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Part I: Herbarium specimens as 
AI-ready biodiversity data



Herbarium: 
an hub of botanical information 

Luca Ghini (1490-1556), 
an Italian Botanist

• Luca Ghini created the first herbarium
• Anything is possible when you collect!

An “idea” similar to 
the current 
AI analysis 

environment based 
on big data

Herbaria enabled the systematic 
assembly of dispersed 
observations and records of 
individual species at a single 
location, functioning as 
centralized repositories of 
biological information, analogous 
to modern digital data centers 
that integrate distributed data 
resources.

What we collect today enables 
discoveries tomorrow!



Examples of the Major Virtual Herbaria worldwide



A list of the digital herbarium image portals in Asia (including transcontinental regions)

Journal of Plant Research, 2026 in press

Such large-scale access to digital data has 
made image-based AI analysis possible!



Part II. Advances in Automated 
Plant Image Classification



Efforts to automate plant identification
• Dating back to the 1970s: Bases of the interactive key

Morse LE (1971). Specimen identification and key construction with time-sharing computers. Taxon 20:269–282

• Image-Based Automatic Identification: Began in the 1990s

e.g., Pankhurst (1991). Practical taxonomic computing. Cambridge University Press, Cambridge

• ImageNet Large Scale Visual Recognition Challenge (ILSVRC, 2010–2017)

An international benchmark competition that greatly accelerated the development of modern computer vision and 

deep learning.

• ImageCLEF, part of the Cross Language Evaluation Forum (CLEF)

PlantCLEF (plants; 2011~), BirdCLEF (birds), and AnimalCLEF (animals)

• LeafSnap (Kumar et al., 2012)

• Agriculture: Detection of pest damage, early detection of disease symptoms, etc. 

e.g., grape (Al-Shamayleh and Ibrahim 2025), tea (Wen et al. 2025), rice (Raman and Jayaraman 2025), 

soybean (Zhang et al. 2025), and date palm (Mir et al. 2025)…





LeafSnap
(Kumar et al., 2012)

It was one of the hot 
issues at the IBC XVIII 
meeting in Melbourne 

(2011) and was the title 
of the keynote address



Kaggle competition
managed by google

A platform for data science 

enthusiasts to participate in 

machine learning competitions

and challenges.



Kaggle competition (2021) winner’s paper

The Herbarium 2022: Flora of North America dataset comprises 1.05 M images of 15,501 vascular plants, 
which constitute more than 90% of the taxa documented in North America. Our dataset is constrained to 
include only vascular land plants (lycophytes, ferns, gymnosperms, and flowering plants).

Our dataset has a long-tail distribution. The number of images per taxon is as few as seven and as many 
as 100 images. Although more images are available, we capped the maximum number in an attempt to 
ensure sufficient but manageable training data size for competition participants.

• NY provided two million images!



An example of a schematic process showing the development of an automatic herbarium image identification system

Moon et al., in prep.
Each fold is trained for multiple epochs.

An epoch is one 
complete pass 
through the 
training set 
within that fold.



Han et al. Software X. in prep. 

Herbarium image 
Preprocessing for AI studies



An Example of Results from Research on the Automatic Identification 
of Plant Specimen Images Using Deep Learning



Grad-CAM (Gradient-weighted Class Activation Mapping):
which regions of an image contributed most strongly to a deep learning model’s prediction.

a b c d e

Image preprocessing strategies and Grad-CAM–based interpretation in herbarium image analysis. 
(a) Raw herbarium specimen image with non-plant components. 
(b) Text blurring. 
(c) Segmentation-based preprocessing. 
(d) (e) Grad-CAM visualization highlighting model attention on raw (d) and segmented (e) images. 
In the raw image, the classification model often focuses on non-plant regions, whereas in the segmented image, it only focuses on plant structures.

Journal of Plant Research, 2026 in press
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Typical herbarium specimen image: 5-20 MB (jpg)
224 × 224 pixel JPG image: ca. 15-40 KB
 ca. 500 times difference!!!



Part III. Object Detection, Segmentation, 
Trait Extraction, Label Recognition, and Error Detection 



Diwan et al., 2023. Multimedia Tools and Applications.

Object Detection
Object detection using YOLO. 



Segmentation of the plant part

Han, Moon, … Kim, & Lee (2026) Expert Systems With Applications

Exclude non-plant components such as labels, barcodes, 
color palettes, rulers, background areas outside the 
specimen, and digitization artifacts introduced during 
curatorial and imaging practices



Long-term trends in global flowering phenology.

Research on Climate Change Response

Williamson et al., 2025. New Phytologist

Trait Extraction



Label Recognition, OCR, and NER
OCR: optical character recognition 
NER: named entity recognition

Takano et al. (2024).  
Scientific Report 14:112

A novel automated label data extraction and database 
generation system from herbarium specimen images using 
OCR and NER.



HTR (Handwriting Text Recognition)

Hespi: A pipeline for automatically detecting 
information from herbarium specimen sheets.

Turnbull et al. (2025) BioScience 75:637–648



HTR (Handwriting Text Recognition)





Detection of mis-Identified specimen
Check out the presentation by Prof. Takashi Akihiro today



Part IV. The Application of 
Taxonomic Types in AI Studies



The concept of species is one of the most fundamental and still unresolved questions in biology.

• Biological species concept
• Evolutionary species concept

• Morphological (typological)
species concept

Type



Plato
BC 828-347, Greek philosopher

From Platonic ideal form 
to typological species concept

 Ideal Form / Archetype

→ Imperfect real-world manifestations of the ideal form

→ Recognition of representative forms

→ Typological species concept

 Species were historically often interpreted through 

the idea of a representative form, but modern 

type specimens are nomenclatural anchors, not 

ideal archetypes.



Core taxonomic dilemma

Species are variable, but taxonomy depends on a single type
 A natural species is not a single ideal form. 
 Individuals vary in morphology, geography, ecology, phenology, 

and genetic background. 
 No single specimen can fully represent this multi-dimensional 

variation. 
 Nevertheless, taxonomy requires a fixed reference for each name. 
 Central dilemma: 

The type stabilizes the name, but the species extends 
beyond the type.



Normal distribution of species variation

Sum of variations

?



Sum of variations

Normal distribution of species variation

Type 
specimen of 

Species A

Type 
specimen of 

Species B



Sum of variations

Normal distribution of species variation

Type 
specimen of 

Species A

Type 
specimen of 

Species B



Sum of variations

Normal distribution of species variation

Type 
specimen of 

Species A

Type 
specimen of 

Species A



Where is the type specimen located within the 
species-level morphospace?

Morphological representation space 
(morphospace s.l.: Raup, 1966; Budd 2021; Cavanagh et al., 2021)

Viewing species as morphospaces
 Each specimen can be represented as a point in a multi-dimensional 

morphospace. 
 A species can be viewed as a distribution of specimen points. 
 The center of this distribution can be interpreted as the global mean (GM). 
 A taxonomic type may occur near the center, at the margin, or in a distinct 

region. 



Morphospace

morphospace s.l.: Raup, 1966; Budd 2021; Cavanagh et al., 2021



Terms for AI-Derived Morphospace study

 Global Mean (GM): The center of intraspecific variation.

 Taxonomic Type (TT): The Linnean type specimen.

NEWLY PROPOSED TERMS IN THIS STUDY

 Selected Encoding Type (SET): The real specimen closest to GM.

 Reconstructed Decoding Type (RDT): A hypothetical image decoded from GM.

※ Remember: SET and RDT do not replace the taxonomic type. 
They help evaluate its morphological position.

GM

SET

TT



In this study about the Korean Viola:

 Target group: 17 Korean species of Viola

 Data: More than 500 digitized herbarium images per species 

 Method: Autoencoder-based unsupervised image analysis 

 Main comparison: GM-TT, GM-SET, and SET-TT

 RDT?  Next time!



Summary of digitized herbarium images of 17 Korean Viola species used for MIWAE-based morphospace analysis

Total ca. 10,000 images

Materials





2025. 2. 한국식물분류학회 정기학술대회 발표

박사과정 문현지

Materials



1) Photoshop (model unspecified)

2) Lanczos model (XnView)

3) Lanczos-gamma model (XnView)

4) Biliner model (XnView)  

5) MitChell (XnView)

6) Lanczos2 model (XnView)  

7) Lanczos model (Python script) 

 Lanczos resampling implemented in a Python script is selected

 It produces minimum black-dot artifacts around the segmented plant image. 

 Photoshop also produced good results, but it was not suitable for automated 

processing of large image datasets.

Resampling methods tested

Lanczos model (Python script) Lanczos model (XnView)



An example of GM-TT distance evaluation

GM

SET

TT

GM

SET

TT

= GT-index
GT-index: 2.7 %                          



Class_ID Scientific Name Comm. Name aGM-TT GM-SET GM-TT
# of images Total images GT-index (%) SET = TT 

V01 Viola acuminata 졸방제비꽃 5.26 5.26 0 600 0.0 O
V02 Viola albida 태백제비꽃 4.89 4.89 0 600 0.0 O
V04 Viola hamiltoniana 콩제비꽃 6.26 5.72 7 592 1.2
V07 Viola biflora 장백제비꽃 7.98 5.18 69 527 13.1
V10 Viola chaerophylloides 남산제비꽃 4.27 4.27 0 600 0.0 O
V11 Viola collina 둥근털제비꽃 5.18 5.18 0 533 0.0 O
V17 Viola keiskei 잔털제비꽃 6.55 5.03 8 548 1.5
V20 Viola mandshurica 제비꽃 7.83 5.22 61 600 10.2
V21 Viola mirabilis 넓은잎제비꽃 8.19 5.51 42 513 8.2
V22 Viola orientalis 노랑제비꽃 10.39 4.58 255 548 46.5
V26 Viola phalacrocarpa 털제비꽃 6.46 6.18 3 600 0.5
V27 Viola philippica 호제비꽃 8.74 4.66 100 572 17.5
V30 Viola rossii 고깔제비꽃 5.03 5.03 0 600 0.0 O
V31 Viola selkirkii 뫼제비꽃 6.15 4.86 10 535 1.9
V33 Viola sororia 종지나물 6.15 5.67 5 550 0.9
V34 Viola tokubuchiana var. takedana 민둥뫼제비꽃 7.11 5.46 15 554 2.7
V36 Viola variegata 알록제비꽃 6.36 4.67 27 506 5.3

GT-index
• Top five closest: 졸방제비꽃(0), 태백제비꽃(0), 남산제비꽃(0), 둥근털제비꽃(0), 고깔제비꽃(0)    GM-TT

• Bottom three most distant: 노랑제비꽃(46.5), 호제비꽃(17.5), 장백제비꽃(13.1)   GM--------------------TT

a Multiple TT: the nearest one selected

Summary of MIWAE autoencoder analyses



• Supporting lectotypification decisions
• Assisting neotype or epitype designation
• Identifying morphologically atypical type specimens
• Prioritizing taxa for further taxonomic revision
• Detecting possible hidden intraspecific structure
• Selecting representative specimens for AI training datasets
• Identifying representative specimens for education and public outreach

※ Note: GT-index and SET provide supplementary morphological evidence, not a 

substitute for nomenclatural and taxonomic judgment

Potential Applications of GT-index Analysis + SET



• Address Reconstruced Decoding Type (RDT)

Further Study

Reconstruction of an Average Korean Face
Encoding Decoding



Original images

Prompt: 위의 네 이미지에서 식물의 각각의 부분들을 인식하여 이들의 평균적인 모습을 재구성하여 하나의 식물이미지를 만들어 주시오.

ChatGPT5 Gemini

• 식물을
감싼
밴드는
제거해
주세요

Autodecoding test using LLM AIs



The type fixes the name; 
the morphospace shows 
how typical the type is.

Key Taking-Home Messages from 
the GT-index Study



Part V. From ID AI to 
Integrative Taxonomic AI 



Conceptual framework of Integrative Taxonomic AI Takano, Moon, … Kim et al. (In press). Journal of Plant Research

Category
ID AI

(Traditional species i
dentification AI)

Integrative 
Taxonomic AI 

(Paradigm of the present study)

Definition Species identification 
assisted by AI

Taxonomic interpretation within 
an AI-assisted morphospace, 
integrating AI-driven taxonomic 
data curation 

Core question

How accurately can a 
species label be 
predicted from a 
given specimen 
image?

How can species boundaries, 
stability, and morphological 
variation be quantitatively 
represented, explored, and 
validated within a morphological 
representation space?

Role of AI

An automated 
decision-making 
system that directly 
outputs the final 
species identification

A higher-level decision-support 
framework that integrates 
identification outputs with AI-
driven taxonomic data curation to 
interpret morphological structure 
and evaluate species boundaries 

Scale of 
inference

Individual specimen-
level inference

Multi-specimen and species-level 
inference within a morphospace

The Age of AI: Even in Plant Systematics!



Multimodal Approach
Check out the presentation by Prof. Atsuko Takano today



Summary and Conclusion



The central thesis
핵심 논지 主な論点

Paradigm Change: From Identification AI to Integrative Taxonomic AI  |  2 Review manuscript + GT-index/type study

Identification AI predicts labels.
동정 AI는 표본의 이름을 예측한다. 
識別AIはラベルを予測します。

Integrative Taxonomic AI interprets variation
and taxonomic meaning.

통합 분류학적 AI는 변이와 분류학적 의미를 해석한다.
統合的分類学AIは、多様性を解釈する。

Single image
단일 표본

Label prediction
학명 예측

Multidimensional 
morphospace

다차원 형태공간

Taxonomic 
reasoning
분류학적 해석

Paradigm change: from final-answer AI to expert-guided decision support
패러다임변화: 최종답을내는 AI에서전문가주도의사결정지원도구로

パラダイムシフト:「最終的な答えを出すAI」から「専門家の指導に基づく意思決定支援」へ
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