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Abstract. Feature selection is key to improving classification models for biological databases, especially those with high
dimensionality and inconsistencies, such as species incidence data for plants, algae, and fungi. These datasets often have
redundant variables, class imbalance, and taxonomic inconsistencies, hindering performance and interpretability. Despite
its potential, FS is underexplored in ecological and botanical contexts, particularly in biodiversity hotspots like Brazil’s
Atlantic Forest. This study presents BioF4C-Frame, a modular framework combining preprocessing, similarity functions,
FS strategies, and classification models. Empirical analysis assesses how methods like LASSO interact with classifiers
such as Random Forest, Decision Trees, Naı̈ve Bayes, ANN, and Logistic Regression. Random Forest showed the best per-
formance, handling complex, imbalanced data effectively. LASSO and ANN offered modest but relevant gains, especially
after deduplicating taxonomic authorship fields using similarity functions. The study proposes FS practices for biodiversity
data, improves classification reliability, and highlights future research gaps.

Resumo. A seleção de atributos é essencial para melhorar modelos de classificação em bases biológicas, especialmente
aquelas com alta dimensionalidade e inconsistências, como dados de incidência de espécies de plantas, algas e fungos.
Esses dados apresentam variáveis redundantes, desequilı́brio entre classes e inconsistências taxonômicas, afetando de-
sempenho e interpretabilidade. Apesar do potencial, a seleção de atributos é pouco explorada em contextos ecológicos e
botânicos, sobretudo em hotspots como a Mata Atlântica. Este estudo apresenta o BioF4C-Frame, um framework modu-
lar que integra pré-processamento, funções de similaridade, estratégias de seleção e modelos de classificação. A análise
empı́rica avalia como métodos como o LASSO interagem com classificadores como Random Forest, Árvores de Decisão,
Naı̈ve Bayes, Redes Neurais e Regressão Logı́stica. O Random Forest obteve o melhor desempenho, lidando bem com
dados ecológicos complexos e desbalanceados. LASSO e Redes Neurais apresentaram ganhos modestos, especialmente
após deduplicação de campos de autoria taxonômica com funções de similaridade. O estudo propõe práticas de seleção
para dados de biodiversidade, aprimora a confiabilidade da classificação e indica lacunas para pesquisas futuras.
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2 Context and Problem

Ecological datasets, especially those from biodiversity hotspots like Brazil’s Atlantic Forest, are marked by taxonomic

inconsistencies, high dimensionality, and significant class imbalance [15, 11]. In the context of Begoniaceae species,

such issues hinder automated analysis and conservation planning [1, 2]. The shortage of taxonomists and the variety of

sources further complicate modeling [16, 8, 9]. Feature Selection (FS) can reduce dimensionality and improve model

interpretability [10, 3], but comparative studies in biodiversity contexts remain rare [13]. This work addresses this gap

with BioF4C-Frame—a framework integrating taxonomic deduplication, FS strategies, and classification models tailored

to ecological datasets.

3 Objective

To design, implement, and evaluate BioF4C-Frame, a reproducible and modular framework for feature preparation and

selection in biological datasets. It addresses noise, redundancy, and class imbalance in ecological records to improve

species identification and distribution. Goals include taxonomic data cleaning, FS method benchmarking, and classifier

comparison on high-dimensional, imbalanced data.

4 Contribution

BioF4C-Frame is a modular and replicable framework that combines preprocessing, taxonomic deduplication, feature

selection (FS), and classification strategies tailored for ecological data analysis. It uniquely integrates authorship nor-

malization based on the International Code of Nomenclature (ICN), using seven domain-adapted text similarity functions

(e.g., Smith-Waterman, Levenshtein, Metaphone), and evaluates their effectiveness for author field deduplication. The FS

module supports four strategies (filter, wrapper, embedded, and hybrid), including empirical benchmarking of LASSO,

RFE, and mutual information methods. Five classification models—Random Forest, ANN, Naı̈ve Bayes, Logistic Regres-

sion, and Decision Tree—are tested on 16,608 records of Begoniaceae from SPLINK and Reflora. Two target variables,

stateprovince and scientificname, were prioritized for evaluation. The solution achieved robust predictive per-

formance (F1-scores up to 0.77), and demonstrated substantial improvements after deduplication. The entire codebase is

publicly available, supporting reproducibility and transparency. This framework contributes to biodiversity conservation

by improving classification reliability and highlighting the role of semantic data curation in ecological databases.

5 Advancement over the State of the Art

Most existing studies treat feature selection (FS) and classification as separate tasks, without addressing the semantic

inconsistencies common in biodiversity data [7, 13]. Although FS methods such as Mutual Information, RFE, and LASSO

are widely used in medical and environmental contexts [17, 5, 12], their application in ecological scenarios—especially

with taxonomic inconsistencies and class imbalance—remains limited. This work advances the state of the art by proposing

BioF4C-Frame, a modular pipeline that integrates data harmonization, ICN-guided taxonomic deduplication [14], FS
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benchmarking, and classification tailored to ecological datasets. The framework uniquely evaluates seven string similarity

functions under real biodiversity data, demonstrating their direct impact on predictive performance.

Unlike prior works such as Bourel and Segura [4] or Cutler et al. [6], which focus on classifier performance without seman-

tic preprocessing, BioF4C-Frame incorporates a preprocessing layer that improves model input quality and interpretability.

It also systematically compares filter, wrapper, embedded, and hybrid FS strategies across five classifiers, with empirical

validation using species incidence data from the Atlantic Forest. To the best of our knowledge, this is the first framework to

jointly address semantic deduplication, FS strategy benchmarking, and ecological classification in a reproducible manner,

offering practical contributions to biodiversity modeling and conservation.

6 Solution Overview

The BioF4C-Frame pipeline consists of five major stages: (1) Data Harmonization, which standardizes fields and ad-

dresses inconsistencies in botanical records; (2) Authorship Deduplication, employing seven string similarity functions

(e.g., Smith-Waterman, Jaro-Winkler, Fingerprinting) to reduce redundancy in the scientificnameAuthorship

field, following ICN guidelines; (3) Feature Selection, implemented through filter (e.g., mutual information), wrapper

(e.g., RFE), embedded (e.g., LASSO), and hybrid strategies, with emphasis on feature stability and dimensionality reduc-

tion; (4) Classification, using five models with varying degrees of complexity and interpretability (RF, ANN, NB, LR,

DT); and (5) Validation, performed via stratified 10-fold cross-validation, ensuring balanced representation of classes. The

framework evaluates models using precision, recall, F1-score, and confusion matrices. Performance comparisons before

and after deduplication revealed that semantic preprocessing directly enhances classification outcomes—especially when

using Smith-Waterman on complex author strings. Feature importance analysis further highlighted that the firstAuthor

variable, once normalized, became a key predictor for taxonomic classification.

7 Evaluation

Stratified cross-validation showed that Random Forest achieved the highest F1-scores: 0.77 for stateprovince and 0.74

for scientificname. LASSO proved effective for dimensionality reduction, preserving performance while simplifying

models. Deduplication significantly improved results, with Smith-Waterman yielding the best author name disambiguation.

Redundant authorship data impaired accuracy, reinforcing the need for domain-specific preprocessing. The normalized

first author emerged as the most predictive feature. Hybrid FS methods combining wrapper and embedded strategies

performed best in imbalanced scenarios. These results highlight the impact of integrating semantic preprocessing, FS, and

interpretability in ecological modeling.
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