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Abstract: Clustering is one of the data mining techniques. It is a technique that groups the data in a data set that is 

characterized by the greatest similarity within the same cluster and the greatest dissimilarities within different clusters. One 

of the marine species that constitute the primary source of food all over the world is bivalves. Bivalve species are one of the 

most common and essential elements of the coastal ecosystem. This study focuses on the bivalves that can be found in the 

coastal area in Clarin, Bohol. There were 12 identified bivalve species in the dataset and 50 observations on each class. K-

means algorithm was used as a tool to classify the bivalves’ species according to their similar characteristics. The Elbow 

method was also used to find the optimum number of clusters. It was found that there were four (4) groups in the bivalve 

dataset. It can be implied based on cluster 1 that all Anomalocardia squamosa, Scapharca cornea, Gafrarium tumidum, and 

Crassostrea iradalei have the same characteristics in terms of their length, width, and height. These clusters of bivalves have 

a small size in terms of their weight, length, and height. Meanwhile, in cluster 2, the majority of the species, namely 

Isognomon ephippium, Venerupis philippinarum, Tellina staurella, Anadara granusa, Lutaria philippinarum, and 

Scapharca cornea, have an average type of bivalves in terms of its size length, width, and height. In cluster 3, the majority of 

the Austriella corrugata, Circe scripta, Gafrarium tumidum, and Crasostrea iradalei are larger than in cluster 2. Lastly, the 

population of Scapharca cornea, Lutaria philippinarum, Anadara granusa, Circe scripta, Tellina staurella, and Venerupis 

philippinarum belongs to cluster four and have the largest size in terms of its weight, length and width. 
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I. INTRODUCTION 

In recent years where data plays a significant role, it is essential to gain insight from it. Data mining paves the way for data 

scientists and other educators to discover these insights. One of the data mining techniques is clustering analysis. Clustering is 

also known as ’cluster analysis’; it is a process of grouping data objects based on their variations and similarities [1]. Clustering 

techniques are often used in the field of biology. It is used in finding the pattern in the behavior of the data. And these patterns 

can be used as insight for a deeper understanding of the characteristics and behavior of the data. The Philippines is widely 

considered one of the epicenters of marine biodiversity in the world [15]. The archipelago of the Philippines is also the center of 

the nearshore marine diversity, such as seashells, crabs, bivalves, seagrasses, corals, and many others [16]. One of the marine 

species that constitutes the primary source of food all over the world is bivalves. Bivalve species are one of the most common 

and essential elements of the coastal ecosystem. Bivalves such as oysters and clams have two-valved shells containing soft-

bodied invertebrates [17]. It often dominates the macrobenthos in the coastal marine communities. Bivalves perform nutrient 

cycling and filter organic matters and plankton suspended in water [14]. 

This study focuses on the coastal area of Clarin, Bohol. It is located in the northwestern part of the province of Bohol, 

Philippines. One of the people’s major sources of food and livelihood was bivalves gleaning. With this, Clarin is one of the coastal 
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communities in the northwestern part that provides 90% of the bivalve industry in Bohol. Due to its unique habitat, varieties of 

marine species exist in its marine ecosystem. One of the species that is the primary source of food and livelihood is the bivalve 

species. Bivalve mollusks such as oysters, clams, and mussels are species having two-hinged shells [21]. However, an increased 

threat and biodiversity crisis could result in its extinction [17]. Natural and anthropogenic forces such as climate change, pollution, 

and human action have led to the biodiversity crisis. Community awareness plays a vital role in the protection of bivalves. It is an 

essential factor in the conservation of important species. Thus, this has led the researcher to conduct this type of study, 

particularly on finding patterns and insights into the characteristics of the bivalve species through clustering analysis. Conducting 

this type of study is essential to understanding the data’s behavior. Insights and solutions can be taken as a result of this type of 

study. 

Clustering is one of the data mining techniques. It is a technique that groups the data in a data set that is characterized by the 

greatest similarity within the same cluster and the greatest dissimilarities within different clusters [2]. Clustering analysis will be 

used as a tool to cluster the bivalve species according to their characteristics and variations. Clustering is categorized into two 

main algorithms, hierarchical and partition algorithms. In a hierarchical algorithm, the dataset is divided into smaller subsets in 

a hierarchical way, while in a partition algorithm, the dataset is partitioned into the desired number of sets in a single step [3]. 

The k-means algorithm is the most used and popular partition algorithm. This method has been widely used in different 

substantive areas due to its simple algorithm and fast convergence [4,5]. One of the unique features of this clustering algorithm 

is that it can process a large amount of data set with relatively efficient computation time. K-means algorithm belongs to the 

partition algorithm since it is based on determining the initial number of groups by defining the initial centroid value [8,9]. K-

means algorithm is a type of unsupervised learning that is based on the Euclidean Distance between the data [11,12]. More 

detailed information on the k-means algorithm is shown in figure 1. 

 

Fig. 1. K-means Algorithm Flow Chart 
 

However, the k-means algorithm’s weakness in analyzing the data distribution depends on the initialization of the centroids. 

Since K-means only looks at the range of each centroid to each cluster. In order to solve this weakness, the elbow method will 

be used as a tool to determine the appropriate number of clusters in the dataset. The basic idea of the elbow method is to find the 

appropriate number of clusters in the dataset by looking at the percentage results between the number of clusters that will form an 

elbow at a point using Sum of Squares (SSE) rules. [6]. This method focuses on the percentage of variants as the function of the 

number of clusters [11]. 
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Fig. 2. Elbow Method Flowchart 

The k-means algorithm has been widely used in different substantive areas. Studies show that the K-means algorithm is 

effective in clustering large datasets. Results indicated that the K-means algorithm is more effective in assessing biodiversity 

[19]. Incorporating the K-means algorithm and elbow method enhances the efficiency and effectiveness of K- means performance 

in processing enormous amounts of data [23]. 

This paper presents an unsupervised machine learning technique using the K-means algorithm for clustering the bivalve 

species. The study focuses on the common bivalve species found in the coastal area in Clarin, Bohol, Philippines. 

II. METHODOLOGY 

This section describes the process used in clustering the species of bivalves. Figure 3 shows the process flow for clustering 

the bivalves, which started from the data collection, preprocessing, determining the number of clusters using the elbow method, 

and applying the k-means algorithm. 

Fig. 3. Process Flow Chart 

A. Data Collection 

A comprehensive dataset is essential in building the model. The dataset must be complete and accurate to produce relevant 

results. The model’s inputs were the dataset containing the information of the different bivalve species. The dataset’s source was 

based on the assessment results conducted on Clarin’s coastal area. It is located in the northwestern part of Bohol, Philippines 

province, as shown in figure 3. This town is rich in marine resources, particularly bivalve species, wherein 40% of the population 

relies on fishing and bivalves gleaning as their livelihood. 
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        Fig. 4. Map of the coastal area of Clarin, Bohol (Google Map, 2021) 

 
Twelve (12) common bivalve species were found based on the assessment results. The list of collected bivalves is 

depicted in Figures 4, 5, and 6. The identified bivalves were Anadara granusa, Anomalocardia squamosa, Austriella corru- 

gata, Circe scripta, Crassostrea iredalei, Gafrarium tumidum, Geloina erosa, Isognomon ephippium, Lutaria philippinarum, 

Scapharca cornea, Tapes literatus, and Tellina staurella. 

 
Fig. 5. Overview of the Identified Bivalves 

 

TABLE 1 Dataset Information 

Name of 

Species 

Details 

Abbreviation No. of Observations 

Anadara granusa A.granusa 50 

Anomalocardia squamosa A.squamosa 50 

Austriella corrugata A.corrugata 50 

Circe scripta C.scripta 50 

Crassostrea iredalei C.iredalei 50 

Gafrarium tumidum G.tumidum 50 

Geloina erosa G.erosa 50 

Isognomon ephippium I.ephippium 50 

Lutaria philippinarum L.philippinarum 50 

Scapharca cornea S.cornea 50 

Tapes literatus T.literatus 50 

Tellina staurella T.staurella 50 
 

B. Data Preprocessing 

Based on the assessment results, twelve (12) identified species of bivalves were found in the coastal area of Clarin. Each of 

those species comprised 50 observations, at 600 observations for the bivalves’ dataset, as shown in Table 1. Each bivalve was 

measured according to its length (inch), width (inch), and weight (grams). Before processing the collected dataset, cleaning of the 
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dataset was done by removing the outliers of the data. Data that had null values were also removed. Data scaling techniques such 

as normalization and standardization were also done to come up with a higher quality of data results. 

C. Elbow Method 

After the preprocessing of the dataset, the Elbow method was used to find the optimal number of ’K’ in the dataset. The 

goal of the Elbow method is to find the smallest value of ’K’ with a low inertia value. The Elbow method focuses on the 

percentage of variants as the function of the number of clusters [21]. Determining the number of clusters in the dataset was done 

by looking at the point position of the elbow [20]. As seen in fig. 8, the plot formed an elbow. It indicated that the best number 

of clusters in the dataset was four (4). As the figure shows, the arm was pointed at the position of 4. Therefore, there were 4 

clusters in the 12 classes of bivalves species. 

 
 
 

 

 

 

 

 

 

 

 

 

Fig. 8. Determining the Number of Clusters using Elbow Method 

D. Cluster Analysis 

K-means algorithm will be used as a tool to analyze the similarities and characteristics among the bivalve species. A 

clustering algorithm groups the data based on cluster centroid point closest data. This clustering technique aims to maximize the 

data similarity in a cluster and minimize the data similarity between clusters [12]. Below are the steps that show how the k-mean 

algorithm works. 

1) Determine the optimal number of ’k’ in the dataset; 

2) Initialize k values as cluster centers (centroids) and randomly assign data points; 

3) Compute the distance between the cluster centroid and all objects that belong to each cluster; 

4) Recompute each centroid by computing the mean of all centroid data with current cluster members; 

5) Re-clustering each data (back to step 3) using all new centroids until all centroids do not change anymore; 

6) If the centroid has not changed again, the clustering process is complete. 

III. RESULTS AND DISCUSSION 

The dataset contains 12 classes of bivalves species that has 50 observations on each class. It contains information on the 

bivalve species according to length, width, and height. These variables were classified according to its bivalves’ scientific name 

as the target variable. This categorical data were con- verted into numerical form such as 1-Isognomon ephippium, 2- Scapharca 

cornea, 3 - Venerupis philippinarum, 4 – Lutaria philippinarum, 5 – Tellina staurella, 6 - Anadara granusa, 7 – Circe scripta, 8 - 

Austriella corrugata, 9 - Scapharca cornea, 10 - Gafrarium tumidum, 11 - Anomalocardia squamosa, and 12 - Crasostrea 

iradalei. K-means algorithm and Elbow method were used to cluster the dataset and find the desired number of clusters. The 

algorithm could distinguish four (4) distinct groups in the bivalve dataset as shown in figure 5. Thus, the summary of the clusters 

is depicted in table 2. 
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TABLE II Summary of Cluster’s Description 
 

 

 

 

 

 

 

 

 

 

 

 

 

A. Cluster 1 

Cluster 1 refers to the bivalve species that are usually smaller compared to the other bivalves. Cluster 1 mainly con- sists of 50 

bivalves or 100% of the Anomalocardia squamosa, 43 or 86% of the Scapharca cornea, 35 or 70% of the Gafrarium 

tumidum, and 25 or 50% of Crassostrea iradalei belongs to cluster 1. It can be implied based on these results that these species 

have the same characteristics in terms of length, width and height. Moreover, the graph clearly shows that all the Anomalocardia 

squamosa and the majority of the population of Scapharca cornea and Gafrarium tumidum shared the same characteristics. 

Meanwhile, 50% of the population of Crassostrea iradalei shared the same features. Hence, cluster 1 comprises smaller bivalves in 

height, weight, and size. More detailed information in Cluster 1 is shown in figure 9. 

Fig. 9. Cluster 1 Visualization 

 

B. Cluster 2 

Cluster 2 refers to the bivalve that usually has medium size characteristics. Figure 10 shows the clustering results of 

the twelve (12) bivalves species that belong to Cluster 2. It was found that there are 49 out of 50 or 98% of the Isognomon 

ephippium, 36 or 72% of Venerupis philippinarum, 52% of Tellina staurella, 48% of Anadara granusa, 34% of Lutaria 

philippinarum, and 28% of Scapharca cornea belongs to Cluster 2 using K-means algorithm. This means that these bivalve 

species shared the same characteristics in terms of length, width, and weight. 

 

 

 

 

 

 

 

 

 

Clusters Number Description 

Cluster 1 Usually small size-types of bivalves 

Cluster 2 Usually average size-types of bivalves 

Cluster 3 Usually larger size-types of bivalves 

Cluster 4 Usually biggest and heaviest type of bivalve 
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Fig. 10. Cluster 2 Visualization 

C. Cluster 3 

Cluster 3 refers to the characteristic of the bivalve that is usually large and heavy type. Figure 11 describes the summary 

of cluster 3. It shows that 48 out of 50 or 98% of Austriella corrugata are classified into cluster 3. This means that almost 

of the population of Austriella corrugata has uniform characteristics. The majority of the species (27%) of Circe scripta 

shared the same characteristics together with 28% of Gafrarium tumidum and 26% of Crasostrea iradalei. Meanwhile, some of 

the Scapharca cornea clustered in Cluster 3. It can be implied that in Cluster 3, most of the bivalves’ species were much larger 

compared to other groups. 

Fig. 11. Cluster 3 Visualization 

D. Cluster 4 

Among the four clusters, cluster 4 contains bivalve species with the largest size in terms of height and width. Meanwhile, 

some of the (46%) Circe scripta, Tellina staurella, and 28% of Venerupis philippinarum have the same characteristics in terms 

of length, weight, and width. More detailed information on the content of the cluster is shown in figure 12. 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 12. Cluster 4 Visualization 
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E. Data Visualization 

A scatter plot diagram was used to visualize the relationship between variables. It is used to aid the interpretation of the 

correlation results between two variables. The visualization of results between the relationship between length and weight of the 

bivalve dataset is shown in figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 13. K-means Clustering on Bivalves species between Weight and Length 

 

In figure 13, the data on the x-axis is the length of the bivalves, while the y-axis is the weight. This graph shows the 

relationship of the variables of the x and y-axis to the desired clusters. The K-means algorithm has uniquely identified four groups 

in the dataset. It was shown on the graph that the length of each cluster correlates with the weight of the bivalves. The height is 

usually 1 to 5 inches, while its weight ranges from 10 to 110 grams. Thus, it can be implied on this graph that as the length 

increases, its weight will also increase. 

Fig. 14. K-means Clustering on Bivalves species between Width and Length 

 

Figure 14 shows the bivalves’ length and width relationship to the desired clusters using K-means Algorithm. It shows that 

most bivalves have a width ranging from 3 to 6 inches. In terms of width and length, some of the bivalves vary from each 

cluster. However, most of the population in clusters 3 and 4 have larger lengths and widths. With this, we can imply from these 

results that the width size corresponds to its length. Lastly, a scatter plot was also used to visualize the relationship of the variables 

between weight and height, as depicted in figure 15. The K-means algorithm shows the clustering results between bivalves’ 

weight and width. The results convey K-means algorithm successfully classified the bivalve. The weight of the bivalves ranges 

from 5 grams to 110 grams, while its weight ranges from 3inches to 5 inches. Hence, the results show that there is a correlation 

between the weight and width of the bivalves. 
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Fig. 15. K-means Clustering on Bivalves species between Weight and Width 

 

IV. CONCLUSION 

Based on the findings, the elbow method is effective in getting the desired number of clusters, and the k-means technique is 

also effective in clustering the bivalve dataset according to width, height, and width. There were four (4) identified distinct 

clusters in the dataset; small type, average type, large type, and extra-large type of bivalves. Results also show that the relationship 

among the variables such as bivalve’s weight, height, and width correlates to each other. 
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