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Vincent S. Smith!, Vladimir Blagoderov?

Narural History Museum, Cromwell Road, London, SW7 5BD, UK.

Cnrreﬁpunding author: Vincene 5. Swmuieh {vincr:.[.:'.:‘-vsmi'rh-inrn}

Received 14 July 2012 | Accepted 16 July 2012 | Published 20 July 2012

Citation: Blagoderov V, Smith V5 (2012) Bringing collections our of the dark. In: Blagoderov V, Smith VS (Ed) No
specimen left behind: mass digitization of natural history collections. ZooKeys 209: 1-6. doi: 10,3897/ zookeys. 209.3699

Natural history collections are an incomparable treasure and source of knowledge.
Collected over centuries of field exploration, these repositories contain a sample of
the world’s biudiversit}r, and represent a monumen tal societal investment in research
and applied environmental science (Network Integrated Biocollections Alliance 2010).
Knnwledg& derived from the 1.5-3 billion specimens (Arino 2010, Duckworth et al.
1993) within these collections has made vital contributions to the study of raxonomy,
systematics, invasive species, biological conservation, land management, pollination
and biotic responses to climate change (Chapman 2005). Despite these activities, nat-
ural history collections are significantly underutilised due to the difficulty of obtain-
ing and analysing data within and across collections. Digitisation and mobilisation of
specimen and associated data removes this impediment, but presents major rechnical
and organisational challenges. The largest of these is how to capture specimen data fast
enough to achieve digitisation of entire collections while maintaining sufhcient data
quality.

Until recentl}*, episcrclic and incremental Funding has had limited success with
natural history digitisation, largely addressing local projects within single institutions
or across niche research communities. New Funcling, mupied with more collaborative
approaches to digitisation, and technical advances with scanning and imaging systems
have begun to change this. The collection of eighteen articles published here examines
some of these developments, providing a snapshot of current digitisation efforts and
progress across these themes.

Copyright V5. Smith. V Blogoderov This is an open access article distributed under the terms of the Creative Commaons Attribution License 3.0
(CC-BY), which permics unrestricted use, distribution, and reproduction in any medium, provided the ariginal authar and source are crediced.
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The first of these papers by Reed Beaman and Nico Cellinese (2012) looks at
the transformative putential of natural histur}r‘ specimen digitisatiﬂn, both in terms of
driving new developments in technical infrastructure, as well as in new applications
for the digitised products of this work. Fundamental to the increase in efficiency of
these programmes is the modularisation of the digitisation process. Collections dig-
itisation is broadly defined to include transcription into electronic format of various
types of data associated with specimens, the capture ufdigitﬂl images ufspecim:mm and
the georeferencing of specimen collecting localities. These steps are examined by Gill
Nelson and colleagues (2012), who are quite literally based at the ‘hub’ of National
Science Foundation efforts to advance the digitisation of North American biological
collections in the United States. Based on studies of major digitisation efforts across
the U.S., Nelson et al. break down the clusters of digitisation activities into worktows
that can be adopted by other digitisation efforts.

A fundamental step in any digitisation programme is the aggregation or fed-
eration of digital output so it can be collectively searched and discovered. The Eu-
ropean Union funded Open-UP project is one such effort within Europe, and is
described by Anton Giintsch and Walter Berendsohn (2012) in their paper on the
mobilisation of natural history multimedia resources through the EUROPEANA
data portal. The challenges surrounding the coordination of digitisation efforts are
also looked at through a series of projects trying to address these problems, nation-
3.11}’ or via tl‘lematic HEtWUka. Il'l S0IMNE CASES thEEE dlr e I:IE'EI: Fr-ﬂ.C[iCE HEtWDrkS ELICh
as the U.S. Virtual Herbarium described by Mary Barkworth and Zack Murrell
(2012). In other cases these projects provide a service infrastructure such as the
Finnish Digitarium (Tegelberg et al. 2012). Even operating within the confines of
a single large institution can be a challenge: different stakeholders have different
priorities that can be difhcult to accommodate within the budgets of single institu-
tions. Marc Gofferjé and Jon Peter van den Oever (2012) describe a range of solu-
tions to address these issues at NCB Naturalis. Part of the solution lies in improving
the efficiency of an institutions digitisation process, as illustrated ar the New York
Botanic Gardens (Tulig et al. 2012) and the Royal Botanic Gardens Edinburgh
(Haston et al. 2012).

Attempts to automate digitisation are confounded by the fact that different types
of organisms require very different [vpes of preservation. Plants and Fungi are typi-
cally prepared as dried, Hartened specimens attached to archival quality paper, with
printed label data mounted on the sheet. This pre-adapts herbaria to rapid digitisation.
In contrast insects, which are the most numerous organisms in collections, are typi-
cally mounted by pinning individuals on entomological pins, which are accompanied
by tiny (often folded) labels beneath each specimen. The particular demands of mass
digitising entomological specimens are the subject of five papers, which have meth-
ndnlugica”y mnverged on the scanning whole collection drawers. G'ig;zP;mT described
by Martthew Bertone and colleagues (2012) was arguably the first of these approaches,
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enabling the low cost capture of gigapixel panoramas of insect museum drawers con-
taining many hundreds DFEPEEimEHE. More rt::;t:nt|}' SatScan, de\r‘eluped in association
with the Natural History Museum London (Blagoderov et al. 2012), and in use at the
Australian National Insect Collection (Mantle et al. 2012) has enabled these panora-
mas to be obtained with minimal distortion. SatScan is accompanied by software used
to select and annotate images of individual specimens. The drawer scanning approach
has been inturpﬂ-ra[cd as part of the U.S. InvertNet digi[isa[iun programme (Dietrich
et al. 2012), and has resulted in a new, low cost instrument called DScan (Schmidr et
al. 2012). A contrasting approach to accessing digital images is described by Quentin
Wheeler and colleagues (2012), who are exploring the use of telemicroscopy to enable
remote researchers to access and manipulate specimens beyond their physical reach.
Although not strictly mass digitisation, the potential effect of this nerwork of remote
access microscopes is similar, enabling researchers to examine insect material located at
major institutions over a network connection.

Even with this automation, a significant labour force is still critical for many digiti-
sation projects. Paul Flemons and Penny Berents (2012) explore the use of volunteers
to increase the rate of digitising insect collections. This has enabled the Australian
Museum to capture label data and images for 16,000 specimens in just 5 months.
Label data transcription is a major problem in many digitisation projects. Andrew
Hill and colleagues (2012) describe their software to crowdsource label transcription
through a workforce of citizen scientists. Embedding quality control techniques and
design elements to keep contributors motivated, Notes On Nature provides a roolkirt
for transcription of ledgers and labels of natural history specimens. Andrea Thomer
and colleagues (2012), extend this transcription work into new territory using Wiki-
style templates to crowdsource data extraction from century-old field notebooks. This
enables interoperability of the underlying data without losing the narrative context
from which these observations are drawn. The series closes with a paper by Randall
Schuh (2012), who looks at methods to integrate specimen databases into the practice
of revisionary systematics, closing the loop between digitising, extracting and reusing
data in taxonomic research.

In bringing together this special issue on digitisation we have sought to represent a
wide selection of projects and techniques. These papers provide a snapshot of activity in
what is a fast moving field that is seeing ever-increasing degrees of collaboration across
disciplines and berween collection-based institutions. Many of these projects deal with
the unique challenges associated with major collections that have built up over several
centuries, with different communities of practice and different user groups. Despite
these differences, the standards for collection acquisition, preservation and documen-
tation are bmadl}f consistent, meaning that there is sufhicient common gruund Lo bring
together the enormous amounts of data that are being exposed through these acrivities.
WE' E]{PECt [].'13.[ in thE next l:l.EEECI.E-' tI.'I'E'EE' 'I:EH.L'I Wl].l bE‘CDmE ti.'l.E' new frvr_‘nntier I.:UI' I'IEIL"'E.].
history collection management and research.
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Abstract

New information technologies have enabled the scientific collections community and its stakeholders to
adapt, adopt, and leverage novel approaches for a nearly 300 years old scientific discipline. Now, few can
credibly question the transformartional impact of technology on efforts to digitize scientific collections,
as I'T now reaches into almost every nook and cranny of society. Five to ten years ago this was not the
case. Digitizarion is an activity that museums and academic institutions increasingly recognize, though
many still do not embrace, as a means to boost the impact of collections to rescarch and society through
improved access. The acquisition and use of scientific collections is a global endeavor, and digirization
enhances their value by improved access to core biodiversity information, increases use, relevance and
potential downstream value, for example, in the management of natural resources, policy development,
food security, and planetary and human health. This paper examines new opportunities to design and
implement infrastructure that will support not just mass digitization efforts, but also a broad range of
research on biological diversity and physical sciences in order to make scientific collections increasingly

relevant to societal needs and interest.

Keywords
Scientific collections, biodiversity, digirization, specimen access, biodiversiry informarics, dara sharing,
linked dara, interoperability
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Introduction

Understanding biodiversity is one of five grand challenges identified by US Nartional
Research Council Committee on Forefronts of Science at the Interface of Physical and
Lite Sciences (2010). Broadly dehned, the study of biodiversity addresses variation
among living things and systems, ranging in scale from molecules, genes, cells, individ-
ual organisms, to species thruugh ecosystems. Sptcimens, and now the digital proxies
for specimens, are a critical underpinning in documenting biodiversity (Berendsohn
and Seltmann 2010, Berents et al. 2010, Scoble 2010, Vollmar et al. 2010). Improving
infrastructure for digital specimen data comes at a time when basic biodiversity science
is itself undergoing rapid change.

Investments in digitization will ultimately yield a better return if use expands and
specimen data are linked across a wide array of related biotic and abiotic data. The
specimen objects provide a physical basis for linking data to other biodiversity science
domains. Scientific collections document the who, what, where, and when of biologi-
cal diversi[}r. Digiti;{ation, heynnd making collections more accessible to researchers,
provides access to downstream users such as the general public, government and non-
government agencies and private enterprises.

Many researchers still fail to realize the importance of vouchering specimens to
their community's practice. Whether they study molecules or ecosystems, many are
content to -CIEICleEﬂt II'IE' urganisms thE}" Wﬂfk With I:I}" taxonomic name EIUHE. E.\rE-'I'l
researchers in the closely aligned field of molecular systematics have previously failed to
grasp the importance of citing specimen vouchers, evidenced, for example, in the lack
of voucher data cited in GenBank, other repositories, and in publications. How can
we know that the sequence deposited in GenBank belongs to the taxon under which
it is filed? Whether alpha raxonomy or a synthesis of large phylogenetic trees based on
molecular sequences, citing vouchers remains essential to a scientific process that is
TEPEE[EI:PIE ﬂl'H:I. \"Eriﬁﬂ.bEE.

In order for research communities to stay abreast and benefit from opportunities
of new information technology environments (e.g., cloud computing, linked data and
ontologies, social and compurational virtual nerworks), increasing multi-disciplinary
collaboration between biologists and computer and information scientists and engi-
neers is a must, as few scientists in representative domains have all the necessary skills
to “do it all.” Across the biological sciences, where new tools such as next generation
Sequencing ElI'I'I:I Eﬂ\’irﬂnﬂ'lfntﬂl SENSOrS C;'I EIHE']']EE' n&h&’nrk dﬂﬁign and cnntrihute o tI'I'E'
now well-known data deluge (Kahn 2011, McNally et al. 2012, Michener and Jones
2012, Kolker et al. 2012), robust cyberinfrastructure that facilitates collaboration, data
automation, sustainable software devdupmcn[, and high perfﬂrmance computing is a
priority (Donoghue et al. 2009, Hendry 2010). Digitization of scientific collections
Is no exception, as two- and three-dimensional images, video, audio, and other media
derived from physical specimens and observations and measurements proliterare, they
add significantly to the data deluge, and to the need for long-term data storage archives
and data curation. It is also essential to recognize thart digitized collections perma-
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nently document resources that are held in museums and herbaria, and so have a place
in foundational biodiversity infrastructure.

Some of the necessary organizations are already in place, e.g., Global Biodiver-
sity Information facility (GBIF: htp://www.gbif.org), Atlas of Living Australia (ALA:
hrep:/fwww.ala.org.au), Virtual Biodiversity Research and Access Network for Tax-
onomy (ViBRANT: http://vbrant.eu), DataONE (http://dataone.org), and the US
Integrated Digitized Biocollections (iDigBio: hreps://www.idigbio.org), which are at
various stages of implementation and operation. Each, however, has limitations on
scope, and the resulting infrastructure remains an innovative yet incomplete patch-
work of distributed data, archival resources, tools and software. For example, GBIF
has no mandate as a primary resource provider, and instead serves as an aggregator, in-
dexer, and distributed portal; iDigBio is not funded to develop new digitization tools,
and like ALA has a national mandate.

The gaps in scope present both a need and opportunity to further conceprual-
ize and develop an international infrastructure and missing components that will
’Full}f support the broad dehnition of bindiversit}f research that coordinates and in-
tegrates with existing infrastructure, including tools developed by individuals and
small teams. Coordinating biodiversity research and cyberinfrastructure requires
nimble computational resources, an ability to support heterogeneous distributed
data, robust and sustainable software development, and an innovative and well-
trained workforce, along with the social and research infrastructure that supports
them, to answer challenges that have previously been beyond the scope of traditional
scientific methods and organizations.

This paper is a call to the communirty to define a comprehensive conceptual plan
that will allow scientists across multiple disciplines to coordinate a community able
Lo capitali:ﬂe on cutting tdge cumpu[atfunal infrastructure, economies of scale, with
the innovation and needs of a broad community of other scientific organizations. So
far, the biocollections community has nperated in an ad hoc, gengraphica“y Fr3g=
mented way. As research has become increasingly collaborative, interdisciplinary,
and international, new social challenges arise around how scientists work together,
across disciplines, institutions, and geographic and political boundaries. Commu-
nity based planning allows consideration of critical elements of sustainable infra-

structure, Encluding:

L ]

Setting priorities and identifying use cases.

* ]dfntil:ying stakeholders, collaborators, and communities of practice.

* Specitying computational infrastructure, software, and data storage require-
ments and dependencies.

*» Practices, methods, standards, and inleruperabi]it}r.

* Management, organizational structure, and sustainabiliry.

* Risk assessment.

Formal conceptual planning and development of standards is common in engi-
neering, industrial, and biomedical sectors, but in basic biological research, a per-
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ception remains that innovation and individual research are not as dependent on
foundational infrastructure as in the physical sciences. As networks of biodiversity
researchers grow, they have an increased need to plan effective infrastructure to sup-
Pﬂrt Cﬂllﬂhﬂr}ltiﬂ n, distrib thECl diltﬂ. mﬂnagement Elﬂl:l dCCESS, AE 4an Example, extensive
planning and design processes are documented in a NASA (2007) handbook on sys-
tems engineering, including lifecycle documentation, establishing user requirements,
and management. The elements listed above and discussed below are not t}:hauﬁtivt:,
and are described in a context of how digitized collections can underwrite a larger

cnmmunit}r in the bindiversit}' sClences.

Priorities and use cases

A challenge of scale for this community is in the numbers. Over a billion specimens
exist in thousands of collections, and most are managed independently within stand-
alone museums, universities, and government agencies {http:.l"a"nsca”ianc&nrgﬁwardu
press/wp-content/uploads/2009/11/iwgsc-report.pdf). Digitizing an institution’s col-
lection from A-Z may be the most efficient means, but feasible only in certain circum-
stances, such as largt:-scalt: moves or renovations {c.g., the recent renovation of the
Paris Herbarium). Funds, personnel, and time are typically limiting, so priorities must
be set. T}"pe collections, historical collections, special collections are common priori-
ties, but identifying and increasing relevance of collections to the research community
and other stakeholders is another strategy.

The aggregation of digital data through portal infrastructure such as the Global
Biodiversity Information Facility (GBIF: htep://www.gbif.org), VertNet (hctp://
vﬁrtnt[.urg}, Murphbank [http:ﬁwww.murphbank.net}, the Faleantulug}v’ Portal
(Paleoportal: http://fwww.paleoportal.org), among others, added to the realization
t].'lﬂ.t specimens drc 'LIEEFL].]. Fﬂll' n‘tuch morec fhﬂ.ﬂ Si.ITIFIIE l'l'lﬂFrFiﬂg EIF EFECiES QCccur-
rences. Digiral specimen dara is a proxy or surrogate of physical objects and appro-
priate use may be limited. However, digitized data can be used to study morphology
(Corney et al. 2012), identify, classify, map and spatially model taxa (Thuiller et
al. 2009, Soberdn 2010). Where expertise is a limiting resource, for example in the
Etle}-' D‘F h}'Fl'El' di"n"ETSE gl’UUFE {E.gq iﬂSEE[S}T C}"I]EI’i.I'IFI'ﬂEthlC'EUTE‘ CdTl I'IE‘].F' lE"h"El'ﬂg-E
that expertise (Moore 2011).

There is further need to establish speciﬁc use cases (or more precisd}r, user scenar-
ios) whether biological, technical, or a combination of both. As applied to collections
digitization or other areas of biological informatics (e.g., genomics and proteomics),
research is increasingly catalyzed by improved computational infrastructure to process
and store large data sets and files, index and link billions of data records, data-mine
existing resources, and incorporate ﬂnmhgies Lo support semantic reasoning. Engi=
neering breakthroughs in optical sensors and robotics have had and will conrinue o
have enormous potential to guide and impact digitization efforts, but the needs of the
biology domain can also drive technology.
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Stakeholders, collaborators, and communities of practice

Stakeholders, both primary users (e.g., curators, collection managers) and downstream us-
Ers (E.g.-, ::!imﬂtt' I'EEE'El'ChETE, resource m ana_gers, EdﬂCﬂtﬂ r!-:), 4are thE‘ Imost appmpriatﬁ* S0urce
ol user scenarios. It is the stakeholders that build communities of practice from the ground
up and define what is really needed, what is novel, and add value to current practice. Users
define the need to scale infrastructure ::apabﬂil:i::s to support the science {c.g., gmspatial
and phylogenetic analyses). Users also compose the social networks, crowd-sourcing work-
force, and Lll[imzltEI}-’ pmvide intellectual capacity for digit;ﬂ rnarkup and annotations, de-
velopment of linked data applications, ontologies, automation, and workfows.

In 2010, the scientific collections community within the United States outlined a
strategic plan for digitizing scientific collections, including the establishment of the Net-
work Integrated Biocollections Alliance (NIBA, http://digbiocol.wordpress.com). The
plan defined digitization to encompass a broad range of digital data capture about bio-
logical specimens, from field collection events to cataloging and accessioning metadata,
1M E.EE'H ElrlCl DthE‘!— ITI'Edi.ﬂ {:I'E']'ivﬂd frnm 'FlE'ld ETICI. |al‘mr3mry Wﬂrl(, 3['1{:' set tI'IE StﬂgE Fﬂl’ £5-
tablishing priorities based upon how a specimen and its occurrence relate to research. Ad-
ditionally, the physical specimens can be re-sampled, e.g., for epiphytes, parasites, mineral
d::pusits, biﬂ-mcdiﬁaﬂy active l;;r_‘:mpuund::i, re-purposing not just data, but the specimen
objects themselves, for research on many functional elements of biodiversity, including
mutualism, co-evolution, lateral gene transfer, parasi[uiug}r, and comm unity eculug}r.

The U.S. National Science Foundation responded to elements of the NIBA plan
1‘1}! Estﬂhlishing a program for ﬁdvancing Digitization ﬂFEiﬂngiC&l Collections (NSE-
ADBC, hup:/fwww.nsf.gov/funding/pgm_summ.jsp?pims_id=503559), which funds
digitization based on scientific questions or themes through extensive collaborative
networks. Examples of Thematic Collection Networks (I'CN) funded through this
program are detailed on the iDigBio web site (hrtps://www.idigbio.org/content/the-
matic-collections-networks).

Key challenges are often social and priorities may be at odds with technical needs.
Solving social challenges requires different approaches and expertise not be inherently
a part of existing biocollections business practices. Long adhered to curation practices
may need to be revised, and interdisciplinary collaboration with social scientists and
psychu]ugistﬁ may pmvide useful insight, but may not ne::es.sarﬂ}* be well received. For
example, is it legitimate to unpin an insect to access the label dara during the digitiza-
tion pmcess? As investments in digitizatiﬂn increase, so will the need to pmduce met-
rics of success and document outcomes. As communities of practice develop around
digitization networks, social and usability considerations are essential.

Computational infrastructure

Computing, software, and data resources are clear enablers of both large-scale digitiza-
tion and biodiversity research. Advance computational infrastructure, including vir-
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tual and cloud infrastructure, are costly to design and deploy, so are generally viewed as
resources to bf.' ﬂdﬂptﬂd dCTOES ﬂ.ll SClences. [H thﬂ U.S., [hE ﬂﬂtiﬂnﬂ”}’ Fundf:d TETEG[id,
and its successor XSEDE, have primarily focused on processing capability, or cycles,
and benefits applicatEDHS such as phylng&ﬂetic inference, image manipulatiﬂn, anal}rsis
and visualization, but less so for the storage requirements of digital collections, includ-
ing long-term archiving of images and other media.

Dependencies often relate to previous investments and software development in
the form of libraries, services, and value added data sets. Georeferencing tools, e.g.,
Geolocate (htep://www.museum.tulane.edu/geolocate), are good examples of existing
investment that incorporates automation, data-mining algorithms, need for gazetteer
and other geospatial data, and mapping tools. Automated data capture methods, for
example the use of Optical Character Recognition (OCR) may leverage commercial
software and allow deployment of services or software with embedded OCR.

Practices, methods, and workflows

Digitization workHows span across human mediated processes through data and computa-
tionally intensive automation where software tools and services are the actors and intersect
field collection techniques, institutional accession policy, differences in curatorial practice
among, domains, and involvement of the g{:neral pubﬁc in crowd-sourced methods.

The workHows that represent digitization of new accessions have in many cases
required, or at least highh{ recommended, elements of funded projects in systematics
and ecology. The Moorea Biocode project (http://moorea.berkeley.edu/biocode) is an
exemplar, comprehensive effort to collect data on all aspects of a biodiversity survey,
inc]uding vouchers, tissues, phf_}tu:.' and other media. Expﬂnding on efforts such as
this has potential to test capacity for digitization and physical curation. BioBlitzes are
similar apprnache:; that t}fpicaﬂ}r utilize a combination nfexpert and citizen scientists
over a short period of time (a day or tew).

Digitization of existing collections is an enormous undertaking. Initial digitization
efforts focused on assembling very complete data records and access to researchers and
the public was granted only after extensive quality control. More recently, it has been
fECDgHiIEd thﬂt not E\"Er}r EEE‘ITIETII: Ufﬂ DD“ECI:EUI'I TECDI{J HEE'I:[S Lo I:IE fﬂml’df_’d Eﬂ d Eil'l-'
gle digitization event (Granzow-de la Cerda and Beach 2010). For example, recording
of an image and “filed-under” taxon name are sufficient to start the process. Digital
capture of useful information can follow at a later stage and be treated as annotations
(e.g., a history of taxonomic determinations). Some aspects of data capture, like data
curation, can be ::m;l:l}' when it involves expert judgments. In entumulug}', for exam-
ple, the initial capture of a box of specimens that may conrain hundreds of individuals
represents a further extension of a modular workHow. This works Eﬁective|y with high=
resolution sensors that allow users to scale their view appropriately.

Imaging methods have great growth potential for mass digitization efforts. Those
new to digital imaging may find the array of possibilities overwhelming. Sensor resolu-
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tion, pixel size, noise sensitivity, and cost are among the factors that must be weighed.
Considering htness for use means that there are no one-size-fits-all solutions; collections
inherently vary in the ways thar physical objects and their associated data are stored, and
differ in size (from a few thousand to millions), use cases, and available budgets.

Another consideration that may ultimate affect use of a digital media objects are
the formats in which they are stored, archived, and made available to researchers.
Metadata, annotations, color pruﬁlﬂs, etc. can be stored within the image, as in the case
with EXIF metadata (Romero et al. 2008) or in separate databases. These presence and
access to such metadata affect whether viewers can display certain media types, decode
metadata, and access or provide new digital annotations. Whether the image formats
are proprietary or open source, the type and level of file compression, e.g., lossless vs.
lossy, are particularly important in biodiversity research applications, and especially
when data are to be archived over the long-term.

Standards and interoperability

Data sharing requires that the resources be communicated in standard formats, consist-
ent usage of Vu:;abular}' and ::ﬂm;ﬂpts, and thmugh pmtﬂcula understood b}’ each of the
nodes of a network. In the biodiversity domain, Darwin Core (DwC, http://rs.tdwg.
org/dwc), a TDWG supported standard (Wieczorek et al. 2012), is widely adopted,
including by GBIF and it is used by many of GBIF’s data providers in the context of
the Integrated Publishing Toolkit (IPT), a recently developed tool for easy data sharing
(hrep://code.google.com/p/gbit-providertoolkit/). In its current instance, DwC is for all
intents and purposes a controlled vocabulary of terms that describe scientific collections,
biﬂdi\-"tfﬁif}-’ observations, basic taxonomies, and localities, among others. Concepts are
defined in human readable language and implementations are independent from any
one format {e.g., XML, RDF or tab-delimited). This creates foibi].i.r:r' to link data from
the collections to virtually any other digital record in related domains. Recent harmoni-
zation efforts, for example through the Genomic Standards Consortium (http://gensc.
orglge_wiki/index.php/Main_Page), which is developing profiles for minimum infor-
mation standards (MIxS), make it possible to link genomics data to scientific collections.
While very preliminar}', such efforts herald recognition that information needs to be
exchanged across multiple domains in biology, geo-sciences, and other physical sciences.

Linked data environments are evolving quickly and increasing capacity for data
discovery. A collection event may generate a number of specimens that are indepen-
dently imaged and annotated; tissues may be subsampled from any specimen, its DNA
extracted and sequen::r:d. Specimens, annotations, images, tissue samplﬁs, DNA may
be accessioned into collections at different institutions, and sequences deposited in
GenBank. Itis a -::haHEnge to track the data across different institutions, and especiaﬂ}r
across digital repositories in different domains. Linked dara approaches can provide
sufficient provenance to allow discovery of not just how a specimen may have been
used, but if a digital annotation occurs (such as a change in identification) this can be
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propagated into downstream analyses. Projects like the BiSciCol Biological Science
Collections Tracker (http:ﬁbiscicul.bfugsput.cum] aim at ﬁ]ling the gap in reconcil-
ing specimen data with their derivatives when these are scattered across independent
digital repositories to support projects like Moorea Biocode. However, linked data
approaches are successful only when darta are served to the community and tracking
can be achieved with the use of persistent Globally Unique Identifiers (GUIDs). As
linked data efforts increase, it is bt{:f_}ming pmgre&sive]}’ evident that the persistence of
GUIDs is both a necessity and a challenge. The responsibility of establishing a persis-
tent GUID lies with the provider (see hrtps://www.idigbio.org/content/idigbio-guid-
statement), although other scenarios that may include large dara aggregators taking on
the responsibility of assigning unique identifiers are also possible. In addition, identi-
fiers need to be associated with individual dara objects, and not just data sets.

The development of formal ontologies compliments and extends efforts on controlled
vocabularies and linked data. Data modeling associated with ontologies can provide a
powerful approach to synthesis in semantic web environments. The biomedical com-
munity has invested hezwil}f in initiatives such as the Open Ein|ngicﬂl and Biomedical
Onrologies (OBO Foundry, hup://www.obotoundry.org) and Gene Ontology (hrep://
www.geneontology.org). One advantage inherent to biocollections data is that a long
history of practice has already led to structural understanding of ontological relation-
ships, and biological classification has served as an example in the general literature on
UHtDIBgiES (Heuer and Hennig 2008). While re|al:iun5hip5 between cullecting events,
observations, organism occurrence, and taxonomy may never be solved in a philosophi-
cal context, in a pragmatic context, the definition of terms and the use of concepts may
be more precisely aligned in shared data environments by consideration of ontological re-
lationships. As the implementation of standards and the underlying terms and concepts
is a matter of practice, [tchnulug}' may p:ﬂvide par[ial solutions, such as in the support
of mapping semantic meaning across multiple ontologies and linked data environments.

Risk assessment

While the promise of access and relevance to biological collections data are over-arch-
ing guals, digitizatiﬂn can also mitigate, o a very limited extent, the loss anhysic&l
collections. However, new feld collections can never replace the original, especially
when it comes to type specimens and historical collections, even if the localities from
which they were collected still exist. Specimen acquisition, curation and preservation
of specimens are an enormous long-term capital investment, and the digital capture
and dissemination of data is a rt:]al:ivel}f minor cost in comparison.

Technology develops at such a rapid rate that long-term planning carries uncertainty
and risk. For Example, as digitizatiun efforts begiﬂ to use cloud computing resources for
darta storage, they may not consider an element of vendor lock-in, i.e., that bandwidth
costs may preclude them from migrating their data elsewhere. A related question is
whether biodiversity data managers should even manage their own hardware resources,
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which often carry hidden costs such as system administration, electric power bills, and
U[hﬂr ﬂﬂﬂdﬁ [hﬂ.t Al Dl:tt:n not ECElﬂblf. Hﬂ[dWﬂrE lifespﬂn i.E gﬂﬂﬂrﬂ“}' in thﬂ %—5‘ :rrt'ill'
range, but carefully planned software and database designs can have much longer shelf
life. ’Dptimal methods to udf:‘l.nt-la:rpT maintain, and sustain software app“catinns and data
resources are not always clear, and even innovative tools focused on highly specific tasks
(e.g., in genomics, proteomics, metabolomics) are unlikely to have a sufhcient user base
to gain commercial Viabilit}?. In limited communities of practice, therefore, other busi-
ness models such as subscription services are more likely to be sustainable in such cases.
Collections are generally housed in organizations (museums and academic institutions)
that already have a long-term commitment to their physical collections and are man-
aged with public, private or endowed funding. Therefore, extending that commitment
to digital information follows logically, but it should not be an unfunded mandate.
The potential for failure lurks around every corner. Many risks are social as much
as technical. The individuals in the biodiversity research community may not be able
ro communicate user scenarios thar are adequarely understood by rechnical imple-
menters. ﬁdditinnafl}r, pntentia! collaborators may have cnnﬂicting needs, or may not
have a sufhciently innovative vision to create opportunities in a multi-disciplinary en-
vironment. There are also significant challenges to broad adoption of digitized col-
lections data, because users outside the immediate circle of Fﬂrmaﬂy trained scientists
may not be interested in subtleties that drive extensive discussions in the biocollections
Cummunit}q E.g., taxonomic CDI'ICEP'['E. DGWHEETEE[‘" USErs, Fﬂ-r Example, DFEE['I want to

know only the names of the organisms they are sampling or studying.

Conclusions

[n recent years we have witnessed a renewed interest in natural history collections and
with that, the |E;1::|ing Edgﬂ of a cleluge of digitaf biocollections data. Mass digitiz.atinn
approaches, driven by specific research questions, require a variety of methods railored to
the different nature of the specimens in question and requirements of the user scenarios.
Rapid advances in technology allow us to implement a variety of tools and workflows
that are well adapted to the needs of each collection, including specimen objects, meth-
ods f_'rf'smmge, available informatics and human resources. Mass digiti:{ﬂ.tiun, no matter
how achieved, offers the incredible opportunity for using biocollections to address and
meet sclen tiﬁﬂ grand EI'IEI].ET]EES at Emﬂjl and iﬂrgf ECEIE, Withiﬂ ﬂ.!'ld ACT0sS Cl.ﬂmﬂinﬂ. ﬂ‘lE
combination of human pressure on natural systems and new technologies for digitization
creates a perfect storm of social imperatives and scientific opportunities to mobilize data
and further explore under-described biodiversity still locked within museum cabinets.
The ultimate payoft for broad adoption of biocollection data resides in the syn-
thesis of biﬂdiversit}r data across domains spanning systematics, evolution, genetics,
ecology, and to the physical and social sciences. It we link that knowledge only to a
taxonomic name and not to a specimen, we are linking to a subjective judgment about
an organism’s identity and not to the physical documentation of the organism itselt.
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By linking experimental data to voucher specimens, experiments become more objec-
tive, repe::—.ta]:lle, and the data gﬂthered re-usable. Without the evidentiar}-’ documenta-
tion the investments in experimental research lose their value.

The massive amounts of digital data that we now generate are hard to manage or
synthesize with lack of an appropriate infrastructure that helps tracking data prov-
enance, metadata, and all specimen derivatives. This requires a cyberinfrastructure ca-
pable of accommodating multi institutional needs and a well-developed knowledge
environment in which data can be easily synthesized and semantic reasoning applied.
Twao Important messages arise, one social the other technical. First, in a broad, het-
erogeneous biodiversity research environment, we need a singular community effort
to conceptualize and communicate necessary infrastructure at a larger scale than so
far considered perhaps building upon the Global Biodiversity Informatics Conference
(GBIC: htep://links.gbif.org/supporting_biodiversity_science.pdf) initiative via GBIF.
Second, approaches in heterogeneous and distributed data environments that charac-
rerize biology require ar a minimum persistent GUIDs associated with every specimen
and digital data object. Metadata about collective data sets is insufhcient. The digitiza-
tion process is only part of a large data mobilization effort for biodiversity science. It is
the very first step forward in order to make data discoverable and facilitate its synthesis.

Acknowledgements

We wish to thank Vladimir Blagoderov for soliciting a special and timely issue on mass
digitization of natural history collections and inviting us to contribute. We much ap-
preciate Rod Page and Vincent Smith’s constructive comments that helped us improve
this manuscript. Finally, we are very grateful to the National Science Foundation (DBI
0956371) for supporting our work that fostered the ideas expressed here.

References

Berendsohn WG, Seltmann P (2010) Using geographical and taxonomic metadara to set priori-
ties in specimen digitization. Biodiversity Informartics 7: 120-129.

Berents P, Hamer M, Chavan V (2010) Towards demand-driven publishing: approaches to the pri-
oritization n:}fdigiti}::at'mli of natural history collection data. Biodiversity Informatics 7: 113-119

Granzow-de la Cerda I, Beach JH (2010) Semi-automarted workflows for acquiring specimen
data from label images in herbarium collections. Taxon 59: 1830-1842.

Committee on Forefronts of Science at the Interface of Physical and Life Sciences; National
Research Council (2010) Research at the Intersection of the P’hysical and Life Sciences.
The Nartional Academies Press. 124 pp.

Corney DPA, Clark JY, Tang HL, Wilkin P (2012) Automatic extraction of leaf characters

from herbarium specimens. Taxon 61: 231-244.



Mass .:ir:'g:'e‘z'r.aﬂf:'ﬂu af .m'ﬂ.i.t:ﬁf' collections: New opportunities lo Irﬁmﬁrrm... 17

Donoghue M], Yahara T, Conti E, Cracraft |, Crandall KA, Faith DP, Hauser C, Hendry AP,
Joly C, Kogure K (2009) bioGENESIS: providing an evolutionary framework for biodi-
versity science. DIVERSITAS Report No. 6, 52 pp.

Hendry AP, Lohmann LG, Conti E, Cracraft |, Crandall KA, Faith DP, Hauser C, Joly CA,
Kogure K, Larigauderie A, Magallén S, Moritz C, Tillier S, Zardova R, Prieur-Richard
AH, Walther BA, Yahara T, Donoghue M] (2010) Evolutionary biology in biodiver-
sity science, conservation and pc1|ic].r: A call to action. Evolution 64: 1517=1528. doi:
10.1111/j.1558-5646.2010.00947 .x

Heuer P, Hennig B (2008) Classification of Living Beings. In: Munn K, Smith B. Applied
Ontology: An Introduction. Ontos Verlag. Heusenstamm, Germany. 197-217.

Kahn SD (2011) On the Future of Genomic Data. Science 331: 728-729. doi: 10.1126/sci-
ence.]1 197891

Kolker E, Stewart E, Ozdemir V (2012) Opportunities and Challenges for the Life Sciences
Community. OMICS 16: 138-147. doi: 10.1089/0mi.2011.0152

MeNally R, Mackenzie A, Hui A, Lam DC, Tomomitsu | (2012) Understanding the ‘Inten-
sive’ in ‘Data Intensive Research’: Data Flows in Next Generation Sequencing and Envi-
ronmental Networked Sensors. International Journal of Digital Curation 7: 81-94. doi:
10.2218/ijdc.v7il.216

Michener WK, Jones MB (2012) Ecoinformatics: supporting ecology as a data-intensive sci-
ence. T rends in Ecology & Evolution 27: 85-93. doi: 10.1016/j.tree.2011.11.016

Moore W (2011) Biology needs cyberinfrastructure to facilitate specimen-level data acquisi-
tion for insects and other hyperdiverse groups. ZooKeys 147: 479-486. doi: 10.3897/
zookeys.147.1944

NASA (2007) Sysl:n:ms Englnttring Handbook, Revision 1, NASA/SP-2007-6105, NASA.
htep://education.ksc.nasa.gov/esmdspacegrant/Documents/NASA%205P-2007-6105%20
Rev%2019%20Final%2031Dec2007.pdf

Romero NL, Gimenez Chornet VVGC, Serrano Cobos |, Selles Carot ASC, Canet Centellas
F, Cabrera Mendez M (2008) Recovery of descriptive informartion in images from digiral
libraries by means of EXIF metadata. Library High Tech 26: 302-315

Scoble M] (2010) Natural history collections digitization: rationale and value. Biodiversity
Informatics 7: 77-80.

Soberdn [M (2010) Niche and area of distribution modeling: a population ecology perspective.
Ecography 33: 159-167. doi: 10.1111/j.1600-0587.2009.06074.x

Thuiller W, Lafourcade B, Engler R, Aradjo MB (2009) BIOMOD - a pladorm for ensem-
ble forecasting of species distributions. Ecography 32: 369-373. doi: 10.1111/j.1600-
0587.2008.05742.x

Vollmar A, Macklin JA, Ford LS (2010) Nartural history specimen digitization: challenges and
concerns. Biodiversity Informatics 7: 93-112.

Wieczorek ], Bloom D, Guralnick R, Blum §, Déring M, de Giovanni R, Robertson T, Vieglais
[ (2012) Darwin Core: An Evolving Community-Developed Biodiversity Data Standard.
PLo5 ONE 7: 29715



Fld repn s T S TG T



L e rewievaed e o@iirdd joaraal

ZooKeys 209: 19-45 (2012) .
doi: [0.38F7 zookeys 209,321 35 *ZODKC-YS

w!nﬂtﬁt}'iﬂlrg Lawmched ro accaierars SiodFareihy rassarch

Five task clusters that enable efficient and effective
digitization of biological collections

Gil Nelson', Deborah Paul', Gregory Riccardi', Austin R. Mast?

| Iustitute for Digital Information, Florida State University, Tallahassee, FL 32306-2100, United States 2 De-
partment of Biological Science, Flovida Stare University, Tallahassee, FI 32306-4295, United States

Corresponding author; Gif Nebon (gnelson@bio.fsu.edu)

Academic editor: V Blagoderov | Received 27 March 2012 | Accepred 22 June 2012 | Published 20 July 2012

Citation: Nelson G, Paul D, Riccardi G, Mast AR {2012) Five task clusters thar enable ethicient and effective rligil:i?.atinn
of biological collections. In: Blagoderov ¥, Smith V5§ (Ed) No specimen left behind: mass digitization of natural history

collections. ?.nnK::.rﬁ 209: 19—45. doi: 10.3 H?i'?:"ar.nnk::,.r.lij{]l}.j 135

Abstract

This paper describes and illustrates five major clusters of related tasks (herein referred to as task clusters)
that are common to cfficient and effective practices in the digitization of biological specimen data and
media. Examples of these clusters come from the observation of diverse digitization processes. The staff
of iDigBio (The U.5. National Science Foundartion’s MNational Resource for Advancing Digitization of
Biological Collections) visited active biological and paleontological collections digitization programs for
the purpose of documenting and assessing current digitization practices and tools. These observarions
identified five task clusters that comprise the digitization process leading up to data publication: (1) pre-
digitization curation and staging, (2) specimen image capture, (3) specimen image processing, (4) elec-
tronic data capture, and (5) gt:un:ﬂ'rtncing |uc:alit]f dtscriptiﬂns. While not all institutions are cumpltting
each of these rask clusters for each specimen, these clusters describe a compaosite picture of digitization of
biological and paleontological specimens across the programs that were observed. We describe these clus-
ters, three workfow patterns thar dominate the implemention of these clusters, and offer a set of workHow

recommendations for digitizatinn programs.
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Biological specimen collections, paleontological specimen collections, biodiversity informarics, workflow,
digitization, curation, imaging, task cluster, iDigBio, ADBC
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Introduction

This paper presents an analysis and characterization of digitization practices that will
help organizations produce and improve effective practices for the digitization of their
biological and paleontological collections. The focus is on digitization workflow, the se-
quence of tasks that are performed in order to create digital information that character-
izes individual specimens. These tasks typically include photography of specimens and
labels, image processing, capture of label information as text, and locality georeferenc-
ing. The presentation of workflow characteristics in this paper provides the framework
for analyzing the effectiveness and efficiency of workflows and for the development of
new effective workflows. It should be noted that the workflows we observed represent
a major departure from a historical practice of pulling a single specimen, creating a
comprehensive database record, including researching localities, georeferences, collec-
tors, taxon names, nomenclature, and other related details, then moving on to the next
specimen (Humphrey and Clausen 1977). This slow data capture process provides an
impaortant contrast to the efhicient data capture processes examined in this stud}t It
should be further noted thar the generalizations we draw here are based on our ob-
servations at a select number of institutions and may not encompass the universe of
possible digitization workHows. For example, for new specimens, there is a clear trend
toward collectors entering data into a database while in the field and this topic is not
within the scope of this paper.

We use the term ‘“digitize’ to represent the capture and recording of information
about a specimen or collection. Specimens t}rpical]}r include labels, accession books,
and held notes that have typed or handwritten information about the collection event
(e.g. collector’s name, date, locality) and the specimen itself (e.g. scientific name and
identifying number). Digitization of label information includes capturing the text as
characters, dividing the text into specific properties, and storing this information in
a darabase. Digitization may also include capturing digital images and other media.
References to media objects are added to the database records.

The collections community has recognized that digitization processes need to be
made more efficient to meet pressing scientific and societal needs (a topic broadly re-
viewed by Chapman 2005a), a notion supported by such initiatives as GBIF (htrp://
www.gbif.org), iDigBio (http://www.idigbio.org) and the Thematic Collections
Networks funded by the National Science Foundation’s Advancing Digitization of
Biological Collections (ADBC) program (http://www.nsf.gov/pubs/2011/nsf11567/
nst11567.htm), Atlas of Living Australia (hoep://www.ala.org.au/), VIBRANT (heep://
vbrant.eu/), and VertNet (http://www.vertnet.org). However, little has been published
that characterizes modern existing and effective digitization workHows for a broad
range of collections (e.g. plant, insect, vertebrate, fossil, microscope slides). We believe
such characterizations are an early step in the process of building a common frame-
work for sharing efhiciencies across biological and paleontological research collections.

(URLs provided for first mention only. Please see Appendix 2 for URLs of soft-
ware and websites.)
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Method

This study used the qualitative, grounded theory research methodology (Glaser and Strauss
1967, Charmaz 2006) as a gener:ll cnnceptua| framework for guiding data collection
and analysis. Grounded theory is an inductive social science research method that be-
gins with data collection and leads to qualified conclusions (theories) about those data.
The method relies on several techniques useful to our study including simultaneous
data collecting and analysis, constructing categories from the data rather than from
h}fputheses, using a constant comparative method during data collection and :11'1;11:|f5i5T
advancing theoretical conclusions during the period ot data collection, and sampling
aimed at theory construction rather than population representativeness. In the case
reported here, categorized concepts from our visits and interviews provided the basis
for constructing a modular representation of digitization that we found helpful in
describing and elucidating clusters of associated tasks. Data collection included a com-
bination of onsite interviews and observations, analysis of written policies, protocols,
ﬂnd FFDCECILII'E."Q, ﬂl'li:l [I'IE' Lse nqultiple DbHEr\-’ETE‘

Authors Nelson and Paul, from iDigBio, the U.S. National Science Foundation’s
National Resource for ADBC, made onsite visits to 28 programs in 10 museums and
academic institutions for the purpose of documenting digitization workHow compo-
nents and protocols and assessing productivity (Table 1). Workflows were documented
Phﬂtﬂgrﬂphii:ﬂll}“, thrﬂugh ﬁf_'ld. notes, and Fl'ﬂm CUI].IEC'EECI. F'I'ﬂtEICl]]. dUCU.ITlEHtE Frl'ﬂ‘lr’id'
ed by visited institutions. Staff members across administrative levels were interviewed,
and workflows were carefully observed where possible, either through demonstrations
or during real-time data and image capture. Those interviewed included institurional
level administrators, biodiversity informatics managers, collections managers, tax-
onomists and systematists intimately familiar with digitization of specific organismal
groups, workflow coordinators, and data entry and imaging technicians. Institutions
selected for visitation varied on institution size, collection size, number of ongoing

Table |. Summary List of Collections Visited.

- : e Collection Database
Institution Collections/ Programs Visited Size ! | Database Software Pliikci
Entomology ' > 1000000
Invertebrate Zoology 3000000 |
Yale Peabody Invertebrate Palcontology' | 350000 lots ; .
Museumn (YT'M) Vascular Plants 350000 KE EMu Proprietary
Global Planes Inidative |
Connecricut Plants Su rvey | .
MEZ-.. Enmmu]ug}' -:-.1:".-1:1".1| ]1undn:d
Harvard Museumn of |(Lepidoptera) ' 'thousand
Cr;urrf!:!nrtiw: Zoology MCZ, Entomology Ilm'tll'mn MCZbase (Arctos) Oracle
(MCZ) I pinned
(Hymenoptera - Formicidae) . L
: | Formicidae
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Institution |Cul.|ecl:innsf Programs Visited Cué:::t:un Database Software [?l:t;:‘::
arvand Univeraive | FIUH, Global Plants Initiative > 5 million ‘
Herbaria (HUH) T feRY  Specity 6, custom MySQL
HUH, California Plants .
= 24000000 | Planetary
American Museum Biodiversity
of Natural History | Division of Invertebrate Zoology Inventory (PB1) for MySQL
(AMMNH) Plant Bugs
. 'custom database
American Muscum = 1000000

of Narural History
(AMNH)

'KE EMu

Ornithology | Microsoft Access

Proprietary

Mew York Botanical

Global Plants Initiative (GP1)' > 7000000

Bryophytes and Lichens
(LBCC) TCN*

Tri-trophic (TTD) TCN'

Barnaby Legume Monographs

£ ¥ | a H -
Garden (NYBG) Intermountain Flora KE EMu Proprietary
Caribbean Project (ledgers &
notebooks)
Amazon Project
Kohlmeyer Marine Fungus
Collection
University of Kansas |Biodiversiry Institure, = 4.8 million |, .
(KU)  Entomology Collection' lpinned P | R
Botanical Research | Apiary Project’ (= 1000000
Institute of Texas software demo (into ATRIUM Apiary MySQL
(BRIT) database) ,-
Valdosta State Vascular Plants’ > 60,000
University ' Specify 6 MyS5QL
Herbarium (VSC) | BOPRYses |
. Vascular Plants’ 111,000 L
Tall Timbers _ Lepidoptera’ 1200 . H}FEQL.
Rescarch Station 4000 ‘custom database Microsoft
Ornithology' _
(TTRS) 1000 Access
Mammalian®
Robert K. Godlrey Vascular Plants’ > 200,000 custom database MySQL

Herbarium (F5U)

t indicates where observers saw the actual digitization process in action.

t number of specimens (unless otherwise stated).

digitization projects, organismal group(s) being digitized, and longevity with digitiza-

[lon acrivities.

Each site we visited received a questionnaire prior to our visit that examined several

categories DFdigitizatinn tasks that we wished to observe (see Appendix 1). We asked that
they use the questionnaire as a guide to prepare for the types of questions we would be
asking. The questionnaire was divided into several sections and focused on digitization
workflows and tasks. Some institutions completed the questionnaire.
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Task clusters

In the digitization workflows we observed, protocols for the digitization of biological
and pa|e¢3r1mlngical specimens were t}rpicaﬂ}r divided into clusters of related tasks. The
order in which these task clusters were accomplished was based on a combination of
staff availability, equipment, space, facilities, institutional goals, and the type of col-
lection being digi[iltzd. Hence, thﬂugh there was a gEl‘lEL’l! pattern to the components
included within a particular task cluster, the order of accomplishment of the clusters
and the tasks within each cluster varied b}' institution.

These five task clusters were important components of digitization, but not all were
essential to meeting the digitization goals of every organization or of every specimen for
every organization. These clusters are presented here in a common order of operation:

. pre-digi[iza[iun curation and staging,
*  specimen image capture,

* specimen image processing,

* clectronic data capture, and

* georeferencing specimen data.

[t should be noted that quality control and data cleaning tasks were integral to
each of these task clusters (a topic reviewed b}r Chapman 2005b, 2005¢, Morris 2005,
Harpham 2006). Some institutions included a post-digitization quality control step
during which data were internally compared for obvious inconsistencies or anomalies,
such as discrepancies between the series of a collector’s numbers and the collection
dates, data incongruities berween local records and duplicates at other institutions, and
collection localities outside of a collector’s E}[PEEtEd gtugraphic range (a to pic reviewed
by Morris 2005). This could be considered a sixth task cluster, but we chose to con-
sider it an important part of each of the five task clusters.

Observed workflow components

Pre-digitimtinn specimen curation and staging

Curation and staging typica“}r constituted the first step In the digiti:ﬁatinn workHow,
and often had benehts that extended beyond the immediate needs of the digitization
program. This step was usually viewed as essential to efficient digitization. Collections
managers also reported that it provided a stimulus for attending to needed or neglected
curatorial tasks, including opportunities to do the following:

* inspect for and repair specimen damage and evaluate collection health,
* re-pin or remount specimens and replenish or replace preservatives in containers,
* treat specimens for pests,
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Figure |. Pre-digitization specimen curation and staging. Preparing barcodes and imaging labels, afhxing
barcodes, updating taxonomy. L to R: University of Kansas — Entomology, New York Botanical Garden
and Yale Peabody Museum.

* attach a unique identifier (most often a 1- or 2-D barcode) to a specimen,
container, or cabinet,

» discover important but previously unknown, lost, or dislocated holdings (e.g.
those owned b}' other institutions or the federal governmen t),

* update nomenclature and taxonomic interprertation,

*  reorganize the contents of cabinets, cases, trays, and containers, ESPECiHEI}-’
when these are the units of digirtization,

* vet type specimens, and

* select exemplars for digitization, when that approach is appropriate.

The last five activities in this list may require the greatest knowledge of the or-
ganismal group of any during digitization. Many institutions use students, interns,
dependah]e volunteers, or other full- or part-time technicians to a-::::nmp]ish the other
pre-digitization curatorial tasks on this list, including the selection of exemplars for
digitizing. However, some institutions also reported success with allowing technicians
to take on more responsibility for at least some of the last 5 tasks in the above list
(Munstermann and Gall 2010),

In addition, as collections data become more generﬂlly available online, updating
nomenclature and taxonomic interpretations and vetting type specimens can occur
after the publication of data and images on the internet, providing an opportunity for
off-site experts to comment on the specimens. The latter approach will avoid what can
become a bottleneck in the digitization workflow caused by the limited availability of
in-house taxonomic experts or well-trained technicians.

Although the application of specimen barcodes is treated here as part of pre-dig-
itization curation, this p|acement in the digiti;‘:atinn workflow is not universal. Some
institutions applied barcodes at or just prior to the time of image or data capture, de-
pending on the customized order of operations. In all cases where barcodes were used,
they were applied prior to image capture to allow for the barcode value to be seen in
the image, and prior to data capture to ensure that the physical specimen identifier is
accurately included in the electronic data record.

Barcodes were used for two primary purposes. For individual specimens, barcodes
were affixed or pinned to the single specimen or inserted into a wet container that held
a single specimen. For specimen groups, such as taxon trays, wet containers, or a col-
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lection of specimens from a single collecting event, barcodes were sometimes affixed
to or inserted into the endusing container. In most instances, when a container was
barcoded, the number of specimens within the container was recorded, but individual
specimens within a common container and not segregated by separate vials were nei-
ther barcoded nor otherwise individually identihed. When individual vials conrtaining
single specimens were aggregated into larger jars, a replica of the label for the contain-
ing jar was sometimes inserted into each vial. In a few cases, the container was bar-
coded as were the individual specimens within that container (e.g. with Lepidoptera).
In this latter case, the specimens were digiti:{ed individuaﬂy, with both the individual
specimen and container barcodes recorded in the darabase.

Linear, one-dimensional barcodes are relatively large and are used in cases where
sufficient space is available, for example on vascular plant specimens, bryophyte and
lichen packets, and other dry, flat specimens. A smaller version of this type of barcode,
printed the size of a standard insect label, was also used in tnmmﬂ!ﬂg}f collections.
Space is an important constraint in barcode selection.

One-dimensional barcodes used for insect collections had two advantages. T]'IE}-’
mimicked the other labels in size, thus conserving space between specimens, and, if posi-
tioned near the bottom of the pin, were Easi]}r viewed and hand scanned without remowal.

Two-dimensional barcodes were also used, tspt::iaﬂ}’ tor small specimens. 'l]‘m}’
were preferred by some entomology collections because they could be included on an

insect pin with the coded end clear|}f visible and Eﬂﬁﬂ}’ scanned.

Specimen image capture

Determining what to image varied by institution and collection type. Most herbaria im-
aged entire specimen sheets. Close-up images of particular morphological features (e.g.
fruit, Hower, or leaf detail) were also sometimes capturecl. Certain Enmmuiﬂgic:ﬂ {e.g.
ants, butterflies), paleontological, and ornithological collections captured several images
of the same specimen with various views (e.g. dorsal, ventral, lateral, hinge, head-on, etc.).

Image acquisition and storage formats also varied by institution (a topic dis-
cussed by Morris and Macklin 2006). Many institutions used the Joint Photographic
Experts Group (http://www.jpeg.org/committee.html) (jpeg or jpg) file format for
distribution on the internet. Some institutions preferred camera raw formarts for ar-
chiving images as these formats retain all data originally recorded when the image
was made. Others preferred the well-documented and widely used Tagged Image File
Format (http://partners.adobe.com/public/developer/tiff/index.html) (tiff or tif),
which retains all of the original image data and most of the Exchangeable Image File
Format (EXIF) darta (a topic reviewed by Hiuser et al. 2005b). Some manufacturers,
Eﬂ[ﬂbl}" Nikon and Canon, store images In a proprietary raw format that is easil}r
read by manufacturer-produced software, but usually requires software plug-ins to be
manipulated by other image editing applications (e.g. Adobe Systems Inc. Photoshop
(htep://www.adobe.com/products/photoshop.html) and Lightroom (heep://www.
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Figure 7 Specimen image capture, Fossil specimen imaging, specimen label imaging. I'wo very different

imaging set-ups. Yale Peabody Museum, University of Kansas - Entomology.

adobe.com/products/photoshop-lightroom.html)). It should be noted that capturing
and preserving high quality specimen label images offers opportunities to take advan-
tages of future improvements in image analysis (La Salle et al. 2009), optical character
recognition (Haston et al. 2012), natural languagt: processing, handWriting analysis,
and data-mining technologies.

Manufﬂcturepccmtrﬂl]ed Faw !.:Drl'l'lﬂ.f!i are not EIPEH].}’ dDCUﬂ'IE‘HtEd ﬂ.l'ld are E-UI.'JjEC['
to change withourt public notice. Hence, in 2004, Adobe, Inc. developed the publicly
documented digital negative format (dng) as well as a freely accessible software ap-
plication that converts many proprietary raw formats to digital negatives with little or
no data loss (http://www.adobe.com/digitalimag/pdfs/dng_primer.pdf). A few camera
manufacturers {E.g. Hasselblad, Leica, Pentax, Ricoh, Sﬂmﬁungj have ﬂdnpted the digi-
tal negative formar as the native output for some of their cameras.

From our observations, imaging requires ﬁigniﬁcant specimen handling with at-
tendant opportunities for damage. Hence, most institutions are careful in personnel
selection and produce detailed written imaging protocols. However, once an imaging
station is installed and prupt‘rl}' cunﬁgunﬁd, image acquisition does not appear to be
technically challenging and in most institutions we observed is one of the most effi-
cient and productive steps in the digitization process.

Large insect collections sometimes imaged only one label from a single collecting
event and applied those data to all specimens associated with that event. Few entomo-
logical collections we observed imaged all specimens.



Five task clusters that enable efficient and effective digitization of biological collections 27

Whereas some institutions imaged only specimens or specimen labels, others in-
cluded ancillary materials such as collection ledgers (Harpham 2006). Institutions that
digitize ledgers typically associate specimen records with the ledger page images that
contained additional information about those specimens (see discussion in Australian
Museum 2011). Several institutions, especially those with mature digirization pro-
grams, expressed the desire to reference external digital objects, such as monographs,
publishcd papers, feld notebooks, and gray literature to specimen images and records.
[t is projected that linking such material to specimen records will increasingly become
an important enhancement to current specimen digitizatiun pmmculs.

[maging station components varied by institution, organism being imaged, and
intended use of the resulting images. Most common was a single-lens reflex digital
camera fitted with a standard or macro lens and connected to manufacturer or third-
party camera control software. A typical station included:

* camera and lens, microscope (for a related discussion, see Buffington et al.
2005), or scanner (HerbScan (see JSTOR PLANTS Handbook htep://www.
snsb.info/SNSBIntoOpenWiki/attach/Attachments/[STOR-Plants-Hand-
book.pdf) or a custom-designed replica), SatScan (Blagoderov et al. 2010),
Gigapan (Bertone and Deans 2010),

* cable connecting camera to computer,

. camera Cﬂﬂtfﬂl EU["tWRTE {thi.l'd Pﬂ[[}" Or camera manufacturer l:lrcrduced],

* image processing software (most common are Canon Digital Photo Profes-
sional (http://www.canon.com), Nikon Capture NX2 (hetp://www.nikonusa.
com), Photoshop, and Lightroom), image stacking equipment and sofrware,
for example Helicon Focus (http://www.heliconsoft.com/heliconfocus.html) or
Auto-Montage (htep://www.syncroscopy.com/syncroscopy/automontage.asp)
(for a related discussion of Auto-Montage, see Antweb (2010)),

- remote Ehutter rE].Eﬂ.EE {Wi.I'E-'].EES or tﬂthﬂrfd},

* copy stand and/or specimen holder,

* studio lighting, fash units, or light/diffuser box (e.g. MK Digital’s Photo
EBox Plus (htep://www.mkdigitaldirect.com/products/lighting-systems/mk-
photo-ebox-plus-1419.html)),

o scale bar,

* color standard,

*  stamp to mark that a sheet, jar, tray, or tolder had been imaged, and

* associated instruments (pinning blocks, forceps, latex gloves, etc.).

The most common brand of camera in use across collections was a Canon DSLR
equipped with a medium-length macro lens, although Nikon DSLR cameras were also
sometimes used. Meg&pixei ratings gﬂl‘jﬂrﬂ“}' rangﬂd from about 17 to 21.5, but were
sometimes lower or higher, depending upon the expected use of the images.

It is instructive to note that generally, the larger the megapixel rating, the bet-
ter the quality of the resulting images. Hence, images to be used for morphological
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study were usually captured at megapixel ratings of 17 and above. Macro lenses in
the range of 50—-60 mm were common, but a few institutions used macro lenses in
the range of 100-105 mm, which allowed for close focusing and performed well
for smaller nbjects, such as small birds and mammals. Collections requiring macro
images of very small specimens usually used a Leica microscope equipped with a
Canon, Nikon, or Leica camera.

To control for image quality, some institutions located the imaging station in a
darkened or minimally lit windowless room. This prevented strong extraneous light,
like that from a window, from contaminating or overpowering studio |igl‘1ting or
producing visible shadows on the resulting images. Light control was also sometimes
accomplished by draping diffuser material across studio lights. A more elegant solu-
tion utilized a diffuser box with internal lighting that can be closed prior to image
capture. Preferred for this was the MK Photo-eBox Plus Digital Lighting System,
nrigina“}? desigﬂed for phumgraphing jeWelr}f, coins, and collectibles. The box is
slightly larger than a standard herbarium sheer, rests on a copy stand, includes halo-
gen, Auorescent, and LED |ig]1ting, and is Equipped with an oval port on the upper
surface that allows an unobstructed camera view of the specimen. Herbaria using
this system usually place the color bar and scale at the top of the sheet to preserve the
aspect ratio of the resulting image, thus obviating the need for image cropping and
reducing the number of steps required for image processing. Although the require-
ment to open and close the doors of the light box seemingly slowed the imaging rate,
time lost was likely recaptured trom a reduction in time spent on post-imaging batch
cropping and light level adjustments.

HerbScan is the imaging system used for scanning type specimens for the Global
Plants Initiative (GPI) project (http://gpi.myspecies.info/). GPI specifications require
that specimens be scanned at 600 ppi resolution, IZJE}"CIHCI the capacity of most DSLR
cameras when used for whole sheet images of herbarium specimens. HerbScan uses a
HAatbed scanner [Epsun Expression Madel 10000XL, Graphic Arts, USB2 and Firewire
interfaces) and a platform that raises the specimen sheet to the face ot the inverted
scanner. Scanning requires 4-6 minutes per scan for a maximum effective rate of about
ten images per hour. Because the specimen sheet is pressed against the rigid glass face
of the scanner, the acceptable depth of the specimen sheet is limited to about 1.5 cm,
hEnCE 50IMeE EPECi.lTI'En.Ei are too l|:iLl“:{}F Fﬂl’ [hiﬁ Equipmen[.

Keeping up with what has and has not been imaged can be daunting, especially
in large collections. Many collections that we observed used the presence of a bar-
code or a stamp to indicate whether a particular specimen had been imaged and/
or digitized. Herbaria often stamped the sheet or folder at the time of imaging to
provide a visible demarcation. Some institutions also used a written or electronic
tracking system to track digitization in an orderly fashion. Electronic tracking was
usually accomplished within the database management system being used for data
storage. For many institutions, deciding what to digitize was based on such criteria
as responding to special projects, processing loan requests, emphasizing centers of
interest, a desire to focus on unique or important parts of the collection, or other






