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Summary: There has been a remarkable progress in digitisation of natural history collections all

over the world during the last years. This certainly increases the potential use of collections and

makes them available for study to a broader spectrum of researchers. This is particularly important

at a time when there are increasing difficulties with sending specimens on loan across borders and

visiting collections in certain countries. It has been assumed that digitisation would reduce the

need for loans and visits to natural history collections, but against all expectations, as digitisation

has proceeded, many custodians experienced the opposite effect: when information on the

collections became available, more researchers became aware of what was in a given collection,

leading in some cases to more loans and visits.

The present study was designed to test if digitisation of natural history collections reduces the need

for physical access and physical loans in SYNTHESYS partner institutions as well as outside the

consortium. It was based on review of published and unpublished documents and statistics from

partners and two questionnaire-based surveys for collection custodians and collection users. We

received 133 responses from custodians and 194 responses from collection users.

The overall pattern in the statistics shows decrease innumberof physi c al |l oans and
|l oanso, i.e., requests f ory,shbwaniintreabingitendeney. mat i on, o
However, the questionnaire replies from custodians and users do not give a simple picture: in

many cases they report more loans and/or visits, while others indicates less loans and/or visits,

and others seefi n 0 ¢ h &@he gearést tendencies are that:

1 Availability of digital images reduces the number of loans

1 According to the users, but not to the custodians, availability of digital images also reduces the
number of visits

1 The highest degree of reduction of numbers of loans and visits is seen in herbaria.

9 Experienced custodians (= started working with collections before 2000) more often experience
a decrease than an increase in loans and visits, whereas custodians who started after 1999
more often experienced an increase than a decrease

It may be speculated if decline in number of loans and visits is solely an effect of progressively
digitised collections since other factors such as declining economy (including reduced collection
staff), increased travel costs, and difficulties with international shipping of material (increased
regulations) may play an important role.

Many participants also emphasized the fact that digitisation cannot fully replace physical loans and
visits. There is still a need of support for transnational access, such as has been provided by the
SYNTHESYS programmes.
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INTRODUCTION

Natural history collections all over the World hold several billion specimens of living and preserved
organisms, fossils, minerals and rocks. This enormous resource of information, which represents
huge investments of time, intellectual pursuit and money over several centuries, is an essential tool
for many different types of collections-based research (e.g., Bradley et al. 2014).

The collections are, however, only useful as a scientific infrastructure if they can be used by the

global community of scientists, and indeed holders of natural history collections have a strong

tradition of making their collections available, either by opening the collections to visiting scientists

(and other user groups) or by sending specimens on loan. These activities have been supported in

Europe by the three successive SYNTHESYS programmes covering the period 2004-2017
(www.synthesys.info), as well as by similarEU-s uppor t-8 MNTHIHE®8Y SO progr ammes
Belgium, Denmark, France, The Netherlands, Spain, Sweden and UK.

For several decades, digitisation of natural history collections has been going on, either in the form

of online databases providing information about the collections, and/or in the form of digital images

(as well as other digital media) made available online. The degree to which different natural history

collection holders have engaged in digitisation is highly variable, and the degree to which different

types of natural history specimens are suitable for online digital imaging, likewise varies highly:
herbarium sheets and pinned insects are feasyo, w
particularly difficult in this respect.

In some cases, where a collection may not be digitally available, information on the collection,
and/or digital images of specimens, are provided on demand.

Digitisation certainly increases the potential use of collections. This is particularly important at a
time when there are increasing difficulties with sending specimens on loan across borders and
visiting collections in certain countries.

Digitisation requires resources, especially man-power. For example, Naturalis, Leiden, received a
13 million euro grant to digitise 7 million out of the 37 million objects in its collection (Oever &
Gof f er | ®isithfiodadt)to.discuss whether this effort is worthwhile, considering the often
limited resources available and the ever increasing pressures on collection staff.

At a point where the suite of SYNTHESYS programmes is coming to an end, it is important that the
SYNTHESYS3 work programme includesthet a siikFafici | i t ati ng Access beyoni
and a s Ddes digdidation di natural history collections reduce the need for physical access

and physical loans?0 .

It has been assumed that digitisation would reduce the need for loans and visits to natural history

collections (e.g., Blagoderov et al. 2012; Speers 2005), but against expectation, as digitisation has
proceeded, many custodians of collections experienced the opposite effect: when information on

the collections became available, more researchers became aware of what was in a given

collection, leading in some cases to more loans and visits. Hi ne (2012) discussed u
of digital images in a sociological framework; this article is readable asanoutside r 6 s vi ew at
biological users, but contains no answer to the main question of the present report: Does

digitisation of natural history collections reduce the need for physical access and physical loans?


http://www.synthesys.info/

The present study aims to elucidate the effects of digitisation on the number loans and visits. The
few previous studies on this subject are summarized, unpublished statistics from a number of
collections are given, and the results of a questionnaire survey are presented in detail.

MATERIAL AND METHODS

This report is based on

i aweb search for relevant documents
9 information on relevant studies, published and unpublished, from collesgue
1 a questionnaireébased survey

Two questionnaire-based surveys were set up in Google Forms, one for custodians of collections
and one for users. The questionnaires which were on purpose kept very simple can be found in
Appendix 1 and 2. The responses were automatically stored in Google Sheets.

The survey ran from September 14 to November 30, 2016. Both questionnaires were distributed to
the SYNTHESYS consortium, and to the staff of the Natural History Museum of Denmark. The
user soO qu e s tiniaddition distribwed @ allgprevious users of SYNTHESYS. On October
10, 2016, an invitation to fill out the questionnaires was published on Taxacom
(http://mailman.nhm.ku.edu/cgi-bin/mailman/listinfo/taxacom), and on November 8, a message
about the survey was distributed to MedOBIS
(https:/iwww.lifewatchgreece.eu/?g=content/medobis-0) . A reminder was sent to the SYNTHESYS
community on November, 9. Respondents were given the opportunity to enter their e-mail address
in the questionnaires, and those who did were promised a copy of this report. The way the
guestionnaire was distributed means that there has been a strong emphasis of scientific users of
the collections.

The cumulative numbers of responses are shown graphically in Appendix 3.

Results from the questionnaires are shown in the form of column diagrams ( i 1 00 % st acked

c o | u mwith the number of answers (n) indicated in eachcase. Wher e an fAinterestin
difference between categories of replies was spotted, statistical comparisons were made with

Fi sherd6s exact t e stips:/ensw.graphpad.eom/feuickcealat/coatingencyl.cfm.

For | arge sampl e s igvesshe samearbhsalradtbe bettrr&mown chi-egsidre

test, but for small sample sizes, the exact test is more reliable

(https://en.wikipedia.org/wiki/Fisher's_exact test). Thetestsweremade on 2 [ 2 conti ng
tables in which the twe pgpadtlegodr ithe tcfjorids wital €e ©r eves e
|l i kewi se pooled, and fAno changed answers were poo
i d e c r aveers was considered, and vice versa. This means that what is actually being tested

is Adecreaseo vsififinncor edaesceroe avsse.yp flannce ait i mirge @snep0 .c hE& n
this way the test become more conservative, i.e., less likely to give a significant P-value.

Significancel evel s accor di n greihdzated in thétext a8 B < @06, #& 0.01, P <

0.001 or P < 0.0001. The contingency tables on which the statistics are based, and the exact P

values, are given in Appendix 4.

Itis highly likely that many i n o ¢ haamswgrecame from custodians of collections with a low
degree of digitisation, but with the data at hand, this cannot be analysed.


http://mailman.nhm.ku.edu/cgi-bin/mailman/listinfo/taxacom
https://www.lifewatchgreece.eu/?q=content/medobis-0
https://www.graphpad.com/quickcalcs/contingency1.cfm
https://en.wikipedia.org/wiki/Fisher's_exact_test

RESULTS

Previous studies

Surprising few relevant documents were found that address the main question of the present
report:

The Royal Botanic Garden Edinburgh webinar

In2015theRo y a | Botanic Garden Edinburgh epantwapkamgad a we
impact of digitisation onloansé ( s e e
https://www.idigbio.org/wiki/images/d/de/RBGEWebinariDigBio300ct2015LoanTracking.pdf ). A

graph showing the trend in loans was included in the webinar (see Fig. 1). There has been a

marked decrease in the number of loans starting around 2003, but the average loan size (no. of

specimens per loan) seems to have remained stable.

Loan data over time

0 eorays oamiaas

SYNTHESYS

Fig. 1. Loan statistics from the Royal Botanic Garden Edinburgh. Red columns: number of loans, green columns:
average loan size. From https://www.idigbio.org/wiki/images/d/de/RBGEWebinariDigBio300ct2015LoanTracking.pdf,
accessed 10 JAN 2017



https://www.idigbio.org/wiki/images/d/de/RBGEWebinariDigBio30Oct2015LoanTracking.pdf
https://www.idigbio.org/wiki/images/d/de/RBGEWebinariDigBio30Oct2015LoanTracking.pdf

The survey by Global Biodiversity Information Facility (GBIF)

GBIF0 Fask Force on Accelerating the Discovery of Biocollections Data in 2015 conducted a

global survey of biocollections ( Specimens of plants and animals in worldwide museums, herbaria

and like institutionso o determine and demonstratethed i gi t al readiness of the
biocollections and their institutions, and the realized benefits and impediments of digitization to the
collection/institution (Krishtalka et al. 2016). Among the findings of the Task Force, the following

one is particularly relevant to the present study:

The major realized benefits of digitization are: increased use, exposure and

knowl edge of the instituti onigientnaoagementt i ons;
and preservation of data and associated physical specimens; enhanced data quality;

staff acquisition of new informatics skills (Krishtalka et al.2016: p. 4).

The relevant part of the survey questionnaire is available at
https://ufl.qualtrics.com/SE/?SID=SV_byg2mgbtYdeF3bT (accessed 10 JAN 2017). Detailed

statistics from the survey are not available in Krishtalka et al. (2016), but thanks to Task Force

coordinator Siro Masinde from the GBIF secretariat some statistics of relevance to the present

study have been made available.One of the questions was APl ease i/l
and publication of the collection data has benefited your institution, collections or programs (e.g.,
research, education, service) in any of the manne

Two of t h eardgiofrdirectretevance to the present study,vizz.i ncr eased | oanso a
i ncreased vi she dolections by tesear¢cherd, eddcgtors, etc. who discover you

have material of .41 ob5l&respondertds (43% ef i75 respondenrtsdrom EU
countries) checked the Aincreased visitséo. The c
34% (global) and 36% (EU).

There was no option for checking decreased loans or visits, but one option, viz., freduced physical

handling of the physical collectiong scored 34% (global) and 43% (EU). The benefits with the

highest scores in the GBIF survey w e r iacre@sed use of collections and associated data in

researchd (58% and 65%), fincr eased baiter pnovdedge efthe ( 57 % an
exact holdings of the collection (discovery)o ( 55% and 56 %) .


https://ufl.qualtrics.com/SE/?SID=SV_byg2mgbtYdeF3bT

Unpublished statistics from various collections

Several colleagues provided unpublished statistics of relevance to the present study, either in the
form of diagrams, or in the form of numbers which could be transformed into diagrams:

Herbarium, Conservatoire et Jardin botaniques, Ge n(CJIB)e

Fig. 2 shows requests for loans tending to decrease, but the number of requests for digital images
increasing. These trends are something which one would intuitively have expected to see.
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Fig. 2. Loan statistics from the Herbarium, Conservatoireet Jar di n bot ani ques, dygprovidedk .
by Laurent Gautier (CJB).
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Royal Botanic Gardens, Kew (RBGK)

The number of specimens sent on loan from the herbarium of the Royal Botanic Gardens, Kew,
shows a sharp decline from 2007-2010 (Fig. 3). Other parameters of collection-related activities at
Kew (ingoing loans, acquisitions, gifts/exchange) show similar declines, suggesting that digitisation
may not be the decisive factor. Alan Paton suspects that the global financial collapse had more
effect on loan requests than digitisation.
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Fig. 3. Numbers of specimens sent on loan from the herbarium of the Royal Botanic Gardens, Kew. Data kindly provided

by Alan Paton (RBGK).




Natural History Museum of Denmark (NHMD)

Since the turn of the millennium, loans from the vertebrate and entomological collections of the
Natural History Museum of Denmark (University of Copenhagen) have been monitored in a

database. After an initial rise in loan activity there has been a decline (albeit with great oscillations)

since 2003, see Fig. 4. Only a small part of these collections have been digitized, but digitisation

on demand is now a common practice. The decline may be due to this, but a significant decline in
the number of collection staff certainly also plays a role.
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Fig. 4. Numbers of outgoing loan from the entomological and vertebrate collections of the Natural History Museum of

Denmark. Data kindly provided by Nikolaj Scharff (NHMD).
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Mus®um national d o6 Raris@MNHN) e naturell e,

Whereas number of loans and vertebrate specimens fromthe Mus ®u m nati onal doHi st
naturelle, Paris appear more or less stable, the number of terrestrial arthropod specimens sent on
loan seems to have dropped since 2009 (Fig. 5).
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Fig. 5. Numbers of outgoing loans and specimens of vertebrates and terrestrial arthropods fromthe Mus ®u m nafi onal
déHi stoire naturelle, Paris. Notice that numbers of |vertet

thousands. Data kindly provided by Virginie Bouetel (MNHN).

Swedish Museum of Natural History (NRM)

Recent years show a marked decrease in physical loans (Figs 6-7). Prof. Arne Anderberg (NRM)
thinks that loans have decreased since specimen-based systematic/taxonomic research is
declining since the start of DNA based studies.

Digital loans do not show a clear trend, apart from an initial rise (Figs 8-9).

11
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Fig. 6. Numbers of outgoing loans from the Swedish Museum of Natural History (NRM). Graph kindly provided by Irene
Bisang (NRM)
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Fig. 7. Numbers of specimens on loan from the Swedish Museum of Natural History (NRM). Graph kindly provided by
Irene Bisang (NRM).
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Swedish Museum of Natural History: Digital Loans Botany
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Fig. 8. Numbers of digital loans from the botany collections of the Swedish Museum of Natural History (NRM). Graph
kindly provided by Irene Bisang (NRM).
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Fig. 9. Numbers of digital specimens on loan from the Swedish Museum of Natural History (NRM). Graph kindly provided
by Irene Bisang (NRM).
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National Museum, Prague - Natural History Museum (NMP)

Fig. 10 shows an overall decrease in numbers of specimens sent on loan from the National
Museum, Prague i Natural History Museum.
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Royal Museum for Central Africa, Tervuren (RMCA), mammalogy

Analysis of loans from and visits to the mammalogy collections of RMCA shows a slightly

increasing tendency (Fig. 11). According to the collection manager of mammalogy, a possible

explanation can be that researchersi n t hi s easilyegdydn ntkasaréntents taken by others

and/or they use novel techniques that require physical contact with the specimens.
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mammalogy collection of Royal Museum for Central Africa, Tervuren. Data kindly provided by Emmanuel Gilissen and

analysed by Larissa Smirnova (RMCA).
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New survey of the effect of digitisation

The questionnaires

In order to obtain a sufficiently high number of replies, the questionnaires were kept very simple.
Questions were limited to:

(C: custodians® questionnaire, U: usersodo question
1 Which country do you work in?

1 Which type of institution do you work?

1 Did you start work on collection before 2000 or after 1999?

1 Which type of collection(s) are you responsible for (C) / do yodarsgour research (U)?

1  Which type of digital information is available (C)?

1 How has digitization influenced the number of physical loans?

1 How has digitization influenced the number of physical visits?

1 CGontact details incle-mail (optional)

1 Any other commehyou would like to make (fretext)

I n the text bel ow fil oansdvsityde freeafse rt 00 pthoy splcyad i d aola ny

Free-text comments from custodians and users were sorted into a number of categories and those
deemed to be of significant interest are quoted verbatim, fully or in part, and with only obvious
typos corrected.

Results of questionnaire study, custodians of collections
The custodians and their replies

A total of 133 replies were received. In the questionnaire, custodians of several types of collections
were asked to submit one questionnaire for each type, and some did this. Thus, among the 114
custodians who gave their e-mail address, there were six duplicates and two triplicates. Since it
cannot be known whether there are duplicates or triplicates among the 20 replies without an e-mail
address, each reply is treated as an individual record in the following section. The 133 replies
represent custodians working in 30 countries, including 28 replies from 9 non-European countries,
see Table 1.
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Table 1. Country in which the 188stodianswho filled in the questionnaire worlOne cutodian indicated

two countriesand2 Y S RARY QG AYRAOFGS | O02dzy i NE O

Australia 8 Greece 6 Russia 1
Austria 4 Hungary 11 Serbia 1
Belgium 5 Iran 1 Slovakia 1
Brazil 2 Israel 3 South Africa 1
Canada 1 Italy 7 Spain 14
Czech Republic 10 Netherlands 3 Sweden 5
Denmark 8 New Zealand 1 Turkey 1
Finland 1 Norway 1 UK 7
France 12 Poland 1 Ukraine 1
Germany 5 Portugal 1 USA 10

By far most replies (100) come from custodians in a University or another research institution, 27

are working in a museum, 4 wrote fBotanical Gardenoor iHerbariumg andon e wr ot e Af eder &
coll eSomenof those giving AUniversity oemagimot her
fact be working in a university museum.

The questionnaire included a question about when the respondent started working with natural
history collections, in order to see if people who are relatively new to working with collections reply
differently from more experienced ones. Most (81) respondents started working with collections
before 2000 while 52 started later.

Most replies were received from custodians of herbaria (43), followed by dry (34) and wet (30)
zoological collections, fossil collections (19), mineralogical/petrological collections (5) and frozen
collections (2).

Under t he Whgiahéyse(s) obdigitaiidata is available on the collection you are responsible
for, or part thereof?dup to four replies were possible, and many among the 133 replies included
two to all four options:

Specimen data without images, available onli6é replies
Specimen data without images, available on dema&@R®ireplies
Digital images of specimens available onli@ replies

Digital images of sp@uoens available on demand3 replies

=A =4 =4 =

When digital images are available specimen data are usually also available, in the following
analysis the replies have therefore been divided into the following categories:

1. Digital images available online
2. Digitalimages available on demand, but not online
3. Specimen data available online, but digital images not

17



4. Specimen data available on demand, but not online, and digital images not available

Inmanycases, fino changeo i s t h@&hequestidnnaiferdid ootiaskraboutdaws we r

large a fraction of the collections were digitiz e d . It is |likely that many

came from custodians of collections with a low degree of digitisation but it is not possible to
analyse with the data available.

Custodians: Effect of type of digital data available on number of loans

Fig. 12 shows the effect on outgoing loans according to what type of digital data is available. There
is a marked difference between collections with digitally available images (online or on demand)
and those with only specimen data available. When images are available, 45-52% of custodians
experienced a decrease in the number of loans, vs. 11-25% when only specimen data are
available (P<0.0001, Appendix 4, item 1).

Custodians' replies, loans according to data type
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Custodians: Effect of type of digital data available on number of visits

Fig. 13 shows the effect on visits according to what type of digital data is available.

It would seem that availability of specimen data online, without digital images, has the largest effect
on visits: 38% of the custodians reported on a small to moderate decrease in number of visits; the
difference is, however, not significant (P > 0.1, Appendix 4, item 2).
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Custodians: Effect of type of collection on number of loans

Fig. 14. Herbaria stand out with 64% of custodians reporting a decrease in the number of outgoing
loans, vs. 19% who reported an increase.i No changed was c Hbedecreasé fgr
herbaria is significantly higher than for zoological and fossil collections (P < 0.05, Appendix 4, item
3). Dry zoological collections also experienced a decrease in loans (41%) vs. 15% increase. For
wet zoological collections, 38% reported an increase vs. 21% decrease, while in fossil collections,
where the effect is smallest (65% no change), 20% reported a decrease vs. 15% increase. The
difference between dry and wet zoological collections is significant (P < 0.05, Appendix 4, item 4).

The large effect seen in herbaria is almost certainly a result of the fact that herbaria are leading
when it comes to digitisation (including images ) of natural history collections.
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Custodians: Effect of type of collection on number of visits

Fig. 15. The effect is less pronounced than for loans, but herbaria still report the highest decrease
of visits (34%), vs. 17% increase. The decrease for herbaria is significantly higher than for
zoological and fossil collections (P < 0.05, Appendix 4, item 5). More zoological collections have
experienced an increase in visits (33-37%), than a decrease (13-21%). Again, the effect is smallest
in fossil collections (65% no change, 25% increase, 10% decrease).

Custodians' replies, visits according to collection type
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Custodians: Effectof c u s t o deniarityo®number of loans and visits

There is a marked difference between the replies from custodians who started their collections

wor k before 2000 (afdghese whostartediafier D9 A n(sfj)uni o(Figscust o
16-17). Whereas the senior custodians more often experienced a decrease in loans (47%, vs. 13%

increase) and visits (30%, vs. 22% increase), the pattern was the opposite for the junior curators:

30% reported a decrease in loans (vs. 40% increase), and 14% reported a decrease in visits (vs.

39% increase). The higher decrease in loans experienced by senior custodians, compared with

junior ones, is significant (P < 0.0001, Appendix 4, item 6), whereas the higher decrease in visits is

not (P > 0.05, Appendix 4, item 7).

Fig.16.Cust odi ansé replies, |l oans according|to se
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