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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 It was based on review of published and unpublished documents and statistics from 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 in number of physical loans and visits. “Digital 

loans”, i.e., requests for digital information, on the contrary, show an increasing tendency. 

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 see “no change”. The clearest tendencies are that: 

 

 Availability of digital images reduces the number of loans 

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

number of visits  

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

 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 similar EU-supported “pre-SYNTHESYS” programmes in 

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 “easy”, whereas invertebrates kept in alcohol are 

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 & 

Gofferjé 2012). It is important 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 includes the task ““Facilitating Access beyond SYNTHESYS3”, 

and a subtask, “Does digitisation of natural history collections reduce the need for physical access 

and physical loans?”. 

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. Hine (2012) discussed users’ perception 

of digital images in a sociological framework; this article is readable as an outsider’s view 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/
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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 

 a web search for relevant documents  

 information on relevant studies, published and unpublished, from colleagues 

 a questionnaire-based 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 

users’ questionnaire was in addition distributed to all previous 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://www.lifewatchgreece.eu/?q=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 

questionnaire 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 (“100% stacked 

columns”), with the number of answers (n) indicated in each case. Where an “interesting” 

difference between categories of replies was spotted, statistical comparisons were made with 

Fisher’s exact test as implemented on https://www.graphpad.com/quickcalcs/contingency1.cfm. 

For large sample sizes Fisher’s exact test gives the same result as the better-known chi-square 

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

(https://en.wikipedia.org/wiki/Fisher's_exact_test). The tests were made on 2 × 2 contingency 

tables in which the two categories of “more” were pooled, the two “decrease” categories were 

likewise pooled, and “no change” answers were pooled with “more” answers when a difference in 

“decrease” answers was considered, and vice versa. This means that what is actually being tested 

is “decrease” vs. “no decrease” and –“increase” vs. “no increase”. By treating “no change” answers 

this way the test become more conservative, i.e., less likely to give a significant P-value. 

Significance levels according to Fisher’s exact are indicated in the text as P < 0.05, P < 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. 

It is highly likely that many “no change” answers came 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
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RESULTS 

Previous studies 

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

report: 

 

The Royal Botanic Garden Edinburgh webinar 

In 2015 the Royal Botanic Garden Edinburgh prepared a webinar for iDigBio on “Loan tracking and 

impact of digitisation on loans” (see 

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

 

 

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/RBGEWebinariDigBio30Oct2015LoanTracking.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
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The survey by Global Biodiversity Information Facility (GBIF) 

GBIF’s Task 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 institutions”) to determine and demonstrate the digital readiness of the world’s 
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 
knowledge of the institution’s collections; more effective and efficient management 
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 “Please indicate whether digitization 

and publication of the collection data has benefited your institution, collections or programs (e.g., 

research, education, service) in any of the manners listed below. Please check all that apply.”  

Two of the “manners” are of direct relevance to the present study, viz. “increased loans” and 

“increased visits to use/study the collections by researchers, educators, etc. who discover you 

have material of interest to their work”. 41% of 516 respondents (43% of 75 respondents from EU 

countries) checked the “increased visits…”. The corresponding values for “increased loans” were 

34% (global) and 36% (EU).  

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

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

highest scores in the GBIF survey were “increased use of collections and associated data in 

research” (58% and 65%), “increased exposure” (57% and 52%) and “better knowledge of the 

exact holdings of the collection (discovery)” (55% and 56%). 

 

  

https://ufl.qualtrics.com/SE/?SID=SV_byg2mgbtYdeF3bT
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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, Genève (CJB)  

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. 

 

 

Fig. 2. Loan statistics from the Herbarium, Conservatoire et Jardin botaniques, Genève. The graph was kindly provided 

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.  

 

Fig. 3. Numbers of specimens sent on loan from the herbarium of the Royal Botanic Gardens, Kew. Data kindly provided 

by Alan Paton (RBGK). 
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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.  

 

 

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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Muséum national d’Histoire naturelle, Paris (MNHN) 

Whereas number of loans and vertebrate specimens from the Muséum national d’Histoire 

naturelle, Paris appear more or less stable, the number of terrestrial arthropod specimens sent on 

loan seems to have dropped since 2009 (Fig. 5).  

 

Fig. 5. Numbers of outgoing loans and specimens of vertebrates and terrestrial arthropods from the Muséum national 

d’Histoire naturelle, Paris. Notice that numbers of vertebrate specimens are tens, and of terrestrial arthropods, 

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). 
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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) 

 

 

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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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). 

 

 

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 – Natural History Museum. 

 

Fig. 10. Numbers of specimens on loan from the National Museum, Prague – Natural History Museum (NMP). Data 

kindly provided by František Vacek (NMP) 
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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 researchers in this field don’t easily rely on measurements taken by others 

and/or they use novel techniques that require physical contact with the specimens. 

 

Fig. 11. Numbers of visits to the mammalogy collection, visitors to the vertebrate department, and loans from the 

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: users’ questionnaire) 

 Which country do you work in? 

 Which type of institution do you work? 

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

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

 Which type of digital information is available (C)? 

 How has digitization influenced the number of physical loans? 

 How has digitization influenced the number of physical visits? 

 Contact details incl. e-mail (optional) 

 Any other comment you would like to make (free-text) 

 

In the text below “loans” refers to physical loans, and “visits” refers” to physical visits. 

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 133 custodians who filled in the questionnaire work. One custodian  indicated 

two countries and one didn’t indicate a country. 

 

Australia 8 

Austria 4 

Belgium 5 

Brazil 2 

Canada 1 

Czech Republic 10 

Denmark 8 

Finland 1 

France 12 

Germany 5 

Greece 6 

Hungary 11 

Iran 1 

Israel 3 

Italy 7 

Netherlands 3 

New Zealand 1 

Norway 1 

Poland 1 

Portugal 1 

Russia 1 

Serbia 1 

Slovakia 1 

South Africa 1 

Spain 14 

Sweden 5 

Turkey 1 

UK 7 

Ukraine 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 “Botanical Garden” or “Herbarium”, and one wrote “federal 

collection”. Some of those giving “University or another research institution” as their base may in 

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 the question “Which type(s) of digital data is available on the collection you are responsible 

for, or part thereof?” up to four replies were possible, and many among the 133 replies included 

two to all four options: 

 Specimen data without images, available online: 64 replies 

 Specimen data without images, available on demand: 93 replies 

 Digital images of specimens available online: 43 replies 

 Digital images of specimens available on demand: 73 replies 

 

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. Digital images available on demand, but not online 

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

In many cases, “no change” is the most frequent answer. The questionnaire did not ask about how 

large a fraction of the collections were digitized. It is likely that many of the “no change” replies 

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). 

 

Fig. 12. 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). 

 

 

Fig. 13. Custodians’ replies, visits according to data type 
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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. “No change” was chosen by only 17%. The decrease for 

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. 

 

 

Fig. 14. Custodians’ replies, loans according to type of collection 
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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).   

 

Fig. 15. Custodians’ replies, visits according to type of collection 
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Custodians: Effect of custodians’ seniority on number of loans and visits 

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

work before 2000 (“senior custodians”) and those who started after 1999 (“junior custodians”) (Figs 

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. Custodians’ replies, loans according to seniority 
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Fig. 17. Custodians’ replies, visits according to seniority 

 

The difference between senior and junior curators cannot be explained by different seniority 

profiles between custodians of different types of collections (Fig. 18). 

 

Fig. 18. Custodians’ replies, seniority according to collection type 
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Custodians: free-text comments 

Free-text comments were provided by 39 custodians.  

Several addressed the level of digitisation and that it is still early days for an evaluation, e.g.,  

 “only types are digitized” (custodian of herbarium) 

 “only a very little part of the collections are digitalized, and only vascular plants” (custodian of 

herbarium) 

 “the collection of digitized material is minimal” (custodian of wet zoological collection) 

 “In palaeontological collections of [……..] digitization has only been developed since 2 years. As a new 

tool, it provides greater access (online) and requests of digitized images. The real impact on physical 

applications may not be clearly visible yet” (custodian of fossil collection).  

Others ascribed a decrease in loans/visit to other factors than digitisation, e.g., 

  “I am curator of small beetles diagnosed by mostly internal (genitalic) characters. Demand for 

specimens decreased, but not because of digitization, rather the extinction of dedicated taxonomists 

willing to study morphology and dissect many thousands of specimens” (custodian of dry zoological 

collection) 

  “Our three principal user groups are: 1) African students, 2) Brazilian/Latin American researchers, 3) 

Belgian students. For all these groups there is another reason why they decrease: 1) since a few years a 

steep decrease in number of scholarships for African students, 2) the end of the reflora-project and 

economic crisis in Brazil and 3) the melt-down of  botany labs and courses at universities in Belgium.” 

(custodian of herbarium) 

 “In some ways the longer-term pattern seen in the loans data is more concerning if it is, in fact, related 

to a reduction in the amount of taxonomy being carried out” (custodian of herbarium). 

Several comments emphasize the dual effect of digitisation: on one hand, digitisation lessens the 

need for loans and visits; on the other, digitisation increases visibility of the collection, leading to 

more loans and visits. Also, digitization may influence the nature of loan requests, rather than their 

number, e.g.,  

 “the number of loan requests is stable (or slightly increasing) but the number of specimens requested is 

decreasing significantly” (custodian of herbarium) 

  “we have seen a dichotomous change: Fungi - increased [number] of loans, targeted at specific 

specimens for DNA extraction. Vascular Plants - sharp decrease in [number] of physical loans” 

(custodian of herbarium) 

 “Social media have increased interest in our collection, and significantly increased the overall number 

of data and loan requests, but an increasing percentage of requests are for data only. Our digitization 

efforts are a response to demand for data, rather than something that generates demand, as far as I 

can see” (custodian of dry zoological collection) 
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  “loan requests have become more specific and the details of the request are more accurate when 

requesters have had access to our electronic catalogues prior to making the request. Prior to 

digitisation a major problem was often that the request included incorrect information on a specimen 

due to transcription errors or misinterpretation of collection vs. registration numbers etc. The higher 

accuracy of the requests has reduced the amount of work to trace the right material substantially and 

reduces the risk of misunderstandings. Furthermore, instead of loans of entire specimens, increasingly 

loans can be reduced to derivatives (eg. slides with sections of fruiting bodies) of the specimen 

combined with access to high res images of the outer morphology and/or label and annotation. As a 

result, instead of the need to send the entire collection, only parts are send on loan, thereby reducing 

risks of total loss of a collection during posting. This is not reflected in the number of loans (more or 

less in the same dimension as before) but makes a large difference with regards to reducing risks to   

collections” (custodian of herbarium). 
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Results of questionnaire study, users of collections 

The users and their replies  

A total of 194 replies were received from users of collections working in 42 countries (including 40 

users from 15 non-European countries), see Table 2. A few users listed two countries and have 

been entered for both, hence the slightly higher total number of users. 142 users gave their e-mail 

address and among those there were no duplicates – presumably the 194 replies are from 194 

different persons.  

 

Table 2. Country in which the 194 users who filled in the questionnaire work. A few indicated two countries 

which explains the total of 197 records.

Albania 1 

Argentina 1 

Australia 8 

Austria 5 

Belgium 9 

Brazil 5 

Brunei 1 

Bulgaria 1 

Czech Republic 13 

Denmark 6 

Equatorial Guinea 1 

Estonia 1 

Finland 3 

France 11 

Germany 13 

Greece 3 

Honduras 1 

Hungary 8 

Iran 1 

Ireland 1 

Israel 3 

Italy 14 

Lithuania 1 

Macedonia 1 

Mexico 1 

Netherlands 3 

New Zealand 1 

Norway 3 

Poland 4 

Portugal 6 

Romania 1 

Russia 4 

Serbia 2 

Slovakia 1 

South Africa 1 

South Korea 1 

Spain 21 

Sweden 6 

Taiwan 2 

UK 15 

 

By far most users (157) are working in a University or another research institution, 16 are working 

on a private basis, 14 in a museum, while 7 work in various types of agencies. (Some of those 

giving “University or another research institution” as their base may in fact be working in a 

university museum.) 

The questionnaire included a question about when the respondent started to use collections, in 

order to see if people who are relative new to the business of using collections reply differently 

from more experienced ones. Most (106) respondents started working with collections before 2000 

while 87 started later. 

Dry zoological collections (pinned insects, shells, skeletons etc.) are used by 102 respondents, wet 

zoological collections by 64, herbaria by 60, fossil collections by 46, mineralogical petrological 

collections by 4, and frozen collections by 16. Many respondents listed two or more types of 

collections – these respondents have been counted for all types. 
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Users: Effect of type of digital data and type of collection on loans 

The questions about the effect of different types of digital data were formulated differently in the 

two questionnaires. Unlike the custodians the users were asked separately about the effect of each 

type of digital data.  

Fig. 19 shows the results concerning loans. It is very obvious that the availability of digital images 

makes a great difference: 48-53% of the users reported a decrease in loans, vs. 12-15% who 

reported more loans, when images are available. When only specimen information is available, just 

12-13% of the users reported on fewer loans, vs. 18-27%, more loans, and more than half of the 

users (60-70%) reported “no change”.  

The way the questionnaire was constructed does not allow a simple test of the difference in 

decrease in loans. Separate tests had to be made for four combinations of “Specimen data without 

images, available online”, “Specimen data without images, available on demand”, “Digital images 

of specimens available online” and “Digital images of specimens available on demand”. For all four 

combinations, P < 0.0001 (Appendix 4, item 8) . T “, . I 

 

Th  

Fig. 19. Users’ replies, loans according to data type 
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Figs 20-23 show the effect on loans broken down according to collection type. The general pattern 

is the same for dry zoological collections, wet zoological collections, fossil collections and herbaria, 

but there are some differences: 

- Availability of digital images has the largest decreasing effect on loans among users of 

herbaria: 56-58%, vs. 7-17% increase (Fig. 22). The difference between users of herbaria 

and others users is, however, not significant (P > 0.05, Appendix 4, item 9) 

- For fossil collections the decreasing effect on loans is likewise high when images are 

available online (61%), vs. 2% increase (Fig. 23). (not tested for significance) 

- For wet zoological collections, availability of specimen data online has a particular high 

increasing effect on loans (48%), vs. 11% decrease. Where specimen data are available on 

demand, the increasing effect is also higher than average: 32%, vs. 13 decrease (Fig. 21). 

(not tested for significance) 

 

Fig. 20. Users’ replies, loans according to data type, dry zoological collections 
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Fig. 21. Users’ replies, loans according to data type, wet zoological collections 

 

 

Fig. 22. Users’ replies, loans according to data type, herbaria 
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Fig. 23. Users’ replies, loans according to data type, fossil collections 
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Users: Effect of type of digital data and type of collection on visits 

Fig. 24 shows the results concerning user visits. It is very obvious that like loans, the availability of 

digital images makes a great difference to number of visits: 45-50% of the users reported a 

decrease in visits, vs. 11-14% who reported more visits. When only specimen information is 

available, just 16% of the users reported fewer visits, vs. 22-26%, more visits, and more than half 

of the users (55-61%) reported “no change”. 

Separate tests for significance were made for four combinations of “Specimen data without 

images, available online”, “Specimen data without images, available on demand”, “Digital images 

of specimens available online” and “Digital images of specimens available on demand”. For all four 

combination, P < 0.0001 (Appendix 4, item 10). 

 

Fig. 24. Users’ replies, visits according to data type 

 

Figs 25-28 show the effect on visits broken down according to collection type. The pattern is similar 

to that seen for loans:  

- The largest decreasing effect on visits is seen in herbaria (Fig. 27): 58-63% decrease, vs. 

7-12% increase. The difference between users of herbaria and other users is significant (P 

< 0.05, Appendix 4, item 11) 

- For wet zoological collections (Fig. 26), availability of specimen data online has a 

particularly high increasing effect on visits (41%), vs. 18% decrease. (not tested for 

significance) 

- The decreasing effect on visits to fossil collections (Fig. 28) when images are available 

online is smaller (45%, vs. 9% increase) than for loans. (not tested for significance) 
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Fig. 25. Users’ replies, visits according to data type, dry zoological collections 

 

 

Fig. 26. Users’ replies, visits according to data type, wet zoological collections 
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Fig. 27. Users’ replies, visits according to data type, herbaria 

 

 

Fig. 28. Users’ replies, visits according to data type, fossil collections 
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Users: Effect of users’ seniority on loans and visits 

Figs 29-32 compare the replies from “senior users” and “junior users”, i.e., users who started 

working with collection material before 2000 and after 1999, respectively. The reply profiles of the 

two groups of users are very similar, except that perhaps availability of specimen data has a 

different effect on the two groups: “junior users” have a higher tendency (24-32%) to make more 

loans than “senior users” (12-24%) when specimen data are available. The difference is significant 

for specimen data available on demand (p < 0.05, Appendix 4, item 12), but not for specimen data 

available online (P > 0.05, Appendix 4, item 12) 

 

 

Fig. 29. Users’ replies, loans according users’ seniority, specimen data 
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Fig. 30. Users’ replies, loans according users’ seniority, images 

 

 

Fig. 31. Users’ replies, visits according users’ seniority, specimen data 
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Fig. 32. Users’ replies, visits according users’ seniority, images 
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Users working on a private basis 

Only 16 users working on a private basis filled in the questionnaire. This group of users will include 

amateur researchers as well as researcher working in private companies, and the responses from 

this group might differ from those working in an institution. Of the 16 “private” users, 13 use dry 

zoological collections, 6 use wet zoological collections, 2 use herbaria, and one (who also uses 

both types of zoological collections) uses fossil collections. Table 3 shows the reply profile of the 

“private” users – with the limited data no difference from the overall pattern can be seen. 

Table 3. “Private” users’ replies according to type of digital information available. Entries are numbers of 

replies. 

 Considerably 
more loans 

Slightly to 
moderately 
more loans 

No 
change 

Small to moderate 
decrease in 
number of loans 

Strong decrease 
in number of 
loans 

Specimen data without 
images, available 
online 2 2 9 2 0 
Specimen data without 
images, available on 
demand 1 1 11 1 0 
Digital images of 
specimens available 
online 0 3 4 5 3 
Digital images of 
specimens available on 
demand 0 1 8 5 1 

      

 

Considerably 
more visits 

Slightly to 
moderately 
more visits 

No 
change 

Small to moderate 
decrease in 
number of visits 

Strong decrease 
in number of 
visits 

Specimen data without 
images, available 
online 1 2 10 1 0 
Specimen data without 
images, available on 
demand 1 1 10 1 1 
Digital images of 
specimens available 
online 0 3 4 5 2 
Digital images of 
specimens available on 
demand 0 2 8 3 1 
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Users: free-text comments 

Free-text comments were provided by 77 users. 

 

Some underline the positive effect of digitization on loans/visits, e.g., 

 “My loan requests are actually made more efficient by images online. It also means slightly more 

requests, because on photos of unit trays or boxes I am able to circle specimens I need - without such 

images in most cases I would not even know about these specimens or other circumstances that make 

them interesting. Images of individual type specimens sometimes come handy, especially in the 

planning phase of projects. Also, some unnecessary requests can be eliminated, or necessary requests 

made later, but eventually the specimens have to be borrowed for adequate documentation, 

preparation and labelling” (user of dry zoological collections) 

 “In my view, museum collections are vastly under-used! Having a digital catalogue is urgent because it 

will, for the first time, show to the scientific community what the collections contain, increase the 

number of international visitors to the collections, increase the number of loans of tissue samples and 

loans, and even leading to new projects that can compare museum specimens with modern ones. 

Undoubtedly, digitization will lead to an increase of the value of museum collections!” (user of dry and 

wet zoological, and frozen collections) 

 “I'm a systematic ornithologist. Due to the more and more restrictive regulations bird specimens are 

basically not loaned anymore, and I guess the same apply for mammals. Visiting the collections is still 

crucial for examining specimens. 

Digitalization offers a rough guide to what is available before arriving in the museum. But for most 

museums the records are a mere transcript of catalogues or labels, carrying on misidentifications, 

outdated taxonomy-species limits, transcription errors. I would not trust database records without a 

check against the original specimens. 

Paradoxically, I would say that knowing in advance that potentially relevant specimens are present in a 

given collection will promote more access to that collection.” (user of dry zoological collections) 

 The less digitization, the less likely it is I will resort to institutions. Digital databases essentially allow for 

better planning for visits and loans, and optimized budgets” (user of wet zoological, and frozen 

collections)  

 

... and that digitization is a sine qua non for some types of research, e.g., 

 “As I work on a very widespread species I cannot hope to do my research by visiting herbaria. 

Digitization has in fact made it possible to do my research, otherwise it would not happen. Herbarium 

visits are still very useful, but I can be much more selective regarding my visits and digitization also 

helps me target my visits better” (user of herbaria). 
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…but some warn against errors in digitized data, e.g,. 

 “Online cataloguing has often focused on quantity rather than quality. The number of blatant errors in 

the available data often gives low trust in the information that appears credible.  Common, easily 

identified species often are associated with names that are a century out of date, confusing data 

aggregators” (user of   dry and wet zoological, fossil, and frozen collections). 

 

Some users comment on the dual effect of digitization, e.g., 

 Access to online collection databases has increased my loaning activity because this information tells 

me that the specimens actually are available. 

Online access to images of the specimens may - to some degree - have decreased my loaning activity, 

but only if the image shows that the condition of the specimen is so poor that there's no reason to 

spend any effort loaning the specimen. If the online image shows a nice, intact specimen, I would still 

loan it for detailed examination if this is required (user of wet zoological collections) 

 

Some comment that a decrease in visits may be due to other factors than digitization, e.g. 

 “Travel costs and the fact that universities/institutions cut down the money on that” (user of herbaria 

and fossil collections) 

 “A very significant factor that has influenced the number of loans is the European Synthesys 

programme that allowed me to study and inventory collections of the main European museum” (user 

of dry and wet zoological collections)  

 “Generally I have less time for taxonomic research than I used to, so the number of loans I have 

requested and visits I have made have generally declined” (user of herbaria) 

 “Other factors: 1) increasing regulation (hence more bureaucracy) about loans; 2) increasing difficulty 

to visit museums without guest facility due to hotel costs (e.g., London)” (user of dry and wet zoological 

collections) 

 

One user calls attention to the crucial role of collection staff:  

 “The biggest difference in the efficiency of planning and doing data collections in museums have always 

been, in my experience, the help and support of collection managers and curators, some of whom were 

exceptional” (user of dry zoological collections) 

 

One user emphasizes to the positive effect that digitization can have on the curation of the 

collection by “remote experts”: 

 Digitization is a very useful step in 'remote fine-sorting' through large numbers of specimens which 

have only been roughly sorted by local or visiting non-experts…. An additional 'remote expert' opinion 

on digitized specimens held elsewhere allows: (1) Certain specimens to be quickly eliminated from any 
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desire for further detailed study (2) Quickly identify additional specimens that may be of actual 

interest, often from smaller collections which has not previously been examined by any local/visiting 

expert. Furthermore, digitization can greatly help with clarifying the taxonomic content of collections, 

by improving the accuracy of previous tentative identifications” (user of dry and wet zoological, and 

frozen collections) 

Some emphasize that digitization may facilitate access to collections which are practically 

inaccessible to many users, e.g., 

 “I collected Heteroptera in Brunei … I am currently sending material to taxonomists for further 

identification to species level. At the same time, I take images of specimens and upload label data to an 

online database (iNaturalist.org). Eventually the specimens will be returned to the Museum in Brunei 

Darussalam, but access to this institution is very restricted. The online database will save other 

researchers … the time to travel to this institution. While physical loans for taxonomic work might still 

be required, the online Collection of Heteroptera of Brunei Darussalam will hopefully be a useful tool” 

(user of dry zoological collections) 

 “Digitization of collections is vital and ensures collections function truly as a RESOURCE, as they should.  

In the end, digitization also reduces work for already-overworked curators: a famous museum near me 

still hasn't digitized their holding records, which means users must write the collection and enquire 

each and every time (and often the curators simply don't reply)” (user of dry and wet zoological 

collections) 

 

Many emphasize that digitization cannot fully replace physical contact with specimens, e.g., 

 “Images don't replace the physical contact, everyone in person wants to see, feel, smell the specimen” 

(user of dry and wet zoological collections) 

 “I deal with bryophytes. Digital images of bryophyte specimens cannot be used for investigations or 

identifications. I have to use microscopes and preparation of samples, I need physical visits” (user of 

herbaria) 

 “digitization only really affects a few selected taxa.  I work on marine inverts, and unless I can have a 

microCT scan I will continue to have to loan specimens and dissect” (user of wet zoological collections) 

 “I do not expect that increased availability of specimen images will make a large difference for the 

generation of morphological data. This is mostly because vascular plant specimens tend to be 

squashed, with crucial reproductive characters often invisible unless anthers, stigmata, seeds etc. are 

removed and photographed separately, potentially under a strong microscope, and it is unlikely that 

this would be done routinely. Digitisation efforts are generally limited to a whole specimen photo” 

(user of herbaria) 

 “I work with grasses, where often the crucial characters are too small to be verified from a scanned 

image. So, the reduction in #visits and #loans will not be the same, even in a subgroup like vascular 

plants” (user of herbaria) 

 “In the groups I work with the meaningful characters are inside the flowers. Therefore, specimen 

images will not influence my need to request loans of visit the collections unless images are 

accompanied by dissected flowers” (user of herbaria) 
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 “Digital images of specimens are not sufficient for most types of detailed study. Many plant characters 

cannot be ascertained based on digital images. Digital images can never replace physical loans nor visits 

to collections. They only serve to reduce the number of specimens in a loan (e.g. if a specimen has no 

flowers or fruits, you need not ask it in loan, because it does not contain much info)” (user of herbaria). 

 “images allow to you to guess what is available in the particular collection, and in what condition the 

collection is. However, the material needed you usually need to see personally to check the details 

necessary for identification.” (user of dry and wet zoological collections) 

 “I would need really good images and those of genitalia to prevent me from the need to loan 

specimens.” (user of dry zoological collections) 

 “digitization is very useful tool for the making collections accessible for the public and for the gathering 

of the basic data about material that is planned to be studied. It, however, cannot replace the physical 

study of the material and its loaning for scientific purposes (user of fossil collections) 

 “working on bryophytes and fossil wood, not very easy to digitize” (user of herbaria and fossil 

collections) 

 “Since I'm doing studies employing geometric morphometric techniques, the digital images can be 

useful to select the specimens to examine, but I need a large number of images of various structures to 

made the analysis, thus I have to loan the material” (user of dry and wet zoological, and frozen 

collections) 

 “It varies for the type of material. For osteological material - online CT scans that can be rotated, 

enlarged etc. can reduce the need for a loan/visit. For fossils, I would always want to examine the 

original” (user of dry zoological, and fossil collections) 

 “Research in vertebrate paleontology typically involves the examination of numerous fragmented 

specimens that are difficult to identify and interpret when in one's hand, and impossible using just 2-D 

images. Therefore, even if digital images of these are made available, it will not take the place of in-

person visits or loans” (user of dry zoological, and fossil collections).  

 “Image make rather (dangerous!) illusion that real specimen is not needed any more, with production 

of erroneous conclusions as a result (no image or even series of images shows every potentially 

relevant character, and no image shows all - even those visible! - characters faithfully and exactly)!” 

(user of dry zoological collections) 

 

One user underlines the difference between online images and images made on demand: 

 Photos on demand are more likely to obviate the need to see a physical specimen, since the requester 

can specify crucial angles, something which can be specific to a species complex” (user of dry zoological 

collections) 

 

One user provided a comment addressing several of the above subheadings: 

 “Digitization of specimen data in a written form is almost always useless for taxonomy. Websites that 

collate information from various sources, such as GBIF portal, are almost always useless. They only 

repeat what exists elsewhere. The written data must include high-quality photographs of the specimen 
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(dorsal, ventral is minimum) and the related label data. 

 

High-resolution, potentially zoomable images of collection drawers are also useless if the label data is 

not visible. 

 

So far the fragmented digitization efforts of museums have not considerably reduced the need for 

physical visits and loan of material. Often the superficial images cannot answer the taxonomical 

question, and examination of the genitalia and other detailed structures and DNA are needed. If the 

genitalia are dissected, those should always be digitized also. 'All' museum use their own protocols and 

store digitized data in their own systems. This is very problematic for the user and data extracted from 

various sources is not compatible for merged analyses. A coherent/harmonized solution should be 

sought for. Fauna Europaea or similar could offer an existing platform for images (although the updated 

FE is much worse than the original platform). 

 

BOLD has become a major source of information because it includes images also (though occasionally 

misidentified). Lepiforum is another example of rather good platform. 

 

Biodiversity Heritage Library and the digitized books and journals is the most successful digitization 

campaign to date. This has reduced the need to visit libraries very much. It has an user-friendly 

interface also. 

 

The national government authorities have not succeeded in providing a good access to collection 

specimens. Google has done much better job in a short period of time (scans in BHL, google books, art 

scans etc.) that governments have done. Governments have a lot to learn from private business” (user 

of dry zoological collections).” 

 

 

Results of questionnaire study, mineralogical-petrological collections 

Four custodians gave information on loans and visits. Three reported on more loans, two on more 

visits, one on considerably fewer visits, and one on no change for loans as well as visits. 

Two users replied. One experienced no change, the other on considerably more loans and visits. 

 

Results of questionnaire study, frozen collections 

Two custodians replied. Both experienced small to moderate decreases in numbers of physical 

loans and physical visits. 

Sixteen users indicated that they need frozen collections. However, they all also need other types 

of collections: dry zoological (14), wet zoological (15) and/or fossil collections (4), so if a particular 

response profile for users of frozen collections exists, it may be difficult to recognize. It is therefore 

not surprising that the overall pattern seems to be the same as for other types of collections: 
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availability of digital images results in fewer loans and visits. Since frozen collections are hardly 

advertised by means of digital images, the pattern is most likely an effect of the multiple-collection-

type replies received from users of frozen collections. 

 

  



 

44 
 

CONCLUDING REMARKS 

This study is based on three lines of evidence: 

 Mostly unpublished statistics on loans from and visits to eight natural history collections (Figs 

1-11). 

 133 replies to a targeted questionnaire from custodians of natural history collections (Figs 12-

18) 

 194 replies to a targeted questionnaire from  users of natural history collections (Figs 19-32) 

 

The overall pattern in the statistics is a decrease in number of physical loans and visits. “Digital 

loans”, i.e., requests for digital information, on the contrary, show an increasing tendency. There is 

also an indication that for vertebrate collections, especially collections of mammals, the number of 

physical loans does not show the same decline as seen for other types of collections.  

 

The questionnaire replies from custodians and users don’t give a simple picture: in all cases some 

replies in more loans and visits, while others indicates less loans and visits, and others again “no 

change”. The effect of digitisation is thus not simple, and the frequently heard statement that 

digitisation may just as well mean more loans and visits as the opposite finds support in the 

present survey. 

 

Some tendencies are, however, clear:  

 Availability of digital images (online or on demand) reduces the number of loans (Figs 12, 19). 

Custodians and users agree on this. 

 According to the users, availability of digital images (online or on demand) reduces the number 

of visits (Fig. 24). Custodians don’t see this tendency; instead availability of specimen data 

online has the highest decreasing effect on number of visits (Fig. 13). 

 The highest degree of reduction of numbers of loans and visits is seen in herbaria (Figs 14, 15, 

22, 27). This surely has to do with the fact that herbarium sheets represent a specimen type 

that relatively easily lends itself to digital imaging, and that herbaria have been leading in digital 

imaging of large numbers of specimens. 

 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 (Figs 16-17). There is no such difference 

between “senior” and “junior” users (Fig. 29-32), except maybe that “junior” users have a higher 

tendency to make more loans when digital specimen data are available (Fig. 29). 

 

It is important to bear in mind that information on how much of a given collection is digitised has 

not been available for this study. Custodians were asked about whether specimen data and/or 

digital images are available, online and/or on demand, but they were not asked for quantitative 

information. Had such information been available more sophisticated analyses would have been 

possible, but in the planning phase of the survey it was considered that renouncing on such 

information would probably result in more answers. 

 

Free-text comments from custodians and users  highlight some trends: 
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 Digitisation works both ways:  some types of loans decline, others increase (e.g. requests for 

specimens for DNA extraction) 

 Availability of digital information leads to more specific loan requests, e.g.,  a few specimens 

elected on the basis of digital information/images, rather than a bulk sample; parts of a 

specimen rather than the entire specimen. 

 There is a widespread concern about the decline of collections-based taxonomy 

 Declines in loans and visits may not be caused by digitisation – other factors such as declining 

economy (including reduced collection staff), increased travel costs, and difficulties with 

international shipping of material (increased regulations) may play decisive roles.  

 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. 

 

Finally, bearing in mind the finding by GBIF’s task force: “The major realized benefits of digitization 

are: increased use, exposure and knowledge of the institution’s collections” (Krishtalka et al.2016: 

p. 4), one might argue that the most important thing is that collections continue to be the essential 

infrastructures they are, irrespective of digitisation. Measuring the importance of a collection is not 

easy, but one central parameter is constituted by the publications which are based on the 

collections. Recent data from the Natural History Museum of Denmark (Fig. 34) suggest that the 

output in terms of collections-based publications is slightly on the increase. Perhaps scrutiny of this 

parameter might be a useful supplement to the present study? 

 

 

 
Fig. 33. Number of publications based on the collections of the Natural History Museum of Denmark, 2008-2014. From 

“Statens Naturhistoriske Museum, Årsberetning 2015”, 

http://snm.ku.dk/omsnm/aarsberetning2010/snm_aarsberetning_2015_web.pdf_copy 

  

http://snm.ku.dk/omsnm/aarsberetning2010/snm_aarsberetning_2015_web.pdf_copy
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Appendix 1 

The questionnaire for custodians of collections  
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Appendix 2 

The questionnaire for users of collections  
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Appendix 3 

Cumulative numbers of responses to the two questionnaires 
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Appendix 4 

Contingency table and P-values according to Fisher’s exact test. 

 

item 1: Custodians: Effect according to type of digital data, loans 

 decrease in no. of loans no decrease 

no images available 7 36 

images available 47 41 

P < 0.0001  

 

item 2: Custodians: Effect according to type of digital data, visits 

 decrease in no. of visits no decrease 

specimen data not available 
online and/or  images available 

24 91 

specimen data available online, 
images not available 

6 10 

P = 0.1998  

 

item 3: Custodians: Effect according to type of collection, loans 

 decrease in no. of loans no decrease 

herbaria 27 15 

zoological and fossil collections 24 59 

P = 0.0002  

 

item 4: Custodians: Effect according to type of collection, loans 

 decrease in no. of loans no decrease 

dry zoological collections 14 18 

wet zoological collections 23 6 

P = 0.0081  

 

item 5: Custodians: Effect according to type of collection, visits 

 decrease in no. of visits no decrease 

herbaria 14 28 

zoological and fossil collections 13 71 

P = 0.0365  
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item 6: Custodians: Effect according to seniority, loans 

 decrease in no. of loans no decrease 

started before 2000 37 42 

started after 1999 15 35 

P < 0.0001  

 

item 7: Custodians: Effect according to seniority, visits 

 decrease in no. of visits no decrease 

started before 2000 23 56 

started after 1999 7 44 

P = 0.0548  

 

item 8: Users: Effect according to type of digital data, loans 

 decrease in no. of loans no decrease 

Digital images available online 101 89 

Specimen data available online 25 163 

P < 0.0001   

 decrease in no. of loans no decrease 

Digital images available online 101 89 

Specimen data available on 
demand 

22 164 

P < 0.0001   

 decrease in no. of loans no decrease 

Digital images available on 
demand 

89 98 

Specimen data available online 25 163 

P < 0.0001   

 decrease in no. of loans no decrease 

Digital images available on 
demand 

89 98 

Specimen data available on 
demand 

22 164 

P < 0.0001   
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item 9: Users: Effect according to type of collection, loans 

Digital images available online decrease in no. of loans no decrease 

users of herbaria 33 26 

other users 68 63 

P = 0.6399   

Digital images available on demand decrease in no. of loans no decrease 

users of herbaria 33 24 

other users 66 74 

P = 0.2090  

 

item 10: Users: Effect according to type of digital data, visits 

 decrease in no. of visits no decrease 

Digital images available online 93 94 

Specimen data available online 34 151 

P < 0.0001   

 decrease in no. of visits no decrease 

Digital images available online 93 94 

Specimen data available on 
demand 

31 154 

P < 0.0001   

 decrease in no. of visits no decrease 

Digital images available on 
demand 

84 102 

Specimen data available online 34 151 

P < 0.0001   

 decrease in no. of visits no decrease 

Digital images available on 
demand 

84 102 

Specimen data available on 
demand 

31 154gr 

P < 0.0001   
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item 11: Users: Effect according to type of collection, visits 

Digital images available online decrease in no. of visits no decrease 

users of herbaria 37 22 

other users 57 76 

P = 0.0126   

Digital images available on demand decrease in no. of visits no decrease 

users of herbaria 33 24 

other users 51 78 

P = 0.0253  

 

item 12: Users: Effect according to seniority, loans 

Specimen data available online increase in no. of loans no increase 

started before 2000 24 79 

started after 1999 26 57 

P = 0.2464   

Specimen data available on demand increase in no. of loans no increase 

started before 2000 12 90 

started after 1999 20 63 

P = 0.0323  

 

 

 

 


