework assumes n > p. Hence, if the model includes a large number of regressors (i.e., a high value

of p), the sample size must also be sufficiently large to ensure the validity of the model.

Table 1. Values of ¢~ for different parameter values (p, )

(p,v) 1 2 5 10 100
1 3.14 2.82 2.63 2.56 2.51
2 2T 2 2 2T 2

5 15.56 | 29.77 | 54.16 70.95 95.36
10 10.36 | 81.60 | 679.36 | 2023.93 | 8063.73
100 <1 <1 <1 | 74883.62 00

Figure 1 demonstrates the risk function results of the suggested estimators for different numbers of
df comparing the risks of the PT, SE, and PRSE for the chosen number of df (here which is 5) with
different w. Two upper frames of Figure 1 illustrate the superiority relationship given in equation (63).
The two lower frames of Figure 1 clearly demonstrate that as the w and « decrease, the risk increases.
Furthermore, as we deviate from the origin, or the null hypothesis, the risk values increase. From this
perspective, Figure 1 supports the results of the analytical comparison covered earlier here. The risk
values decrease when w increases, which means, if the model fit is good under the structure of BLF, then
the risk values decrease naturally.

Figure 2 shows how rapidly ¢! increases as both the arguments (p, v/) increase. Moreover, the contour
plot shows the skewed performance relative to the df, i.e., as the number of df gets larger, the coefficient

¢! increases rapidly with two exceptions for the cases p = 1, 2.

Conclusions and Remarks

This paper addresses the multiple regression model with elliptically contoured errors, utilizing a Bayesian
approach that integrates a prior-based balanced loss function (BLF) applied to the parameter space. This
methodology inherently influences the statistical properties of the resulting estimators. Specifically, from
a Bayesian standpoint, we introduce a set of shrinkage estimators designed for regression analysis. In
this novel framework, we derive key statistical criteria, such as bias and risk, and re-assess the properties
of these estimators across various scenarios.

Of particular interest is the fact that the proposed balanced loss shrinkage factor demonstrates robustness
to outliers in the data. By adjusting for extreme values, this approach provides a more stable estimation
process compared to traditional methods. Furthermore, we examine the conditions under which a broad
class of shrinkage estimators can achieve minimax properties—ensuring optimal performance across
a range of possible parameter values. This investigation reveals the circumstances under which these

estimators minimize both bias and variance simultaneously.
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Additionally, we explore the risk performance of the proposed shrinkage estimators, providing a comparison
with conventional methods based on the closeness to the null hypothesis. This comparison allows us to

highlight the strengths and potential limitations of the shrinkage-based approach in practical applications,

offering insights into how the estimators behave under different settings. Ultimately, this paper contributes

to the understanding of shrinkage estimators in Bayesian regression, emphasizing their utility in improving

model robustness, especially when facing data with irregularities or outliers.

Acknowledgments We would like to thank two anonymous reviewers for their constructive comments

that led us to add many details and improve the presentation.

568



Arashi et al. Sinop Uni J Nat Sci 9(2): 551-571 (2024)
E-ISSN: 2564-7873

PGS P N
$e%0%23 o*:

$0¢00525252
25858385252
$33909¢52528257

2552525
e Tt

251

Figure 2. Visualization of the performance of ¢~

Funding/Financial Disclosure The authors have no received any financial support for the research,

authorship, or publication of this study.

Ethics Committee Approval and Permissions The work does not require ethics committee approval and

any private permission.
Conflict of Interests The authors stated that there are no conflict of interest in this article.

Authors Contribution Authors contributed equally to the study.

References

[1] Fang, K. T., & Zhang, Y. T. (1990). Generalized Multivariate Analysis. Springer, New York.

[2] Jozani, M. J., Marchand, E., & Parsian, A. (2006). On estimation with weighted balanced-type loss
function. Statistics and Probability Letters, 76, 773—780. https://doi.org/10.1016/j.sp1.2005.10.026

[3] Zellner, A.(1994). Bayesian and non-Bayesian estimation using balanced loss functions. In: J.O.
Berger and S.S. Gupta, (Eds.), Statistical Decision Theory and Methods V, Springer, New York, pp.
337-390.

[4] Gomez-Deniz, E. (2008). A generalization of the credibility theory obtained by using the
weighted balanced loss function. Insurance: Mathematics and Economics, 42, 850-854.
https://doi.org/10.1016/j.insmatheco.2007.09.002

[5] Dey, D., Ghosh, M., & Strawderman, W. E. (1999). On estimation with balanced loss function.
Statistics and Probability Letters, 45, 97-101. https://doi.org/10.1016/S0167-7152(99)00047-4

[6] Evans, M., & Jang, G. H. (2011). Inference from prior-based loss function. Technical report No.
1104, University of Toronto.

[7] Saleh, A. K. Md. E. (2006). Theory of Preliminary Test and Stein-type Estimation with
Applications. John Wiley, New York.

569



Arashi et al. Sinop Uni J Nat Sci 9(2): 551-571 (2024)

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

E-ISSN: 2564-7873
Arashi, M., Saleh, A. K., Ehsanes, A. K. Md., & Tabatabaey, S. M. M. (2013).

Regression model with elliptically contoured errors. Statistics, 47(6), 1266-1284.
https://doi.org/10.1080/02331888.2012.694442

Cellier, D., Fourdrinier, D., and Strawderman, W. E. (1995). Shrinkage positive rule estimators
for spherically symmetrical distributions. Journal of multivariate analysis, 532, 194-209.
https://doi.org/10.1006/jmva.1995.1032

Khan, S. & Saleh, A. K. Md. E. (1997). Shrinkage Pre-Test Estimator of the Intercept Parameter
for a Regression Model with Multivariate Student-t Errors. Biometrical Journal, 392, 131-147.
https://doi.org/10.1002/bimj.4710390202

Khan, S. & Saleh, A. K. Md. E. (1998). Comparison of estimators of means based on p-samples
from multivariate student-t population. Communications in Statistics-Theory and Methods, 271
193-210. https://doi.org/10.1080/03610929808832660

Khan, S. & Saleh, A. K. Md. E. (2001). On the comparison of the pre-test and shrinkage estimators
for the univariate normal mean. Statistical Papers, 42(4), 451-473.

Khan, S., Hoque, Z., & Saleh, A. K. Md. E. (2002). Estimation of the slope parameter for linear

regression model with uncertain prior information. Journal of Statistical Research, 36, 55-73.

Khan, S. (2005). Estimation of parameters fo the simple multivariate linear models with Student-t
errors. Journal of Statistical Research, 39(2), 71-86.

Khan, S. (2008). Shrinkage Estimators of Intercept Parameters of Two Simple Regression Models
with Suspected Equal Slopes. Communications in Statistics—Theory and Methods, 37, 247-260.
https://doi.org/10.1080/03610920701648961

Saleh, A. K. Md. E & Kibria, B. M. G. (2011). On Some Ridge Regression
Estimators: A Nonparametric Approach. Journal of Nonparametric Statistics, 233, 819-851.
https://doi.org/10.1080/10485252.2011.567335

Saleh, A. K. Md. E & Sen, P. K. (1978). Nonparametric Estimation of Location Parameters after a
Preliminary Test on Regression. The Annals of Statistics, 6, 154—168.

Stein, C. (1956). The admissibility of Hotelling’s T2-test. The Annals of Mathematical Statistics,
27,616-623.

Tabatabaey, S. M. M., Saleh, A. K. Md. E.,& Kibria, B. M. G. (2004). Simultaneous estimation
of regression parameters with spherically symmetric errors under possible stochastic constrains.

International Journal of Statistical Sciences, 3, 1-20.
Jeffreys, H. (1961). Theory of Probability, Oxford: Clarendon, 1961.

Anderson, T. W., Fang, K. T., & Hsu, H. (1986). Maximum-likelihood estimates and
likelihood-ratio criteria for multivariate elliptically contoured distributions. The Canadian Journal
of Statistics, 14, 55-59. https://doi.org/10.2307/3315036

570



Arashi et al. Sinop Uni J Nat Sci 9(2): 551-571 (2024)
E-ISSN: 2564-7873
[22] Arashi, M. (2012). Preliminary test and Stein estimators in simultaneous linear equations. Linear

Algebra and its Applications, 436(5), 1195-1211. https://doi.org/10.1016/j.1aa.2011.07.036

[23] Srivastava, M., & Bilodeau, M. (1989). Stein estimation under elliptical distribution. Journal of
Multivariate Analysis, 28, 247-259. https://doi.org/10.1016/0047-259X(89)90108-5

[24] Khan, S. (2000). Improved estimation of the mean vector for student-t model. Communications in
Statistics-Theory and Methods, 293, 507-527. https://doi.org/10.1080/03610920008832499

[25] Arashi, M., Saleh, A. K. Md. E., & Tabatabaey, S. M. M. (2010). Estimation of
parameters of parallelism model with elliptically distributed errors. Metrika, 71, 79-100.
https://doi.org/10.1007/s00184-008-0203-6

[26] Saleh, A. K. Md. E., Arashi, M., & Tabatabaey, S. M. M. (2014). Statistical Inference for Models
with Multivariate t-Distributed Errors, John Wiley, New Jersey.

571



Sinopfbd, 2024; 9(2): 572-590 https://doi.org/10.33484/sinopfbd.1563519

Sinop Universitesi Fen Bilimleri Dergisi

Sinop Uni J Nat Sci =155 29647678

https://dergipark.org.tr/tr/pub/sinopfbd

Geospatial Assessment of Trophic Status From a Dam Under Significant
Agricultural Drainage at the Mid-Anatolia, Tiirkiye

Mehmet Ali DERELIY"'| Hiiseyin CUCE?""' and Erkan KALIPCI!

How to cite: Dereli M. A., Ciice H. & Kalipei, E. (2024). Geospatial assessment of trophic status from a dam
under significant agricultural drainage at the mid-Anatolia, Tiirkiye. Sinop Universitesi Fen Bilimleri Dergisi,

9(2), 572-590. https://doi.org/10.33484/sinopfbd.1563519

Research Article

Corresponding Author
Hiiseyin CUCE
huseyin.cuce@giresun.edu.tr

ORCID of the Authors
M.A.D: 0000-0003-0575-1316
H.C: 0000-0002-3590-681X
E.K: 0000-0002-1908-5468

Received: 09.10.2024
Accepted: 09.12.2024

Abstract

The population of Anatolia is continuously growing and developing and it
is under the deep influence of global warming. It is increasingly evident
that more fresh water will be needed for drinking, irrigation and domestic
use. This study aims to assess the water quality and trophic status of a dam
(Bayramhacili dam lake) under excessive agricultural irrigation threat
using spatial and multivariate statistical analysis. In the study, the periodic
changes in the eutrophic state of the dam lake were determined using
global index categories, Carlson Trophic Status Index (CTSI = 66.7),
Burns Trophic Level Index (BTLI = 6.4), and Shu Trophic State Index
(STSI = 65.6). The two periodical averages of total phosphorus (TP), total
nitrogen (TN), biological oxygen demand (BOD), (chemical oxygen
demand (COD) and chlorophyll a (Chl_a) concentrations, which serve as
an indicator of anthropogenic nutrient input, were determined to be 0.23,
31.28, 1.83, 8.99 and 48.1 pg/L, respectively. Trophic index distribution
maps demonstrate that the dam’s surface water displays considerable
alterations, particularly during the dry season. This evidence supports the
implementation of a local management model that addresses the issue of
eutrophication. It is therefore imperative that on-site measures are taken
without delay.

Keywords: Lake quality assessment, trophic index, spatial analysis,
Bayramhacili Dam Lake

Orta Anadolu'da Onemli Tarimsal Drenaj Altindaki Bir Barajin Trofik Durumunun
Jeo-Konumsal Degerlendirmesi, Tiirkiye

Giresun University, Faculty of
Engineering, Department of
Geomatics Engineering, Giresun,
Tirkiye

2Giresun University, Faculty of
Engineering, Department of
Environmental Engineering,
Giresun, Turkiye

Oz

Kiiresel 1sinmanin derin etkisi altinda olan Anadolu'da niifusun siirekli
biiylimesi ve gelismesi igme, sulama ve evsel kullanim i¢in daha fazla tatl
suya ihtiya¢ duyulacagini giderek daha belirgin hale getirmektedir. Bu
calismanin amaci, asiri tarimsal sulama tehdidi altindaki bir barajin
(Bayramhacili baraj gélii) su kalitesi ve trofik durumunun mekansal ve
cok degiskenli istatistiksel analizler kullanilarak degerlendirilmesidir.
Arastirmada 6trofiksel durumdaki baraj goliindeki periyodik degisiklikler;
global indeks kategorileri, Carlson trofik durum indeksi (CTSI = 66.7),
Burns trofik seviye indeksi (BTLI = 6.4) ve Shu trofik durum indeksi
(STSI = 65.6) ile belirlenmistir. Antropojenik besin girdisinin gdstergesi
olan toplam fosfor (TP), toplam azot (TN), biyolojik oksijen ihtiyact
(BOD), kimysasal oksijen ihtiyact (COD) ve klorofil a (Chl a)
konsantrasyonlarinin iki periyodik ortalamasi sirastyla 0.23, 31.28, 1.83,
8.99 ve 48.1 pg/L olarak belirlenmistir. Trofik indeks dagilim haritalart,
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baraj ylizey suyunun o&zellikle kurak mevsimde onemli degisiklikler
gosterdigini gostermektedir. Bu kanit, 6trofikasyon sorununu ele alan
yerel bir yonetim modelinin uygulanmasini desteklemektedir. Bu nedenle

. - yerinde onlemlerin gecikmeksizin alinmasi zorunludur.
This work is licensed under a

Creative Commons Attribution ~ Anahtar Kelimeler: Gol kalitesi degerlendirme, trofik indeks, konumsal
4.0 International License analiz, Bayramhacili Baraj Golii

Introduction

Lake and river water pollution is an important ecological issue in developing countries like Tiirkiye. A
substantial body of research has demonstrated that natural processes exerting a considerable influence
on water quality encompass mineral oxidation, soil erosion, weathering of bedrock, and climate,
especially for dam lakes. The principal causes of the reduction in reservoir quality are human activities,
including animal husbandry, irrigation, the inadvertent usage of pesticides and fertilizers in agricultural
districts, and the discharge of domestic wastewater. Ensuring the quality of freshwater resources is
crucial for promoting both human health and economic progress. Therefore, it is essential that sufficient
attention must be paid to their enhancement and preservation. Rivers are the first places where pollutants
from home wastewater and solid waste, veterinary and agricultural operations, and industrial discharges
merge before moving on to lakes and seas. As dam lakes are continually subjected to new ecosystems,
pollution from the surrounding environment offers considerable concern. As a result, to predict and
manage possible changes in water quality, thorough evaluations and projections are crucial [1-6]
Nutrients, surfactants and other possible anthropogenic chemicals constitute one of the parameters that
provide information about the water quality. The sources of these elements entering surface waters can
be natural, domestic or agricultural high levels of trace elements and nutrition-compounds in water can
have a toxic effect on aquatic organisms. The inputs of nutrient elements, referred to as nutrients, into
aquatic environments typically originate from point and anthropogenic sources known as non-point
sources. The quantification of pollutant loads from point sources is generally more controlled and
manageable than non-point sources. It is established that the toxic effects of nitrate are less than those
of nitrite and ammonium nitrate [7-9]. Controlling point and non-point pollution sources, in particular,
is crucial when they are close to dams that provide drinking and utility water. Water contamination in
reservoirs must be controlled to effectively regulate water quality. Water quality and availability are
equally important, especially for power plants to continue operating [10-13]. Protecting and managing
ecosystems (rivers, lakes, and wetlands) fed by water resources requires regular monitoring of the
quality of the water at specified intervals, the identification of important variables influencing pollution,
and the implementation of appropriate solutions. This is essential for maintaining ecological balance
and making effective use of water resources [14, 15].

The sustainable use of dam lakes, which are established for a variety of purposes including the
cultivation of plants, the pursuit of leisure activities, and the implementation of strategies for the

management and control of eutrophication, should be subject to more precise examination and
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evaluation. This is necessary for several reasons, including the effects of climate change. A thorough

grasp of how atmospheric phenomena, in-lake dynamics, and other environmental elements interact is
necessary for the effectiveness of water quality monitoring techniques and systems [16, 17]. The
objective of spatial analysis is to identify the factors affecting water quality, thus enabling the
development of appropriate strategies to facilitate the effective management of water resources [18-21].
Consequently, in the context of water quality assessment, it is of the utmost importance to conduct a
comprehensive, multi-dimensional analysis of the complex interactions between the surface water body
and the surrounding region [22-26].

The effects of global warming are becoming increasingly evident in the form of drought, which is drying
up Anatolia's water resources. In addition to the impact of human-induced water pollution, the scarcity
of water for agricultural use is becoming a significant concern, contributing to the emergence of regional
problems. In light of the aforementioned considerations, the study concentrated on the Bayramhacili
dam, which provides irrigation to approximately 3.415 hectares in the Kayseri/Nevsehir Cappadocia
region, a pivotal agricultural zone in Anatolia that is grappling with the challenge of excessive irrigation.
The purpose of this study is; a periodical, comprehensive and multi-dimensional determination of the
physico-chemical parameters of the dam lake water. Also compare of the results with
national/international criteria, to analyze the trophic status of the dam lake according to different indices
based on GIS, and to discuss the protection of this dam, which is important in terms of sustainable
energy needs with climate change oriented agricultural irrigation and hydropower plants.

Materials and Methods

This investigation was conducted at the Bayramhacili Dam Lake, built along the boundaries of Kayseri
and Nevsehir Province. To determine the trophic water quality in the center region of Anatolia, where
the effects of drought and agricultural drainage waters are particularly severe, monitoring and evaluation
studies were conducted in three stages. First, multidimensional statistical analyses including clustering,
correlation, and principal component analysis (PCA) were performed on each outcome, focusing on the
periodic dimension of chemical contamination in the water was addressed. Second, the trophic status of
the reservoir water was evaluated using various ecological status indices (Carlson [27], Burns et al. [28],
Shu [29]). Finally, the trophic status of the reservoirs was further assessed through spatial analysis

utilizing geographic information systems (ArcGIS).

Study Area and Sampling

The Bayramhacili Dam Lake, is located on the Kizilirmak River and falls inside the borders of both
Kayseri Province and the Avanos District in Nevsehir Province. The dam lake provides irrigation water
that is also used for recreational water and natural activities. Covering a fishing area of 460 hectares,
Bayramhacili Dam Lake is one of the significant inland water resources supporting fish production in

addition to its hydropower capabilities. The most commonly caught fish species in the lake include
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Leuciscus cephalus and Cyprinus carpio among others. Figure 1 displays the map with the study area

and the marked sampling points. The dam features a concrete-capped rock fill and has a lake volume of

218 m? at normal water height. It irrigates a total of 3.117 hectares of land [30].
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Figure 1. Sampling points in the dam lake

Sampling was carried out over two periods (wet and dry seasons/April 2020- July 2021). Seasonal
sampling times were selected due to the local population drawing water from the dam lake for irrigation
purposes and transporting it from the drainage areas to the lake. A periodic sampling program was
established based on the planting and harvest schedules of agricultural products specific to the region,
particularly grapes, pumpkins and potatoes. Surface water was collected in plexiglass sample containers
from six locations during the two field research periods. The GPS coordinates of each location were
recorded using a Magellan Exp710 and processed according to the WGS 1984 coordinate system. The
coordinates of the stations where the samples were collected are provided in Table 1. Real-time
fieldwork measurements of the water quality parameters including temperature, pH, dissolved oxygen
(DO), total suspended solids (TSS), and electrical conductivity (EC) were taken using a portable Hach
40dQ multi-gauge probe. Additionally, fluorometric analysis was conducted to determine chlorophyll-
a concentrations in surface water samples. Anionic surfactants, total phosphorus (TP), total nitrogen
(TN), biological oxygen demand (BOD), chemical oxygen demand (COD) and CI- concentrations in
samples stored at +4 °C were quantified using laboratory test kits (Hach-Lange) and conventional

procedures [31]. All investigations were carried out using analytically pure chemicals, and
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spectrophotometric measurements were performed in a laboratory setting with the Hach Lange DR3900

thermo-reactor. (Hach Lange LT-200) and analytical scales (BEL).

Table 1. GPS coordinates of each station

Sampling Points Latitude Longitude
1 38.7991 34.9940
2 38.7972 34.9799
3 38.7988 34.9727
4 38.7972 34.9559
5 38.7817 34.9590
6 38.7690 34.9711

Eutrophical Assessment

In this research, the Carlson Trophic Status Index CTSI [27], Burns Trophic Level Index BTLI [28] and
Shu Trophic State Index STSI [29] values were calculated to assess the periodical change in the trophic
status of the dam’s surface water. The Carlson index is commonly used by government officials and
researchers as an indirect measure of algal biomass and serves as a key indicator of the health of aquatic
ecosystems for the extent of lentic system eutrophication [32]. It is calculated mathematically based on
the relevant equations for three parameters: chlorophyll-a, Secchi depth, and total phosphorus. In this
study, the Carlson Trophic Status Index was derived from periodic Chl-a values. Equation 1 is as

follows:

2.04—-0.681n Chla

TSI(Chl_a) = 10(6 — = )

)

The Carlson trophic status index (CTSI) value: A value below 40 indicates oligotrophic water quality,
values between 40 and 60 indicate mesotrophic quality, values between 60 and 70 indicate eutrophic
quality, and values above 70 indicate hypertrophic quality [33]. Burns et al. [28] developed the Burns
Trophic Level Index BTLI to assess the trophic status of lakes in New Zealand. This required modifying
the Carlson TSI by removing the total nitrogen (TN) parameter. In this study, the seasonal trophic levels
of the dam lakes were determined based on the average Chl-a value for the BTLI. Burns Trophic Level
Index (BTLI) value: The classification of water quality levels is as follows: levels below 3 are considered
oligotrophic, levels 3 - 4 are mesotrophic, levels 4 - 5 are eutrophic, levels 5 - 6 are super-oligotrophic,

and levels above 7 are hypertrophic [34].
TLI(Chl_a) = 2.22 + 2.54log (Chl,) )

The method developed by Shu [29] to assess the periodic eutrophication of lakes, defined as the Shu
model, calculates index values reflecting the current trophic state of the lake based on the algorithm
defined below (equation 3), focusing on chlorophyll-a concentration. The unit of chlorophyll a
concentration is pg/L. Shu Trophic State Index (STSI) value: <20 indicates oligotrophic, <40
mesotrophic, <70 eutrophic, <80 hypertrophic and <100 extremely hypertrophic water quality [29].
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In(chl-a)

TSI(Chl_a) = 10(2.46 + = ===) 3

The trophic status of the Bayramhacili dam lake was established in accordance with the relevant
legislation of Tiirkiye. This legislation, known as the "Surface Water Quality Management Regulations
(SWQR)" was published in the Official Gazette of the Republic of Tiirkiye in 2012. Table 2 shows the
trophic classes defined by the SWQR [35]. By using the trophic status classification of lakes and ponds
specified by the National SWQ regulations of Tiirkiye, the trophic level of the irrigation/energy dam has
been revealed based on CTSI, BTLI and STSI values.

Table 2. Trophic Classifications based on SWOR according to the legislation of Tiirkiye [35]
Trophic Classes TP (ng/L) TN (ng/L) Chl_a (ng/L) Secchi Depht (m) DO (mg/L)

Oligotrophic <10 <350 <35 >4 >7
Mesotrophic 30-50 650-1000 9-15 2.0-1.5 6-4
Eutrophic 100 1500 25 1 3

Hypereutrophic >100 >1500 >25 <1 <3

Statistical and Geographical Studies

All data computations and statistical analyses were performed using SPSS 22, while spatial analyzes
were performed using ArcGIS 10.8. The maps produced to compare the effects of periodic changes on
the trophic/water quality of the dam lake were created using the Inverse Distance Weighted (IDW)
interpolation technique. Tercan and Dereli [36] noted that the method allows the evaluation of the
influence of each point on the other based on the inverse of the distance between the points. In this
context, the periodic changes in the physico-chemical quality of pond surface water was evaluated

geographically.

Results and Discussions

Physical and Chemical Results of the Dam Lake Water

Figure 2, 3a and 3b, shows the two-period graph for physico-chemical parameters and the regional
distribution maps of metrics related to surface water quality, respectively. The analysis of parameter
results and preparation of spatial maps represents a rapid and efficacious approach to the assessment of
water quality. The application of spatial analysis has revealed significant alterations in water quality,
including increases in nutrient and pigment concentrations observed in the southwestern area of the lake
during the dry period. These changes are likely a consequence of anthropogenic impacts and land use
practices.

During the summer, conductivity rises by an average of 1324.3 uS/cm due to the geological structure of
the lake environment (Figure 2). Electrical conductivity (EC) values are in the range of 920-1020 puS/cm
during the wet period, while 1220-1414 uS/cm during the dry period, and reaches the highest values as
it approaches the southern parts of the dam. According to the Turkish Surface Water Quality (SWQ)

Regulation [35], Bayramhacili Dam is classified as medium-category water quality. In addition, in terms
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of irrigation water, the dam pond is in the 'high saline water' category and has been determined to have

permissible water quality. As seen in Figure 3a, the pH value (>9) reached the highest possible level

(highly alkaline) in the northwestern sections of the dam.
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Sample stations

Figure 2. The distribution of average physico-chemical parameters based on sampling stations during
wet (wp) and dry (dp) periods.

It was established that the mean annual concentration of total suspended solids (TSS) in the lake was 11
mg/L. It is hypothesized that the TSS load is a consequence of agricultural drainage and the erosion of
the upper soil layers into the aquatic environment. Because of the heavy precipitation during the dry
period, TSS and nutrient concentrations were higher. In Korean reservoirs, the time period has a major
impact on the hydrology, nutrients, and suspended solids concentration [37]. The current concentration
of dissolved oxygen (DO) in the lake is 7.5 mg/L, which represents the lowest recorded value even
during the dry season. This can be considered as an indication that particle pollution in the lake is not a
permanent issue.

The periodical average of the surface water temperature ranges from 14.4 to 19.07 °C. The lowest
recorded temperature of the surface water in the dam lake was 13.6 °C (during the wet season, at station
no. 3) while the maximum temperature of the surface water was 20.2 °C (in dry season, at station no.6).
Although the northeast of the dam lake had a low temperature, it was found that temperatures increased
in the southern parts (Figure 3a).

During this investigation, the Chl_a value was measured and monitored in all samples to evaluate the
periodic changes in the TP and TN levels in the lake, as well as stability of the dam lake's trophic state.
The mean concentration of chlorophyll-a in the dam lake was 29.07 pg/L throughout the wet period,

with a local increase in the dry period, reaching an average of 67.1 pug/L (Figure 3b).
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Figure 3a. Geo-spatial distribution maps of surface water quality parameters (T, pH, EC, BOD, COD,
CI7, DO) over two periods
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The periodic effect is a significant factor influencing the alteration of total nitrogen and phosphorus

concentrations. In the dam water where the highest TN concentrations were detected during the dry
period, the increase in the nutritional input is considered to be the most significant factor influencing the
lake's trophic state. An increase in phosphorus was observed at the 3rd station in the wet period and at
the 5th point in the dry period (Figure 4). In aquatic environments near agricultural lands, the
concentrations of phosphate and nitrogen substances may be considerably increased by agricultural
activities and irrigation techniques [38]. Moreover, pollution may arise from sewage, garbage, waste,
and the industrial facilities in the area. The mean value in our study has been found to be 0.79 mgl/L,
which has been considered to be a highly dangerous concentration for aquaculture and aquatic life,
potentially resulting in sudden mortality. The sharp rise in the levels recorded at all monitoring stations
on the dam is likely a result of the phosphatic fertilisers leaching into the water. Furthermore, it is
thought that the influx of water from urban waste and agricultural areas into the lake during the transition
from the dry season to the rainy season contributes to the observed increase in nutrient levels in the
lake’s surface water.

Similarly, the area is a center for subterranean travel, with the end of fall being the peak population for
the city. Although summer-drying streams contribute minimal waste to the lake, rainfall affects this
situation. The average total alkalinity (71.5 mg/L) observed at the lowest levels during the rainy season
increased to high values (99.5 mg/L) during the dry season, particularly in the lake's northeastern region
(Figure 3b).

It was observed that the highest TDS and EC values were concentrated in the western area and at the
southern end of the reservoir during the dry period. Especially the COD values in the central-northern
parts of the lake are extremely high for an irrigation dam suggesting an attempt. The sources of organic
matter (BOD and COD) in reservoirs can be classified as either autochthonous or allochthonous. During
rainfall events, runoff from overland water flow is the primary source of allochthonous organic matter
entering aquatic systems, whereas phytoplankton and hydrophytes produce autochthonous organic
matter through photosynthesis [39]. While COD concentrations have generally been rising, BOD
concentrations in the majority of lakes and reservoirs have been steadily declining. This suggests that
the biological effluent treatment process may not be effectively breaking down the significant amounts
of nonbiodegradable organic matter in the influent [40]. In accordance with the classification standards

for inland water resources [41], the surface water quality of the lake can be classified as 'medium’ quality.
Evaluation of the Trophic Status of the Dam Lake

The eutrophication index, a key metric in the assessment of lake water quality, reveals a notable shift in
trophic levels throughout the year, indicating a considerable degree of pollution in the lake. A

description of the classification scale utilized in the Carlson Trophic Status Index (CTSI) ranges from 0

581



Dereli et al. Sinop Uni J Nat Sci 9(2): 572-590 (2024)
E-ISSN: 2564-7873
to 100, and the findings of this regional study show that the mean CTSI for periodic Chl_a is 63.38 in

the wet period and 70.04 in the dry period. The overall annual mean CTSI is 66.7.

The hierarchy of classification for Burns Trophic Level Index (TLI) ranges from 0 to 7. In this regional
study, the average BTLI during the wet period was calculated to be 5.91 for Chl_a, and increased to
6.83 during the dry period. The annual average BTLI was determined to be 6.37. These results indicate
that the lake can reach regional hypereutrophic limits (Figure 4.).

The classification scale of Shu Trophic State Index (STSI) ranges from 0 to 100. The findings of this
regional study showed that the average STSI for periodic Chl_a reached 61.1 in the wet period and 70.18
in the dry period, and the annual average STSI was calculated as 65.64. According to these results, while
the lake is classified as mesotrophic during the wet period, it becomes eutrophic during the dry period.
The index values (CTSI, BTLI and STSI) indicate that Dam Lake of Bayramhacili is hypereutrophic,
which is evidenced by the elevated levels of phosphorus (P) and nitrogen (N) in the surface water.
Similarly, other studies have indicated a notable enhancement in eutrophic state during the late spring-
period, when temperature typically rises and precipitation declines [42, 43]. Investigations on the trophic
structure of ecosystems in eutrophic lakes [44-47] found that TSI index values determined according to
the average of chlorophyll-a concentrations, were higher during the dry period compared to the rainy
period. A similar trend was observed in the TSI values calculated in this study (Carlson TSI 70.04/63.08,
Burns TLI 6.83/5.91 and Shu TSI 70.18/61.10, Figure 4).
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Figure 4. Geographical analysis of periodic trophic status index values in the dam lake

Statistical Observations

The principal components analysis (PCA) with varimax rotation yielded two variables with an
eigenvalue exceeding one, collectively explaining 64% of the total variance (Figure 6). Based on the
loading levels, Liu et al. [48] categorized the factor loadings as "strong (>0.75)," "moderate (0.75 —
0.50)," and "weak (0.50 — 0.30)". TN, CI-, TP exhibit a markedly positive charge (> 0.75) in varifactor
1 (VF1), which accounts for 45.99% of the total variance. Conductivity, alkalinity and pH are
moderately positively charged, while COD and TN are strongly positively charged. Elevated BOD and
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COD levels indicate the presence of organic contamination in the reservoir. Nitrogen fertilizers, animal

manure and chemical fertilizers/ pesticides are intensively used in the agriculture of the region. The
strong link between chlorophyll-a values and COD and total phosphorus/total nitrogen coincides with

the high correlation results (Figure 5).
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Figure 5. Spearman's correlation between physicochemical parameters

The strong positive relationship between anionic surfactants, conductivity and total nitrogen (TN) is
typically linked to domestic waste. To identify the possible sources and factors influencing the dam's
water quality, a principal component analysis (PCA) and a factor analysis (FA) were carried out. Due
to the strong positive correlation between TN/TP and BOD in VFL1, it is the object in question represents
agricultural drainage (Figure 6). Representing 27.10% of the total variance in VF2, strong positive
charges are found in T, DO, and TA, but strong negative charges are found in Chl_a, according to the
data (Figure 6). In accordance with the findings of VF2, erosion and surface runoffs are on effective the
water quality of the Dam Lake of Bayramhacili. The water quality of a lentic ecosystem was evaluated
using FA and CA in a study conducted at Uluabat Lake, Tiirkiye [49]. Twelve sampling sites were
divided into two clusters by CA, and three components accounted for 77.35% of the total variance,
according to FA. The results of the dual clustering analysis indicate the formation of two principal
stationary clusters, S5 and other stations (Figure 7). Among the chemical parameters measured are pH,
alkalinity and DO, which form a cluster among themselves. In contrast, other parameters are clustered.

Upon examination of the subclusters of the other main group, small clusters between T (°C)-conductivity
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and surfactants, between COD-TN and Chl_a-TSS and BOD-CI" are distinguished from the others.

Anthropogenic activity impacts in the dam are indicated by the geographic variations of these metrics.
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Conclusions

In this study, the periodic changes in the state of eutrophication and water quality of a HEPP dam lake

facing the possibility of a drought and agricultural drainage were evaluated using statistical, ecological

indices and geo-spatial analyses. The results of thematic maps and multi-statistical analysis indicate that
seasonal and extreme fluctuations in nutrient loadings may be caused by agro-irrigation discharges that
directly impact the eutrophication of lakes. The most significant finding indicative of eutrophication in

the Dam was the minimum and maximum values of chlorophyll-a (Chl_a), which ranged from a

minimum of 17.5 pg/L to a maximum of 85.6 pg/L. The average TSI values were determined from the

chlorophyll-a measurements obtained during the dry period were found higher compared to the rainy
period.

For this reason, some suggestions for decision makers are presented below in order to extend the life of

the dam lake in providing both irrigation and HEPP energy.

i. It is necessary to guide the region towards good agricultural activities that will be carried out with
reduced use of inorganic chemicals.

ii. The implementation of irrigation water quality controls and the application of right amounts and
forms of fertilizer, in accordance with soil analysis, will be an effective strategy for reducing
pollution.

iii. It is evident that enhanced pollution control within the dam lake system is imperative to attain optimal
chemical and ecological status. This can be accomplished by implementing wastewater treatment
facilities while maintaining a minimal level of agricultural pollution within the system. Thus, it is
necessary to prevent sewage and solid waste from mixing into streams with effective removal and
control techniques, thus preventing possible pollutants from mixing into the dam lake.

As a result, the findings obtained within the scope of this study will guide future studies within the

framework of the sustainability of the dam lake in energy and irrigation. It will also contribute to the

eutrophic restoration of the dam lake and to make managerial decisions compatible with the drought-

based climate, which is expected to improve its regional influence further.
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