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Abstract
Specimen digitization constitutes a crucial foundation for biodiversity conserva-
tion and utilization. Through integrated analysis of specimen data, it provides
data support for taxonomy, ecology, bioengineering, biological conservation,
food security, biodiversity assessment, teaching and education, and human so-
cial activities. To understand the current status of global specimen digitization
efforts and the development trends of data sharing strategies and technologies,
and to provide recommendations for China’s specimen digitization work through
comparative analysis, this study respectively investigated and compiled the sta-
tus of specimen digitization and platform construction in North America, South
America, Europe, Africa, Asia, and Oceania. The current status and trends of
data sharing were analyzed from the perspectives of data use agreements, new
technologies and methods, and citizen science. Recommendations for domestic
specimen digitization work in China include: strengthening the construction of
coordination mechanisms for specimen digitization, management, and dynamic
updating to ensure synchronization between physical resources and digital re-
source information; enhancing data curation and publication, promoting data
quality improvement, fully opening data use agreements, and reducing barriers
to data utilization; strengthening the learning and adoption of new technologies,
particularly the application of open-source software, machine learning, and arti-
ficial intelligence technologies, which can play a role in rapid label recognition,
automatic identification, and attribute data extraction; strengthening regional
and international cooperation to promote integrated data application; and pro-
moting the development of citizen science projects to facilitate field collection,
indoor curation, online error correction, data product development, and related
activities.
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Abstract
Specimen digitization constitutes a critical foundation for biodiversity conserva-
tion and utilization. Through integrated analysis of specimen data, researchers
can obtain crucial data support across multiple domains including taxonomy,
ecology, bioengineering, biological conservation, food security, biodiversity as-
sessment, education, and human social activities. To understand the current
status of global specimen digitization efforts and emerging trends in data shar-
ing strategies and technologies—and to provide recommendations for China’s
specimen digitization initiatives—this paper systematically reviews specimen dig-
itization and platform development across North America, South America, Eu-
rope, Africa, Asia, and Oceania. We analyze current status and future trends
in specimen data sharing from three perspectives: data use agreements, emerg-
ing technologies and methods, and citizen science. Based on this comparative
analysis, we propose several recommendations for China’s domestic specimen
digitization efforts: (1) Strengthen coordination mechanisms for digitization
construction, management, and dynamic updating to ensure synchronization
between physical specimens and digital resource information; (2) Enhance data
curation and publication to improve data quality, fully open data use agree-
ments, and reduce barriers to data utilization; (3) Accelerate adoption of new
technologies, particularly open-source software, machine learning, and artificial
intelligence applications for rapid label recognition, automated identification,
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and attribute data extraction; (4) Expand regional and international coopera-
tion to promote integrated data applications; and (5) Advance citizen science
initiatives to facilitate field collection, indoor curation, online error correction,
and data product development.

Keywords: specimen digitization, data sharing, GBIF, citizen science, biodi-
versity

1. Introduction
Over the past 450 years, researchers have collected more than 381 million plant
specimens housed in over 3,000 herbaria worldwide (Krishtalka et al., 2016;
Thiers, 2017). Integrated analysis of specimen data provides critical support
for taxonomy, ecology, bioengineering, biological conservation, food security,
biodiversity assessment, human social activities, and education (Culley et al.,
2013; Heberling et al., 2017; Soltis et al., 2017; Willis et al., 2017; Ma et al.,
2018; Zhang, 2017). In 2012, GBIF released the Global Biodiversity Informatics
Outlook (GBIO) report based on comprehensive expert consultation (Hobern et
al., 2012). This report envisioned future biodiversity data research across four
dimensions—culture, data, evidence, and knowledge understanding—and identi-
fied specimen collection data as one of five fundamental data sources (along-
side published materials, field observations, genetic sequencing, and automated
remote sensing), charting a clear direction for specimen data integration and
application.

Over the past decade, biodiversity data initiatives such as GBIF (Global Bio-
diversity Information Facility), CoL (Catalogue of Life), EOL (Encyclopedia of
Life), and BHL (Biodiversity Heritage Library) have rapidly accelerated the ag-
gregation and sharing of biological specimen data. As of 2021, GBIF—the world’
s largest biodiversity observation data platform—hosts 1.697 billion occurrence
records, including 185 million digitized herbarium specimens (10.9% of total plat-
form data). These comprise 86.37 million animal records (46.5%), 85.86 million
plant records (46.2%), and 7.07 million fungal records (3.8%). The top ten coun-
tries by specimen data volume are: United States (35.46 million), Brazil (12.58
million), Australia (12.16 million), Mexico (8.92 million), Canada (7.96 million),
Japan (6.09 million), Costa Rica (5.26 million), Norway (4.52 million), Spain
(4.04 million), and Sweden (3.66 million). To further strengthen global collection
integration, GBIF launched the Global Registry of Scientific Collections (GRSci-
Coll) in 2019, which aggregates data on research institutions, collections, and
personnel across all relevant disciplines including earth and space sciences, an-
thropology, archaeology, biology, biomedicine, agriculture, veterinary medicine,
and technology applications. This initiative supplements specimen metadata
and contextual information, thereby enhancing data quality.

This paper systematically reviews global specimen digitization efforts by conti-
nent, investigates current status and trends in specimen data sharing, compares
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these with China’s development, and proposes recommendations for digitization
construction, sharing services, coordination mechanisms, international coopera-
tion, and citizen science.

2. Digitization Construction
2.1 North American Specimen Digitization

North American specimen digitization is exemplified by the iDigBio platform, a
comprehensive biodiversity data portal and the regional hub for specimen digiti-
zation (iDigBio, 2021). iDigBio has digitized 128 million specimen records (47%
plants) and 39.17 million multimedia files (82.5% plants) across 1,688 datasets.
The most rapid growth occurred before 2017, with steady increases since then.
Organizationally, iDigBio divides participant institutions (data providers) into
four stages: preparation, negotiation, action, and data aggregation, enabling
stable and sustained project advancement.

Regarding data standards and specifications, iDigBio maintains detailed docu-
mentation for specimen digitization, image storage, image processing, and image
usage, providing clear operational guidelines. These open-access documents are
available on the iDigBio website. Core principles include: capturing images at
maximum device resolution to ensure quality; archiving images in lossless com-
pression formats permanently; avoiding excessive artificial manipulation; basing
all processing on original images to prevent error accumulation; and providing
users with optimal quality.

Technically, iDigBio divides digitization into five core task sets: (1) Pre-
digitization: physical specimen repair and standardization; (2) Image capture:
using professional DSLR cameras or high-resolution scanners; (3) Image
processing: including quality control, barcode retrieval, format conversion,
color/brightness adjustment, cropping, image stacking enhancement, editing,
file transfer, and OCR text recognition; (4) Electronic data capture: extracting
or inputting label data into databases via automated or manual methods
including OCR, voice input, and keyboard entry; and (5) Georeferencing: con-
verting textual locality descriptions into precise latitude/longitude coordinates
with error ranges and coordinate system parameters.

2.2 European Specimen Digitization

European herbaria boast long histories, rich collections, and numerous academic
institutions with strong inter-institutional cooperation. The Consortium of Eu-
ropean Taxonomic Facilities (CETAF) represents the largest taxonomic research
network, comprising over 5,000 members and preserving 80% of described global
biodiversity specimens and data. BioCASe (Biological Collection Access Ser-
vice) is a data standard and software infrastructure system developed under
CETAF guidance, directing specimen digitization and sharing. BioCASe pri-
marily promotes the ABCD standard and provides comprehensive software so-
lutions including the BioCASe Portal for data platforms, BioCASe Provider
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Software (BPS) for data providers, and tools for website monitoring and data
quality checking. As a GBIF node, BioCASe significantly influences GBIF’s
data standards, applications, and sharing policies, with European national data
ultimately shared through GBIF. Beyond CETAF, BioCASe, and GBIF, Eu-
ropean herbaria and botanical gardens have established numerous specialized
web databases, many of which remain outside GBIF’s sharing scope. Some
early-established databases have become de facto international standards and
foundational platforms, such as the International Plant Names Index (IPNI).

In Russia, Moscow State University launched a specimen digitization project
in 2014 (Alexey P. Seregin, 2018), developing the “National Biological System
Storage Bank”initiative (Seregin A. P. (Ed.), 2021). This comprises two sub-
projects: the Moscow Digital Herbarium and the Russian Plant Distribution
Atlas, maintained through the “Flora of Russia”project on iNaturalist. To
date, the project has accumulated 1.13 million specimens, 1.11 million images,
39,000 species, 660,000 georeferenced records, 460,000 labels, and 660,000 OCR
records.

In France, the National Museum of Natural History’s herbarium (code P) has
extensive digitization experience (Le Bras et al., 2017). The specialized Vaillant
database was developed in the mid-1980s, followed by the current Sonnerat
database since 1993, which now stores both the museum’s collections and serves
as a network system for Francophone herbaria (e-ReColNat project). Large-scale
digitization began with the Renobota project in 2008. Table 1 summarizes the
museum’s herbarium digitization projects.

2.3 African Specimen Digitization

African plant resource surveys originated during colonial periods, with numerous
African specimens housed in European herbaria. As European collections are
digitized and shared online, specialized databases have emerged such as those
from Belgium’s Royal Museum for Central Africa and Kew Gardens’African
Plants Initiative, with data primarily shared through GBIF. African nations’
own herbarium construction and network platforms remain nascent, though
collaborative projects with developed countries are underway, indicating sub-
stantial potential. The South African National Biodiversity Institute (SANBI)
has established independent websites and specialized databases (SANBI, 2021),
participating in international projects including Plants of the World Online, the
Millennium Seed Bank, the African Plants POSA project, and the National
Vegetation Database (NVD), promoting digitization of its collections with most
data shared via GBIF. Kenya’s East African Herbarium at the National Mu-
seum houses the largest botanical collection in tropical Africa with over 700,000
specimens and serves as the region’s most important national data center, fo-
cusing on taxonomy, distribution, utilization, and conservation of East African
flora. Beyond GBIF, the BRAHMS system is widely applied in Africa, provid-
ing technical support for institutions including Kenya’s National Museum and
South Africa’s BLFU herbarium (East African Herbarium, 2021; BLFU, 2021).
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In summary, Africa’s specimen digitization relies on foundational materials in
Europe, primarily shared through GBIF, with strong external dependence and
numerous gaps, indicating significant future potential.

2.4 South American Specimen Digitization

Most historical South American specimens are preserved in institutions across
the United States and Europe. Apart from Brazil, digitization levels remain
low, with available data primarily from GBIF. By plant specimen records, Brazil
has approximately 7 million, Colombia 1.392 million, Peru 807,000, Argentina
722,000, and Bolivia 526,000. Brazil has developed a relatively complete and
distinctive independent information system. Its digitization efforts center on
the speciesLink platform (speciesLink, 2021), which as of April 15, 2021, in-
cludes 534 datasets with 15.219 million online records, of which 11.295 million
have geographic coordinates, 3.785 million include images, and 532,000 are type
specimens. Algae, fungi, and plant specimens total 10.97 million online records.
Digitization has shown stable growth since 2002. The platform’s sophisticated
real-time management technology is particularly notable: its indicator system
displays daily metrics on new datasets, specimen records, and georeferenced
records; its data cleaning system identifies and categorizes errors such as miss-
ing required fields, absent coordinates, georeferencing errors (e.g., locations in
the ocean), duplicate numbers, suspicious taxon names, and locality errors, often
providing automated suggestions. Problems can be traced to specific records for
revision. The platform offers over a dozen professional software services covering
data management, georeferencing and mapping, species database management,
species distribution modeling, browser plugins, network platform management,
and specialized metrics systems.

2.5 Oceanian Specimen Digitization

The Australasian Virtual Herbarium (AVH) is an online repository providing
access to over 6.66 million plant specimen records from 23 Australian and New
Zealand herbaria (AVH, 2021). With the development of the Atlas of Living
Australia (ALA) project, AVH was integrated into ALA (ALA, 2021). ALA’
s data partners at the same level include the Online Zoological Collections of
Australian Museums (OZCAM), the Australian Seed Bank Partnership (ASBP),
and the Murray-Darling Basin Authority (MDBA).

New Zealand’s total plant collection exceeds 1.4 million specimens, including the
world’s largest Antarctic plant collection of approximately 640,000 specimens. In
2011, the New Zealand Virtual Herbarium (NZVH) launched as a collaborative
network of 11 herbaria, providing online access to 700,000 specimens. The
system received software and technical support from AVH and was subsequently
merged into AVH and ultimately integrated into ALA.
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2.6 Asian Region

Asian digitization efforts face significant challenges due to ethnic diversity, lin-
guistic complexity, and relatively lagging economic and scientific research de-
velopment. Although mainland China, Taiwan, India, Japan, and South Korea
have established relatively sound biodiversity databases, most Asian countries
lack comprehensive systems and remain behind in specimen digitization. Table 2
shows Southeast Asian countries’specimen volumes on GBIF and their primary
data publishing countries as of April 15, 2021. The vast majority of specimens
from these countries were published not by the countries themselves but by Eu-
ropean and American nations after digitization; some countries have no shared
digital specimens at all, urgently requiring internal and external collaboration
to advance regional digitization.

In response, Chinese researchers have proposed the Mapping Asia Plants (MAP)
initiative under the Asian Biodiversity Conservation Database Network (ABCD-
Net, 2021). MAP advances work across six regions—Southeast Asia, South Asia,
West Asia, Central Asia, North Asia (Russia’s Asian portion), and Northeast
Asia—beginning with literature and specimen data compilation to gradually pro-
mote biodiversity digitization and sharing collaboration across Asia.

3. Specimen Data Sharing Status and Trends
3.1 Data Sharing Status on GBIF

As the world’s largest specimen data sharing platform, GBIF provides insights
into global sharing patterns through analysis of participating countries and data
publishing volumes (Table 3). European and American countries contribute the
vast majority of data, while developing nations’contributions remain limited
but show substantial growth potential, representing the foundation for future
data expansion.

3.2 Data Use Agreements and Licensing

Specimen data sharing requires clear use agreements for legal utilization and
processing. In 2013, GBIF analyzed 416 million records across 12,000 datasets,
finding only 10% had license declarations and identifying 432 distinct license
types—severely hindering sharing and circulation (Peter Desmet, 2013). Follow-
ing extensive consultation, GBIF’s Governing Board standardized all existing
licenses into three categories: CC0, CC BY, and CC BY-NC. Current distri-
bution is: CC0 1.0 (56.7%), CC BY 4.0 (27.6%), and CC BY-NC 4.0 (15.7%).
Analysis of North American and Australian specimen platforms (Table 4) shows
CC0 and CC BY are the most popular. However, many herbarium platforms
still lack clear license identification, and some require cumbersome offline appli-
cation and approval processes, constraining data reuse.
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3.3 Emerging Technologies and Methods

Rapid IT advancement has revolutionized nearly all aspects of specimen digi-
tization and sharing. For digital imaging, high-speed scanning systems enable
mass rapid digitization. For taxonomic research needs, innovations include high-
resolution scanners, side-light photography, and microscopic imaging combined
with dissecting microscopes. Animal specimen digitization has introduced three-
dimensional high-definition imaging. Field surveys now widely employ high-
resolution digital cameras, smartphones, and handheld GPS devices, generating
massive volumes of georeferenced plant images that provide rich contextual data
for specimens and sometimes serve as the only vouchers.

For data management and publishing, beyond GBIF’s Integrated Publishing
Toolkit (IPT), BRAHMS (Botanical Research and Herbarium Management Sys-
tem)—developed over decades by Oxford University’s Department of Plant Sci-
ences—is widely used by herbaria, botanical gardens, arboreta, and seed banks
for data management and online publishing.

For data mining and analysis, numerous tools and codes based on GBIF data
enable specimen and observation data analysis. GitHub hosts 686 GBIF-related
open-source repositories, including 85 in R, 54 in Python, 52 in Java, and 51 in
JavaScript. Platforms including iDigBio, BioCASe, AVH, and NSII maintain
dedicated application tool sections. Improved data access toolkits in various
programming languages facilitate rapid integration with applications, provid-
ing flexible and efficient programming environments. For example, iDigBio’s
Python package enables seamless data access, and combined with Python’s
scientific computing and AI ecosystem, provides powerful technical support for
developers. China’s software development is also flourishing, with practical
and impactful tools such as herblabel for herbarium management (Zhang et al.,
2017), the Taxonomic Tree Tool for classification tree construction and analysis
(Taxonomic Tree Tool, 2021), and ipybd for biodiversity data cleaning, statistics,
and analysis (Ipybd, 2021).

With breakthroughs in deep learning AI, image recognition apps have become
practical. Tech giants including Google, Microsoft, Tencent, and Baidu offer
specialized applications and open APIs, making AI recognition a public infras-
tructure service. In biology, this has spawned apps like XingSe and HuaBanLü
for plant identification and Herbarium Companion for specimen recognition.
While species coverage and accuracy remain nascent, these tools have gained
societal attention and acceptance in citizen science and public education, achiev-
ing sufficient accuracy for common plant identification. Future improvements
should incorporate geographic factors and taxonomic knowledge, particularly
specimen data, to enhance training, expand recognition scope, and enable more
applications. AI also holds promise for specialized fields including seed iden-
tification, pollen analysis, cultivar verification, and automated invasive species
detection, enabling taxonomy to serve society through AI. Massive digitized
specimen data will form an essential foundation for machine learning in the AI
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era.

3.4 Development of Citizen Science

The convergence of specimen digitization and public scientific interest has
spawned numerous citizen science projects. Kew Gardens offers projects includ-
ing 19th-century letter transcription, fungal trait completion, plant and fungal
label recognition, and mobile rare plant conservation. The Natural History
Museum’s Orchid Observers project engages the public in data collection to
study climate impacts on British flora using orchids as a model. North America’
s iDigBio platform has proposed crowdsourcing and LiveScience projects. The
most influential initiative is iNaturalist, which provides convenient field survey
tools through a mobile app, creating online communities that organize tax-
onomists and enthusiasts by interest and collect massive biological image data
via crowdsourcing for scientific research. These projects bridge the gap between
the public and herbaria/databases, integrating research, outreach, and social
service through flexible strategies that have gained widespread acceptance.

Similar to international trends, China has developed multi-level citizen science
information platforms through years of development, including interest groups
on forums, microblogs, and instant messaging platforms, as well as specialized
tools including mobile apps, WeChat mini-programs, and web apps. Platforms
such as the Chinese Natural History Museum (CFH), Chinese Plant Photo Bank
(PPBC), Biotracks, XingSe, HuaBanLü, and LüTu have attracted numerous
scientists and enthusiasts.

These citizen science platforms have accumulated substantial field observation
data that importantly supplement traditional specimen data, with some materi-
als serving as research vouchers. Through curation and verification, high-quality
data can become a new data resource type within specimen databases, forming
an integral component of digitized specimen resources.

4. Discussion and Recommendations
Compared with international developments, China’s specimen digitization and
data sharing have achieved excellent results with distinctive advantages, yet
several issues require resolution. These include: project-based centralized data
management and sharing without subsequent distributed network node construc-
tion, creating a strong-center/weak-nodes pattern lacking mechanisms for con-
tinuous data quality updates; non-standardized sharing agreements and unclear
identification, particularly in multilingual online environments where large-scale
data use still requires offline communication, hindering reuse; and while foun-
dations in new technology application, international cooperation, and citizen
science are sound, flagship projects and applications remain lacking.

Based on comparative analysis with international trends and China’s actual
conditions, we propose the following recommendations:

chinarxiv.org/items/chinaxiv-202105.00085 Machine Translation

https://chinarxiv.org/items/chinaxiv-202105.00085


1. Strengthen coordination mechanisms for digitization construction,
management, and dynamic updating to ensure synchronization between
physical and digital resources. Enhance integration of specimen data with
other biodiversity data to form essential resource components for the dis-
cipline.

2. Improve data curation and publication to enhance data quality, par-
ticularly for critical taxonomic and spatiotemporal information. Fully
open data use agreements by adopting CC0 or CC BY licenses to reduce
usage barriers. Utilize GBIF IPT for external data publishing and track
literature citations to analyze specimen data applications across fields.
Obtain data feedback and updates through sharing services to improve
quality.

3. Accelerate new technology adoption, particularly machine learning
and AI applications for rapid label recognition, automated specimen iden-
tification assistance, and attribute data extraction. Strengthen research
on open-source code for specimen data.

4. Expand regional and international cooperation to enhance data
aggregation and integration. Promote cross-national or cross-regional data
construction and sharing through regional or international projects like
MAP to advance digitization in less-developed countries.

5. Advance citizen science collaboration and promotion to engage
professionals and enthusiasts in field collection, indoor curation, online
error correction, and data product development.
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