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FAIR Data — extracted from publications

Viewpoint
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Liberating host-virus knowledge from biological dark data

Nathan S Upham, Jorrit H Poelen, Deborah Paul, Quentin ) Groom, Nancy B Simmons, Maarten P M Vanhove, Sandro Bertolino, DeeAnn M Reeder,
Cristiane Bastos-Silveira, Atriya Sen, Beckett Sterner, Nico M Franz, Marcus Guidoti, Lyubomir Penev, Donat Agosti

Connecting basic data about bats and other potential hosts of SARS-CoV-2 with their ecological context is crucial to
the understanding of the emergence and spread of the virus. However, when lockdowns in many countries started
in March, 2020, the world’s bat experts were locked out of their research laboratories, which in turn impeded access
to large volumes of offline ecological and taxonomic data. Pandemic lockdowns have brought to attention the long-
standing problem of so-called biological dark data: data that are published, but disconnected from digital knowledge
resources and thus unavailable for high-throughput analysis. Knowledge of host-to-virus ecological interactions
will be biased until this challenge is addressed. In this Viewpoint, we outline two viable solutions: first, in the short
term, to interconnect published data about host organisms, viruses, and other pathogens; and second, to shift the
publishing framework beyond unstructured text (the so-called PDF prison) to labelled networks of digital
knowledge. As the indexing system for biodiversity data, biological taxonomy is foundational to both solutions.
Building digitally connected knowledge graphs of host-pathogen interactions will establish the agility needed to
quickly identify reservoir hosts of novel zoonoses, allow for more robust predictions of emergence, and thereby
strengthen human and planetary health systems.
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Taxonomy In
Biodiversity Studies
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Upham NS, Esselstyn JA, Jetz W (2019) Inferring the mammal tree: Species-level sets of
phylogenies for questions in ecology, evolution, and conservation. PLoS Biol 17(12): e3000494.
https://doi.org/10.1371/journal.pbio.3000494
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Challenges and Opportunities with Taxonomy
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Taxonomic Authorities

Mammal mammaldiversity.org
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1 BatNames Full Treatment GBIF_Backbone

name_batnames IGenus]SnbgelSpecieIAuthol Date IPlrenl Citmll’agcsl Com lSyuon Type lDislﬂIClT‘EIIUCNI Com soun‘e]verbn sciname_GBIF name_GBIF I key Imntchleonﬂdlsumsl rank Iklngdlph_vlul class lorder]hmll_\' genuslspeclelcnnonl autho | docOrigin name_MDD I id Iphylosl main l otherlsubchllnfracl magn I super[ orderl snborlln:
Anoura luismanueli | Anour luisma | Molin [1994 |0 Trop. 0.3444|Luis  |None. |Venez |Andes [Not :l.cnf.t Distin |GBIF |Anour [ Anoura Anoura luismanueli 6.00E+{EXAC (99 ACCE [SPECI | Anima |Chord |[Mam |Chirop|Phyllo | Anour | Anour | Anour | Molin | Mammal Anoura luismanueli 1.00E+{2.30E+{Luis |Molin |Theria |Placen |Boreo |Lauras|CHIR |VESP |N¢
synonym of Anoura geoffroyi . = = ; e EiBlF Anour ..-\uoura pc.mann Anoura peruana 8.00E+ EX.—\(' 99 :?;;Z g;E('l :‘\nima Chord .\lall.n Chirop Phyll.o“ Anour |Anour | Anour |(Tschu :\‘Iamuml Anoura peruana 1.00E+{2.30E+ ‘T;chu : Theria Pl‘accu Bo;co .La’ura.s (;l;.l; '\_'I‘E-;,P‘ N:
Antlwps ornatus 4.~\uthu' onmmr.VThom 1888 0 Ann. |ser. 6, TFlowu .\"onc.JVSolumr Solom |Not 717\'uln~:r See ZiBIF Antho .-‘:nlilxosz 0:1:::!:15 Anthops omatus 1.00E+ EXAC 99 ’;T(?;Z g;EC‘I :\lli[l)(l Chord .\L‘l‘l‘l) Chirop HippoJ Antho |Antho |Antho = :\‘Iammal Anthops ornatus 1.00E+{2.30E+ g’:lom Flowe |Theria Plla'cen BorLco L1;ms g;;l; ;’;Elx{ N:
“Antrozous pallidus ':\-urmi ] ;);\lll&ill‘;i; 1856 'l ) ;’:\: LX)V‘A‘)‘: l;"\hll-x&J i c;\n?i’—s,‘\\ : (-)—;;:‘lelr ‘\:l- g I_‘:\-( ;;;clud aBlF Antroz| Antrozous Antrozous pallidus 2.00E+ EXAC 99 :TC!-C!;I ;;EC‘I :\nima Chord Maln Chirop \';spe; Antroz|Antroz|Antroz|(LeCo ;Iaxxux)al Antrozous pallidus 1.00E+{2.30E+{ Pallid = Theria Pl‘acen Bo;eo Laluras (;1;; VESP |N:
Aproteles bulmerae Aprote bulme 3.\‘Ienzx 1977 |0 ::m::rj 3()'31:qgnlme NO];;. }:npua Mainl i\'ot ) .‘(:xim‘n Origin isz]F Aprote A;;lroJieles' . Aproteles bulmerae 2.00E+ EXAC 99 :\22';5 g}:E(‘l .!»\nima Chord .\lﬂ‘m Chirop P;erop Aprote | Aprote | Aprote | Menzi .'\\Iammal Aproteles bulmerae 1.00E+{2.30E+ Eulme Theria Pllncen BorLeo La:lms Cl'-\{-lré ;?g;{' N
Ardops nichollsi j\rdop nicholl| Thom |1891 |1 .;:m ser. 6, I.rec i><b ‘I)—nmin l,c.:.scr ;ot ) ';icast Sllllhzap EiB": :—\rdop :\rldops nichollsi |Ardops nichollsi 2.00E+ E.\'A(‘ 99 :E?!\i g;E(‘l :\nima Chord .\ln‘m Chirop Pl:}ilo :\rdop j-\rdop :\rdop (Thom f\‘lammal Ardops nichollsi 1.00E+2.30E+ ?ree Lesser | Theria Pl;cen B;eo L::lms E\;‘{T}; I\\EZI;\ N:
Arielulus circumdatus Arielu circum|Temm (1840 |1 .‘\;mm (—)._‘;lr)‘gmn.’ J1 -dru|Indone iﬁ\';\u f\'ox 5 {.cnst Heller z}BlF Arielu .-:r:clulus e Arielulus circumdatus 4.00E+ EXAC 99 r-;1C"Zl‘:. gl;E(‘I j-\uima Chord .\la:n Chirop \'cspn.:: Arielu |Arielu |Arielu |(Tem ;iaxllxx;al Arielulus circumdatus 1.00E+{2.30E+ Erouz él:u;l:- Theria Pl.;;ccll Bo:v:o i.a:lras (;‘I.;l'{‘ :;:Ts; N#
Arielulus cuprosus J—\-r-uliu :l’l;x:‘;“;l‘l’& 1984 l Bull. 7573:127:7(;2'0;);»: :u-xc- -\Al-\lnx [;0;;; l\:x. > ‘\;xi-n.:r S EiBIF :\rielu Arielul;s cuprosus | Arielulus cuprosus 4.00E+ EXA(‘ 99 :E?l‘i g}:EC‘I :\uima Chord .\la‘x.n Chirop \'lespu.;r :rielu r\rielu .:rieln (Hilll f\‘lammal Arielulus cuprosus 1.00E+{2.30E+| Coppe C‘clw;)p:' Theria Pl;cexx Bo;eo La‘;ms E\}'}}E :’}‘E?I; N#
Arielulus societatis 'f{&em :;x:xem‘;ml‘” 1972 'l i lB);l.l 23:34 "-S.:w — Y GBIF ;\xielu .-;;'i:l\:lurs Arielulus societatis 4.00E+ EXAC 99 :\T(;.:E gl;E(‘I ;\nima Chord .\I:l‘m Chirop \'lesper ;\rielu ;xrielu ;\rielu (Hill, ;Iaxmnal Arielulus societatis 1.00E+{2.30E+|Social |Beno |Theria Pllacen Bo;eo L:\lums (I:\i;; :.I‘E;P N:
Ariteus aves |Gray [1831 |l ZO.DI 1:37 » EiBlF :\rireu Ariteus tla:‘;;:*ells Ariteus flavescens 2.00E+ EXA(‘ 99 :\\1(.?;_ g;E('l :fmima Chord .\l:\lxln Chirop Pix_vll‘o :\riten :»\xireu .LAriteu 5;‘/;\ Ariteus flavescens 1.00E+ 2.30E+ ;anaic .\’ase‘bJ Theria Pl:jcenx BorLeov !.atxra_s ?ﬁ;ﬁ :ETS'P! N¢
Thainy¢ irqua |Csorb (1999 |1 }‘ 248: N OF . GBIF Thain Tl;ainy;:e)ri.s Thainycteris torquatus l.OOE—;L'ZZ 85 :?EI\E ZEE(‘l :\nima Chord .\la.m Chirop \'espe; Thain |Thain TV f ‘\Kainycteris torquatus 1.00E+{2.30E+{Neckl |Formo |Theria Pl.acen Bo;eo Lal\lras HIR :EZ; N
».»—\mb\:u :1.1‘1‘1-11:.:“ 1906 A ,‘ ’“ 7. yi”i"""”%}}f)gm. JE"B]F .-\l:libc Anibcus' :. N Bats of the World 1 th | Chord .\lail}l Chirop };;)ylli .Anib§ Artibe sus aequatorialis 1.00E+{2.30E+ Ec}lad '\-2'}; N#
Artibeu nplu |H; = el 4 4:(] Lo SCRR ISR - ; bubge Lol - - A A Taxonomic and Geographic Database h|Chord e : e | Artibe, \ls amplys Large "}‘ZTSP N.
Derma 7 Lymx “ 24 Cho rti hura aj VESP
Derman ‘ Explore Cho rtib :II\ETSII;

Click the link above to ex s

Derman ogote | _‘ Chol rtibe 3 VESP
Derman T}T | G > | - ‘ x : g bubg Quefy Cho nibc_. "‘W
Artibeu in(o[j?c - 1) i 25 { 4 2 4 : Gl b e z;b"“hef ; : ] Chord¥® " o Artibe [Artib\ "~ "/ Koopmania col ?ro'\\-n.
Artiben mbri |Gray (1838 |0 Mag. |0.4215|F \ GBIF |Aribe | Artibeus : g Chord (Mam |Chirop|Phyllo [Artibe |Artibe [Artibe | Gray. ammal Artibeus fimbriatus 1.00E+{2.30E+|Fringe
Artibeu aterc |Antho (1924 |0 :\mf ####% |Fre T 7 3 2 EiBlF Artibe .‘»;n;beus - Artibeus fraterculus EXAC|99 ACCE |SPECI | Anima |Chord .\la‘m Chirop Phyllo' Artibe |Artibe | Artibe .:\n‘tho Mammal Artibeus fraterculus 1.00E+2.30E+ ;mter
Dermarn i.:um {Thom |1893 |1 ;’Jr_\;. ge EiBlF Artibe .A-\mbeu.; glaucus |Artibeus glaucus 2.00E+ EX:\(‘ 99 :(-?l‘i ;;E('l :-\nima Chord .\ln.m Chirop Ph_vll(: Artibe |Artibe | Artibe | Thom ;lammal Dermanura glauca 1.00E+{2.30E+ Sil.\'er 4 | Placen : ums
Dermanura gnoma Derma gnoma |Hand! (1987 |1 ;icl:{i;l : L st | Subge EiBlF Artibe :\:ﬁbcus ;:g;\lls Artibeus gnomus 4.00E+ EX.—\(' 99 ::?;5 ;;E(‘I j—’\uima Chord .\lalxln Chirop Phyll.c: Artibe |Artibe | Artibe |Handl :\\Iamuml Dermanura gnoma 1.00E+{2.30E+{ Dwarf '[);\‘;irf Theria Pllaccn Bo;co. La;ra.s E\;{l‘l— :'I‘E?Pl Ni
‘Artibeus hirsutus [Artibe hisua|K.  [1906 |0 |Aun. [ser.7, |Hairy |None. | Mexic Sonor [Not | Subge | GBIE [Axtibe | Artbeus hirsutes | Artibens hirsutis 3.00EHEXAC|99  |ACCE |SPECI|Anima|Chord |Mam |Chirop|Phyllo | Artibe | Artibe | Artibe |K.And | Mammal Artibeus hirsutus 1.00E+|230E+{Hairy | |Theria |Placen |Boreo |Lauras|CHIR |VESP [N/
';\mbcu; inopinatus T\-mhe ';xopm‘[‘);\_'x-s- .1964 '0 ;";\:: 15‘90;1:1‘&‘\-1 ..\'one ';loudu ilh l\-(:(- < ‘63;1-_ .—S;zs'ge E%BIF Artibe :\n‘ib;us . Artibeus inopinatus 2.00E+ EXAC 99 :‘\TCFCI;E g;ECI :»\nima Chord .\Ialm Chirop Ph_vllc; Artibe |Artibe | Artibe |Davis ;Iaxxuxxal Artibeus inopinatus 1.00E+{2.30E+ ;londu Theria Pllacen BorLeo La:\ms C;{;l; :’!\Z;; s
Artibeus jamaicensis Artibe Janmw‘jLe:ch 1821 |0 ?r.ux\& 0.5938 | Jamaic| <icar | Jamaic K(it*lxx: f\'otA i‘e:t Subge GBIF Artibe | Artibeus . Artibeus jamaicensis 2.00E+ EXA(‘ 99 :\E'Z;E gI;E('l :—\mma Chord .\la‘m Chirop Ph'\'lloj Artibe |Artibe | Artibe |Leach, r\\iammal Artibeus jamaicensis 1.00E+{2.30E+{Jamaic|Jamaic | Theria Pl.acen Bo;eo La‘ums C;l;l; '\-ETSI; N¢
Artibeus lituratus Artibe liturat :()lfcrs 1818 |1 ;n 0.7806 | Great i‘~l‘re | Paragu | Micho ;Jox ; l?cnf.t Subge szlF Artibe ;-\nil)-etls lituratus | Artibeus lituratus 2.00E+ EX.-\(' 99 :?Z;i ;I;E('l r-;.nima Chord .\ln?n Chirop Phyll.(: Artibe |Artibe | Artibe 1‘61\f‘er .'\\Iammal Artibeus lituratus 1.00E+{2.30E+|Great |Great |Theria Pll:;cen BorLeo -La:lra.s (;I-;l; :E;'P' N:
Artibeus obscurus Artibe obscur |Schinz | 1821 |1 1~fuli| Brazil, |Colom ;bx 3 Subge EiBlF Artibe .-‘:;;;bcxts‘:!;:c\lnxs Artibeus obscurus 2.00E+ EXAC 99 :T(zrl\:_ ;;‘E(‘I :-‘\uima Chord .\l.’l‘l‘l\ Chirop Phyll; Artibe |Artibe | Artibe |(Schin .r\\l.amn;al Artibeus obscurus 1.00E+{2.30E+ Bark I‘)arlL; Theria Pl;ccn BorLco i_a:lrals E\l'-‘l—;-;l- :'I‘Ez'l; N¢
E)Qrm;mumré’h;\cm}s “[‘)‘t‘!lll:l ;ﬂa&[.::\,h,“,ér 1902 ‘O' 7-1_;1-1: 1\\1‘:\1 i:v:.mcrr l\‘(:x. 5 bnbgcr E&BIF Artibe .-’:;1;‘[‘6!!5 ;;L;;mis Artibeus phaeotis 2.00E+ EXAC 99 T\TCr(rE ;;ECI :\nima Chord .\laxm Chirop Ph_\'llc: Artibe |Artibe | Artibe |(Mille f\‘laxmnal Dermanura phaeotis 1.00E+{2.30E+ ;\;gm e Theria Pl‘aceu B;eo La;m g;l;; ('I‘E’S-‘I; N:
“Artibeus pl&uro;ms 'K;:be ‘;lmm "‘prx 1823 '1 :x;;x_ p. 66 “ﬁa'r-h <bo<i .]-3(:12;14 SE x\;x.* jLe;\sz _S;z\ke EiBlF Artibe ,;x;i‘l‘veus‘ = Artibeus planirostris 2.00E~ E\AC 99 .:TCFC';Z g;EC'I :\nima Chord .\Ia‘x'n Chirop Ph_vll: Artibe |Artibe | Artibe | (Spix, ;Iaxxnxlal Artibeus planirostris 1.00E+{2.30E+|Flat-fa |Flat-h |Theria Pllacen B(:rLeo La:ms E‘}';;l; :'}‘3‘73; N:
Dermanura rava Derma rava :Mxller 1902 |0 ;’roc‘ 60, 44:(!.~\x}11b;x' .\'oxlxle. Ec;md ‘\\1 ;OIA ll:eaz.t Subge EiBlF Artibe Alnibeus m\1|As Artibeus ravus 9.00E+ EXA(‘ 99 :\T(Erl\: g};E('l :—\nima Chord .\lnlm Chirop Ph_\'ll(; Artibe |Artibe | Artibe 1';l‘il‘le §13111xx)al Dermanura rava 1.00E+ 2.30E+ Lit;le Ax;lb;r Theria Pl.acen Bo;eo Lalums (}':l;l'{- :;Z;; N#

Name MSW3 Name HMW Name BatNames Name MDD Name TUCN Name BatNames 2023
synonym of Artibeus  |synonym of Artibeus Artibeus intermedius synonym of Artibeus Artibeus intermedius

lituratus palmarum lituratus palmarum lituratus
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Applications

e Taxonomic revision

e Relational databases

¢ Data mining

¢ Bioinformatics

e Data aggregates

e Ecologists

e Museum collection staff




All Names

Name MSW3 Name HMW Name BatNames| Name MDD Name IUCN Name BatNames 20
23
Centronycteris centralis |Centronycteris centralis |Centronycteris Centronycteris Centronycteris centralis |Centronycteris
centralis centralis centralis
Centronycteris Centronycteris Centronycteris Centronycteris Centronycteris Centronycteris
maximiliani maximiliani maximiliani maximiliani maximiliani maximiliani

Centurio senex

Centurio senex

Centurio senex

Centurio senex

Centurio senex

Centurio senex

Chaerephon
aloysiisabaudiae

Chaerephon
aloysiisabaudiae

Mops
aloysiisabaudiae

Mops
aloysiisabaudiae

Chaerephon
aloysiisabaudiae

Mops aloysiisabaudiae

Chaerephon ansorgei

Chaerephon ansorgei

Mops ansorgei

Mops ansorgei

Chaerephon ansorgei

Mops ansorgel

Chaerephon atsinanana

Mops atsinanana

Mops atsinanana

Chaerephon atsinanana

Mops atsinanana

Chaerephon bemmeleni

Chaerephon bemmeleni

Mops bemmeleni

Mops bemmeleni

Chaerephon bemmeleni

Mops bemmeleni

Chaerephon bivittatus

Chaerephon bivittatus

Mops bivittatus

Mops bivittatus

Chaerephon bivittatus

Mops bivittatus

Chaerephon bregullae

Chaerephon bregullae

Mops bregullae

Mops bregullae

Chaerephon bregullae

Mops bregullae

Chaerephon chapini

Chaerephon chapini

Mops chapini

Mops chapini

Chaerephon chapini

Mops chapini




Unharmonized Treatments

name MSW3 name HMW2019 name_batnames

synonym of Artibeus  |Artibeus intermedius
lituratus palmarum

name MDD

synonym of
Artibeus lituratus

taxonomic_notes concatenated

HMW: Under A. literatus - Subgenus Artibeus . May include cryptic
diversity (see Larsen et al. 2010). Includes palmarum but not fallax ,
hercules , or praeceps (Koopman, 1968, 1978b), Handley (1987), and
Marques-Aguiar (1994). Includes intermedius ; see Jones and Carter
(1976) and Marques-Aguiar (1994), (1994), but see also Davis (1984)
and Wilson (1991). It is not appropriate to treat intermedius as a
subspecies of lituratus because it supposedly co-occurs with other
populations of lituratus (referred to palmarum , which has priority) at
several Central American localities (Davis, 1984). Because there are no
characters that unambiguously separate palmarum and intermedius
(Davis, 1984; Marques-Aguiar, 1994; Rodrigo Medellin, pers. comm.),
it seems most likely that intermedius simply represents individuals of
palmarum that fall at the lower end of the normal range of size
variation. Accordingly, we treat intermedius as a junior synonym of A.
lituratus palmarum . Phylogeography discussed by Phillips et al. (1991)
and Ditchfield(2000).

BatNames: Subgenus Artibeus . Apparently distinct from lituratus ,
see Davis (1984), Wilson (1991), MarchA jn-Rivadeneira et al. (2012),
and Larsen et al. (2013); but see also Marques-Aguiar (1994),
Marques-Aguiar (2007), Guerrero et al. (2008), Hoofer et al. (2008),
Lim et al. (2004), Redondo et al. (2008), and Simmons (2005). See
LArsen et al. (2013) for a distribution map.

MDD: previously included A. intermedius, although that taxon is still
regularly considered a synonym of A. lituratus; limited molecular and
morphological distinctions currently justify the recognition of A.
intermedius as a distinct species

IUCN: N/A
msw3: N/A
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Synonyms and Subspecies

subspecies M

synonym_ MSW i

subspecies HM

synonym_ HMW

subspecies batnames

synonym_batnames

synonym MDD inter

SW _interpret nterpreted W_interpreted _interpreted interpreted interpreted preted
ed
caraccioli, |major - ornatus ornatus ornatus caraccioli
major
major, ornatus
guianensis, guianensis, spectrum, nelsoni
maximus, maximus, nasutus,
nasutus, nelsoni nelsoni
rueppellii, |iypoleucus, coxi, fuscipes, hypoleucus, temminckii,
COXi, temminckii, pulcher, temminckii, rueppellii,
fuscipes, vernayi - senegalensis, vernayi - hypoleucus,
pulcher, leucomelas vernayi leucomelas sennaariensis,
senegalensis pulcher, senarensis,
, vernayi [fuscipes, coxi,

vernayi,
leucomelas,

senegalensis
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https://zenodo.org/record/7915722#.ZG69vXbMK39
https://jhpoelen.nl/bat-taxonomic-alignment/
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28 |nterpretation

Date
Published

Accepted
Species

Accepted
Genera

Table 4. Taxonomic Authorities
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Interpretation

Table 3. Unharmonized Names out of 1532 Name Concepts



bat-taxonomic-alignment

b work in progress 4

A Standardized Review of Bat Names Across
Multiple Taxonomic Authorities

Cite as:

Sherman, Aja, Geiselman, Cullen, Poelen, Jorrit, Simmons, Nancy, Reeder, DeeAnn, Upham, Nathan, &
Phelps, Kendra. (2023). A Standardized Review of Bat Names Across Multiple Taxonomic Authorities (0.1)
[Data set]. Zenodo. https.//doLorg/10.5281/zenodo.7915722

The taxonomic boundaries of species and higher-level taxa change relatively frequently as knowledge of
population structure and evolutionary relationships improves, and older hypotheses are reframed. For
the order Chiroptera (bats), valid names have long been assessed by multiple authorities, but differences
among the resulting classifications largely remain unharmonized amongst authorities. We collected and
aligned treatments across three primary taxonomic authorities for Chiroptera to create a single dynamic
and versioned name translation tool. The resulting Bat Taxonomy Alignment will expedite future
taxonomic assessments. The complexities uncovered in this alignment suggest the need for more explicit
tracking of taxonomic concepts and usage of names in the future, particularly since biodiversity data
(including hosts of zoonotic diseases) are cataloged and tracked using taxonomic names.

DOI 10.5281/zenodo.7915722

#% archived swh:1:dir:9ba2b7ef8c75873d945ccfd19845df28778e7da8
Do you have questions or suggestions? Please edit this page, join our weekly meeting, or open an issue.

Table 1. BTA@26d368c7 Resources in XSLX, Google sheet, TSV, CSV, and JSON-L formats.

description
bta.xlsx in proprietary Excel format.
Google sheet Read-only version hosted on Google sheets
bta.tsv as Tab Separated Values
bta.csv as Comma Seperated Values

bta.json as JSON Lines format

User Friendly Link

status: Agreement Index values calculation done.

Figure 1. BTA Agreement Index using Viridis scale. Yellow/light colors indicate more agreement, green/dark shades
indicate less agreement.
1.0 | 0.5 E 0.0
less agreement

more agreement

Figure 2. A clickable heatmap containing all BTA concepts and their associated agreement index organized in no particular
order. Yellow/light colors indicate more agreement green/dark shades indicate less agreement.
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Future Goals

Reverse engineering

More authorities

Citation extraction
Subspecies and Synonyms
Full bibliography

Stabilize data

Relational databases
Exhaustive name list
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