
 

2nd International Conference on Chemo 

and Bioinformatics,  

September 28-29, 2023. Kragujevac, Serbia  

 

www.iccbikg2023.kg.ac.rs|  |184 

Applied machine learning in exploring key features of crayfish populations 
 

Simona R. Đuretanović1*, Marija M. Jakovljević1, Aleksandra M. Milošković2, Nataša 

M. Kojadinović1, Milena D. Radenković1, Vladica M. Simić1, Ivana Maguire3 

 
1 University of Kragujevac, Faculty of Science, Department of Biology and Ecology, Radoja 

Domanovića 12, 34000 Kragujevac, Serbia; e-mail: simona.djuretanovic@pmf.kg.ac.rs, 

marija.jakovljevic@pmf.kg.ac.rs, natasa.kojadinovic@pmf.kg.ac.rs, 

milena.radenkovic@pmf.kg.ac.rs, vladica.simic@pmf.kg.ac.rs, 
2 University of Kragujevac, Institute for Information Technologies, Jovana Cvijića bb, 34000 

Kragujevac, Serbia; e-mail: aleksandra@uni.kg.ac.rs 
3 University of Zagreb, Faculty of Science, Department of Biology, Roosevelt trg 6, 10000 Zagreb, 

Croatia; e-mail: ivana.maguire@biol.pmf.hr 

 
* Corresponding author  
 

DOI: 10.46793/ICCBI23.184DJ 

 
Abstract: Uniform Manifold Approximation and Projection (UMAP) is a nonlinear dimension 

reduction technique based on manifold learning. It is specifically designed to achieve a balance 

between the global and local structure when embedding data points. We applied this method to 

morphometric features in populations of the noble crayfish, a freshwater species recognized as 

both a keystone species and an ecosystem engineer, as well as an indicator of good water quality, 

with unquestionable cultural and economic value to humans. Our results show that the CLL 

parameter most contributed to the differences and grouped the investigated specimens into seven 

clusters, along with ROL and ABL parameters. The parameters associated with the claws also 

exhibited a considerable influence on differentiation. 
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1. Introduction 

 

Freshwater crayfish are physiologically, ecologically, and behaviorally remarkable 

animals residing in a wide range of habitats [1]. They are a very important group of 

aquatic invertebrates, especially in terms of ecosystem integrity retention [2]. At the 

same time, these invertebrates are particularly sensitive to changes in aquatic ecosystems 

and are among the most vulnerable, with 32% of species listed as globally threatened by 

the IUCN [3, 4]. 

This study aims to deploy the Uniform Manifold Approximation and Projection 

approach with the Decision Tree algorithm on the noble crayfish Astacus astacus 
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(Linnaeus, 1758) from distinct populations to explore which morphometric parameters 

contribute most to overall differences. 
 

2. Materials and Methods 

 

A total of 192 noble crayfish from ten ecosystems in Serbia, Slovenia, and Albania 

were caught with baited LiNi traps or collected by hand. Each specimen was measured 

for 21 morphometric parameters (adopted from Sint et al. 2005 [5]) and weighed to the 

nearest 0.01g. 

We used the unsupervised dimensionality reduction learning model UMAP (i.e., 

Uniform Manifold Approximation and Projection). The input matrix contained 192 rows 

(one row represented each measured specimen) and 21 columns (each column referred 

to one morphometric parameter). Prior to dimensional reduction modeling, the data 

were Hellinger-transformed [6, 7]. In the initial stage of machine learning, the weight of 

crayfish specimens was extracted and further excluded from the training set. 

 

3. Results and discussion 

 

The obtained results (Fig. 1 and Fig. 2) showed a clear differentiation between males 

and females. The Decision tree algorithm extracted a CLL parameter as a key feature for 

ordination, which most contributed to the differences, and grouped the investigated 

specimens into seven clusters. The parameters ROL and ABL also contribute 

significantly to differentiation. This is in accordance with a previous study by 

Đuretanović et al. (2017) [8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Ordination of morphometric parameters using the UMAP model. Colors stand for 

different seven clusters of parameters identified by the Decision Tree algorithm. Each point on 

the 2D UMAP space presents different specimens of crayfish. 
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Figure 2. The Decision Tree algorithm was used to determine the most significant parameters 

for clustering. 

 

Although the Decision Tree determines the key parameters (Fig. 2) it should be noted 

that the parameters related to the claws also contribute to the differentiation. 

 

3. Conclusions 

 

UMAP technique aims to retain as much variation from the original dataset as 

possible, surpassing the limitations of traditional reduction techniques. Data mining 

using the Decision Tree algorithm has proven to be an effective tool, demonstrating a 

highly predictive performance in exploring complex datasets and identifying 

representative variables for previously divided clusters. 
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