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Abstract: Field notebooks represent invaluable primary sources of biodiversity information, yet their rate of 
digitization has lagged behind that of natural history specimens. This disparity stems from multiple challenges, 
including the perception of notebooks as personal rather than institutional records, their complex and idiosyn-
cratic content, and the lack of standardized protocols for creating discoverable linkages between field note-
books and their associated specimens—a key component of the Extended Specimen Network concept. This 
paper presents a case study demonstrating an efficient, specimen-first protocol for digitizing field notebooks 
and establishing stable connections to the natural history specimens generated during collection events. The 
method was developed during curation of the salvaged Lord Fairfax Community College herbarium, which in-
cluded 16 hand-written field notebooks indexed to its specimens. We adapted Omeka S, an open-source content 
management system designed for cultural heritage institutions, to host, view, and interpret the field notebooks 
within a publicly accessible digital framework. Our protocol involves three key components: 1) digitizing field 
notebooks and creating persistent linkages via Archival Resource Keys between notebook entries and indexed 
herbarium specimen records within the Symbiota database platform; 2) enabling reciprocal discovery between 
the associated digitized datasets for annotation and interpretation; and 3) describing these associations using 
controlled vocabulary, making them discoverable within Symbiota. This approach demonstrates how digital 
humanities tools can advance biodiversity science, particularly benefiting institutions seeking to leverage field 
notebook data to improve the accuracy and precision of their specimen records and to address biodiversity 
knowledge shortfalls. While most appropriate for field notebooks with predominantly indexed specimen collec-
tion events, our method maintains accessibility for future semantic annotation of illustrations and textual data 
not directly related to individual specimens. 
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Introduction
Field notebooks are well-regarded primary sources 

of information about biodiversity. Created by naturalists, 
explorers and collectors of natural history specimens, field 
notebooks record first-hand observations of places and 
organisms in time that, in some cases, are tied to speci-
men collection events. These types of documents, often 
hand-written and illustrated, have many different names, 
such as accession logs, collection notes, field books, jour-
nals or ledgers, but all typically have idiosyncratic nota-
tion styles unique to their authors (Lockshin and Bennett 

2018). Research scientists and museum curators have long 
referred to field notebooks to detect and correct errors in 
specimen collection labels and improve their interpreta-
tion of the specimen and, by extension, the species it rep-
resents (e.g., Palandačić et al. 2024, Peterson et al. 2004, 
Weeks 2024, Woller and Hill 2015). Observations not 
tied to individual specimens but still concerning species’ 
habitat, such as climate or water conditions, or apparent 
biology, such as community-level abundance or reproduc-
tive behavior, have equal value for addressing shortfalls in 
our knowledge about biodiversity (Astudillo-Clavijo et al. 
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2024, Reznick et al. 1994). Indeed, early discussions about 
the ways in which widescale natural history specimen dig-
itization could advance biodiversity science incorporated 
specific recommendations for including field notebook 
data (Graham et al. 2004, Tingley and Beissinger 2009). 
More recently, the first articulation of the extended speci-
men concept (Webster 2017) included field notes as one of 
the ancillary datasets for natural history specimens. This 
concept centers the importance of physical natural history 
specimens for verifying, organizing and discovering the 
numerous types of data associated with or later derived 
from these specimens. 

Yet, despite advances in digitization and substantial 
collaborative efforts among natural history museums and 
libraries in the past two decades, digital access to field 
notebook data has lagged behind that for natural history 
specimens. For comparison to date, two prominent field 
book digitization campaigns, the BHL Field Notes Project1 
and the Smithsonian Field Book Project2,3, have collec-
tively transcribed and digitized 6,142 field notebook titles 
comprising >560,000 pages, whereas the largest biodi-
versity data aggregator, the Global Biodiversity Informa-
tion Facility (GBIF)4, hosts >120,000 datasets containing 
>284 million species occurrence records from preserved 
and fossil natural history specimens. The reason for this 
imbalance, beyond lack of resources, may be due to the 
attributes of field notebooks that natural history speci-
mens do not share: the longstanding perception of field 
notebooks as personal possessions rather than as museum 
records (Jones 2017) and the complexity of accurately 
cataloging the many scientific and cultural-historical data 
types within them (Kearney 2015, Nakasone and Sheffield 
2013, Rinaldo et al. 2023, Sheffield and Nakasone 2011, 
Stork et al. 2019b). Field notebooks are often discarded 
or become disassociated with the specimens they describe 
and are therefore challenging to relocate or may be housed 
in institutions that do not have the resources to completely 
digitize them. Surmounting these barriers for the global 
store of historical and contemporary field notebooks will 
be essential for achieving the Extended Specimen Net-
work (BCN 2019, Hardisty et al. 2022, Kapun et al. 2025), 
which envisions a findable, accessible, interoperable and 
reusable digital environment (FAIR; Wilkinson et al. 
2016) that durably interconnects natural history specimen 
records with their constellation of ancillary and derivative 
datasets. 

Incorporating field notebook data in this next stage of 
digitization for natural history collections (“Digitization 

1 https://www.biodiversitylibrary.org/collection/FieldNotesProject.
2 https://www.biodiversitylibrary.org/collection/SIFieldbooks. 
3 https://siarchives.si.edu/about/field-book-project. 
4 https://www.gbif.org/. 

2.0”; Hedrick et al. 2020) presents a significant challenge 
and opportunity to the biodiversity informatics communi-
ty. Some larger museums with customized natural history 
collection databases associate field notebook media re-
cords with their specimen records, such as MCZBase5, and 
assign unique identifiers to these digital resources (Astu-
dillo-Clavijo et al. 2024), although these associations may 
not be accessible via biodiversity data aggregators. While 
Darwin Core vocabulary (Wieczorek et al. 2012, Darwin 
Core Maintenance Group 2025) does contain accepted 
terms that allow occurrence records to be amended with 
text strings associated with field notes (dwc:fieldNotes) 
or undefined values (dwciri:fieldNotes), such as universal 
resource locators (URLs), semantic vocabulary for de-
scribing complex resource relationships is not necessarily 
incorporated into collections’ databases or shared to biodi-
versity data aggregators.

Where does the current state of digitization leave 
natural history collections with field notebooks that want 
to leverage this rich source of biodiversity information 
within a digital framework, especially those of small in-
stitutions or institutions residing in the Global South that 
provide unique and outsized contributions to global bio-
diversity knowledge (Delves et al. 2024, Marsico et al. 
2020)? There are no widely accepted protocols for digi-
tizing field notebooks as there are for natural history spec-
imens (e.g., Nelson et al. 2015), and none, to our knowl-
edge, that describe how to create the semantically detailed 
resource relationship between field notebook records and 
their specimen records as described by the calls for the Ex-
tended Specimen Network. We confronted this issue when 
the herbarium of George Mason University salvaged spec-
imens from the Lord Fairfax Community College herbar-
ium (LFCC; Weeks 2020), which included 16 volumes of 
hand-written field notebooks whose entries were numeri-
cally indexed to thousands of individual specimens. These 
notebooks were created by the founding curator of LFCC, 
Professor Robert Charles Simpson (Simpson 2026), and 
comprise >4000 pages of loose-leaf data-collection sheets 
and free-form text entries and illustrations. As part of a 
U.S. National Science Foundation funded project6 to 
curate the salvaged specimens of LFCC and make their 
metadata and high-resolution images publicly accessible 
as digital research infrastructure, we adapted open-source 
software tools from the digital humanities to create an ef-
ficient specimen-first protocol that 1) digitizes field note-
books and creates persistent URL linkages between their 
entries and their indexed herbarium specimen records, 2) 
allows reciprocal discovery between the associated digi-

5 https://mczbase.mcz.harvard.edu/.
6 https://www.nsf.gov/awardsearch/show-award/?AWD_ID=2022918. 

https://www.biodiversitylibrary.org/collection/FieldNotesProject
https://www.biodiversitylibrary.org/collection/SIFieldbooks
https://siarchives.si.edu/about/field-book-project
https://www.gbif.org/
https://mczbase.mcz.harvard.edu/
https://www.nsf.gov/awardsearch/show-award/?AWD_ID=2022918
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tized datasets and their subsequent annotation and 3) de-
scribes these associations using a controlled vocabulary 
within a publicly accessible digital portal for the herbar-
ium specimen data. 

We provide here a case study about our methods, 
results and a discussion of limitations and benefits of a 
streamlined approach to making field notebook data dig-
itally accessible as a tool for curators and discoverable 
by researchers for further use and interpretation. Our ap-
proach includes adapting the Omeka S software platform 
to host, view and interpret field notebook images and 
textual data. Omeka7 is a content management system 
originally designed for galleries, libraries, archives, and 
museums to create online collections and narrative digital 
exhibits. Since its initial release in 2008, it has been down-
loaded over half a million times and is used throughout the 

7 https://omeka.org/. 

world by cultural heritage institutions, scholars, educators, 
and enthusiasts. Development of Omeka S, a version of 
the software made for institutions wanting to manage mul-
tiple websites from one administrative interface and share 
content amongst them, began in 2012. While the software 
is free and open source, users must have server space to 
host the installation. Most published use cases of Omeka 
S incorporate digital data from the humanities, some that 
explore the history of science and ethnobiology include 
interpretation of natural history illustrations and objects8,9. 
Insofar as natural history collections contribute to research 
in the humanities (Jacobs and Griebler 2025), we believe 
our adaptation of Omeka S for field notebooks illustrates 
how the digital humanities can advance biodiversity sci-
ence.

8 https://exhibit.utas.edu.au/s/olive-pink/page/welcome.
9 https://museumcollab.anthro.lsa.umich.edu/s/Anishinaabe/.

Original label Alternate label Vocabulary Term
Identifier Dublin Core dcterms:identifier
Title Barcode Dublin Core dcterms:title
Catalog Number

Darwin Core dwc:catalogNumber

Other Catalog Numbers LFCC Accession 
Number

Darwin Core dwc:otherCatalogNumbers

Family Darwin Core dwc:family
Scientific Name Darwin Core dwc:scientificName
Scientific Name Authorship Author Darwin Core dwc:scientificNameAuthorship
Recorded By Collector Darwin Core dwc:recordedBy
Record Number Number Darwin Core dwc:recordNumber
Event Date Darwin Core dwc:eventDate
Identified By Darwin Core dwc:identifiedBy
Date Identified Darwin Core dwc:dateIdentified
Country Darwin Core dwc:country
State Province State/Province Darwin Core dwc:stateProvince
County Darwin Core dwc:county
Locality Darwin Core dwc:locality
Minimum Elevation In 
Meters

Elev. Min. (m) Darwin Core dwc:minimumElevationInMeters

Maximum Elevation In 
Meters 

Elev. Min. (m) Darwin Core dwc:maximumElevationInMeters

Verbatim Elevation Verbatim Elev. Darwin Core dwc:verbatimElevation
Habitat Darwin Core dwc:habitat
Description Dublin Core dcterms:description
Basis of Record Darwin Core dwc:basisOfRecord

Table 1. Omeka resource template maps Symbiota, Omeka S and corresponding Dublin or Darwin Core vocabulary.

https://omeka.org/
https://exhibit.utas.edu.au/s/olive-pink/page/welcome
https://museumcollab.anthro.lsa.umich.edu/s/Anishinaabe/
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Methods
Herbarium specimen digitization

Digitization of the LFCC herbarium specimens fol-
lowed the Nelson et al. (2015) protocol and used Sym-
biota database software (Gries et al. 2014) hosted live 
on the publicly accessible SouthEast Regional Network 
of Expertise and Collections (SERNEC) portal10. During 
manual transcription of the herbarium specimen labels, 
extra attention was taken in distinguishing personal collec-
tion numbers from the LFCC accession numbers, both of 
which are unique to each specimen. These values were re-
corded within database fields corresponding to the Darwin 
Core terms, dwc:recordNumber and dwc:OtherAccession-
Number, respectively. Both personal collection and LFCC 
accession numbers were used to link the Symbiota occur-
rence record to the indexed notebook entries within Ome-
ka S. After the notebooks were imaged and parsed within 
Omeka S (see following subsections), the persistent URLs 
of the notebook pages displaying the handwritten entries 
for individual herbarium specimens were imported to the 
Symbiota records for the herbarium specimens. Within 
Symbiota, the URLs were classified as data associations 
(“Associations”) that referenced the specimen occurrence 
(“isReferencedBy”) and were tagged as notebook records 
(“fieldNotes”). The completed digitized herbarium dataset 
was shared to iDigBio11 and GBIF (LFCC 2026).

Notebook digitization
Initial digitization of the LFCC notebooks was com-

pleted by Backstage Library Works (Bethlehem, Penn-
sylvania, USA), a vendor specializing in the digitization, 
description and management of archival collections. The 
pages from the notebook volumes were imaged as separate 
TIFF files, and the personal collection number or LFCC 
accession number listed on each page, depending on the 
notebook, was manually keyed into an indexed spread-
sheet as well as embedded in the TIFF headers. PDF files 
of the notebook volumes and JPG derivatives for online 
display were created from the original TIFF files. A copy 
of the digital media files produced by the vendor was in-
stalled on a George Mason University Libraries server for 
later integration with the Omeka S platform. After digiti-
zation, the physical notebooks were accessioned into the 
Special Collections Research Center of the George Mason 
University Libraries (Lord Fairfax Community College 
Herbarium notebooks collection, 1973–1992), and their li-
brary catalog record was later amended with a URL point-
ing to their digital surrogates on the Omeka S platform. 

10 https://sernecportal.org/portal/collections/misc/collprofiles.
php?collid=441. 
11 https://www.idigbio.org/.

Omeka S installation and customization
The George Mason University Libraries installed a 

copy of Omeka S for the LFCC project on one of its serv-
ers. Within this installation, we customized the content and 
software functionalities to generate the interactive online 
site that enables site visitors to explore the digitized note-
books and their interpretative content gleaned from LFCC 
herbarium records (Fahringer et al. 2026). The public-fac-
ing site uses the Center Row design theme and includes 
“Welcome” and “About” pages, both of which utilize 
HTML content blocks, as well as “Browse” and “Search” 
pages for the notebooks. The search page is a custom URL 
that is linked to the advanced search functionality. Omeka 
S installations include Dublin Core (Dublin Core Metadata 
Initiative, 2020), an all-purpose metadata vocabulary, and 
this vocabulary was used to describe some aspects of the 
notebook and specimens. However, to accurately describe 
and manage in Omeka S the specialized natural history 
specimen metadata, we imported Darwin Core terms to 
Omeka S using the “import new vocabulary” function and 
the following specifications: Label: Darwin Core, Name-
space URI: http://rs.tdwg.org/dwc/terms/, Namespace pre-
fix: dwc, Import type: URL, File URL: https://rs.tdwg.org/
dump/terms.ttl.

Two item sets were created within the Omeka S in-
stallation to manage the digitized notebook files: the Rob-
ert Simpson Notebooks, comprising the 16 field notebooks 
that were curated by the founding curator of LFCC, up-
loaded in a manner that allows visitors to view and explore 
them in their entirety as PDF documents, and the LFCC 
Specimen Collection and Accession Records, which in-
clude the extant LFCC herbarium specimen records that 
are indexed to separate notebook pages. We created a 
resource template (Table 1), which ensured consistency 
when describing items and made browsing and searching 
for items on the public-facing site more efficient. From the 
administrative dashboard, we used the “add new resource 
template” feature to provide a label for the template and 
added fields by searching through available properties. 
Lastly, we installed the ARK module to create Archival 
Resource Keys (ARKs), a type of persistent URL iden-
tifier, for each item within Omeka S, including the 16 
notebooks and every item comprising an LFCC acces-
sion number or personal collection number with its corre-
sponding notebook page. This module was obtained using 
the Name Assigning Authority Number (NAAN) request 
form with the ARK Alliance12, which is required if one’s 
organization does not already have a NAAN. The ARK 
module also required the installation of the Common mod-
ule, which provides essential functions that are shared by 

12 https://arks.org/. 

https://sernecportal.org/portal/collections/misc/collprofiles.php?collid=441
https://sernecportal.org/portal/collections/misc/collprofiles.php?collid=441
https://www.idigbio.org/
http://secure-web.cisco.com/1Zgi6g_HNwpI8eQStOXwqedw2LIPfGSDISxp-_pnifvJpRPm7_yTKvkg_1IFg6Zq9T_z-UPbJRH88MaX8UronKrY9YUnu_jBwjUugU8vuKtIR_EoCI-t2caqkGPCF2v3tE8Czc8r90rpI7XJJukynQGI84van__eqSHbisQFhYE9KBLHcm0sbAQmcRV5_C-aypouAAJrVw_xYYpqslMYxOlmlllJ3_vtWOXfnXT_4L_lQVMLntZ_CT3GJSh-EXToKihnDm3k5pySrtQm3xKoM5QOWG77YuuoiDnZvQCZpP9xEDCsZnhu5GUkJFqBzYG-tGo9tJTLmnBhQr3UMsPBwbUpkjdH4nWnimAqyl_VhLC0yrLE5v2A0pXdSJs0D71PYvXz3f0FeIJ2-Cp6t22IAa-mCVREO1PArzAy0ptW7ZPlb3aHvv_yrkcGlLHxDRblo/http%3A%2F%2Frs.tdwg.org%2Fdwc%2Fterms%2F
https://rs.tdwg.org/dump/terms.ttl
https://rs.tdwg.org/dump/terms.ttl
https://arks.org/
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Figure 1. Example of the Omeka S record of the field notebook page that describes the collecting event for LFCC Acces-
sion #12134, https://masonlibraries.gmu.edu/lfcc/s/lfcc/item/25761 . Bottom of page image is cropped for display and 
excludes additional information fields about the item (see Table 1).

https://masonlibraries.gmu.edu/lfcc/s/lfcc/item/25761
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Figure 2. Example of the Symbiota record for the herbarium specimen LFCC Accession #12134, https://sernecportal.
org/portal/collections/individual/index.php?occid=22920719. Note the ARK URL within the Associations call-out box 
that links to the field notebook entry for this collection within the Omeka S platform and is described using controlled 
vocabulary. 

https://sernecportal.org/portal/collections/individual/index.php?occid=22920719
https://sernecportal.org/portal/collections/individual/index.php?occid=22920719


Weeks et al. – Field notebooks and the Extended Specimen Network

124

formation to provide a definitive connection to a notebook 
entry or were never logged into the notebooks. Conserva-
tively estimated, 449 LFCC herbarium specimens refer-
enced by the notebooks cannot not be accounted for; it is 
possible some or all of these were lost or destroyed prior 
to the salvage of the herbarium collection in 2019. We are 
aware that at least one page from the notebooks is miss-
ing (i.e., Notebook 5, page(s) containing LFCC Accession 
numbers 11–14) and that several other herbarium speci-
mens with LFCC accession numbers lack corresponding 
entries in the notebooks, so there remains the possibility 
that other notebook records have been lost as well. Refer-
ence to individual notebook pages and their entries during 
later curation of the LFCC specimen records was stream-
lined because of the digital linkages between the datasets. 
The range of biodiversity knowledge uncovered within the 
notebooks during this process is reported in Table 2 and 
discussed in the next section. 

Of the 11,026 LFCC extant herbarium specimens ref-
erenced by collection events in the notebooks, the majority 
(53%, 5852 specimens) were collected by Robert Simpson 
alone or in association with others, as expected. The re-
maining 5,174 LFCC specimens referenced in the note-
books were collected by other people, whose names have 
not been disambiguated completely to provide a precise 
count. However, 528 different name strings are listed as 
the primary collector(s) for these specimens. These name 
strings include multiple names or spelling variants of the 
same name so are only an approximation of the number 
of different collectors. The number of specimens collected 
per name string ranges from one to 242. Conservatively 
estimated, these other collectors of LFCC specimens tally 
in the hundreds yet on an individual basis contributed very 
few specimens to the herbarium, as compared to Robert 
Simpson. The identity of these other collectors and their 
role in authoring the notebook entries are explored further 
in the discussion. 

Discussion
In contrast to field notebook digitization techniques 

that create a fully transcribed document or combine target-
ed transcription with extensive semantic annotation of text 
and image data on each page (Kearney 2015, Stork et al. 
2019b), the protocol outlined here transcribes very little of 
the original data within the field notebooks. Instead, tran-
scription is limited to the collection numbers or accession 
numbers associated with specimen collection events on 
the pages, which are appended as metadata to the imag-
es of the notebook pages. On the Omeka S platform, the 
textual information that interprets field notebook entries 
and the images of their corresponding notebook pages are 

different modules. Once the ARK module was installed 
and configured, an ARK was issued to each new item at 
the time of its creation and stored within the Dublin Core 
“Identifier” field (i.e., dcterms:identifier).

Adding metadata and image files to Omeka S 
We relied exclusively on the CSV import function 

when creating items in Omeka S. Metadata for each her-
barium specimen, including the Symbiota URL for the 
public record of the herbarium specimen and its digital im-
age, was extracted from the LFCC Symbiota database as a 
spreadsheet with column headers matching the terms iden-
tified in the LFCC resource template. This enabled correct-
ly matching herbarium specimens to their corresponding 
notebook page entry, either via personal collection number 
or LFCC accession number. From the administrative dash-
board, we imported the file using the default options and 
mapped it to Omeka S terms using the resource template 
(Table 1). The CSV import module can be used to append, 
revise, update, or replace metadata. We attached notebook 
image files to items using the File Sideload module in con-
junction with CSV import and configured the module to 
include the absolute path to the directory where the note-
book image files were stored. 

Results
Integrating the digitized records for LFCC notebooks 

and herbarium specimens allowed detailed comparison of 
the datasets and revealed unexpected differences between 
them. The 16 LFCC notebooks comprise 4,053 pages of 
hand-written specimen collection and accessioning events 
that include 12,090 LFCC accession numbers and 1,216 
personal collection numbers, all of which reference phys-
ical herbarium specimens created for and/or deposited at 
LFCC. Of these 13,306 events, 10,609 (86%) are matched 
definitively to one or more (duplicate) LFCC herbarium 
specimens within Omeka S. The Omeka S item page for 
each of these specimen collection events contains import-
ed herbarium specimen metadata and the Symbiota URL 
for the public record of the herbarium specimen (Figure 1). 
The extant LFCC herbarium contains 12,857 specimens of 
which 11,026 herbarium specimens (86%) are referenced 
by the 10,609 notebook entries. The referenced herbari-
um specimens outnumber the matching entries due to the 
large number of duplicate herbarium specimens in the col-
lection. The Symbiota database records of these 11,026 
specimens include the ARK of its Omeka S item page, 
whose association within the Symbiota database is refer-
enced using the controlled vocabulary “isReferencedBy 
(fieldNotes)” (Figure 2). The remaining 14% of the extant 
LFCC herbarium specimens either lack sufficient label in-
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https://sernecportal.org/portal/collections/individual/index.php?occid=24463821 

https://sernecportal.org/portal/collections/individual/index.php?occid=24463821 

https://sernecportal.org/portal/collections/individual/index.php?occid=24463821 

https://n2t.net/ark:/61221/3114
https://sernecportal.org/portal/collections/individual/index.php?occid=28202402
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https://sernecportal.org/portal/collections/individual/index.php?occid=28202402
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https://sernecportal.org/portal/collections/individual/index.php?occid=22899039
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https://sernecportal.org/portal/collections/individual/index.php?occid=22899379
https://n2t.net/ark:/61221/5309
https://sernecportal.org/portal/collections/individual/index.php?occid=27601961
https://sernecportal.org/portal/collections/individual/index.php?occid=27601961
https://sernecportal.org/portal/collections/individual/index.php?occid=27601961
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https://sernecportal.org/portal/collections/individual/index.php?occid=22878774
https://n2t.net/ark:/61221/16982
https://sernecportal.org/portal/collections/individual/index.php?occid=24026747
https://sernecportal.org/portal/collections/individual/index.php?occid=24026747
https://sernecportal.org/portal/collections/individual/index.php?occid=24026747
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https://sernecportal.org/portal/collections/individual/index.php?occid=24131819
https://sernecportal.org/portal/collections/individual/index.php?occid=24131819
https://sernecportal.org/portal/collections/individual/index.php?occid=24131819
https://n2t.net/ark:/61221/809
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635


Weeks et al. – Field notebooks and the Extended Specimen Network

126

10
co

lle
ct

io
n 

ev
en

ts
 o

f a
 ra

re
 sp

ec
ie

s t
ha

t 
re

fe
re

nc
e 

m
is

si
ng

 h
er

ba
riu

m
 sp

ec
im

en
s

ch
an

ge
s s

pe
ci

es
 o

cc
ur

re
nc

e 
st

at
us

 fr
om

 
w

ai
f i

nd
iv

id
ua

l t
o 

po
ss

ib
ly

 e
st

ab
lis

he
d 

po
pu

la
tio

n 
[L

in
ne

an
]

ht
tp

s:
//n

2t
.n

et
/a

rk
:/6

12
21

/2
57

62
ht

tp
s:

//s
er

ne
cp

or
ta

l.o
rg

/p
or

ta
l/c

ol
-

le
ct

io
ns

/in
di

vi
du

al
/in

de
x.

ph
p?

oc
-

ci
d=

31
53

63
46

11
an

 o
rig

in
al

 o
bs

er
va

tio
n 

ab
ou

t h
ab

ita
t a

nd
 

gr
ow

th
 fo

rm
 d

iff
er

en
ce

s b
et

w
ee

n 
ta

xo
no

m
-

ic
 v

ar
ie

tie
s

ad
ds

 in
si

gh
t r

eg
ar

di
ng

 d
iv

er
ge

nt
 tr

ai
ts

 o
f 

pu
ta

tiv
el

y 
cl

os
el

y 
re

la
te

d 
ta

xa
 [D

ar
w

in
-

ia
n]

ht
tp

s:
//n

2t
.n

et
/a

rk
:/6

12
21

/1
68

4
n/

a

12
co

lle
ct

or
's 

id
en

tit
y

co
nn

ec
ts

 th
e 

co
lle

ct
or

's 
bi

og
ra

ph
y 

to
 

th
e 

sp
ec

im
en

 a
s a

n 
ad

di
tio

na
l s

ou
rc

e 
of

 
re

le
va

nt
 d

at
a

ht
tp

s:
//n

2t
.n

et
/a

rk
:/6

12
21

/2
03

49
ht

tp
s:

//s
er

ne
cp

or
ta

l.o
rg

/p
or

ta
l/c

ol
-

le
ct

io
ns

/in
di

vi
du

al
/in

de
x.

ph
p?

oc
-

ci
d=

31
54

55
85

13
a 

sp
ec

ie
s d

et
er

m
in

at
io

n 
no

t r
efl

ec
te

d 
by

 
sp

ec
im

en
 a

nn
ot

at
io

n 
la

be
ls

in
fo

rm
s t

he
 h

is
to

ry
 o

f p
ro

fe
ss

io
na

l s
ci

en
-

tifi
c 

ne
tw

or
ks

 in
 b

io
di

ve
rs

ity
 e

xp
lo

ra
tio

n
ht

tp
s:

//n
2t

.n
et

/a
rk

:/6
12

21
/8

09
ht

tp
s:

//s
er

ne
cp

or
ta

l.o
rg

/p
or

ta
l/c

ol
-

le
ct

io
ns

/in
di

vi
du

al
/in

de
x.

ph
p?

oc
-

ci
d=

23
88

96
35

14
de

sc
rip

tio
n 

of
 sp

ec
im

en
 c

ol
le

ct
io

n 
m

et
ho

ds
 

an
d 

fie
ld

 d
at

a 
no

ta
tio

n 
pr

ot
oc

ol
 

re
ve

al
s t

he
 m

ot
iv

at
io

ns
 a

nd
 b

ia
se

s o
f t

he
 

sp
ec

im
en

 c
ol

le
ct

or
s

ht
tp

s:
//n

2t
.n

et
/a

rk
:/6

12
21

/2
82

17
 (fi

rs
t 

pa
ge

) h
ttp

s:
//n

2t
.n

et
/a

rk
:/6

12
21

/2
82

19
 

(s
ec

on
d 

pa
ge

)
n/

a

imported from herbarium specimen records, whose label 
data were previously transcribed into Symbiota database 
fields. This lean approach, which we refer to as a spec-
imen-first or specimen-centric approach, prioritizes rap-
idly and durably interconnecting specimen records and 
their field notebook entries for later inspection and inter-
pretation. Curators from within their Symbiota specimen 
record database may easily reference notebook entries to 
update specimen records or generate annotation labels for 
the physical specimens citing the notebook entries. Pub-
lic viewers of the specimen records within the Symbiota 
specimen data portal may also read these notebook entries 
and leave comments to the curators about their interpreta-
tion. Visitors to the Omeka S site may search the notebook 
entries using any of the Darwin Core fields that were im-
ported or the image metadata tags, browse the entirety of 
the notebooks, and follow linkages back to the Symbiota 
specimen record database. Although Omeka S can accom-
modate public comment dialog boxes for items, which 
could facilitate greater community-level annotation of 
these resources in line with the recommendations of Astu-
dillo-Clavijo et al. (2024), the LFCC project limits public 
comment to the Symbiota site at this time.

The specimen-first approach to digitizing the LFCC 
field notebooks created an important curatorial tool. Unex-
pected data about the LFCC herbarium and its individual 
specimens were routinely discovered within their note-
book entries that emended or expanded the metadata avail-
able from the herbarium specimen labels alone. In some 
cases (Table 2, examples 1–6), these new data allowed 
curatorial updates to the records for individual specimens 
that collectively improved their capacity to address bio-
diversity knowledge shortfalls. The digital records of the 
specimens were amended to resolve missing dates of col-
lection, precise locality descriptions, plant abundances, 
floral scent descriptions, habitat and substrate type, and 
associated taxa, which inform multiple dimensions of a 
species’ biology. Such data, for example, can be used to 
refine understanding of a species’ phenology, train its spe-
cies-distribution model, track its population size through 
time, investigate its reproductive biology as well evaluate 
its abiotic and biotic ecological interactions, respective-
ly. In other cases (Table 2, example 7), notebook entries 
revealed that their associated herbarium specimens con-
tained incorrect label information, so we emended their 
original metadata records with the corrections provided by 
the notebooks. 

The LFCC field notebooks also revealed new infor-
mation that exceeded the metadata typically recorded or 
shared publicly for individual herbarium specimens yet 
are essential for advancing biodiversity research. These 

https://n2t.net/ark:/61221/25762
https://sernecportal.org/portal/collections/individual/index.php?occid=31536346
https://sernecportal.org/portal/collections/individual/index.php?occid=31536346
https://sernecportal.org/portal/collections/individual/index.php?occid=31536346
https://n2t.net/ark:/61221/1684
https://n2t.net/ark:/61221/20349
https://sernecportal.org/portal/collections/individual/index.php?occid=31545585
https://sernecportal.org/portal/collections/individual/index.php?occid=31545585
https://sernecportal.org/portal/collections/individual/index.php?occid=31545585
https://n2t.net/ark:/61221/809
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635
https://sernecportal.org/portal/collections/individual/index.php?occid=23889635
https://n2t.net/ark:/61221/28217
https://n2t.net/ark:/61221/28219
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included anatomical drawings justifying species determi-
nations, the names of other institutions that received du-
plicate specimens, collection events of rare species that 
reference apparently missing herbarium specimens, and 
original observations about habitat and growth form dif-
ferences between taxonomic varieties (Table 2, examples 
8–11). For example, the Virginia state record of Gentiana 
linearis Froel. was first discovered in the LFCC collection 
and was assumed to be a waif occurrence (Figure 1 and 2, 
LFCC Accession #12234; Table 2, example 9). Howev-
er, on inspection of the notebook records, it was revealed 
that a second individual had been collected concurrently 
(LFCC Accession #12235), which increased the likelihood 
that these occurrences documented an established popu-
lation. Later, the specimen of this second individual was 
discovered among sheets modified with obscured labels 
for teaching purposes. 

The field notebook data that revealed the identities, 
motivations and biases of the people who created the spec-
imens and ultimately authored the biodiversity information 
(Table 2, examples 12–14) added important context for 
the collection. They are also a type of cultural-historical 
information common within field notebooks that are rel-
evant to the humanities. Some notebook entries revealed 
the full name of the collector, which allowed the specimen 
to be added to the known exsiccatae for that botanist. For 
example, the collector of LFCC Accession #9437, Marlin 
Krouse (Krouse 2026; Table 2, example 12), frequently 
accompanied botanist Lena Artz (Artz 2026; Weeks 2024) 
to sites in the Massanutten Mountains of Virginia. From 
this biographical information, one can pinpoint the Laurel 
Run locality for his #9437 collection in these mountains. 
Other entries note professional networks for individual 
specimen determinations that are not listed on annotation 
labels (Table 2, example 13) and that shed light on the peo-
ple that Professor Simpson relied on early in his career for 
confirming plant identifications. 

A particularly critical discovery was a two-page pref-
ace to a notebook describing specimen collection methods 
and the field data notation protocol (Table 2, example 14) 
that provides information about the genesis of the herbari-
um and the authorship of its field notebooks. For instance, 
these pages explain why virtually no LFCC herbarium 
specimens record plant height, as this trait was not part of 
the required field notation protocol. The pages also reveal 
that the herbarium was, in large part, assembled by un-
dergraduate students instructed by Professor Simpson. In-
spection of the >4000 pages of the LFCC field notebooks 
reveals many different handwriting styles, which indicates 
that the observations were recorded by other individuals 
in addition to Professor Simpson. In some cases, as in-

ferred by matching handwriting samples, individuals who 
wrote the field notebook entries also wrote the labels for 
herbarium specimens created during collection events, 
which suggests these individuals were the collectors of 
the specimens and perhaps also the students of Professor 
Simpson. As described in the results, the small number 
of specimens contributed by each collector name string 
is consistent with that required for undergraduate student 
projects. In other cases, individuals acted as scribes for 
others, perhaps recopying notes as a curatorial assistant or 
as part of a group project by recording their student part-
ners’ collection events. The precise number of individuals 
contributing to the notebook entries was not determined, 
but analysis of the collector name strings indicates they 
may tally in the hundreds. Thus, the LFCC field notebooks 
are unusual from typical field notebooks in having mul-
tiple authors, with the caveat that most or all of these in-
dividuals were under the direction of Professor Simpson. 
His students, as residents of the largely rural landscapes of 
northwestern Virginia in the 1970s and 1980s, had collec-
tively wide access to private and public land on which to 
collect specimens and contributed to the density of herbar-
ium specimens from the counties surrounding the college 
(Weeks et al. 2025). Such features of this collection would 
have remained unrecorded and unknown but for these two 
notebook pages. 

Herbarium record updates in the Symbiota database 
are not automatically transferred to the Omeka S LFCC 
website after their initial import during set-up. Instead, up-
dates must be manually imported, and the lag time between 
imports may result in temporarily conflicting information 
on the Omeka S platform. For instance, ongoing nomen-
clatural changes for the LFCC herbarium specimens are a 
common source of discrepancy between the two digital re-
sources (see Table 2, example 3). This particular outcome 
is not unique to the Omeka S platform, as taxonomic name 
discrepancies are a well-known challenge for interpret-
ing biodiversity datasets and have established protocols 
for detecting and resolving conflicts (Grenié et al. 2023). 
Because each field notebook entry item in Omeka S is 
linked to its herbarium specimen record in Symbiota, the 
most up-to-date nomenclature for that specimen is always 
accessible, if not part of the textual interpretation for the 
notebook entry itself.

The specimen-first approach to digitizing field note-
books described here does achieve part of the intent of the 
Extended Specimen Network, in that it creates findable 
and accessible connections between specimen records and 
their ancillary extensions to improve infrastructure for re-
search. The architecture of the Symbiota portal is custom-
ized to allow users to search for specimens by association 
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type, which makes the persistent URL to notebook entries 
for specimens discoverable by users of the site. Recipro-
cally, the Omeka S portal leads visitors from notebook 
entries to specimen records. While these associations are 
not yet ingested by global biodiversity aggregators, their 
effects on improving the accuracy and precision of the 
specimen data shared to these publicly accessible sites are 
substantial, as detailed in the sections above. One stated 
goal of the Extended Specimen Network is to accelerate 
discovery across datasets to address biodiversity knowl-
edge shortfalls, such as those outlined by Hortal et al. 
(2015). Using their framework (Table 2), we have shown 
how field notebook data can fill the knowledge gaps of 
all seven categories identified by these authors, which are 
essential for advancing macroecological and evolutionary 
research. 

Some LFCC field notebook data that are not tied to 
herbarium specimen collection events are not surfaced 
immediately using our method as they would be if their 
textual and image data had been fully transcribed and se-
mantically annotated (e.g. Table 2, example 11 and 14). 
However, future use of optical character recognition or 
artificial intelligence to transcribe and semantically anno-
tate text and images is not precluded by our method; the 
archived high-resolution image files of the notebooks re-
main publicly accessible for these types of future analyses. 
Given the widely varying format and content of field note-
books, a variety of digitization protocols will be needed to 
capture their information effectively and efficiently. The 
specimen-first approach to digitization is more appropriate 
for those field notebooks with a predominance of indexed 
specimen collection events rather than unassociated natu-
ral-history observations or illustrations. Recent methods 
for semantically annotating text in digitized field note-
books (Stork et al. 2019a) and training image recognition 
software to produce taxonomic classification of illustra-
tions in them (Stork et al. 2021) are promising avenues for 
making data from notebooks not directly associated with 
collecting events machine readable.

Envisioning the research that could be made possible 
by liberating biodiversity data at scale from historical or 
contemporary born-digital field notebooks and managing 
these data within a FAIR digital environment is tantaliz-
ing. This type of environment could empower taxonomists 
to query the global store of notebook records for a given 
taxon to test for patterns in the textual observations that 
might indicate the presence of segregate taxon. It also 
could allow ecologists to access machine-ready biotic and 
abiotic data records by geographic region accumulated 
across centuries of notetaking, which could reveal longi-

tudinal changes in endangered ecosystems and assist plans 
for their restoration. Use-cases for a FAIR data environ-
ment of field notebook records are easily imagined, with 
the important caveat that unexpected new uses for these 
data are also likely to emerge in the future. Especially for 
field notebooks, this future is within reach given the tech-
nological tools now at our disposal, such as those provided 
by advances in library science, the digital humanities, and 
decades of natural history collections’ digitization research 
and development. Creating the FAIR digital environment 
for field notebooks to usher in the next generation of bio-
diversity research will require community collaboration, 
creativity, and the human and financial resources to move 
this vision to reality. 
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