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Abstract 
Natural history museums collect, curate, and distribute the data that underpin biodiversity 
science. Modern, holistic collection practices have increased the number of specimen parts, 
associated parasites, and derivative digital assets, challenging researchers to maintain data 
integrity for a vast set of data types representing the extended specimen. We developed the 
NAHPU digital field catalog and supporting software to streamline data collection from the field 
and upload to museum databases. NAHPU is open source, runs on mobile and desktop operating 
systems, and is distributed through official app stores with one-click installation and automatic 
updates on Apple devices, Windows, Android, and Linux. It provides stable support for 
mammalogy and ornithology, and beta support for herpetology, ichthyology, and invertebrate 
zoology. In addition to standard data-entry fields, it includes customizable, controlled data-entry 
vocabularies, flexible exports, a GUI template editor, and a growing list of real-time statistics to 
support reproducible collection practices. We tested NAHPU on field expeditions in remote, 
tropical field conditions, including 115 days (993 specimens and 3605 specimen parts) on 
Sumatra without on-site electricity, and as a long-term data management application.  Our 
approach, involving Flutter, Rust, on-device computing, and open-source, interdisciplinary 
collaboration, provides a framework for low-cost, open-access software development. 
 
Keywords: biodiversity informatics, digital field catalog, Darwin Core, FAIR data, specimen data 
management, natural history collections, cross-platform software, extended specimen 

Introduction 
Natural history collections (NHCs) are vital research and educational infrastructures for 
documenting biodiversity, environmental change, and disease surveillance (Cook et al. 2014; 
Schindel and Cook 2018; Boldgiv et al. 2025; Paul et al. 2025). Over the past several decades, 
large-scale digitization and data mobilization efforts, coordinated through initiatives such as the 
Integrated Digitized Biocollections (iDigBio; Page et al. 2015), the Global Biodiversity 
Information Facility (GBIF; https://www.gbif.org/), and Symbiota (Gries et al. 2014) have 
transformed NHCs into integrated systems of physical and digital infrastructure (Nelson and 
Ellis 2018), enabling their use in large-scale research in ecology, evolution, conservation biology, 
genomics, disease ecology, and various other fields (Ponder et al. 2001; Cook and Light 2019; 
Colella et al. 2021; Nachman et al. 2023). In parallel, field collection practices have evolved 
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substantially, with a single voucher specimen now comprising numerous specimen parts and 
digital assets, such as photographs and audio recordings. Additionally, the advent of genomics in 
biodiversity research has increased the value of collecting a variety of tissue types and preserving 
tissue duplicates and their nucleic acids (e.g., DNA and/or RNA) using different preservation 
methods (Salis et al. 2025, 2026). Furthermore, holistic specimen collection includes sampling 
parasites associated with host specimens, which are key resources for co-evolutionary studies, 
wildlife management, conservation, and pandemic preparedness (Cook et al. 2017; Bell et al. 
2018; Galbreath et al. 2019; Colella et al. 2021; Paul et al. 2025). Modernizing field data 
collection and management would improve consistency and data integrity for the ever-growing 
set of physical and digital resources that form the “extended specimen” (Webster 2017; Hardisty 
et al. 2022). 

For centuries, field data recording has relied on paper field catalogs (e.g., Hall 1962), 
whereas much of digitization has occurred post-collection. Attempts to record digitally in the 
field often rely on spreadsheet or proprietary form-development software, such as Claris 
FileMaker (https://www.claris.com/filemaker/). Paper catalogs are simple, robust in harsh field 
conditions, and independent of electrical power, but they are poorly suited for linking the many 
parts of natural history specimens, detailed information essential for genomic tissue collection, 
and their derivative digital data. Furthermore, paper notes require secondary data entry that is 
prone to transcription errors. For example, such errors are common during latitude and longitude 
data entry, and while detection tools exist to flag coordinate errors (e.g., 
https://www.geo-locate.org/; Zizka et al. 2019), they do not fix missing information in digitized 
records necessary for georeferencing the coordinates, such as uncertainty values (Marcer et al. 
2021). Such transcription errors lead to inaccurate georeference data that can have downstream 
implications for our understanding of species’ geographic ranges, and their use in ecological, 
biogeographical and conservation analyses (Maldonado et al. 2015; Bloom et al. 2018). Prior 
research has shown that geographic inaccuracies affect local estimates of species diversity more 
than does inaccurate taxonomy (Maldonado et al. 2015). Transcription errors can likewise affect 
taxon names, collection dates, and other metadata relevant for the biological question of interest 
(Garner et al. 2024), which creates an additional data-cleaning burden for researchers. Recording 
specimen data digitally at the point of collection eliminates the need for transcription and its 
associated risks. 

As field expeditions become more collaborative, often involving researchers of multiple 
nationalities and with different data collection and management practices, sharing and 
reconciling multimodal field data risks information loss and corruption. Data standards such as 
Darwin Core (Wieczorek et al. 2012) and the Findability, Accessibility, Interoperability, and 
Reusability (FAIR) Principles (Wilkinson et al. 2016) provide a foundation for more consistent, 
interoperable, and reusable biodiversity data, but data management systems do not apply them 
consistently (Hackett et al. 2019). A broadly used data entry platform could bridge field data 
collection and museum curation without requiring institutions to replace their existing data 
management infrastructure. At the same time, advances in software frameworks, including 

 
 

https://paperpile.com/c/OlxPLHUt/UdEI+tyIN
https://paperpile.com/c/OlxPLHUt/7NL1+p5cwi+Jryq+7Zjh+xxHz
https://paperpile.com/c/OlxPLHUt/7NL1+p5cwi+Jryq+7Zjh+xxHz
https://paperpile.com/c/OlxPLHUt/61k3+nkhl
https://paperpile.com/c/OlxPLHUt/61k3+nkhl
https://paperpile.com/c/OlxPLHUt/kXuH?prefix=e.g.%2C
https://www.claris.com/filemaker/
https://paperpile.com/c/OlxPLHUt/Rbdt?prefix=e.g.%2C%20https%3A%2F%2Fwww.geo-locate.org%2F%3B
https://paperpile.com/c/OlxPLHUt/Rbdt?prefix=e.g.%2C%20https%3A%2F%2Fwww.geo-locate.org%2F%3B
https://paperpile.com/c/OlxPLHUt/Nn1w
https://paperpile.com/c/OlxPLHUt/Nn1w
https://paperpile.com/c/OlxPLHUt/rpC9+rVtF
https://paperpile.com/c/OlxPLHUt/rVtF
https://paperpile.com/c/OlxPLHUt/tGxy
https://paperpile.com/c/OlxPLHUt/aUQF8
https://paperpile.com/c/OlxPLHUt/LegmL
https://paperpile.com/c/OlxPLHUt/9LX9


 

Flutter and Rust, have made it feasible to develop high-performance, cross-platform applications 
from a single codebase. Developing a specialized digital field catalog for NHCs would address 
the need to integrate and share data across research teams and institutions. 

Beyond integrating data across teams and institutions, field cataloging tools help 
researchers use those data to guide ongoing sampling. Without readily accessible summaries of 
collected specimens and associated materials, gaps or imbalances across species, localities, 
sexes, or life stages may remain undetected until opportunities to address them have passed (see 
Daru et al. 2018; Cooper et al. 2019). Such information is particularly valuable when 
preservation resources are limited. An up-to-date inventory can help teams prioritize samples for 
liquid nitrogen and other preservation methods to optimize DNA quality while balancing 
representation across taxa and populations with adequate biological replication, minimizing 
impacts on downstream systematics and phylogenomic analyses (Pollock et al. 2002; Zwickl and 
Hillis 2002; Galbreath et al. 2019). These needs call for tools that combine reliable cataloging 
with real-time data summaries, work without internet connectivity, and remain accessible across 
devices and platforms in field settings with differing resources and infrastructure.  

We developed a cross-platform field cataloging application, NAtural History Project 
Utilities (NAHPU), to streamline data collection and maintain data integrity from the time a 
specimen is collected to the moment it is deposited in natural history collections and uploaded to 
the collection management software, such as Arctos (Cicero et al. 2024), Specify (Beach 2018), 
Symbiota (Gries et al. 2014), and FileMaker (https://www.claris.com/filemaker/). NAHPU is 
designed to maximize information collected in the field and provide real-time data statistics to 
aid field decision-making. It supports both mobile and desktop platforms and is distributed freely 
through the platform's official stores for easy installation, updates, and maintenance. 

Key Features 

Data Entry 
NAHPU is an offline, privacy-first field cataloging application. It supports common data-entry 
fields for mammalogy, ornithology, herpetology (beta), ichthyology (beta), and terrestrial and 
freshwater invertebrate zoology (beta). We are currently developing support for other disciplines, 
including paleontology, marine invertebrate zoology, and botany. NAHPU organizes records into 
projects. Each project can cover an expedition or a period of specimen preparation in the lab. 
After creating a Project, users can add Sites (field localities), Events (dates, times, and methods 
of site-specific collecting events), Specimens (organisms and other material collected during an 
Event), and Narratives (longer-form daily field notes). Each has an associated “form” on the 
NAHPU GUI, with a combination of standardized, user-customizable data-entry fields with 
media entries (see Figure 1a and e for Specimen and Narrative forms, respectively). The media 
entry field supports adding photos, audio, and videos accompanied by built-in gallery and media 
players, subject to the device’s available storage space (Figure 1b). NAHPU allows unlimited 
specimens and associated parts (Figure 1c), supporting rich data entries such as collection and 
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preservation method, preparators and other field personnel, and collection time for tissue 
samples. The Sites form also supports adding an unlimited number of coordinates manually, 
importing in common formats (CSV, TSV, JSON, KML, Shapefile, and GPX), or using the 
device's Global Positioning System (GPS) sensor. A built-in coordinate viewer (Figure 1d) 
supports basemap layers from Natural Earth (https://www.naturalearthdata.com/) and 
OpenStreetMap (https://www.openstreetmap.org/; styled by OpenFreeMap: 
https://github.com/hyperknot/openfreemap), as well as custom user maps in GeoJSON and 
WGS84 Shapefile formats. The Narrative field provides a user outlet for writing field notes with 
Markdown styling, such as italicizing scientific names, creating “daily activity summary” tables, 
and bolding key messages (Figure 1e). To simplify tissue curation after fieldwork, NAHPU 
provides a curation tool with a visual guide showing the location in a standard tissue storage box 
within a customizable storage bin or “cell” grid. The Curation form supports curation workflows 
using QR code scanning, tissue ID, or field ID (Figure 1f). 

FAIR, Reproducibility, and Responsible Collecting  
We designed NAHPU for reproducible data collection and responsible collecting practices, 
including collaborative fieldwork involving multiple institutions and local guides. Because 
institutions differ in their cataloging conventions and data requirements, NAHPU allows users to 
customize data-entry templates and controlled vocabularies through a graphical interface. This 
flexibility allows participants to follow their institutions’ established practices while contributing 
records to the same expedition catalog.  The Event forms also allow users to associate specimens 
with all individuals involved in their collection, ensuring that contributions from local guides and 
other team members are documented.  

NAHPU supports FAIR data practices through record identifiers, shareable vocabularies, 
and standardized exports. The application assigns each project, specimen, and associated 
materials record a persistent identifier using Universally Unique Identifier (UUID) version 4 
(generated using cryptographic random bits rather than the user’s hardware information) to 
ensure each has a unique, privacy-protective identification code. By default, specimen parts use 
the specimen identifier, but users can add a UUID for each part or scan an institutional QR code 
associated with tissue tube labels. To maintain the existing field-collection practice, NAHPU 
includes an auto-incrementing field number for each new specimen, supporting the typical 
collector initials + number format and a more flexible prefix-number-suffix format (called 
project identifier in NAHPU). We also work toward internationalization, and have thus made 
NAHPU a multilingual application in English, Spanish, Brazilian Portuguese, and Indonesian, 
with the intention of adding support for more languages.  

Data Statistics, Export, and Customization 
The NAHPU environment features a growing list of data statistics and rich data export 

and sharing capabilities (Figure 1g and h). The statistics provide a text summary of the data (e.g., 
counts of specimens, parts, and sites) and interactive plots (e.g., specimens by methods and part 
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quantity by treatment) (Figure 1h). Project data can be exported as a Darwin Core Archive 
(DwC-A), Darwin Core Data Package (DwC-DP), NAHPU Data Package (NAHPU DP), PDF, 
or user-customizable tabular formats. NAHPU DP expands Darwin Core fields to include 
unmatched NAHPU fields and users’ custom fields. It uses a standardized, Frictionless Data 
format (Fowler et al. 2018) for interoperability with other applications, including data analysis in 
Python and R using official or community-developed Frictionless libraries. The PDF export 
features include a built-in What You See Is What You Get (WYSIWYG) template editor with 
rich text formatting support, allowing users to create customizable document layouts for various 
PDF export and printing purposes, such as tissue and specimen labels, record archival, and 
expedition reports. Controlled vocabularies, export presets, project identity, and individual site 
and event records can be exported and imported as JSON files or scanned as a QR Code if the 
data fit the size limit (up to 2,953 bytes or English text characters). Users need to enter them only 
once for all devices used in cataloging, future projects, and collaboration. Users can also export 
all data summary, coordinates, and media files separately for use in external applications. Image 
exports support resizing and conversion to WEBP, PNG, and JPEG formats for use in 
presentation slides, websites, or field reports. 
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Figure 1. Screenshots of NAHPU v1.2.1 interface on various supported screen sizes (e.g., smart 
phone, tablet, laptop) using dark or light themes, and showcasing some of the features: (a) A 

 
 



 

specimen form showing mammalogy format, (b) media gallery to browse through images 
attached to records, (c) an interface to add and manage specimen parts, (d) a coordinate 
management interface with a built-in map viewer, (e) a narrative field interface displaying a 
Markdown-rendered view of field journal, (f) a tissue curation form showing box location with 
guided visuals to enter the box and cell location,  (g) a document export tool feature with a 
built-in PDF viewer, and (h) a graphical summary of the data updated in real time. NAHPU 
interfaces support both touch and mouse-click interaction. The a, g, and h panels are the interface 
layout on tablets; c and e are on phones, and b, d, f are on laptops and larger screens. All the 
screenshots show a subset of field data from a joint four-month expedition to three mountains in 
Sumatra, Indonesia, undertaken by the Indonesian National Research and Innovation Agency 
(BRIN) and the Louisiana State University Museum of Natural Science. 

Workflows 

NAHPU supports several field-specimen preparation workflows, which include parallel 
cataloging and preparation of specimens by different users from a shared site (Workflow A), 
parallel cataloging and preparation of specimens from different users working at separate sites 
(Workflow B), and assembly-line specimen preparation with centralized data entry by a single 
user on a single device (Workflow C) (Figure 2). Workflow A is commonly found in ornithology, 
terrestrial and freshwater invertebrate zoology, and volant mammalogy fieldwork. Specimens 
usually come from a shared mistnet, pitfall trap, Malaise trap, or harp trap. Each researcher 
works independently and records the specimens they sort and prepare on their own device. 
Workflow B is common in non-volant mammalogy fieldwork, where each team member 
independently runs trap lines and prepares and catalogs specimens. Workflow C is common in 
some herpetology, ichthyology, and mammalogy fieldwork, where each team member has a 
different role in specimen preparation (e.g., tissue collection or live specimen photography) and 
data entry is centralized in a single field catalog. For ichthyology and invertebrate zoology, in 
addition to single-individual entry, where each field identifier is an individual specimen, NAHPU 
also supports lot-based cataloging, where a single record contains multiple specimens of one 
species in a single lot. Users can also add unique tag identifiers (e.g., tissue tag number), 
individual measurements (e.g., standard length), and features, assigning specimen parts and 
parasite records to an individual fish or invertebrate, associated with their tag identifier. 
 

 
 



 

 
Figure 2. Typical field data recording workflows supported by NAHPU: (a) Specimens originate 
from a shared site and collecting event, such as bird specimens from a mistnetting check, while 
multiple team members prepare and cataloge the specimens independently using their own 
device; (b) team members run their own trapline and independently prepare and catalog the 
specimens, such as in small non-volant mammal collecting; (c) specimens are prepared through 
an assembly line where each individual team member performs a different role in specimen 
preparation, while a single team member is responsible for data entry, such as in herpetology 
specimen preparation. QR code sharing provides each device with identical project, site, and 

 
 



 

event information. The device visuals are for illustration only; each workflow works on any 
NAHPU-supported platform. 

Technical Implementation and Application Distribution 

We designed NAHPU to support all major operating systems and Central Processing Unit (CPU) 
architectures, be extensible for future features, handle compute-intensive operations, and be easy 
to install. Its data schema includes exportable user configurations, shared entries, and 
project-specific entries (Figure 3a). Its interface adapts to the platform it runs on, supporting 
touch and mouse-click interaction. The application architecture is modular, divided into three 
main layers: the Dart+Flutter layers providing user interfaces (UIs), data access, and lightweight 
logic; the data layers in multiple data formats comprising project data, user configuration, and 
application configuration; and the Rust layers providing compute-intensive operations and 
reusable functions for various features, such as data conversion and compression, spatial tools, 
and PDF exports (Figure 3b). The UI leverages cross-platform Material Design 3 (M3; 
https://m3.material.io/) via the official Flutter M3 library, implemented with NAHPU-specific 
design tokens for consistent design throughout the application. The UI design follows the Web 
Content Accessibility Guidelines (WCAG) 2.2 Level AA for text (4.5:1 contrast ratio) and meets 
a 3:1 contrast ratio for graphics. The main project data is stored in a relational SQLite database 
(https://www.sqlite.org/), while user configurations use a key-value redb database 
(https://crates.io/crates/redb). Database schema changes are performed through migrations for 
backward compatibility. The Rust addition expands access to external, high-quality libraries 
beyond those available for Flutter and provides application programming interfaces (APIs) for 
use in other Rust applications. For example, the Rust API leverages the Typst engine 
(https://github.com/typst/typst), a powerful typesetting system comparable to LaTeX 
(https://latex-project.org/), to generate field note PDFs, and maps canvas pixel positions set in 
the Flutter-based Template Editor to the Typst system (Figure 3c and d). The APIs are also 
available as Rust packages distributed through the official Rust Package Registry 
(https://crates.io/). 

The NAHPU application compiles into binaries for Android, iOS, iPadOS, macOS, 
Windows, and Linux, supporting x86_64 and ARM64 CPU architectures. We distribute it 
through the official stores for supported operating systems: the Apple App Store, Microsoft 
Store, Google Play Store, and Canonical Snap Store. For Linux, we also provide separate 
releases on GitHub in Debian format (.deb) for Debian and Ubuntu families, Red Hat Package 
Manager (.rpm) for Red Hat Enterprise Linux (RHEL) and Fedora families, and compressed 
TAR (.tar.gz) for other Linux distributions. All releases through official stores undergo machine 
and/or human expert reviews provided by the stores, follow store guidelines for application 
distribution and privacy-protection practices, and provide single-click installation and automatic 
updates. For the GitHub releases, we provide a script to download and verify application 
signature integrity and install with a single command, with or without root access. 
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Figure 3. NAHPU modular architecture and document export support showing: (a) data 
association among user configurations, shared entries, and project-specific entries, (b) a 
high-level schema of the application architecture showing each layer of the application code, (c) 
a diagram of print layout showing how the preset, template block, and template fit together in a 
single-page layout, and (d) a screenshot of the WYSIWYG template editor on a large screen 
providing flexibility for users to design their own template. The document export system 
supports exporting PDFs of all project records for various purposes, such as record archival, 
specimen tags, and tissue labels. 

Project Governance, Interdisciplinary Collaboration, and Training 
We (the authors) currently govern the NAHPU project to minimize maintenance costs, provide 
interdisciplinary training, and offer a platform for implementing emerging software technologies 
to support biodiversity research. We began NAHPU development at Louisiana State University 
Museum of Natural Science (LSUMNS) and pushed our first commit to GitHub on 18 July 2022 
(https://github.com/nahpu/nahpu/; commit #98cdcd9). Since then, we have expanded the 
project's collaboration and open-source coding practices. NAHPU currently represents a 
collaboration among curators, collection managers, and field biologists from seven natural 
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history museums and six universities. In addition, since August 2025, we have collaborated with 
the Human Augmented Analytics Group (HAAG) at Georgia Tech through the MENTOR-CS 
program (Shi et al. 2025), providing a platform for students in the Master of Science in 
Computer Science (OMSCS) to contribute to NAHPU as an interdisciplinary biodiversity 
science project. In June 2026, we expanded our NAHPU collaboration to support contributions 
from University of Florida undergraduate students in biology and computer science. Code 
contributors can work on GitHub issues or propose and develop independent projects to expand 
NAHPU features through collaboration with field biology team members. 

Field Expeditions Using NAHPU 

During its four years of development, several research teams tested NAHPU in seven field 
expeditions in Southeast Asia, South America, and Mexico, and six data-entry sessions from 
previous fieldwork in Southeast Asia and South China (Table 1), using a variety of devices, 
including phones, tablets, and laptops. The teams relied on power banks for expeditions without 
access to continuous electricity or on-site generators. A single iPad Mini 6 (if used exclusively 
for cataloging) along with a 25,000 mAh power bank could usually last three weeks. Most tablets 
were used with an external keyboard to speed up data entry. Data backup practices varied across 
teams. In expeditions in Brazil, we had access to satellite internet and backed up and integrated 
data daily. On the Sumatra field expedition, we cross-shared NAHPU data among cataloging 
devices using offline data-sharing features (e.g., AirDrop for Apple devices) and regularly stored 
it on a shockproof, waterproof flash drive for additional backup, and installed NAHPU on a 
personal phone as a secondary backup device. The flash drive also facilitates offline data sharing 
between Android and Apple devices. We uploaded the data to cloud services when we returned 
to a nearby town with internet and electricity access. We also tested NAHPU’s features using a 
dataset from previous fieldwork on bats in karst habitat (i.e., caves and limestone forest), 
supplemented by specialized bat data including echolocation data forms, morphological 
photographs, tissue (wing biopsy punch), hair, and swab samples. Compared with former field 
cataloging approaches, NAHPU digital field catalogs enabled faster turnaround for exporting 
specimen records, summarizing captures for field reports, and accessioning them to the 
collection. 
 
Table 1. Field expeditions using NAHPU for specimen cataloging, showing fieldwork dates, counts of 
specimens and specimen parts, and devices used for cataloging in the field and post-fieldwork. All team 
members cataloged all specimens exclusively using NAHPU (exclusive); not all collectors used NAHPU 
(partial); specimen data entered in paper catalogs first, then NAHPU (paper-first); or data entered into 
NAHPU after fieldwork (post-fieldwork). Asterisks indicate expeditions without on-site electricity. 
 

Location Discipline Years 
Duratio
n (days) 

Specimens
/parts 

Use Devices 
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Mt. Gede, West Java, 
Indonesia* 

Mammalogy 2023 33 196/846 partial 
Lenovo Tab 

P11 Pro 

Mts. Patah, Bandahara, 
Kemiri, Sumatra, 
Indonesia* 

Mammalogy 2023 115 993/3605 exclusive 
2 x iPad 
Mini 6, 

iPad Mini 4 

Borneo, 
Indonesia/Malaysia* 

Mammalogy 2024-
2026 

79 >500/>25
00 

exclusive 6 x iPad 
Mini 6 

Mt. Kalatungan, 
Bukidnon, 
Phillippines* 

Mammalogy 2025 20 468/1948 exclusive iPad 6 and 
Samsung 

Galaxy A9 

Cordillera Azul 
National Park, Peru 

Ornithology 
2023 38 1061 paper-first MacBook 

Pro 

Coari, Amazonas, 
Brazil 

Ornithology 2025 30 604 paper-first iPads and 
Android 
tablets 

Mexico Ichthyology 2024 13 1,670/351 
paper-first & 

post-fieldwork 
MacBook 

Pro 

Yunnan Karst, Yunnan 
Province. China 

Mammalogy 
2017 60 258 

post-fieldwork iPad Air, 
iPhone SE, 
iPhone 13 

Myanmar Karst 
Mammalogy 

2017 10 41 
post-fieldwork iPad Air, 

iPhone SE, 
iPhone 13 

Yunnan Karst, Yunnan 
Province, China 

Mammalogy 
2018 60 144 

post-fieldwork iPad Air, 
iPhone SE, 
iPhone 13 

Cat Ba Karst, Vietnam 
Mammalogy 

2018 10 88 
post-fieldwork iPad Air, 

iPhone SE, 
iPhone 13 

Yunnan Karst, Yunnan 
Province, China 

Mammalogy 2018 60 199 post-fieldwork iPad Air, 
iPhone SE, 
iPhone 13 

Sumatran Karst, 
Sumatra Island, 
Indonesia. 

Mammalogy 2024 60 605/1117 post-fieldwork iPad Air, 
iPhone SE, 
iPhone 13 

 
 



 

 

Discussion 
Specimen collection remains essential because non-lethal sampling methods (e.g., photographs 
and audio recordings) cannot substitute for the morphological, genetic, parasitological, and other 
data provided by whole specimens (Rocha et al. 2014; Thomson et al. 2018). We developed 
NAHPU to optimize natural history data collection for the extended specimen era by digitizing 
and linking all specimen data from the moment of their creation. In recent decades, natural 
history collections (NHCs) have expanded beyond physical specimens to include genetic, 
morphological, anatomical, parasite, ecological, geographic, multimedia, and field journal data 
(Lendemer et al. 2020; Hardisty et al. 2022; Sigwart et al. 2025; Del-Rio et al.). The value of 
these collections lies in the network of linked data around a voucher specimen (Lendemer et al. 
2020; Hardisty et al. 2022). However, the network is usually assembled retrospectively, in some 
cases years later after the specimens and associated data have been collected, through digitization 
of the catalogs and re-linking of derivatives. NAHPU instead creates the linkages at the moment 
a specimen is collected, when they are cheapest and most reliable. Specimen parts, tissues, 
parasites, and derivative digital assets (photos/audio/videos) are attached directly to the voucher 
records. We include data summaries to support field decision-making, manage preservation 
resources, and check for balanced sampling of individuals or sex per population (Cooper et al. 
2019). Ongoing work on outlier detection for specimen measurements flags potential errors 
before specimens are permanently prepared and characters become inaccessible for 
re-measurement. In environments where using an electronic device is impractical, such as in 
aquatic habitats, NAHPU could replace the spreadsheet entry step of this workflow, adding 
data-linkage and summary features while keeping the typical workflow for this environment. 

We developed NAHPU features through experience working on complex and logistically 
challenging modern field expeditions (Table 1). We initially designed NAHPU based on a digital 
mammalogy field catalog developed by Kevin and Karen Rowe (Museums Victoria) in Claris 
FileMaker with support limited to Apple devices. The Rowe and Esselstyn labs (LSUMNS) used 
it for expeditions in Sulawesi, Java, and Sumatra, Indonesia, and Borneo, Malaysia, from 2011 
until 2019. This catalog introduced a collecting-event section (similar to Hackett et al. 2019) to 
avoid duplicating collection-method and event entries for every specimen and to track the 
personnel involved, linking each specimen directly to its collectors, including local guides and 
local undergraduate students often involved in capturing it. NAHPU adapted and expanded its 
capability by adding support for tracking environmental data, customizable for both terrestrial 
and freshwater taxa, with support for custom fields, file attachment, and event-specific media (as 
of NAHPU v1.2.0; Figure 3a). This improves data linkage compared to a typical paper catalog 
format, where each catalog page is limited to sites and specimen records, while environmental 
data, personnel records, and digital assets (if recorded) often appear in separate notes (Hall 1962; 
Remsen 1977). Backing up paper catalogs in the field requires photographing each page, 
manually copying pages, or hand-entering data into a spreadsheet, whereas NAHPU backup only 
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takes a few clicks. It supports light export (< 1 megabyte for 1,000 records), simplifying uploads 
of essential records (excluding media) to cloud storage when internet access is limited.  

NAHPU v1.2.0 added a tissue curation tool with QR code scanning and a visual interface 
that matches standard tissue box layouts to help organize tissue samples, informed by field 
expeditions in the Amazon and Sumatra that yielded over a thousand tissues in a single 
expedition. This feature also paves the way for organizing fossils collected in the field as we 
work towards supporting paleontology fieldwork in future releases, facilitating the enhancement 
of FAIR data practices (Long-Fox 2026), specimen digitization efforts (Boyer et al. 2016; Karim 
et al. 2016; Allmon et al. 2018; Blackburn et al. 2024; Bishop et al. 2025) and metadata 
standardization (Bishop et al. 2025) across paleontology NHCs and research groups. Together, 
NAHPU features support responsible, reproducible field expeditions while improving specimen 
organization. 

NAHPU complements established collection management software (CMS), such as 
Specify (Beach 2018, 2019), Arctos (Cicero et al. 2024), Symbiota (Gries et al. 2014), and EMu 
(https://www.axiell.com/solutions/product/emu/). It fills a gap by streamlining data transfer from 
fieldwork to the museum database, supporting Darwin Core (DwC) exports for bulk import into 
CMS. Users can also create tabular export presets that match their CMS import columns. A 
customizable PDF export with a GUI template editor provides a simple solution for archiving 
field records in print. Inspired by Arctos-controlled vocabularies to ensure a consistent ontology, 
NAHPU supports user-customizable vocabularies with default values from Arctos and 
terminology used in published work, such as Lutz et al. (2017) and Galbreath et al. (2019) for 
parasites. While DwC facilitates information exchange, the standard adds terms only where 
shared demand has been demonstrated (Wieczorek et al., 2012). NAHPU allows users to define 
and share their own custom fields through the NAHPU data package in a flexible, Frictionless 
Data format (Fowler et al. 2018). While standardization matters for interoperability and sharing 
across collection platforms, it also has practical and theoretical limits in capturing the complexity 
of characters across the tree of life (Sterner et al. 2023). NAHPU balances this by providing a 
standard format and customization that users can create and share for reuse and reproducibility in 
a few clicks. 

NAHPU installation and maintenance are like everyday software, with single-click 
installation and automatic updates provided by official app stores. Official app stores also add 
layers of testing and human review for security, safety, privacy, and performance, and they 
require maintaining compliance with evolving operating systems, which independent releases 
often lack. Because of its cross-platform approach from a single codebase enabled by Flutter and 
Rust, required fixes by stringent store reviews, such as Apple's App Store (review in McIlroy et 
al. 2016), carry over to other platforms. Its simple installation and compliance with modern 
software distribution make NAHPU broadly applicable for collection use at any scale. With 
continued support and upkeep, collections may discover NAHPU serves as collection 
management beyond its original intent for field data management, such as offline backup for 
large collections with established CMS or as the primary CMS for small collections that need a 
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low-cost digitization solution. For the latter, third-party cloud storage, such as Dropbox, Google 
Drive, and OneDrive, can back up NAHPU databases at little to no cost, depending on collection 
size. The expanded network of GBIF-registered organizations, supported by GBIF’s Publishing 
Toolkit (IPT; Robertson et al., 2014) or other collection portals, such as Symbiota 
(https://symbiota.org/; Gries et al. 2014), could enable global data sharing without the laboratory 
maintaining its own database server, while data repository platforms, such as Zenodo 
(https://zenodo.org/), could also facilitate data sharing with permanent Digital Object Identifiers 
(DOIs). 

NAHPU uses SQLite to store project data. This database engine is reliable, secure, 
widely used, supports up to 20 trillion rows of data entries, and has been around for more than 
two decades (https://www.sqlite.org/; Gaffney et al. 2022). SQLite projects are easy to compile 
and archive on cloud storage, adding a secondary layer of data security. If a collection decides to 
move away from NAHPU in the future, users will retain access to their records through widely 
available SQLite-compatible tools. The NAHPU data package also provides another complete 
data access option for spreadsheet workflows. In addition, to mitigate loss of application access 
and support reproducibility, we have kept the entire NAHPU codebase version-controlled and 
open-source since the first commit, including supporting software, evolving database schemas, 
and detailed documentation of its underlying architecture and design choices. The public code, 
database schemas, and documentation make it easier for new contributors to maintain NAHPU. 
Because NAHPU runs on users' hardware, increased adoption does not increase compute costs 
for the maintainers, and users can set up custom fields without coding or requiring maintainers to 
code them manually, keeping costs of using the application and maintenance low. The cost to 
release to official stores is shared with SEGUL (Handika and Esselstyn 2024) and the Mammal 
Diversity Database app (Burgin et al. 2025), at USD 99 per year at the time of writing this 
manuscript, at no cost to users. NHCs often face persistent financial constraints (Kemp 2015). 
The NAHPU software development approach mitigates the risk for users and maintainers. 

Modern NHCs depend on effective data management, computational methods, and 
interdisciplinary collaboration, and accessible research software is an essential educational 
resource (Lendemer et al. 2020; Ellwood et al. 2026). Beyond field collection, NAHPU supports 
training in natural history collection and software development. It supports large numbers of 
devices; NAHPU v1.2.1 on Android alone supported 19,408 devices (Supplementary Table 1). 
Its features support the whole natural history pipeline from fieldwork to collection management, 
integrate into standard data collection and management workflows (Figure 3), and provide 
predictable data structures and GUI workflows that simplify training in specimen collection and 
management. Previous field or post-field testing of NAHPU capabilities in Brazil, China, 
Indonesia, Malaysia, Mexico, Myanmar, the Philippines, and Vietnam demonstrates NAHPU's 
flexibility for applied field data collection in a variety of geographic and cultural contexts. Since 
the release of NAHPU v1.2.0, we have also expanded language support beyond English by 
adding beta support for machine translation in Spanish, Brazilian Portuguese, and Indonesian, 
with a system in place for human reviews and updates. In addition, NAHPU has served as a 
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springboard for cross-institutional collaborations (with HAAG and other groups) and 
undergraduate and graduate software development training and mentorship (see Shi et al. 2025). 

Limitations 
Our deliberate design decision to develop NAHPU as an offline-focused application protects user 
information and minimizes cybersecurity risks for users. However, it also precludes automatic 
data synchronization support. Instead, we provide manual data merging with syncing-related 
conflict-resolution features. We recommend using NAHPU in the field to establish a primary 
authoritative device, so that merging conflicts, such as site information, can be resolved to a 
single primary reference source. To share project data with a global audience, the offline 
approach will also require users to upload NAHPU data to an online collection management 
system, such as Specify (Beach 2018), Arctos (Cicero et al. 2024), and Symbiota (Gries et al. 
2014), GBIF IPT (Robertson et al. 2014) for GBIF-registered organizations, or online dataset 
repositories such as Zenodo (https://zenodo.org/). While we develop NAHPU from a single 
codebase for all supported platforms, different devices and operating systems provide different 
capabilities because the cross-platform framework abstracts over platforms that remain 
heterogeneous in their ecosystem and hardware capabilities (Biørn-Hansen et al. 2020). For 
example, camera access for QR code scanning is available only on mobile devices and macOS. 
We provided JSON import as an alternative. 

Future Directions 
NAHPU's low computing costs and direct, low-latency hardware access, compared with 
web-based, server-run software, allow flexibility to expand beyond collection management and 
basic statistics with minimal impact to recurring development costs. Future development will 
extend NAHPU from a data management application into an integrated data analytic platform, 
expanding its use for downstream research involving NHCs. New releases will soon integrate 
external resources such as the Catalogue of Life (Cachuela-Palacio 2006), GBIF, GenBank 
(https://www.ncbi.nlm.nih.gov/genbank/), and Crossref (https://www.crossref.org/), similar to 
BioCosmos species pages (https://lepiverse.com; Handika et al. 2026). This information will be 
available in the specimen forms, allowing users to identify and update outdated taxonomy, 
recognize gaps in specimen or tissue sampling, and discover relevant genomic and published 
resources. Advances in digital specimen analysis and automated curation offer opportunities for 
computational approaches to enhance the research value of NHCs (Hedrick et al., 2020). We plan 
to expand data linking for externally managed specimen-derivative datasets, such as photographs 
and genetic sequences, and implement more advanced statistical analysis features for 
morphological and genetic data. On-device integration of principal component and allometric 
analyses (Chan and Grismer 2025, similar to 2026) will expand outlier detection and facilitate 
the production of specimen morphospaces that update in real time during field collection. 
NAHPU, which shares an underlying architecture with SEGUL, offers a straightforward path to 
integrate SEGUL phylogenomics features for summary statistics, filtering, and genomic 
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sequence concatenation (Handika and Esselstyn, 2024), allowing users to connect genomic data 
to specimen metadata within NAHPU and prepare them for downstream analyses, such as 
phylogenomics.  

Advances in computer vision and metric learning methods show potential to reveal 
patterns of adaptive convergence (e.g., in butterfly coloration) that conventional phenomic 
methods (such as manual phenotype scoring or geometric morphometrics) sometimes struggle to 
characterize (Hoyal Cuthill et al. 2019; Puissant et al. 2023, 2026; Lürig et al. 2024, 2025). 
Ongoing work on MILU (https://github.com/nahpu/milu) combines cross-platform frameworks 
and GPU-agnostic computing by using Burn (https://burn.dev/) and WGPU 
(https://github.com/gfx-rs/wgpu) to simplify specimen image analysis via on-device deep 
learning and metric learning. The feature will be optional within NAHPU to avoid disrupting the 
existing workflow for field cataloging, with potential use beyond computer vision analyses. 
Increased specimen digitization efforts have a demonstrated potential to increase access to and 
use of NHCs for a wide range of applications by scientists and the public alike (Hedrick et al. 
2020). As new software technologies and analytical needs emerge, NAHPU's modular 
architecture and native access to hardware approaches offer opportunities to expand application 
capabilities to support specimen digitization and data analyses in ways that are accessible for 
evolutionary biologists regardless of technical and funding support. 
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The Use of Generative Large-Language Models 
We maintain a human-in-the-loop approach to using generative artificial intelligence (AI) for 
software development and writing. We used several frontier models, including Anthropic's 
Claude Opus (v4.5 and later), OpenAI's GPT (v5 and later), and Google Gemini Flash, Pro, and 
Argon (v3 and later), to generate code (in commits since September 2025), graphics, and 
language edits for the documentation and manuscript. Humans reviewed AI usage and tested the 
application. AI-generated documentation translations are labeled as AI writing before human 

 
 



 

revisions. Humans review all code pull requests and may use frontier models for secondary 
checks after merging the code. Living guidelines on using LLMs for NAHPU development are 
available here: https://nahpu.app/en/contributing/code/llm-assisted-development/ 
(https://github.com/nahpu/nahpu-docs).  

App and Code Availability 
This manuscript describes NAHPU up to v1.2.1. Code availability is as follows: the NAHPU app 
at https://github.com/nahpu/nahpu, the API at https://github.com/nahpu/nahpu_api, and the 
documentation at https://github.com/nahpu/nahpu-docs. The entire codebase is maintained in the 
organization's GitHub account (https://github.com/nahpu). NAHPU app can be downloaded 
through the official stores of supported devices: the Apple App Store 
(https://apps.apple.com/us/app/nahpu/id1661448584), the Google Play 
(https://play.google.com/store/apps/details?id=com.hhandika.nahpu), the Microsoft Store 
(https://apps.microsoft.com/detail/9nx3z8p3nsml), and the Canonical Snapcraft 
(https://snapcraft.io/nahpu) 
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