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Introduction

Challenges in Species Identification(; :
eHigh diversity and morphological similarity among species.
eManual identification prone to human error.
eTime-consuming and labor-intensive processes.
eRequires specialized expertise and extensive training.
eLimited scalability for large-scale studies.
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Introduction

Opportunities of Al
e Al enhances the efficiency and accuracy of rapid species
identification.
e Automated image recognition and classification.

eMachine learning algorithms tailored for entomological data.
eEnhanced data collection and analysis.
eFacilitates large-scale biodiversity studies.
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Al in Entomological Research

Image-based species identification

1. Tools and Data Collection

2.Data Labeling and Cleaning
3. Machine Learning Models for Species Identification
4. Automation in specimen classification and sorting
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Tools and Data Collection

* DiversityScanner s

* Automatically Capture high-resolution images and sort specimens.
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Tools and Data Collection

e Entomoscope ui: st = s
e A DIY photomicroscope for imaging oy | mem (s B :
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e Workflow Integration: o B

eStreamlines data collection processes.
eSignificantly improves research efficiency.
eReduces time spent on data collection.
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Data Labeling and Cleaning

e Expert Labeling & DNA Analysis:
e Accurate labeling by experts.
e Morphologically or using DNA analysis.

e Depending on the project's goal, labeling can range from class to
species level.

class

= order

family

e|mportance of Clean Data:

e Clean data is crucial for training effective machine learning models.

genus
e Ensures accurate predictions and reliable insights.

species

6]
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Data Labeling and Cleaning

Apis_mellifera

Outlier Detection Model:

* |dentify contaminations using
unsupervised methods

* Flagging Potential Issues
* Enhancing Dataset Integrity
 Efficiency in Quality Control
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Machine Learning Models for Species Identification

Core Models:
* Convolutional Neural Networks (CNNs): Highly effective for extracting and processing spatial

features in image data.
 Vision Transformers (ViTs):Advanced architecture designed for capturing complex patterns and

global relationships in images.
Convolutional Neural Network (CNN)

Vision Transformer (ViT)
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Model Selection and Evaluation

* Model Benchmarking: :

» Systematic evaluation of multiple
models to identify the most suitable
one for our dataset.

curacy

e Evaluation Metrics:

* Using metrics such as accuracy,
precision, recall, and F1-score and
Confusion matrix to rigorously assess
model performance and reliability
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— EfficientNetV2L — VGG19 — ResNet50 — ConvNeXtXLarge — BEITv2 — yolov8x_cls %
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Advanced Techniques

Transfer Learning Data Augmentation

Original Image
mmdl  Learning Task 1 ' ,
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Transfer Knowledge

Transfer
Learning
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Explainable Al (XAl)

e |ncreased trust in Al models.

e Easier debugging and model improvement.

e Enhanced collaboration between Al and domain experts.
e Verification of results with experts.

Prediction

Explanation
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Image-based recognition of parasitoid wasps using advanced
neural networks s

B 1 |
* Prepared a dataset of 2,257 images. @ w
L ol i

e Labeled using DNA barcoding and expert
morphological analysis. - :

e Taxonomically identified to the genus and ,
gender levels: \}
e 11 diaprid genera.

* An additional mixed group of mixed ‘other
Hymenoptera’.
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Image-based recognition of parasitoid wasps using advanced
neural networks

BEITV2 0.96 0.97
ConvNeXt XLarge 0.94 0.95
YOLOv8 0.89 0.94
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Automation in Specimen Classification and Sorting

e Integration of trained models with
DiversityScanner and Entomoscope:

eBenefits:
eFast and high-accuracy identification of species.
eFacilitates the identification of unknown species.
eEnables scaling of models through active learning.
eEnhances model performance with iterative expert
feedback and retraining.
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Future Directions and Impact

eScaling Up Classification:
e Enhancing model capabilities and training with diverse

datasets.
e Goal to identify the most common species captured in a

Malaise trap.

eBiomass Estimation from 2D Images:
e Developing new techniques to estimate biomass (length and

volume) from 2D images.
e Integrating image analysis with ecological data for

comprehensive insights.
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