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The Quiet Revolution: Biodiversity
Informatics and the Internet

Frank A. Bisby

The massive development of biodiversity-related information systems on
the Internet has created much that appears exciting but chaotic, a diver-
sity to match biodiversity itself. This richness and the arrays of new
sources are counterbalanced by the maddening difficulty in knowing what
is where, or of comparing like with like. But quietly, behind the first waves
of exuberance, biologists and computer scientists have started to pull
together in a rising tide of coherence and organization. The fledgling field
of biodiversity informatics looks set to deliver major advances that could

turn the Internet into a giant global biodiversity information system.

There is a resonance between the needs of

biodiversity science and the opportunities for
globalization and interoperability provided
by the Internet. One is that biodiversity work-
ers are distributed all over the globe, literally
dotted about in every country and on every
island. A second arises from our interdepen-
dence Glohal evente and olohal suntheses in

records. ERIN led the way by making the
combined data available for Australia-wide
Geographic Information System (GIS) anal-
ysis and modeling.

A number of interoperative systems are
approaching the tasks originally offered by
ERIN for its centralized data, but with the

nowerfill noggihilitv of extendinoe to data

Australia (7) and by the European Natural
History Specimen Information Network
(ENHSIN) team in Europe (8).

A second area for networking and interop-
erability is the taxonomic framework itself.
Again, there are centralized models from the
1990s where organizations bring together
taxonomic treatments from authors and insti-
tutions to provide a centrally collated system.
It now seems agreed that these taxonomic
frameworks should be constructed “taxon-by-
taxon” as in Species 2000 (/), the Integrated
Taxonomic Information System (ITIS) (9),
and the UNESCO-IOC Register of Marine
Organisms (URMO) (10), thus avoiding the
“flora-by-flora” work of integrating systems
in which the taxonomies overlap, a contrast
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GBIF today

1( Get data How-to Tools Community About

GBIF | Global Biodiversity Information Facility

Free and open access to
biodiversity data

P i SRR L
OCCURRENCES SPECIES DATASETS PUBLISHERS RESOURCES

WHAT IS GBIF? ABOUT GBIF RUSSIAN FEDERATION

:

\

Aexroxic}m puncta

Occurrence records Datasets Publishing institutions Peer-reviewed papers using data

1890 962 163 62 127 1 725 6160

Global partnership paves the way Call for proposals: regional GBIF Secretariat is recruiting an Call for data papers describing
for an open-source system support contractors to develop Administrative Assistant datasets from Russia
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Scientific Name

Allium mairei H.Lév.

Specimen: K000464620

Family: Alliaceae Type Status:
CurrentName:  Alium mairei H.Lév. Phenology:
Collector: Forrest, G. Plant Parts:
Collector no: 914 tem:
Collection Date: Project:
Country: China Habitat:
. E. Tibet and SW. .
Location: ol Plant Description:
Lat and Long:
Data Source:
Accuracy: General Comments:
Altitude:

lated Specimens:

Determination History:
Determiner Determination Date Type of?

Download Records
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ribbed blades and the
crenulate margins
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Author citation as on
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14 Gotdata  Sharo  Tools Inside GBIF
Record Occurmence o
Basis of record PRESERVED SPECIMEN Catalogee number PO0747877
Collection code 3 Occurence D g rcokdb mohn../mahovg
Institubon code N 0074787
Occurrence remarks o510 30 aout 1850
Preparations o
Recorded by Rogel A
Event entification
Day » Type status Syntype
Month 6
Year 1079
Event date 1675.06-30700:00:00
Taxon Location
Kangdom Plantee Country or area unknown or invalid
Tracheophyta Country code z
Lilopsida Verbatim localty Nk (Kasch)
Asparagales
Amarylidacese
Allum
kaschianum

Scientifc name authorship
Rank
Taxonomie status

Other

Al kaschianum Regel

SPECIES
ACCEPTED

dentifier

Record license:
Modified

p/creativeca

201509.05T09:21:00.00040000

Record
Basis of record PRESERVED_SPECIMEN
Coflection code Herbarium
Institution code K
Evont
gl biades and
the crenulate margins.
Location

KO00464620-

00747877 o

Occurrence
Catalogue number
Occurrence ID

Occurrence remarks

Record number
Recorded by

Taxon

tangdom

Prylum

Class

order

Fomily

Genus

Specific eprthet
Higher classification
Scientific name
Sclentific name authorship
Rank

Taxon remarks
Taxonomic status

Other
Identifier
Record license
Modified

000464620
,
K000464620

Coflector for AK Bulley of Ness, Ne-

ston, Cheshire

914

Fomest, G,

Plantae
Tracheophyta
Liiopsida

ALLIACEAE
Aliurn mairei HL

SPECIES

Author citation as on label: Lé.
ACCEPTED

000464620

g /e

eco.../by/A.0/lega

2012.09.07T13:40:36.300+0000

K Getdata  Share  Tools  inside GBIF
Rocord Occurence
Basis of record Gatalogue number 247926
Colection code Occunence 10 €1863c7a-318-4cd4-9ebS-
Coliection 1D p:/biocokorg...col orgiook 15556 o41cz0ebzec
Dataset name Vascuar plants Oceuntence remarks Herb. Acad. Petrop.
Instituion ode N Proparations shoot
Insfitution 1D tip/biocolorg..colorgool 15686 Record number n
Recorded by Collector unspecified
Event identification
Verbatim event date sd Type status Type
Taon Location
Kingdom Plartse Gontinent asia
Pylum Tracheophyta Country or area China
Ciass Uiopsida Country codo oN
Asparagales Localty Songaria chin.ad lacum Saisang-
Family Amarylldaceae Nor
Gonus Alim
Specific opithet tligtoliom
Nomenciatural code 1N
Scientific name Aliun tlpfollum Ledeb.
Rank SPECIES
Tazonormic stat ACCEPTED
Other
dentier C1863c72 5118 4cd4 9ab5-
eaa1cz8ebenc
Language e
Rocord liconse http:/creativeco.. a1 Oflegalcod
Modifid 2016-1021T15:56,00.000+0000
References g .

Record Occurrence: &
fasia of teoord PRESERVED_SPECIMEN Catalogue number o7
Caltection code w Dispasiion in collection
Caliection D umisidbiosol orgoot15550 Occumence 10 M08
Dataset D 1555001 present
Dataset name Moscow Dighal Herbarium Preparaions hesbarium specimen
’ Recorded by Vnatou A A
Insttuton code Moscow St University Associated media
Institution 0 s rbio or).state versdy
Ounes nstution code ey
Event
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Woth 8 Tracheophyta
Year 1958 Liopsida
Event date 195606.011000000 Asparagaies
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Nomenciatural code
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GBIF data by years

All data: max. 188,197,913 (2020)
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GBIF data for Russia

‘( Get data How-to Tools Community About

Russian Federation

Names of countries and areas are based on the ISO 3166-1 standard

SUMMARY DATA ABOUT DATA PUBLISHING ALIEN SPECIESe MORE... ACTIVITY REPORT &

DATA ABOUT RUSSIAN FEDERATION

7,132,280 2,400 37 470
Occurrences Datasets Countries and areas contribute Publishers
data
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Dataset

iNaturalist Research-grade Observations

Moscow University Herbarium (MW)

RU-BIRDS.RU, Birds observations database from Russ...

EOD - eBird Observation Dataset

Geographically tagged INSDC sequences

Locations of plants on dot distribution maps in th...
Flora of Vladimir Oblast, Russia: an updated grid ...
Finnish Floristic Database (Finnish Museum of Natu...
Birds of Northern Eurasia

L. IS dataset. Cyanoprocaryota, Lichens, Bryophyte

Count

1,788,775

659,566

487,362

387,883

195,451

169,854

130,054

106,396

86,992

86,579

ZSFILTERS
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Get data How-to Tools Community About

Russian Federation

Names of countries and areas are based on the ISO 3166-1 standard

SUMMARY DATA ABOUT DATA PUBLISHING ALIEN SPECIESe MORE...

DATA FROM RUSSIAN FEDERATION

4,185,250 514 200

Published occurrences Published datasets Countries and areas covered by

data from Russian Federation

ACTIVITY REPORT &

120

Publishers from Russian Federation




GBIF data from Russia: 2021 vs. 2019

Sep 2021: 4.2M records Aug 2019: 1.8M records

A
‘k Get data How-to Tools Community About -Ay- YA Q N k Get data Shi Tools Inside GBIF

DATA FROM RUSSIAN FEDERATION

Russian Federation 1,836,687 91 181 88

Nanies bl icolntiies and dreas are based on the1SO/3166:1 atandard, Published occurrences Published datasets Countries and areas covered by Publishers from Russian Federation
data from Russian Federation

SUMMARY DATA ABOUT DATA PUBLISHING ALIEN SPECIESe MORE ACTIVITY REPORT

DATA FROM RUSSIAN FEDERATION

4,185,250 514 200 120
Published occurrences Published datasets Countries and areas covered by Publishers from Russian Federation
data from Russian Federation
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Top sources from Russia in GBIF

Dataset Count

@  Moscow University Herbarium (MW) 1,025,605

@ RU-BIRDS.RU, Birds observations database from Russ... 522,706

@ EOD - eBird Observation Dataset 387,883 |
@ Locations of plants on dot distribution maps in th... 169,854 (I

@  Flora of Vladimir Oblast, Russia: an updated grid ... 130,054 ]

@ L. IS dataset. Cyanoprocaryota, Lichens, Bryophyte 110,076 D

@ Birds of Northern Eurasia 90,996 [

@  Chronicle of Nature - Phenology of Plants of Zhigu... 86,524 )

@  Ground beetles (Carabidae) in urban habitats of Ka... 83,180 [

@  MHA Herbarium: collections of vascular plants 78,193 [ ]

ZSFILTERS



Top 20 countries by plant data in GBIF

Ranks 1 to 10 Ranks 11 to 20

Country or area Count Country or area Count

France 58,485,205 Belgium 9,760,831

Germany 28,927,185 (I Switzerland 7,278,873

United Kingdom of Great Britain and Northern Irela.. 27,930,619 Finland 7,230,820

United States of America 21,120,524 Norway 6,330,410
Netherlands 20,580,139 Mexico 5278368 I
Australia 20,349,720 Russian Federation 3,437,051 (.

Spain 17,778,293 NS Japan 3230413

Sweden 16,981,820 I Canada 2,989,868 I

Denmark 11,979,200 NN Portugal 2,803,523 I

Brazil 9,795606 B China 2,501,783

FILTERS PREVIOUSESFIRIEES]



Source #1 for the Russian flora: 1.2M

~
J‘ Get data How-to  Tools  Community  About -- ')'(A Q N

OCCURRENCE DATASET | REGISTERED FEBRUARY 9, 2012

iNaturalist Research-grade Observations

Published by iNaturalist.org
Ueda K

DATASET METRICS ACTIVITY ¥ DOWNLOAD @ HOME PAGE 32,825,022 1,491 CITATIONS

Observations from iNaturalist.org, an online social network of people sharing biodiversity information to help each ’ [ )
other learn about nature. iNaturalist is a joint initiative of the California Academy of Sciences and the National
Geographic Society. Observations included in this archive met the following requirements: * Published under one of the
following licenses or waivers: 1) http://creativecommons.org/publicdomain/zero/1.0/, 2) http://creativecommons.org Publication date: August 19, 2021
/licenses/by/4.0/, 3) http://creativ..  More Metadata last modified: August 24, 2021
Hosted by: iNaturalist.org
License: CC BY-NC 4.0
@ Howtocite (I} 10.15468/ab3s5x

32,825,022 99.9% 99.7% 99.9%
Occurrences With taxon match With coordinates With year

32,738,186 GEOREFERENCED RECORDS
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«Flora of Russia» on iNaturalist

iNaturaIiSt e Uccnepgynte Coobuwectsov  Eweév

R e o .
New Flora of RussiacHoBas ¢piopa Poccum
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1326 382 7 498 5700
O630p HABJIFOAEHMIA BMZOB SKCMEPTOB

Bxog wnv Perncrtpauua

nOAp06HO YyacTHukM & 231

MpoekT "®nopa Poccuu | Flora of Russia”
AOCTUI TEXHOJIOrMYECKOro NoToJIKa
nnatgopmbl iNaturalist: ¢ cepeuHbl
mapta 2021 r. rnaBHaAa cTpaHuua noprana
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Community of “Flora of Russia”

Subscribers:
2208

Observers:
15431

Experts:
5700

10 Aug 2021



Nikola4D’egtyarev, Nikolay Panasenko, Ekaterina Kashirina,
Moscow State University Central Chernozem Reserve Bryansk State University Moscow State University

Sergey Appolonoy, lgor Pospelov, Vladimir Tep okhov, Marina Gorbunova,
Independent Res., Shumerlya Severtsov Institute, RAS Omsk Forest Department Independent Res., Korolyov



Top experts on

AIexe Seregin,
Moscow State University

lgor Kuzmin,
Tyumen State University

Sergey Mayorov,
Moscow State University

Alexander Khimin,
Pavlovsk School #2

Natalya Gamova,
Moscow State University

JuIia"LS'hner,
Moscow State University

Sergey Ledney,
Moscow State University



Data density vs. Population density

Data density on iNaturalist Population density of Russia

POPULATION RUSSIA

Sources:
https://www.fresher.ru/2019/12/03/karty-plotnosti-naseleniya-rossii-evropy-ssha-i-avstralii/
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Source #2 for the Russian flora: 0.6M ¢

A
‘( Getdata Howto  Tools  Community  About A X QN

OCCURRENCE DATASET | REGISTERED NOVEMBER 2, 2017

Moscow University Herbarium (MW)

Published by Lomonosov Moscow State University

Seregin A

DATASET PROJECT METRICS ACTIVITY ¥ DOWNLOAD < HOME PAGE 1,025,605 424 CITATIONS

Moscow University Herbarium (MW) is the second largest herbarium in Russia after the Komarov Institute. Being M

available at https://plant.depo.msu.ru/, it is almost completely imaged either at 300 dpi for regular collections or at

600 dpi for type specimens. The herbarium is focused on the flora of temperate Eurasia with an emphasis on the flora W

of Russia. As of 1 November 2018, physical collections of MW Herbarium include 1,044,571 specimens (incl. 4.8K type Project ID: 14-50-00029, Russia2019_14
specimens) representing 37,200 specie..  More

Publication date: September 1, 2021

Metadata last modified: September 1, 2021
Hosted by: Lomonosov Moscow State University
License: CC BY 4.0

@ Howtocite (] 10.15468/cpnhce

1,025,605 99.9% 58% 87%
Occurrences With taxon match With coordinates With year

591,860 GEOREFERENCED RECORDS




Herbarium collections: top countries (=)
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USA 78,462,700

-rance 24,046,688

UK 23,655,232

Germany 22,120,100

People's Republic of China 20,375,136

Russia 16,175,934

Japan 12,860,724

Sweden 12,033,000

Switzerland 12,027,534

Italy 11,596,611 S ——

http://sweetgum.nybg.org/science/wp-content/uploads/2021/01/The_Worlds_Herbaria_2020.pdf



Digitization of herbaria in Russia

Russia:

* 16,176,000 physical specimens
e 1,309,000 imaged

e 7,8% imaged

World:

* 396,205,000 physical specimens
* ca. 62,000,000 imaged

e 15,6% imaged

Sources : Thiers (2021), Index Herbariorum, other sources
Original counts and estimates



Top herbarium collections of Russia

Institution Code Collections
1 Komarov Botanical Institute, RAS (St Petersburg) LE 6,000,000
2 Moscow State University MW 1,044,751
3 Central Siberian Botanical Garden, SB RAS (Novosibirsk) NS + NSK 800,000
4 Saint Petersburg University LECB 800,000
5 Main Botanical Garden, RAS (Moscow) MHA 610,000
6 Institute of Biology and Soil Science, FEB RAS (Vladivostok) VLA 500,000
7 Tomsk State University TK 500,000
8 Komi Scientific Centre, RAS (Syktyvkar) SYKO 407,000
9 Vavilov Institute of Plant Genetic Resources (St Petersburg) WIR 376,825

10 Southern Federal University (Rostov-on-Don) RV 350,000

Source: Thiers (2021)
http://sweetgum.nybg.org/science/wp-content/uploads/2021/01/The_Worlds_Herbaria_2020.pdf



Top digital herbaria of Russia

Code | Images | Proportion Web-portal
of imaged
specimens

Lomonosov Moscow State University (Moscow) 1,029K 94% https://plant.depo.msu.ru/

https://www.gbif.org/
Mam Botanical Garden, RAS (Moscow) MHA 78K 13% https://plant.depo.msu.ru/
https://www.gbif.org/
Central Siberian Botanical Garden, RAS NS+ 52K 7% http://84.237.85.99:8081/
(Novosibirsk) NSK https://www.gbif.org/
Komarov Botanical Institute, RAS (Saint LE 44K <1% http://herbariumle.ru/
Petersburg)
H Botanical Garden-Institute, RAS (Vladivostok) VBGI 42K 53% http://botsad.ru/herbarium/
n Institute of Plant and Animal Ecology, RAS SVER 18K 14% https://herbarium.ipae.uran.ru/
(Yekaterinburg)
Altai State University (Barnaul) ALTB 17K 6% http://old.ssbg.asu.ru/
Tula State Pedagogical University (Tula) TUL 9K 86% https://plant.depo.msu.ru/
https://www.gbif.org/

Source: Seregin (2020)
Modified 18 Jan 2021



Source #3 for the Russian flora: 0.3M

A
{ Getdata Howto  Tools  Community  About A X QN

OCCURRENCE DATASET | REGISTERED FEBRUARY 25, 2020

Locations of plants on dot distribution maps in the Flora of Siberia (Flora

Sibiraea, 1987-1997)

Published by Central Siberian Botanical Garden SB RAS

Artemov | « Egorova A

DATASET PROJECT METRICS ACTIVITY ¥ DOWNLOAD

In 1987-1997 the 13 volumed collective monograph Flora of Siberia was published where data on systematics, ecology
and distribution of 4302 native and naturalised alien vascular plant species and subspecies were presented (Flora
Sibiraea, 1987-1997). Dot distribution maps for 2569 of them were made by authors of the monograph on the base of
specimens stored in herbaria of Novosibirsk (NS, NSK), Tomsk (TK), Moskow (MW, MHA) and Saint Petersburg (LE).
The total number of locations on the maps are 169854. The resource contains coordinates of the locations which were

geocoded by means of the standard ArcView GIS procedures.
99.9%
With coordinates

169,854 100%
Occurrences With taxon match

169,772 GEOREFERENCED RECORDS

169,854 32 CITATIONS

Project ID: AAAA-A17-117012610055-3

Publication date: April 13, 2021

Metadata last modified: April 13,2021

Hosted by: Central Siberian Botanical Garden SB RAS
License: CC BY 4.0

@ Howtocite (@] 10.15468/jb84wg

100%
With year
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Five standard floras
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Regional floras, guides, checklists
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Specimens vs. Citizen Science

Herbarium specimen e...  Herbarium Specimen ...
by gur s

Online initiative makes ...

initkes si edu

—_—
The Chico State Herbarium - The Real... Herbarium Specimen ...

What is an herbarium? | Brown University Herbarium
beawm ek
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Data growth on Russian plants in GBIF (=)

Basis of Record

Unknown

- Other
. Specimen
- Observation

“Flora of Russia” project on iNaturalist

launched (2019) \

Moscow University Herbarium

imaged (end of 2017) \

0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Date
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Sustainable Development Goals
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