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Support criticisms with
evidence from the text or from
other sources

Smith et al (J of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Give specific suggestions on
how to improve the manuscript

Your introduction needs more detail. I suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

Comment on language and
grammar issues

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 – the current phrasing makes
comprehension difficult. I suggest you have a colleague
who is proficient in English and familiar with the subject
matter review your manuscript, or contact a professional
editing service.

Organize by importance of the
issues, and number your points

1. Your most important issue
2. The next most important item
3. …
4. The least important points

Please provide constructive
criticism, and avoid personal
opinions

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

Comment on strengths (as well
as weaknesses) of the
manuscript

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as I have noted above) which should be
improved upon before Acceptance.
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11 Abstract

12 Biological taxonomy rests on a long tail of publications spanning nearly three centuries. Not only 

13 is this literature vital to resolving disputes about taxonomy and nomenclature, for many species it 

14 represents a key source - indeed sometimes the only source - of information about that species. 

15 Unlike other disciplines such as biomedicine, the taxonomic community lacks  a centralised, 

16 curated literature database (the “bibliography of life”). This paper argues that Wikidata can be 

17 that database as it has flexible and sophisticated models of bibliographic information, and an 

18 active community of people and programs (“bots”) adding, editing, and curating that 

19 information. The paper also describes a tool to visualise and explore bibliography information in 

20 Wikidata and how it links to both taxa and taxonomists.

21

22 Introduction

23 Much of the primary data about the planet’s biodiversity is contained in the taxonomic literature, 

24 a corpus that dates back to the eighteenth century. Whereas other biological disciplines have 

25 created substantial bibliographic databases, such as PubMed (“PubMed”), and  open access 

26 repositories for work sponsored by specific funding agencies and charities agencies, such as 

27 EuroPMC (The Europe PMC Consortium, 2015), the taxonomic literature mostly lingers in 

28 relative obscurity (Page, 2016b). There are several projects trying to redress this problem by 

29 digitising the taxonomic literature, ranging from global initiatives such as the Biodiversity 

30 Heritage Library (BHL)(“Biodiversity Heritage Library”)  to extensive, regional repositories 

31 such as ZOBODAT (Gusenleitner & Malicky, 2017). While the bulk of BHL content comprises 

32 legacy works that are out of copyright, recently this has been supplemented by an influx of more 

33 recent content so that BHL is no longer “legacy only”. A complementary initiative, the 

34 Biodiversity Literature Repository (BLR) (“Biodiversity Literature Repository”) is focussed on 

35 recently published “born digital” content and its component parts, such as figures and taxonomic 

36 treatments (Egloff et al., 2017). Taxonomy also benefits from digitising initiatives that don’t 

37 specifically target the taxonomic literature but which include taxonomic journals, such as E-

38 Periodica cite (Wanger & Ehrismann, 2016). 

39

40 Digitisation greatly increases the accessibility, but not necessarily the discoverability of content. 

41 The BHL has scanned volumes for many journals, but unless articles contained within those 

42 volumes are indexed those articles will be difficult to find. This is the motivation for my BioStor 

43 project (Page, 2011), which to date has extracted over 200,000 articles from content scanned by 

44 BHL. Another impediment to discoverability is the widespread taxonomic practice of using 

45 “micro-citations”, that is, citing a page or set of pages within a work, rather than the work itself 

46 (Page, 2009). Experts in a particular group are usually familiar with these micro citations, but 

47 non-experts may find them challenging to interpret.
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48

49 Discoverability of the taxonomic literature would be greatly improved if we had a single, easily 

50 accessible database of all taxonomic publications (King et al., 2011). While the field has some 

51 highly visible journals, there is a long tail of taxonomic publication in small, often obscure 

52 journals (Page, 2016b). Not only does discoverability hamper taxonomic research, it also 

53 hampers recognition of the value of that research. Taxonomists have long complained that 

54 standard measures of academic impact do not work well for taxonomists (Garfield, 2001), and 

55 the ranking of major taxonomic journals by commercial organisations such as Clarivate can 

56 undergo dramatic and seemingly capricious changes (Hamilton et al., 2021). A commonly 

57 proposed remedy is increased citation of taxonomic work (Werner, 2006), such as original 

58 descriptions of new species. Regardless of the merits of these proposals, they founder when 

59 confronted with the practical issue that we don’t have citable references for many, if not most, 

60 species descriptions. 

61

62 The challenge of discoverability is not unique to taxonomic literature. There have been long 

63 standing calls for what Cameron (1997) described as a “universal citation database”. Recent 

64 developments such as the Open Citations Corpus (Shotton, 2013) and the WikiCite project 

65 (“WikiCite”)have brought us considerably closer to this goal. Indeed, in the last few years there 

66 has been a growing effort to add bibliographic details for the entire academic corpus to Wikidata 

67 (“Wikidata”), an open database of structured information (Waagmeester et al., 2020). 

68 Bibliographic metadata is at the heart of measures of academic performance and impact, and 

69 these measures are typically provided from closed data held by commercial organisations 

70 (Aspesi & Brand, 2020). Having an open bibliographic database for taxonomy opens the 

71 possibility of more transparent analytics for the discipline.

72

73 In this paper I make the case for Wikidata as the logical venue for a “bibliography of life”. I 

74 begin by providing background on Wikidata, describing how it models bibliographic data, and 

75 how it can be populated with data. I then summarise some analyses that assess the extent to 

76 which the Wikidata community curates bibliographic data, and estimate the “density” of the 

77 Wikidata knowledge graph for bibliographic data. I also describe a simple web interface for 

78 navigating bibliographic data in Wikidata.

79 Wikidata

80 Wikidata is a store of structured information or “statements” about things or concepts (“items”). 

81 Each statement comprises a key-value pair where the key is a community-defined property, and 

82 the value is editable by any Wikidata user. Each Wikidata item has a unique identifier of the 

83 form Qn (where n is an integer), each property has an identifier in the form Pn (in this article I 

84 often refer to Wikidata properties by their P number). A given key-value pair can have one or 

85 more qualifiers (Vrandečić & Krötzsch, 2014), that is, a statement about that particular value. 

86 For example, a multi-author publication will have multiple values of the property “author” (P50). 
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87 Adding the qualifier “series ordinal” (P1545) to each value enables us to express order of 

88 authorship, i.e., the first author has a series ordinal qualifier of “1”, the second author has the 

89 value “2”, and so on.

90

91 Ideally values in Wikidata are accompanied by one or more references to the sources of those 

92 values. Typically references are links to external sources (such as a web site or database), but 

93 they can also be links to another item in Wikidata (for example the item corresponding to a 

94 publication that is the source of that value). Among the strengths of Wikidata is its support for 

95 multiple languages, and for multiple values for the same property. Hence Wikidata can 

96 accommodate cases where there is legitimate disagreement about the value a property should 

97 take (for example, the date of publication of a work). While any user can edit values, properties 

98 are added by community consensus. A property is proposed, discussed, and if it receives 

99 community support it becomes available for editors to add to an item. The information stored in 

100 Wikidata can be expressed as Resource Description Framework (RDF) triples (Erxleben et al., 

101 2014) and there is a SPARQL endpoint that enables anyone to query the data. 

102 Wikicite

103 The original scope of Wikidata was to provide structured data to underpin the different 

104 Wikipedia projects. Hence, notionally each item in Wikidata had a corresponding entity in at 

105 least one of the various Wikipedias. However, as Wikidata has grown the potential of having a 

106 single, queryable, community-edited database of structured information has become increasingly 

107 clear. Hence many items being added to Wikidata might not themselves have a Wikipedia page, 

108 but are relevant to the content and goals of Wikipedia. A good example of this are bibliographic 

109 citations, which are a key source of support for factual statements made on Wikipedia. 

110

111 The Wikicite project started out with the goal to provide structured bibliographic data for 

112 citations across the different Wikipedia projects. Given that the scope of Wikipedia includes 

113 taxonomy, many of the publications cited in Wikipedia (and hence destined to be in Wikidata) 

114 are relevant to taxonomy. Furthermore, there is a wiki devoted entirely to taxonomy 

115 (Wikispecies), which includes pages for taxa, taxonomists, and taxonomic publications. Many of 

116 these pages also have corresponding items in Wikidata. Hence a considerable amount of 

117 taxonomic literature has already been added by contributors to the WikiCite project.

118

119 Data contributions to Wikidata typically come in two forms, manual edits by individual people 

120 or automated edits by software (“bots”). A number of bots add bibliographic metadata sourced 

121 from databases such as PubMed and CrossRef. For example, given a CrossRef DOI for an article 

122 the CrossRef API can be used to retrieve the metadata for the corresponding article. If one 

123 wanted to include only publications cited by Wikipedia, one would then need a list of DOIs cited 

124 on Wikipedia pages. Alternatively, one could proactively add articles with DOIs to Wikidata 

125 even if they aren’t currently cited on Wikipedia, on the assumption that as Wikipedia grows it is 
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126 likely that more and more articles will be cited. This means it is a short step to expanding the 

127 scope to include most, if not all of the academic corpus in Wikidata. One motivation for this is to 

128 have openly accessible bibliographic data which can be used to enable freely accessible 

129 measures of the activity and impact of researchers (Nielsen, Mietchen & Willighagen, 2017). 

130

131 As a consequence of work done by the WikiCite community, and the prominence of taxonomy in 

132 Wikipedia and Wikispecies, Wikidata already contains a considerable number of publications 

133 relevant to taxonomy. This, coupled with the sophistication of the data model, powerful query 

134 language, and the existence of an enthusiastic community of editors makes a strong case for 

135 Wikidata being a promising platform for a “bibliography of life”.

136

137 Bibliographic data in Wikidata

138 The Wikidata model for a publication has evolved over time as the community adds properties 

139 and recommendations for their use. Figure 1 shows how a scientific article can be modelled in 

140 Wikidata.

141

142 [Fig 1 here]

143

144 Wikidata items are given one or more “types” using Wikidata property P31 (instance), such as 

145 Q13442814 for a scholarly article, and Q571 for a book. There are properties for the typical 

146 metadata associated with an article, such as title, journal that contains the article, volume, 

147 pagination, and date of publication. Wikidata supports values in multiple languages, so that 

148 articles with titles in multiple languages can have all those titles represented. Authorship is 

149 handled in two distinct but complementary ways. If an author of a publication is known to have a 

150 Wikidata entry then the author property (P50) links the item for the publication to the item for 

151 that author. If it is not known whether the author exists in Wikidata their name can be stored as a 

152 simple string value (P2093). In Fig. 1 there are examples of both authors. There are tools 

153 available to subsequently map those name strings to the corresponding Wikidata items.

154

155 External identifiers, such as ones provided by the publishing industry (e.g., DOIs), archiving 

156 services (e.g., Handles), and domain-specific databases (such as PubMed, ZooBank, etc.) can 

157 also be added to the Wikidata item. Wikidata items are being decorated with an increasing 

158 number of diverse identifiers, hence Wikidata is increasingly playing a role as an “identity 

159 broker” enabling cross-links between identifiers from different databases (Veen, 2019).

160

161 Links between publications

162 Publications rarely exist in isolation from each other, hence we can connect them using a range 

163 of properties. The most obvious relationship is citation, where one publication cites another. 
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164 Adding this information helps flesh out the citation graph, enables us to track the provenance of 

165 an idea, and also discover potentially related publications through co-citation (Marshakova-

166 Shaikevich, 1973; Small, 1973).

167

168 Other relationships supported by Wikidata include errata where one publication corrects errors or 

169 mistakes in a previous publication, and translations, where a publication may exist in more than 

170 one language. For example, the paper Korotyaev (2018)  is an English translation of Коротяев 
171 (2018), the corresponding items in Wikidata can be connected by properties reflecting that 

172 relationship.

173 Links to facts

174 A key motivation for including publications in Wikidata is to provide trustworthy sources of 

175 references for statements made in Wikidata. For example, statements about the birth and death 

176 dates for a person, the exact date of publication of a work, the date at which a journal changed its 

177 name, or the publication of a taxonomic name can all be supported by adding references to the 

178 relevant source.

179

180 As an example, the taxonomic name Euphorbia bicompacta Bruyns was published in Bruyns et 

181 al. (2006) as a replacement for the name Synadenium compactum N.E.Br. This publication 

182 (Q28960244) is the one discussed above in Fig. 1. The Wikidata item for Euphorbia bicompacta 

183 (Q5851419) has a property “taxon name” (P225) with the value “Euphorbia bicompacta” and 

184 Wikidata item Q28960244 as a reference for that value (see Fig 2).

185

186 [Fig. 2 here]

187

188 Populating Wikidata

189 Creating a bibliography of life would only be conceivable if much of the work of populating it 

190 could be automated, and if freely accessible sources of data were available. Bibliographic 

191 metadata from CrossRef and PubMed are constantly being added by automated tools (“bots”). 

192 This means that many publications that have a CrossRef Digital Object Identifier (DOI), or have 

193 an entry in PubMed are likely to be already in Wikidata. If they aren’t, then it is straightforward 

194 to add them. Data from these sources are typically of high quality, although sometimes the data 

195 is limited or incorrect, for example, in not including lists of literature cited, or there may be 

196 typographic or character encoding errors in the data. An advantage of a community-editable 

197 resource is that these can be found and subsequently corrected by the community.

198

199 While much of the biomedical literature, and an increasing fraction of modern taxonomic 

200 literature has CrossRef DOIs, much of the taxonomic corpus either lacks a DOI, or may have a 
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201 DOI issued by a registration agency other than CrossRef. The DOI foundation has several 

202 members that issue DOIs, and these differ in the support they provide for resolving DOIs to 

203 machine readable data. CrossRef DOIs can return extensive metadata about an article in CiteProc 

204 JSON, a default standard for bibliographic metadata (Willighagen, 2019; Bennett, 2021). Some 

205 DOI agencies support CiteProc (albeit not as fully populated as CrossRef), however agencies 

206 such as ITISC - which is issuing DOIs for many Chinese articles (Wang et al., 2018) - do not 

207 support machine readability at all. Hence not all DOIs are equally easy to work with.

208

209 There are also publications with persistent identifiers that are not DOIs (such as Handles), 

210 publications which lack persistent identifiers but are online, and publications which may not be 

211 online at all. There are various strategies we can use to gather bibliographic data for these 

212 publications. Below I describe some of these strategies. Source code for some of these 

213 approaches is available at https://github.com/rdmpage/wikidata-bibliographic-data .

214 Scrape metadata from the web

215 Web sites for some journals contain embedded machine-readable metadata about publications in 

216 their web pages to enhance discoverability by search engines such as Google Scholar. These tags 

217 also enable software tools (e.g., reference managers such as Zotero) to easily extract 

218 bibliographic metadata to be stored by users of those tools. Although typically there are journal 

219 and publisher-specific idiosyncrasies in how the metadata is marked up, it is relatively 

220 straightforward to write software to fetch these web pages and extract the metadata.

221 Lists of literature cited

222 Most articles will have a list of literature cited, so when taxonomists publish their work they are 

223 also continually publishing bibliographic metadata. These lists are becoming increasingly 

224 accessible to machines. Furthermore CrossRef is encouraging publishers to include lists of 

225 references cited in their submissions to CrossRef. If both a cited article has a DOI, then this 

226 citation link may ultimately find its way into Open Citations (Peroni & Shotton, 2020). While 

227 this helps grow the citation network, it overlooks all those publications that lack DOIs (or which 

228 lacked them at the time the citing article was published). However, the metadata for references 

229 cited which lack DOIs can still be used to help populate Wikidata.

230

231 Some publishers provide article text in machine-readable formats such as XML where the 

232 references are identified and can be easily extracted. Other publishers may provide lists of 

233 references in the web view of an article, sometimes with embedded markup. Hence we can 

234 regard taxonomists as, in effect, “crowd sourcing” the taxonomic literature simply by the act of 

235 publishing their research. For example, articles published in the journal Zootaxa together contain 

236 over a million references cited (Page, 2020a).

237

PeerJ reviewing PDF | (2021:05:61262:0:0:NEW 14 May 2021)

Manuscript to be reviewed

davidshotton
Highlight
Change "If both a cited article has a DOI," to "If both the citing article and the cited article have Crossref DOIs," 

davidshotton
Highlight
Change to " . . . COCI, the OpenCitations index of open Crossref DOI-to-DOI citations (Heibi et al., 2019)." [Ivan Heibi, Silvio Peroni, David Shotton (2019). Software review: COCI, the OpenCitations Index of Crossref open DOI-to-DOI citations. Scientometrics, 121 (2): 1213-1228. https://doi.org/10.1007/s11192-019-03217-6]

davidshotton
Highlight
"will", not "may"!



238 Taxonomic databases

239 The numerous taxonomic databases being developed by the community, often focussed on a 

240 particular taxonomic group, are yet another source of bibliographic data. Regrettably, in many 

241 cases taxonomic databases do not treat the taxonomic literature as a first class citizen, and hence 

242 the data may be stored in an abbreviated form (such as the micro-citations mentioned above). But 

243 some databases do provide high-quality curated literature which can be used to help populate 

244 Wikidata.

245 Databases of researchers

246 Yet another potential source of data are the collections of articles created by researchers as part 

247 of an online profile or identity, such as ORCID or ResearchGate. Using a combination of manual 

248 input and web services, ORCID (“ORCID”) assembles a list of publications (and other outputs) 

249 linked to a researcher’s unique identifier (their ORCID id). This data is openly available via an 

250 API. In contrast, ResearchGate (“ResearchGate”) is a commercial website where members can 

251 upload lists of their publications, and provide access to the publications themselves (on the 

252 understanding that their members have the legal right to do so). Although ResearchGate is 

253 “closed” in that it lacks a publicly available API, they do embed structured markup in their web 

254 pages which links authors to their publications using terms from the schema.org vocabulary.

255

256 Wikis 

257 The sources which perhaps most closely match the notion of “crowd sourcing” are Wikidata 

258 itself, and other wikis of the Wikipedia Foundation, such as Wikipedia and Wikispecies. Indeed, 

259 in much the same way that we can regard Wikipedia as an Encyclopaedia of Life (Page, 2010), 

260 Wikispecies can be regarded as a crowd sourced “bibliography of life” where volunteers are 

261 assembling a wiki with one page per taxon, often including extensive lists of references cited. 

262 However, these references are often entered as simple text strings with little or no structured 

263 markup, making it challenging to extract structured metadata, and hence limiting the utility of 

264 Wikispecies.

265 Full-text

266 Wikidata stores metadata rather than full-text content, that is, it stores information about a 

267 publication, not the contents of the publication itself. A growing proportion of the taxonomic 

268 literature is being digitised, such that articles may be available in formats such as PDF or sets of 

269 images (e.g., scans of printed works). Given the alarming ease with which links to online content 

270 can break (Laakso, Matthias & Jahn, 2020) a convention on Wikidata is to include not only a 

271 link to a freely available PDF but also a link to an archived version, e.g. on the Internet’s 

272 Wayback Machine (“Wayback Machine”). Another strategy (one that I have regularly used) is to 
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273 store a copy of the PDF on Internet Archive itself and include the Internet Archive identifier as a 

274 property of the publication on Wikidata.

275

276 There are other ways to access content. There are tools that take a DOI and return a PDF if one is 

277 available online, either freely available Unpaywall (“Unpaywall”) or “pirated” (Bohannon, 

278 2016). Some publishers such as the China National Knowledge Infrastructure (CNKI) have 

279 mobile phone apps that provide access to their content through that app.

280

281 Being able to access the content of the articles themselves not only means that we can read the 

282 article, but it also provides a way to augment existing metadata. In my own experience for a 

283 number of journals key data such as page numbers were not recorded in the available metadata. 

284 This can make it harder to link publications to taxonomic names using “microcitations”, where 

285 the only information we have is a journal, a volume, and a page number. However, if we have 

286 access to a digital version of the article we can extract the page numbers. This need not be a 

287 manual process, for instance the Internet Archive generates a file for each PDF that contains a 

288 best-guess of the page numbers in the PDF. We can use those to add missing pagination values to 

289 the corresponding Wikidata items.

290

291 Exploring Bibliographic Data in Wikidata

292

293 Having discussed sources of bibliographic data and how we can get that data into Wikidata, I 

294 now turn to exploring that data. First I describe a tool I developed to navigate through 

295 bibliographic (and related) data, then I present some results exploring the editing activity of the 

296 Wikidata community and density of the knowledge graph the community is building through 

297 those edits. I then look at the coverage of taxonomic literature and taxonomic authors.

298

299 User interface

300 The user interface of Wikidata is heavily focussed on data entry, and hence is not particularly 

301 friendly to anyone wanting to explore the knowledge accumulated in Wikidata. The underlying 

302 data can be queried using SPARQL, which is a powerful but somewhat challenging language to 

303 use. Hence, a number of more accessible tools have emerged, including generic tools such as 

304 resonator (“Reasonator”), and more focussed tools such as Scholia (Nielsen, Mietchen & 

305 Willighagen, 2017). The latter provides a wealth of visualisations for a publication and its 

306 authors, including its citation network, major topics, and the network of connections amongst a 

307 publication’s authors. 

308
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309 To complement these tools I have developed a simple website called ALEC (All Literature 

310 Electronically Catalogued) (https://alec-demo.herokuapp.com) to make it easy to find and view 

311 publications, links between publications, and links between people, publications, and other 

312 entities such as taxa (Figs. 3-5). 

313

314

315 [Fig. 3 here]

316

317 [Fig. 4 here]

318

319 [Fig. 5 here]

320

321

322

323 If an article has an Internet Archive identifier then ALEC embeds the Internet Archive viewer in 

324 the web page for that article (Fig. 6). If the article has a PDF that has been archived by the 

325 Wayback Machine then ALEC displays a link to open that PDF using the PDF.js viewer 

326 (“PDF.js”). If the article has a CNKI identifier then ALEC displays a QR code that can be 

327 opened by CNKI mobile phone apps.

328

329 [Fig. 6 here]

330

331 Source code for ALEC is available on GitHub (https://github.com/rdmpage/alec ). The site 

332 makes extensive use of the SPARQL interface to Wikidata. Multiple CONSTRUCT queries are 

333 used to retrieve information about specific entities, such as a publication or a person. Information 

334 about these entities is expressed using terms from the schema.org vocabulary (“Schema.org”). 

335 Lists of entities, such as articles in a journal, or articles cited by a publication are retrieved as 

336 schema:DataFeeds (analogous to a RSS feed). These RDF documents are expressed as JSON-LD 

337 and are then converted into HTML using simple Javascript templates. If images are available in 

338 Wikidata these are displayed as thumbnails. To find Wikidata items ALEC supports basic search 

339 via Wikidata’s API. However, if the search term looks like an identifier (such as a DOI or an 

340 ISSN) then ALEC will use a SPARQL query in an attempt to find the corresponding item. In 

341 future more sophisticated search tools could be added that are more specific to the task of 

342 searching bibliographic data.

343 A community of editors

344 One of the challenges in community-based editing of scientific data is assembling that 

345 community. We could create a domain-specific database and hope a community coalesces 

346 around that database. Alternatively we take the data to where an active community already 

347 exists. This is the approach taken by projects such as Gene Wiki (Good et al., 2012). If Wikidata 
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348 is going to be the place to assemble the bibliography of life, a natural question is “does the 

349 community actually edit taxonomic publications?” To assess this I looked at the edit history of a 

350 sample of Wikidata items for papers that have published scientific names. For each item I 

351 retrieved the number of edits made since the record was created, when those edits were made, 

352 and what properties were edited. 

353

354 [Fig. 7 here]

355

356 Figure 7 visualises the edit history for a sample of 1000 publications in Wikidata as a scatter plot 

357 of creation timestamp against edit timestamp. If an item was only edited at the time it was 

358 created then all points would fall along the diagonal. This diagonal continues to go up and to the 

359 right as time goes on. Any edit to an item appears as a dot to the right of the dot on the diagonal 

360 that represent the item’s creation. If there are no dots to the right of the diagonal then an item has 

361 not been edited since its creation. Figure 7 shows that many items undergo a series of sporadic 

362 edits over time. Some of these edits occur shortly after item creation. For example there are bots 

363 whose function is to add a description for a new item in a specific language. Other edits may 

364 happen later in the life cycle of an item, for example if a user associates a publication with its 

365 author, or links a publication to its main subject. Or there may be a bulk update of many items by 

366 a bot that edits a specific property.

367

368 The most common edits observed in the sample of 1000 publications involved the authors of 

369 those publications (properties P2093 and P50), as well as adding values for  P921 “main subject” 

370 (a form of tagging an item).

371

372 [Fig.8 here]

373

374 [Fig. 9 here]

375

376 Edits in Wikidata can be made by people, either directly by editing a record in Wikidata, or using 

377 bulk tools such as Quickstatements (“QuickStatements”). Edits can also be made by automated 

378 programs (“bots”). Of the top ten editors of publications, half are bots (Fig. 9).

379

380 This approach to measuring edit activity assumes that only edits made to an item itself are 

381 relevant, however edits may be made to other items that link those items to the current item. For 

382 example, adding a “cites work” statement to an item does not result in any changes to the item 

383 being cited (i.e., the target of the “cites work” statement). 

384 Knowledge graph density

385 Conceptually a knowledge graph comprises entities (nodes) that are connected by facts (edges). 

386 The number of facts for an entity is a measure of the knowledge graph’s density, which for many 
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387 graphs is low, often averaging less than two facts per entity (Hegde & Talukdar, 2015). Note that 

388 this definition of “facts” ignores simple statements associated with an entity (e.g., the number of 

389 pages in an article). These are also facts, but we don’t need a knowledge graph to store them. 

390 The true power of a knowledge graph comes from the density of the connections between 

391 entities.

392

393 To assess the density of bibliographic data in Wikidata I counted the number of links between 

394 bibliographic items and other Wikidata entities in the sample of 1000 bibliographic items. In 

395 counting these connections some entities, such as those for language, were not counted so as to 

396 avoid inflating the estimate of knowledge density based on what are essentially administrative 

397 metadata. The properties that were counted are shown in Table 1.

398

399 The average link density for the sample of publications was 4.24, with the modal number of 

400 connections being one. Hence this part of the knowledge graph is relatively sparse with most 

401 publications having just the connection to a parent publication (typically a journal). Some 

402 publication items are connected to other items via citation relationships, either as the source or 

403 the target of that relationship (i.e., citing or cited by). Less than a third of the publications were 

404 connected to an item for an author (hence most authors were “strings” rather than ”things”).

405

406 [Table 1 here]

407

408 Taxonomic coverage

409 The primary motivation for this project is to be able to link every taxonomic name for eukaryote 

410 species to its original description using a unique identifier (e.g., a DOI) and ideally a link to a 

411 digitised version of that publication. The scale of this challenge was discussed in (Page, 2016a), 

412 and an attempt to do this for animal names led to my BioNames project (Page, 2013). I have 

413 done similar work for plants, although this is mostly unpublished. Preliminary data has been 

414 released on GBIF (Page, 2016), as a “datasette” (Page, 2018), and raw data dumps (Page, 

415 2020b). My work on Index Fungorum is currently unpublished. Typically 20-40% of 

416 publications have been mapped to one or more identifiers, but only 15-20% of the publications 

417 currently exist in Wikidata.

418

419 [Table 2 here]

420

421 Author coverage

422 The bulk of publications added to Wikidata treat authors as “strings” not “things”, that is, most 

423 authors are listed as names using the P2093 “authors name string” property, rather than as 

424 Wikidata items using the P50 “author” property (see Fig. 1). Ideally all authors of publications 

PeerJ reviewing PDF | (2021:05:61262:0:0:NEW 14 May 2021)

Manuscript to be reviewed

davidshotton
Highlight
Change to "To assess the connection density of bibliographic entities in Wikidata, [comma] I counted . . ."

davidshotton
Highlight
First parenthesis mark is a 'closing' mark, while it should be an 'opening' mark.



425 would be Wikidata items not strings. Realising that goal requires that all authors of taxonomic 

426 publications have items in Wikidata, which in turn is part of a broader goal of having a Wikidata 

427 item for everyone involved in taxonomic research (Groom et al., 2020).

428

429 There are several databases of taxonomists that have representation in Wikidata, although their 

430 coverage in Wikidata is variable. For example, the International Plant Names Index (IPNI) 

431 contained approximately 43,000 authors in 2013 (Lindon et al., 2015), and currently some 

432 53,073 Wikidata items have IPNI author ids. At the time of writing (2021) ZooBank (Pyle & 

433 Michel, 2008) contains some 79,000 authors, of which 15,833 are in Wikidata. The Biodiversity 

434 Heritage Library has 26,371 authors in Wikidata, while Wikispecies contributes 56,994 authors 

435 to Wikidata. There is overlap among these sources. For example, almost all of the ZooBank 

436 authors that are in Wikidata are also in Wikispecies, whereas the majority of authors sourced 

437 from IPNI are unique to IPNI (Fig. 10). What is unclear is how much of the lack of overlap 

438 between authors in the different sources databases is real (do they represent different sets of 

439 authors?), versus a lack of mapping between identifiers (how many records are for the same 

440 people, just using different identifiers?). There is considerable scope for reconciling authors 

441 between these databases, as well as other sources of information on people, such as ORCID and 

442 ResearchGate. It is not enough to merely have authors represented in Wikidata, we also need to 

443 link them to their publications. The source databases (BHL, IPNI, Wikispecies, and ZooBank) all 

444 contain links between authors and their publications, and much more use could be made of these 

445 sources to add P50 author links (Page, 2019).

446

447 [Fig. 10 here]

448

449 unique to that source. The authors shared by each pair of data sources are represented by the 

450 nodes on the paths between each pair of sources, these nodes are labelled by the number of 

451 authors the two sources share.

452

453 Discussion

454 By providing a robust, open platform for community editing of structured data, Wikidata seems 

455 like the ideal platform for the “bibliography of life”. It not only benefits from a community of 

456 active editors, it piggy backs on the remarkable fact that taxonomy is the only discipline to have 

457 its own Wikimedia Foundation project (Wikispecies). Consequently a large number of 

458 taxonomic works and their authors already exist in Wikidata. As more and more taxonomic 

459 publications acquire DOIs, and as more working taxonomists acquire ORCID ids, the taxonomic 

460 literature component of Wikidata will automatically grow as content linked to these identifiers is 

461 routinely harvested by Wikidata bots. This leaves a large fraction of the taxonomic literature to 

462 be added by other means, but as discussed here there are numerous ways to do that. It is not 
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463 unreasonable to expect that the bulk of the taxonomic literature will find its way into Wikidata in 

464 the next few years.

465

466 Being a community project Wikidata has a number of quirks. It is possible for people to create 

467 multiple Wikidata items for the same thing (although there is a simple mechanism for merging 

468 such duplicates). The way Wikidata models a given class of entities (such as “taxa” or “books”) 

469 is determined on an ad hoc basis by a self-assembling community of interested people. This can 

470 lead to multiple ways to do the same thing, which presents challenges to both editing and 

471 querying the data. Tools such as ALEC described here often need quite elaborate SPARQL 

472 queries to accommodate this multiplicity of ways to represent essentially the same information. 

473 While these quirks would be less likely in a domain-specific database, it is unlikely that such a 

474 database would have the level of community engagement we see in Wikidata.

475

476 In the context of biological taxonomy perhaps the greatest limitation of Wikidata is the way it 

477 models taxa and their names. Ideally these would be separate entities, but in Wikidata (in 

478 common with many taxonomic databases) names and taxa are conflated. This makes it difficult 

479 to adequately model the relationship between taxa, names, and publications. Whether the 

480 existing model can be improved will have a major impact on the broader taxonomic utility of 

481 Wikidata. However, Wikidata’s utility as a bibliography of life seems clear.
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Figure 1
Simplified representation of a scholarly article in Wikidata

The article (Bruyns, Mapaya & Hedderson, 2006) corresponds to Wikidata item Q28960244.
Statements about this item are made using Wikidata properties (indicated by edges in the
graph labelled with the prefix “P” followed by a number). Statement values that are simple
strings (e.g., title, volume, paging, and DOI) are enclosed in yellow boxes. Some statements
connect Wikidata items together, such as that labelled P1433 which connects the item for the
article (Q28960244) to the item for the journal in which it was published (Q2003024). Some
statements have qualifiers that provide details about that statement (for example, its order
in a list), these statements are represented by empty circles linked to the statement value
and its qualifiers.
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Figure 2
Example of a publication being used as a reference to support a statement in Wikidata

The taxon Q5851419 has the taxon name (P225) “Euphorbia bicompacta”. The reference for
this value comprises the Wikidata identifiers for a publication (Q28960244), the location in
that publication where the name occurs (page 412), and the role the publication plays
(publishing a replacement name).
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Figure 3
Displaying a journal in ALEC

Screenshot of the journal Adansonia in ALEC, based on data in Wikidata. The relationship
between Adansonia and other journals published by the Muséum national d'Histoire naturelle
is displayed as a graph, and each article in the journal Adansonia is displayed in a grid below,
grouped by decade and year of publication.
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Figure 4
Displaying a person in ALEC

Screenshot of how ALEC displays information for a person, in this case the late Vicki Funk
(1947-2019). In addition to data from Wikidata, such as external identifiers and publications
authors, the web page includes a text summary retrieved from DBPedia.
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Figure 5
Displaying a taxon in ALEC

Screenshot of a taxon displayed in ALEC that is linked to the publication that originally
described the species.
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Figure 6
Screenshots of two articles displayed in ALEC for which the article content is available

(a) Item Q105118008 shows a link to a copy of the PDF in the Wayback Machine, and also an
embedded Internet Archive viewer displaying the article. (b) Item Q89665527 displays a QR
code that can be read by an app from CNKI that displays full text content to registered users.
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Figure 7
Edit history for 1000 Wikidata publications

The x and y axes are in units of Unix timestamps (seconds since 1 January 1970), each point
in the chart is an individual edit of an item, where the value of x is the timestamp of that
edit, and the value of y is the timestamp for when that item was first created.
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Figure 8
Frequency of Wikidata property edits

Number of edits made for each property in the sample of bibliographic items shown in Fig. 7.
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Figure 9
Most active editors of publications on Wikidata

Plot of the number of edits of bibliographic items made by a given user for a sample of 1000
bibliographic items. Users are colour-coded by whether they are bots or people.
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Figure 10
Overlap in authors form different sources

Relative contribution of four different data sources (BHL, IPNI, Wikispecies, and ZooBank) to
Wikidata. The nodes labelled by source name comprise the authors that are unique to that
source. The authors shared by each pair of data sources are represented by the nodes on the
paths between each pair of sources, these nodes are labelled by the number of authors the
two sources share.
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Table 1(on next page)

Frequency of linking properties between Wikidata items

Counts of the different Wikidata properties that linked two or from the 1000 taxonomic
publications.
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1 Table 1. Properties that represented links between Wikidata items in the sample of 1000 
2 taxonomic publications.

3

Property Frequency

published in 980

cites work 2844

author 288

place of publication 3

stated in 80

sponsor 20

part of 2

publication in which this taxon name was established 2

4
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Table 2(on next page)

Current progress towards mapping taxonomic names to the source literature

For each database the table gives the number of names that have an associated
bibliographic reference, the number of those that have at least one external identifier, and
the number of those that are in Wikidata.
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1 Table 2. Current progress towards mapping taxonomic names to the source literature. For each 
2 database the table gives the number of names that have an associated bibliographic reference, 
3 the number of those that have at least one external identifier, and the number of those that are 
4 in Wikidata.

5

6

Database

Number of 
taxonomic 
names with 
publications

Number of 
publications 
with identifier

Percent 

publications 

with 

identifier

Number of 

publications 

in Wikidata

Percent 

publications 

in Wikidata

ION/BioNames 1693166 722654 42.7 341333 20.2

IPNI 1667909 464049 27.8 312822 18.8

Index 

Fungorum 436039 90591 20.8 69186 15.9

7
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