[bookmark: OLE_LINK74]Appendix C: Workflow for constructing a raw image dataset of soil mesofauna
Given the challenges of small body size, taxonomic complexity, and limited image resources for soil mesofauna, the workflow for building raw image datasets involves the following steps: systematic sampling and experimental design, taxonomic expert-guided precise identification, standardized microscopic imaging and annotation processes, and multi-source data integration with dataset construction.
1. Systematic sampling and experimental design
Many studies do not detail specimen collection processes, as these tasks may begin directly with image collection or downloading. Given the extreme scarcity of soil mesofauna images, we recommend integrating experimental design and preparation for subsequent image acquisition and dataset construction during specific research projects and specimen collection. The advantages of this approach are:
(1) Species identification is conducted simultaneously with specimen collection and research. Taxonomic experts familiar with the study region or habitat can systematically, efficiently, and accurately perform image acquisition and annotation, improving the accuracy of species identification, imaging, and annotation.
(2) This facilitates the construction of region- or habitat-specific soil mesofauna image datasets, providing abundant physical specimens and image datasets for automated classification in these regions.
2. Taxonomic expert-guided precise identification
Taxonomic experts play a critical role in the automated identification of soil mesofauna, particularly in three stages: species identification, imaging guidance and accuracy evaluation, and classification result validation. Species identification is the most fundamental and core step in image-based automated identification. Accurate species identification is essential to ensure reliable automated classification results. Due to the heavy workload in later stages (imaging guidance and classification validation), taxonomic experts may not participate in all experimental processes. Therefore, practical work plans, detailed protocols, and standardized procedures for experts’ involvement must be established to maintain scientific rigor and accuracy.
[bookmark: OLE_LINK70]3. Standardized microscopic imaging and annotation workflow
This study proposes a universal workflow for soil mesofauna automated identification:
(1) Specimen selection. Given that species habitats may influence the accuracy of oribatid mite image classification based on this study’s results, we recommend selecting individuals of the same species from different sampling sites or samples. For example, in this study, specimens of the same oribatid mite species were collected from two mountain habitats: Tianmu and Guan Mountains. For specimens from the same mountain, individuals should ideally originate from 12 elevational-gradient plots. For species restricted to specific elevational gradients, specimens should be collected from as many gradient sites as possible. This approach enhances morphological diversity and heterogeneity in the raw images, enabling models to fully characterize external morphological features of soil mesofauna and improving subsequent classification accuracy. Additionally, using physically intact specimens is critical. This study excluded individuals with incomplete or damaged morphological features. However, if specimen availability is limited, further research is needed to determine whether and how to use such specimens for imaging and automated classification.
[bookmark: OLE_LINK57](2) Specimen preparation. We recommend using glass culture dishes with high optical transparency and minimal light distortion. Clean dishes thoroughly before use to avoid blurring fine morphological details in images. Based on our finding that background color affects classification accuracy, select contrast plates with colors that sharply contrast with specimen body colors. Most stereomicroscopes have dual-color (white/black) stage plates. Given the relatively uniform body colors of soil mesofauna compared to other animals, choose plates with higher contrast colors as needed.
(3) Multi-angle imaging. Capture multiple angles of each specimen to obtain comprehensive morphological features. Our experiments on image resolution revealed that clarity of fine morphological details impacts classification accuracy. Other studies have also demonstrated that focusing on critical taxonomic features improves classification accuracy (Spiesman et al., 2024). Thus, we recommend capturing close-up images of taxonomically important morphological features during single-specimen imaging to enhance identification precision. Further systematic research is required to determine whether and which localized morphological features should be prioritized for different taxonomic groups. Additionally, use the maximum magnification of laboratory stereomicroscopes for imaging. Although our results suggest that 224 × 224 resolution suffices for oribatid mite identification, this conclusion is based on downsampling from high-resolution raw images (5440 × 3648 pixels). Low-resolution raw images fail to capture critical morphological features, leading to significant information loss during downsampling and increased challenges in distinguishing morphologically similar species. Therefore, the maximum available magnification should always be used when acquiring raw images.
(4) Image standardization. Maintain consistent imaging standards, protocols, and workflows within the same laboratory or experimental batch. Even with identical stereomicroscope models, variations in imaging time, weather, and lighting conditions can cause inconsistencies in background colors and fine morphological details. Standardizing imaging workflows helps minimize these quality fluctuations.
(5) Data archiving and annotation. This study used JPG format for images, though most studies do not explicitly report image formats. Although JPG is a lossy compression format, we adopted JPG images in this study for two main reasons. On the one hand, JPG is one of the most common output formats generated by mainstream microscopes in soil fauna-related research, which facilitates data storage, transfer, and sharing. On the other hand, at the compression level used in our acquisition workflow (compression ratio ≈ 35%), the low-frequency morphological features of oribatid mites (e.g., contours and structural edges) are largely preserved; these features are the primary signals extracted by early convolutional kernels and further integrated by deeper layers for classification.
We recommend specifying image storage formats in soil mesofauna research to establish standardized protocols. Although image formats theoretically have minimal impact on automated identification, laboratories should adopt uniform formats for consistency. When archiving and annotating raw images, store images of the same species from the same sampling site in identical folders, using folder names as annotations. Precise archiving and annotation facilitate differentiation of specimen habitats and collection times, providing accurate information for subsequent automated identification while reducing redundant work.
(6) Specimen preservation. Preserve imaged specimens in original community specimen vials or individually labeled vials for expert verification. This process requires quality control and procedural evaluation by taxonomic experts and soil zoologists.
4. Multi-source data integration and raw image dataset construction
[bookmark: _GoBack][bookmark: OLE_LINK100]    Using 2124 high-resolution images of nine oribatid mite species collected from Tianmu and Guan Mountains (118 images per species per habitat), we preliminarily established a folder-based hierarchical raw image dataset. To address the current limitation of small-scale soil mesofauna image datasets, we propose optimization strategies: Construct the dataset using a multi-dimensional classification system (“habitat–plot–sample–specimen”); Integrate high-definition images and metadata fields (e.g., taxonomy, collection time, geographic coordinates) to enhance data traceability; Implement collaborative validation by taxonomic experts and AI to ensure images exhibit complete morphology, clear features, and focused local characteristics. As soil mesofauna image datasets continue to expand in scope and diversity, it becomes increasingly important to optimize database architectures and standardize annotation protocols, thereby enhancing their universality, interoperability, and application value.
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