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Abstract: The global distribution patterns of most vertebrate
groups and several plant groups have been desaie@dna-
lyzed over the past few years, a development fatsd by the
compilation of important databases. Similar eff@its needed
for large insect groups that constitute the majasftglobal bio-
diversity. As a result of this lack of informatidnyertebrate taxa
are often left out of both large-scale analysesiadiversity pat-
terns and large-scale efforts in conservation pranand prior-
itization. Here, we introduce the first compreheagjlobal data-
base of ant species distributions, the Global Aitd®ersity
Informatics (GABI) database, based on the compitatibl.72
million records extracted from over 8811 publicacand 25
existing databases. We first present the main gufallse data-
base, the methodology used to build the databaseeh as its
limitations and challenges. Then, we discuss hdferdnt fields
of ant biology may benefit from utilizing this todtinally, we
emphasize the importance of future participatiomgfmecolo-
gists to improve the database and use it to ideatifl fill holes
in our knowledge of ant biodiversity.

Key words: Formicidae, ants, database, global distribution,
species distribution, ecoinformatics, biogeography.

Introduction

Over the past few decades, researchers have gehdedh
sets that describe species distributions and gldlver-
sity patterns for several plant and vertebrate gsde.g.,
KIER & al. 2005, GRME & al. 2005, BJCKLEY & JETZ
2007, HIPPER& al. 2008, M & al. 2014). These ef-
forts in "biodiversity informatics" have facilitateunpre-
cedented understanding of patterns of biodivergty.,

KREFT & JETZ 2007), the processes shaping them (e.g.,

countries (e.g., China: (ENARD & DUNN 2012, Costa
Rica: LONGINO 2010, Fiji: S RNAT & EconomO 2012,
India: BHARTI & al. 2016, Japan:APANESEANT DATA-
BASE GROUP2003); or sometimes more specifically on a
given taxonomic group (e.gMyrmica RADCHENKO &
ELMES 2010) or on ecological groups (e.g., introducest sp
cies: WETTERER 2008). All these efforts provide valuable
contributions that focus on specific facets of iedsity
data, but thus far a comprehensive, global accograf
the known distributions of all ant species is stédeded.

A long history of myrmecological research has accu-
mulated a tremendous amount of biodiversity daténén
form of published literature, museum collections ape-
cimen record databases. However, the utility of¢hdata
for synthetic research has been limited due tdigaggre-
gation and fragmentation. The literature recoreéssaat-
tered across a large number of often obscure dfidudti
to access publications, some hundreds of yearsnoid,
found in normal University libraries, and often figbed
in languages other than English. Moreover, theinaet
evolution of ant taxonomy means that old literate®ords
need to be curated and reconciled with our lategirto-
mic frameworks in order to remain relevant. Eveagtf
gregated these data are undoubtedly incompletefboth
described species as well as the large numbertairnye
described species (W#D 2014).

The Anthropocene biodiversity crisis@@LETT 2015)
has created a pressing need for the developmenbif-
diversity informatics framework that aggregatess¢hdi-
verse data types to understand and close the iampa@eo-
graphic (WENARD & al. 2012) and taxonomic gaps fRb
2014) of species distributions. Such databasebearsed
to monitor the distribution of known species, pae/raw
data to accelerate taxonomy and inventory work, ane
vide tools that will facilitate field research fecologists
and conservation biologists.

Here we introduce the Global Ant Biodiversity Infor

KERKHOFF& al. 2014), and have considerable implications matics (GABI) database, an attempt to summarize the

for conservation @PPA& al. 2013). While insects repre-
sent more than two-thirds of described species\(G
2013), they have been mostly left out of globalescam-
prehensive analyses i(z-FILHO & al. 2010, but seed-

knowledge of all ant species distributions, andhair
aggregate form, geographic patterns of ant biosityeiWe
describe the overall goals of the project, the datarces
and compilation methodology, the organization ef data,

LEY & al. 2007). Recent attempts, using community-level and review some potential scientific uses of tha.daéhe

data and generic distribution records of an ecclalty
dominant and ubiquitous group, ants (Hymenopteoa: F

data can be viewed through a custom-built web-nmappi
interface, antmaps.orgANICKI & al. 2016). Additional



mechanisms to distribute the data are under derwlap
and pending its completion and full documentatiothie
literature, we intend for the GABI data to be arope-
source available to all. We expect GABI to becoména
portant new tool for biologists for the study amidar-
standing of ant distribution at all taxonomic leyeand
open a new era of more rapid and penetrating macroe
logical, macroevolutionary, and taxonomic invedtiga
of the Formicidae. With this new tool, we hope that
biologists will gain a better understanding of apécies
distributions and use it to accelerate the disgoeed de-
scription of new taxa and new species distributegords
in the mold of what already exists for vertebrataugs like
birds.

Goals of the GABI project

Compile all known information on the geographictidis

bution of all ant species in a single databasdudticg a

comprehensive accounting of publications, specidaa-

bases, museum collections, and other collectioordsc

— ldentify erroneous and dubious records that mast e
in the literature or other data sources.

ever represent a small proportion of our data aed a
added on the basis of trust of known experts. We do
hope that more direct information could be collddte
that manner in the future through direct commuitcat
with local experts. Toward that end, the releasthef
website antmaps.org (presented in detail\nckl &
al. 2016) and of the option "Report Data Issue" hes fa
litated the communication about personal records.

Organization and presentation of the data

Taxonomic information: Taxonomy is an evolving field
of biology, and the taxonomic frameworks used for a
biology remain dynamic at all levels A&D 2007, 2014).
One major challenge for the construction of a dlolada-
base is to ensure that the current taxonomy abtkeeused
represents their most updated status. Thanks te ti@e
veloped previously (e.g.,&ToN 2014,2015), taxonomic
changes have been kept up to date along the cotistru
of GABI, with continuous synchronization with newyb-
lished literature.

To ensure the traceability of every record anchefrt
changes over time, the information relative todhginal

— Provide range maps for each species, genus dnd supresentation of the taxon has been kept separattiin

family, distinguishing native and exotic ranges.

— Provide a first draft of species checklists fibregions
of the world.

— Provide the raw material for enhanced biogeogmaph
analysis of ant biodiversity patterns.

— Provide the raw material for integrating ant lvedsity
information into global conservation efforts.

— Develop an interactive framework for the contidue
growth and improvement of the database, with thre pa
ticipation of the global myrmecological researcimeo
munity.

Data sour ces and compilation methodology

The GABI database includes data from multiple sesirc
in order to cover a large scope of publicationgliptand
private databases and museum specimens (seedigtatie-
odology in Supplements S1-6, as digital supplenngmiz-
terial to this article, at the journal's web pages)

The specific information presented here represtiets
state of the GABI database on 10 September 2036, ho
ever it should be noted that the database is aomtisly
updated so the list becomes more extensive over tim
— Published literature records from 8811 publicatibave

the database. In a second step the current vatie neas
updated in separate fields using the community webs
BoLTON (2015). The validity of each taxonomic combina-
tion has been checked manually. This process peforit
the correction of species misspelling that coutdicially
inflate the species richness in a given regionaAssult,
a total of 38,239 combination pairs of originaldammic
description*valid species names have been retrieived
instance, records @mblyopone pallipesrere changed to
Stigmatomma pallipe@HALDEMAN, 1844) following taxo-
nomic changes of ¥SHIMURA & FISHER (2012), resulting
in the pairAmblyopone pallipgstigmatomma pallipedt
should be noted that several species records (1€84) not
been found to correspond to any valid species riamoen
and are thus flagged as "UNKNOWN" until being resd|

In some instances, those records correspond tcsgegiu
thet dissociated to the species name and formingime
valid species difficult to track.

Geographic information: A major obstacle for global
biodiversity databases is variation in the quadtygeo-
graphic information provided over decades or ceesur
of collection. Recently collected specimens oftawehpre-
cise geographic information including GPS coordésat

been compiled and represent a wide array of fieldshut data collected earlier, usually before the 19%d not
language or print medium. Taxonomic literature wasrecord this level of geographic accuracy. One smhutio

given priority to ensure the completeness of allda
scription records. Species checklists (includingotes
books), taxonomic records and community ecology art
cles were also highly prioritized to ensure the plate-
ness in coverage of local or regional fauna.

Several online ant databases are available éittii-
dually (e.g., ATWEB 2015) or in aggregating data-
bases (e.g., GBIF 2016, www.gbif.org). A total &f 2

this problem is to keep the minimum geographic llefe
information provided as the unit for geographicomfa-
tion. The minimum geographic level of informatiorop
vided is a non-standardized unit of geographicrim-
tion that range in scale from precise GPS coordmanit
to a city name, county, island, provinces (or statede-
partments) to country. All other geographic infotima
above the minimungeographic level of information pro-

databases were extracted, adapted to our datatrase fvided are preserved and compiled into specific catd-

mat and incorporated into GABI. A complete listtlog
databases used is provided in Supplement S2.
Museum records or personal collections: Non-detet

gorical columns (see in Tab. S1: Country, Firsilesf
administrative division, ¥ level of administrative divi-
sion, island name, latitude, longitude ...). This host

specimens present in museums have occasionally beeallows the preservation of most collection dataepeh-

added as well as specific unpublished information p
vided by ant biologists. It should be noted thasehhow-
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dently of the geographic quality provided. The tations
here are: minimum geographic information abovectha-



try level; and regions that have been split ovetdry
and from which one part cannot be identified cledfbr
instance, the state of Mato Grosso in Brazil hantsplit
in 1977 into two separate states (Mato Grosso aatbM
Grosso do Sul) and has such all the records repaiité
the sole mention of Mato Grosso prior to 1977 cateo
assumed to be within the current Mato Grosso Stdlen
entering data, a certain level of knowledge onpbkti-
cal history of the country of first administratilevel was
acquired to prevent erroneous record placements.

Relationship to other ant biodiversity databases

Several databases relevant to ant ecology, distnfyuaxo-
nomy, and / or richness exist and are invaluatdeurees
for the field. Our goal was not to supplant, buhea to
both complement and extend these efforts. Althaogh
many myrmecological data efforts exist for us teega
complete accounting here, we briefly highlight sotteer
efforts that are especially relevant to the curpmoject
and discuss how GABI complements them.

ANTWEB (2015), developed in 2002, provides valu-
able information on the species distribution of ruous
extant and fossil species of ants globally. Ant\Visebs-
sentially a specimen-based database and thus does n
clude literature records. As of 22 June 2016, ArttWad
accumulated over half a million records from spesis
(562,885 specimens). Among other functions, Ant\Aleb
provides a main resource as a digital image libfarya
majority of valid described species. AntWeb cardbe
scribed as mostly taxonomy-oriented with a mainl goa
provide species description and images for allspeties
(modern and fossil), while GABI is biogeographyemted
and attempt to provide complete species distrilputéx-
ords for all valid current ant taxa.

ficult task which takes often years of trainingdrefto be
mastered by students and is based on identifickiégys
that, when available, often cover entire bioregiausti-
nents or countries: scales much larger than maesdited
faunas. For example, the identification of @@mponotus
species from a sample collected in North Carolinasd
not require a key including the species also foun@ali-
fornia or Montana. As such, biogeography can bel ase
a filter to discard species that most likely wititrbe pre-
sent in the studied region. In contrast, predictionthe
presence of a species based on its known occurfenme
close regions can facilitate its identificatioreaftollection.
One major outcome of GABI is the synthesis of pub-
lished information and the production of individuahps
presenting the distribution for all valid ant taxe, well
as region-based checklists (both automatically gead
with latest data through antmaps.org). This faidis the
identification of the collected specimens and teniify
rapidly what represents novel information.
Accelerating the publication of new records. As hab-
itat destruction and species extinctions increase time
(DIRzO & al. 2014), the establishment of accurate species
distributions, especially for diverse insect groliks ants,
should represent a major goal for the fields ofiviersity
and conservation. However, the construction ofdaglp-
bal databases is limited by the availability andraig
of these data through publications. For ants, mexbns
of the world do not possess species checklistheyrare
partially outdated or incomplete to be used comfiige es-
pecially within tropical regions. The lack of spesicheck-
lists for most regions of the world has an impartade ef-
fect; it prevents the identification of new speaiesords
for a given region. The collection of new speciesords
has been an important aspect of biology to detezitiin

In 2007, Dunn and collaborators compiled a databas@verall distribution of many taxa as seen with sinchich

on local ant assemblages based on literature searth
few unpublished datasets. This database compifedria-
tion for 2700 sites from 225 studies on overalcgerich-
ness and abundance BN & al. 2007) but did not in-
clude species composition and was limited by tipe tyf
sampling used or excluded studies on specific egcdd
groups (e.g., granivorous ants). Although not atli de-

represent one of the flagship groups for consermaind
biogeography studies, partly due to the impresameunt
of data available.

Publications presenting new species records foreng
area are relatively easy to write on the spectrfistienti-
fic publications, with now dedicated journals fbeir pub-
lication (e.g., Checklist, Biodiversity Data) artibsild be

signed as a community ecology database, GABI can b&argely encouraged as they are at term very impbfta

easily modified to provide information on speciefiness
and composition at different scales, from localetgional
scales. However, GABI does not include information
the collecting methods or the specific type of tathwhere
the record was collected; which might then linstdirect
application for community ecology. In general, cargal
with GABI, the Dunn and collaborators database @200
is more limited in scope but more stringently cadator
its main focus, diversity data at the scale of lecanmu-
nities.

In summary, GABI attempts to provide complete dis-

tribution records for all valid ant species andstldiffer
from previous databases that are either more $edeict
the type of data used, or focused on specific w(eq.,
species richness) independently of the speciegiigen

Scientific potential of the GABI database
Improving species distribution knowledge and identifi-

cation: Species identification forms the foundation of eco-

logical and taxonomic studies. Ant identificatiena dif-

the understanding of larger scale biogeographapgical
or evolutionary questions, but also paramount torser-
vation planning. One major pitfall though is thesesion
that the collection of a species represents a mewrd
for the country or province considered, which hadeé
supported by a tedious work of synthesis and tamonio
update. As a result, while new records could bedoat
a very fast pace, especially in tropical regiohsjrtpubli-
cation is slowed by the lack of access to the dMenaw-
ledge on species distributions with details onrtheown
range for specific regions. Stating the obviousy spe-
cies records sitting in a laboratory cabinet antbwing
accessible to the rest of the scientific commufgitiyough
publication or within a database) are not usefu are
virtually nonexistent. Publications of those ressthould
then be encouraged and facilitated.

We believe that GABI can enhance the generation of
new species records all over the world by providamg
important background to the species reported fgivan
area. As an example, a recent two-weeks surveyliman
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province, southern China, allowed the identificatid 149
species and of another extra 64 morphospecies&lal.
2015). Among the 149 species identified, 40 hawéaen
reported yet from Yunnan, and 17 represent newrdsco
for China according to the GABI databasaul& al.
2015). This alone represents an increase of nd&dy
and 2% respectively of the known diversity of tinsaof

Yunnan and China. As such, GABI could be used loy ec

logists as an important tool to verify the biogequric ac-
curacy of their identification. This can really speup the
identification process, especially for common sggcand
present new publication opportunities for newlyarelied

have been neglected from most conservation plas(C
& MAY 2002, @QrRDOSO& al. 2011a, b, GRLACH & al.

2014). One of the main conservation tools usedssess
species status is the IUCN Species Red List. Tkl

is a barometer to assess species vulnerabilitytioction;

and is used by several conservation grant pangisao
vide funding for specific projects 88D0s0 & al. 2011b).
However, to this point, it can be seen as a brdieno-
meter; pointing towards vertebrates. Arthropodgeneral,
while representing the vast majority of specieanth
have been simply left aside from the IUCN Red Lastgl
only 0.4% of the known insect species have beersasd

(GERLACH & al. 2014). For Hymenoptera, 302 species
(0.2%) have been assessed (with 151 consideredtedd
(GERLACH & al. 2014) on about 150,000 known species
described (BANG 2013). For ants, 149 species have been
assessed in 1996 (IUCN 2013) and one more was added

species. In Hong Kong current work in progresséatiy
facilitated by GABI and has allowed the identifioatof a
new subfamily, generic and several species redord4ong
Kong and Southeast China (in preparation) and teuén
lications have used GABI through antmaps.org totifie

new records (e.g.,ABTOS-SILVA & al. 2016). The update
of country species checklists can also be greathaeced
through the use of GABI. As examples, recent updfite
the species checklists of the ants of IndiaABTI & al.
2016), Laos (AITRONG & al. 2016) or Peru (GENARD &

recently (TALAVERA & al. 2014), so about 1% of the known
species. Why insects are so largely ignored? Tasores
are mainly societal and scientific (see review iNID-
FiLHO & al. 2010, @QrRDOSO& al. 2011a, b) with one of
the main identified limitation being the Wallacestmort-

EcoNnoMO0 2015) have greatly benefited from the databasefall (LomoLINO 2004). The Wallacean shortfall is the lack

while other species checklists for countries withswuch
publications are currently being developed. Theseem
localized efforts are fundamental to developingaanre-
fined global understanding of species distribution.

Similarly, the detection of new exotic speciesridra-
portant step for their future potential managemeElet.e,
too, by emphasizing individual exotic species distions,
new records could be more easily reported and hdipef
will help to establish quick research programstterapt
limiting their spread (BFFMANN & al. 2009).

Erroneous species identification: Over the last two
centuries, many misidentified species records lzaoel-
mulated either in publications, museums, or datbésee
example for plants in @DWIN & al. 2015). Simply put,
species identification is a difficult process. Titlentifica-
tion of these errors is an important step as itinalude
information on the distribution of the valid andmwalid
species. Tracking down those mistakes is a chatigref-
fort that can be realized over time by gaining &xpginion
through their publications or by direct knowledfarng
after visualization of taxon-specific maps. On i&ps pro-
duced through the GABI project, the erroneous résor
are being marked to prevent future misidentifiaiovhile
in the database a justification for marking a relcas er-
roneous is provided either by citing the publicatar the
communication information with a given expert sigta
record as misidentified. To this point, about 28@ique
species*region records (over 14,200 unique recdrdsg
been marked as erroneous or in need of verificgtamn
presenting dubious distribution but without specififor-
mation to prove or disprove it). Undoubtedly, mangre
records are in need of correction and we do hoaettie
ant biologist community as a whole will provide ion@ant
information to circumscribe the extent of thosetakes.
These actions can be easily realized through thealiza-
tion of species distribution in antmaps.org anduke of
the "Report Data Issue" link with updates availahléhe
following days.

I ncorporating antsinto global, regional, and local

conservation planning: Ants, like many other invertebrates,
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of geographic information on species distributionsim-
ply put for conservation purposes, how to protespe-
cies without distribution knowledge?

We believe that by presenting a more accurate pad u
dated status on individual species distributiondibispe-
cies, GABI should contribute to limit the Wallacesmort-
fall; and could really push ants forward into camagion
planning and IUCN Red List assessment. Of courserot
potential pitfall might prevent a complete assesgnoé
ants (e.g., Linnean pitfall; seea@Rboso & al. 2011a), but
the ease to consider many more species with thenegps
produced and access to the database, should edylarg
proved.

Biogeography and biodiversity questions. Large-scale
studies focusing on species composition and richhase
been limited on local communities (e.gyNN & al. 2009),
higher taxonomic levels (e.g., genera inEGARD & al.
2012) or restricted to regional distribution (empythern
Europe in BRONI URBANI & COLLINGWOOD 1977). The
GABI database will offer the possibility to desaiband
study different regional, continental (e.g.EF¥#ER& al.
2016) or even global patterns of diversity. Thoseusd
be realized with the limitations of global incomigieess
(see WENARD & al. 2012) and potential misidentifica-
tions (see above). Within this context, GABI woplab-
vide a better understanding of the diversificatiatterns
and evolutionary trajectory of different ant clades

The future of GABI: challenges and possibilities

The effort invested in the GABI project should toaiin-
ued to address missing information, improve theditjua
and accuracy of existing information, and keep uihw
future records. To this extent, the authors woiklel to in-
vite ant biologists willing to share their datactantact the
authors (BG). Scientists are particularly encoudatye
verify if their relevant publications have been qdetely
synthesized into our database. A complete listeddrr
ences used for the development of GABI is availatle
the following address: https://benoitguenard.waedpicom/
gabi-articles-full-list-2/ or on demand.



One of the main products of GABI is the productidn
distribution maps for all ant taxa, including 1541i8di-
vidual species and subspecies maps. Maps for Bhe8l
and extent genera and for the 16 valid subfamhiege
been produced based on the known distribution afi-no
inal species; which does not include records fremega
known only from morphospecies within a region; émeir
cumulative richness within each of the 592 regidefned
here. All these maps are available on antmapsrmtgee
updated weekly directly from GABI, inheriting addits /
modifications performed in the database.

A future major challenge as new and more accueate r
ords become available is to increase the resolatiovhich
each species distribution is presented. This, hewén-
its the scope of the type of data available for roaco-
logical or biogeographic studies as many historieabrds
unique to a region are only available for a vergdascale
(country). The latter might not be resolved (newaps
records in the same region) for years or even decdde
to many areas that are undersampled and are rjetstd
ongoing inventory efforts (BENARD & al. 2012).

vide a new tool to ant biologists to facilitate itheork
and accelerate research progress. GABI and antargps.
aim to build upon and complement other existingidni
atives (e.g., A0STI & JOHNSON 2010,BoOLTON 2014,
ANTWEB 2015, ANTWIKI 2015,BoLTON 2015) that have
provided tremendous benefits to myrmecology dutireg
past decades. As with those efforts, the quality atiity

of the GABI database as a resource will be greaily
hanced by the continued participation of the broaag-
mecological community.

Acknowledgements

Special thanks for their important contributions given
to Marek Borowiec, Barry Bolton, Georg Fischer, @i
Fisher, Christos Georgiadis, Milan Janda, Bob Johns
Jack Longino, William MacKay, Corrie Moreau, Rodplf
Probst, Simon Robson, Eli Sarnat, Steve Shattubk, P
Ward, Seiki Yamane, and Masashi Yoshimura. Alldbie
entists who helped gaining access to publicationmreo
ords are sincerely thanked (and we apologize iraack
if we overlooked anyone): Leanne Alonso, Igor Amon

While compiling data from two centuries of publica-
tions has constituted a major challenge, the futorgin-
uation of data recording is equally important. Tenual
extraction of published information is extremelyd con-
suming and thus difficult to pursue in the acadewucld
with limited funds. Scientists, interested in shgrtheir
data can send us their new publication with thatadli-
rectly formatted for GABI as presented in Table Bil.
general, we would like to encourage scientistsitly pub-
lish their datasets within their publications oraasap-

Gevork Arakelian, Himender Bharti, Rumsais Blatfxug
Booher, Lech Borowiec, Gabriela Castafio, Beth Ghoat
Fabiana Cuezzo, Pradeep D' Cunha, Fiep De Bieudacq
Hubert Delabie, Israel Del Toro, Mark Deyrup, David
Donoso, Katsuyuki Eguchi, Xavier Espadaler, RodfRgé
tosa, John Fellowes, Fernando Fernandez, Lazl@Gall
Miguel Garcia-Martinez, Hassan Ghahari, Nana Gilatia
vili, Yutaka Harada, Yoshiaki Hashimoto, Henri Hea,
JoVonn Hill, Shingo Hosoishi, Claude Lebas, Anastas
Legakis, Dolores Martinez Ibafiez, Celal Karamantkda

pendix, as promoted by several journals. This greéat-
proves the compilation of large databases, sotlizaen-
tire scientific community can benefit by developingw
tools such as GABI / antmaps.org, which ultimatedjp
developing conservation plans to protect the spettiat
are the core of our research.

Karaman, Presty John, Anastasios Legakis, Andre&yl u
David Lubertazzi, Joe MacGown, Vijay Mala Nair, iFat
anne Marques, Maria Santina Morini, Soichi Osozawa,
Joanna Petal-Figielska, Martin Pfeiffer, Fabrizigdro,

Maya Rocha, Pedro Jose Salinas, Jiri Schlaghamersky

Antonio Scupola, Mostafa Sharaf, Fabio Silva, Méaro-

A final challenge for keeping accurate distributimi
each species is synchronizing data changes acatas d
bases (Tab. S2). Data revisions are performed rmenti

I6rzano Kraemer, Kate Sparks, Michael Staab, Mamoru
Terayama, Shaju Thomas, James Trager, Kazuki Tsuji,
Miguel Vasquez Bolafios, Adi Vesnic, Ricardo Vicente

ously within different databases after the inteigraf

James Wetterer, Michal Wiezik, Joseph Wright, Kiidder.

these data into GABI. While most databases miglst po For their precious help in translating literature would
sess accession numbers that can be used to symzhron like to thank Naomi Yuzuki, Kyoko Tadaoka, Masakga©

records, complications arise when corrections anges

sawara, Mariko Yagi, and Cong Liu. We also thankyGa

are made in one database within GABI. Other datbas Alpert and Dorothy Barr for providing access to hun

that might not have specific accession humbersdcbal
even more problematic especially if the owner doets
keep the history of the species identificatiorustaiver time.

Conclusions

GABI represents one of the first comprehensive glob
databases of the species-level geographic distoibut
of any large group of insects. GABI should not fee-p
ceived as a final product but as a point of departar
myrmecologists. We hope that this new databaseoviiity
ants to where most groups of vertebrates stoodtalivou
years ago in terms of biodiversity informatics so(DINIz -

dreds of articles. Finally, we would like to warnthank
Rob Dunn for his role in fostering and supportitg t
early development of large biogeographic databtssts
many years later led to GABI. This work was supedrt
by subsidy funding from OIST.

References

AcosT, D. & JoHNsSON N.F. (Eds.)2010: Antbase. World Wide
Web electronic publication. — <http://antbase.orgétrieved
on 29 June 2016.

ANTWEB 2015: AntWeb. — <http://www.antweb.org>, retrieved

FILHO & al. 2010) and will open a new era of research in ©n 16 May 2015.

macroecology, macroevolution, and conservationarese
on ants. With large areas of the world still unexped or

data largely incomplete ((ENARD & al. 2012) and impor-
tant taxonomic work ahead for completing the ineeynt
of ant species (\WRD 2014), we hope that GABI will pro-

ANTWIKI 2015: AntWiki. — <http://www.antwiki.org/wiki/
Welcome_to_AntWiki>, retrieved on 16 May 2015.

BARONI URBANI, C. & CoLLINGWOOD, C.A. 1977: The zoogeo-
graphy of ants (Hymenoptera: Formicidae) in nortHeurope.
— Acta Zoologica Fennica 152: 1-34.

87



BHARTI, H., GUENARD, B., BHARTI, M. & Economo, E.P. 2016:
An updated checklist of the ants (Hymenoptera: kddae)
of India with their specific distributions in Indistates. — Zoo-
keys 551: 1-83.

BoLTtoN, B. 2014: New general catalogue. —<http://www.antwiki.

org/wiki/New_General_Catalogue>, retrieved on 1¢ddeber
2014.

BoLToN, B. 2015: An online catalog of the ants of the world. —

<http://www.antcat.org>, retrieved on 17 May 2015.

BorRoOWIEG, L. 2014: Catalogue of ants of Europe, the Mediter-

ranean basin and adjacent regions (Hymenopterai€idae).
— Genus 25: 1-340.

BuckLEY, L.B. & JETZ, W. 2007: Environmental and historical
constraints on global patterns of amphibian ricknesPro-
ceedings of the Royal Society B-Biological Scien2@4:
1167-1173.

CaArRDOSO, P.,ERWIN, T.L., BORGES P.A.V.& NEW, T.R. 2011a:
The seven impediments in invertebrate conservaimhhow
to overcome them. — Biological Conservation 144:728855.

CARDOSOP.,BORGES P.A.V., TRIANTIS, K.A., FERRANDEZ, M.A.
& MARTIN, J.L. 2011b: Adapting the IUCN Red List criteria
for invertebrates. — Biological Conservation 144:22340.

CLARK, J.A.& MAY, R. 2002: Taxonomic bias in conservation
research. — Science 297: 191-192.

CorLETT, R.T. 2015: The Anthropocene concept in ecology an
conservation. — Trends in Ecology & Evolution 36:4L.

DiNniz-FILHO, J.A.F.,DE MARCO, P.Jr. & HAWKINS, B.A. 2010:
Defying the curse of ignorance: perspective in ¢hseacro-
ecology and conservation biogeography. — Insects€aa-
tion and Diversity 3: 172-179.

DIrzo, R., YOUNG, H.S., GALETTI, M., CEBALLOS, G., ISAAC,
N.J.B.& COLLEN, B. 2014: Defaunation in the Anthropocene.
— Science 345: 401-406.

DuNnN, R.R., SANDERS, N.J., FITzPATRICK, M.C., LAURENT, E.,
LEssARD J.-P.,AcosTl, D., ANDERSEN A.N., BRUHL, C.,
CERDA, X., ELLISON, A., FISHER, B., GiBB, H., GOTELLI, N.,
GOVE, A., GUENARD, B., JANDA, M., KASPARI, M., LONGINO,
J.T.,MAJER, J.,MCGLYNN, T.P.,MENKE, S.,PARR, C., PHIL-
POTT, S., PFEIFFER M., RETANA, J., SUAREZ, A. & VASCON
CELOS H. 2007: Global ant biodiversity and biogeograpéy:
new database and its possibilities. — Myrmecolddiieavs 10:
77-83.

DunN, R.R.,AcosT), D., ANDERSEN A., BRUHL, C., CERDA, X.,
ELLISON, A., FISHER, B., FITzPATRICK, M.C., GIBB, H.,
GOTELLI, N., GOVE, A., GUENARD, B., JANDA, M., KASPARI,
M., LAURENT, E., LESSARD J.-P.,LONGINO, J.T.,MAJER, J.,
McGLYNN, T.P.,MENKE, S.B.,PARR, C., PHILPOTT, S., PFEIF
FER, M., RETANA, J.,SUAREZ, A., VASCONCELOS H., WEISER,
M.D. & SaNDERS, N.J. 2009: Climatic drivers of hemispheric
asymmetry in global patterns of ant species ricknes€col-
ogy Letters 12: 324-333.

Econowmo, E.P.,KLmov, P.,SARNAT, E.M., GUENARD, B., WEISER
M.D., LECrROQ B. & KNoOwLES, L.L. 2015: Global phylogen-
etic structure of the hyperdiverse ant geRtigidolereveals
the repeated evolution of macroecological patternBro-
ceedings of the Royal Society B-Biological Scien2@2: art.
20141416.

FERNANDEZ, F. & SENDOYA, S. 2004: Synonymic list of Neo-
tropical ants (Hymenoptera: Formicidae). — BiotdoBtiana
5: 3-105.

FoLey, D.H., RUEDA, L.M. & WILKERSON, R.C. 2007: Insight
into global mosquito biogeography from country specec-
ords. — Journal of Medical Entomology 44: 554-567.

GERLACH, J.,SAMWAYS, M.J.,HOCHKIRCH, A., SEDDON, M., CAR-
DOSO, P.,CLAUSNITZER, V., CUMBERLIDGE, N., DANIEL, B.A.,

88

HOFFMAN BLACK, S.,0TT, J.& WILLIAMS, P.H. 2014: Priori-
tizing non-marine invertebrate taxa for Red Listirglournal
of Insect Conservation 18: 573-586.

GOODWIN, Z.A., HARRIS, D.J.,FILER, D., WoobD, J.R.I.& ScoT-
LAND, R.W. 2015: Widespread mistaken identity in tropical
plant collections. — Current Biology 25: R1066-R1067.

GUENARD, B., WEISER M.D. & DuUNN, R.R. 2009: Ant genera of
the world. — <http://robdunnlab.com/antgenera/trieeed on
19 May 2015.

GUENARD, B. & DunN, R.R. 2012: A checklist of the ants of
China. — Zootaxa 3358: 1-77.

GUENARD, B., WEISER M.D. & DunN, R.R. 2012: Global mod-
els of ant diversity suggest regions where newodisges are
most likely are under disproportionate deforestatireat. —
Proceedings of the National Academy of Sciencab@in-
ited States of America 109: 7368-7373.

GUENARD, B. & Economo, E.P. 2015: Additions to the check-
list of the ants (Hymenoptera: Formicidae) of PeriZootaxa
40: 225-235.

HoFFMANN, B.D., ABBOTT, K.L. & Davis, P. 2009 [2010]: In-
vasive ant management. InadH, L., PARR, C.L. & ABBOTT,
K. (Eds.): Ant ecology. — Oxford University Presiford,
UK, pp. 287-304.

INTERNATIONAL UNION FOR THE CONSERVATION OF NATURE

d (IUCN) 2013: IUCN Red List of threatened species. \6grs

2013.2. — <www.iucnredlist.org>, retrieved on 4 ieelpy 2015.

JAITRONG W., GUENARD, B., ECoNOMO, E.P.,BUDDHAKALA , N.
& YAMANE, S. 2016: A checklist of known ant species of Laos
(Hymenoptera: Formicidae). — Asian Myrmecology &21

Janicki, J.H.,NARULA, N., ZIEGLER, M., GUENARD, B. & ECONO-
Mo, E.P. 2016: Visualizing and interacting with larggtame
biodiversity data using client-server web mappipgliaations:
the design and implementation of antmaps.org. -tdgoal
Informatics 32: 185-193.

JAPANESEANT DATABASE GROUP 2003: Ants of Japan. — Gak-
ken, Ohta-ku, 225pp.

JENKINS, C., ANDERSEN A.N., ARNAN, X., BRUHL, C.A., CERDA,
X., ELLSON, A.M., FISHER, B.L., FITzPATRICK, M.C., GOTELLI,
N.J.,GoVE, A.D., GUENARD, B., LATTKE, J.E.,LESSARD J.-P.,
MCcGLYNN, T.P., MENKE, S.B.,PARR, C.L., PHILPOTT, S.M,,
SANDERS, N.J.,WEISER M.D. & DunN, R.R. 2011: Global di-
versity in light of climate change: the case ofsart Diver-
sity and Distributions 17: 652-662.

JoppPA L.N., VisconTl, P., JENKINS, C.N. & Pimm, S.L. 2013:
Achieving the convention on biological diversitgeals for
plant conservation. — Science 341: 1100-1103.

KERKHOFF, A.J.,MORIARTY, P.E.& WEISER M.D. 2014: The lati-
tudinal species richness gradient in New World woadgio-
sperms is consistent with the tropical conservatigpothesis.
— Proceedings of the National Academy of Sciendah®
United States of America 111: 8125-8130.

KIER, G., MUTKE, J.,DINERSTEIN, E., RICKETTS, T.H., KUPER
W., KREFT, H. & BARTHLOTT, W. 2005: Global patterns of
plant diversity and floristic knowledge. — JourélBiogeo-
graphy 32: 1107-1116.

KREFT, H. & JETZ, W. 2007: Global patterns and determinants of
vascular plant diversity. — Proceedings of the dvti Academy
of Sciences of the United States of America 102558930.

Liu, C., GUENARD, B., HITA GARCIA, F., YAMANE, SK., BLAN-
CHARD, B., YANG, D.R.& Economo, E.P. 2015: New records
of ant species from Yunnan, China. — Zookeys 47768.7

LomoLINO, M.V. 2004: Conservation biogeography. IronoLl-
NO, M.V. & HEANEY, L.R. (Eds.): Frontiers of biogeography:
new directions in the geography of nature. — Sin&ssoci-
ates, Sunderland, MA, pp. 293-296.



LONGINO, J.T.L. 2010: Ants of Costa Rica. — <http://academic
evergreen.edu/projects/ants/AntsofCostaRica.htretreved on
16 May 2015.

Lucky, A., TRAUTWEIN, M.D., GUENARD, B.S.,WEISER M.D. &
DunN, R.R. 2013: Tracing the rise of ants — out of thmugd.
— Public Library of Science One 8: art. e84012.

ORME, C.D.L., DAVIES, R.G., BURGESS M., EIGENBROD, F.,
Pickup, N., OLsoN, V.A., WEBSTER A.J., DING, T.S., RAs-
MUSSEN P.C.,RIDGELY, R.S.,STATTERSFIELD, A.J.,BENNETT,
P.M., BLACKBURN, T.M., GASTON, K.J. & OwENSs, I.P.F. 2005:
Global hotspots of species richness are not comgnwéh
endemism or threat. — Nature 436: 1016-1019.

Pimm, S.L., JENKINS, C.N., ABELL, R., BROOKS T.M., GITTLE-
MAN, J.L.,JoPPA L.N., RAVEN, P.H.,ROBERTS C.M. & SEX-
TON, J.O. 2014: The biodiversity of species and thaegaf
extinction, distribution, and protection. — Scie3dd: 987-998.

RADCHENKO, A.G. & ELMES, G.W. 2010:Myrmica ants of the
Old World. — Fauna Mundi 3: 1-789.

SANTOS-SILVA, L., VICENTE, R.E.& FeITOSA R.M. 2016: Ant spe-
cies (Hymenoptera: Formicidae) of forest fragmems urban
areas in a Meridional Amazonian landscape. — ChestklPR:
art. 1885.

SARNAT, E.M. & EcoNnomo, E.P. 2012: The ants of Fiji. — Uni-
versity of California Publications in Entomology 132384.

SCHIPPER J., CHANSON, J., CHI0OZZA, F., Cox, N., HOFFMANN,
M., KATARIYA, V., LAMOREUX, J., RODRIGUES A.S.L., STU-
ART, S.N., TEMPLE, H.J., BAILLIE, J.E.M.,BoITANI, L., LA-
CHER, T.E., MITTERMEIER, R.A., SMITH, A.T., ABSOLON, D.,
AGUIAR, J.M., AMORI, G., BAKKOUR, N., BALDI, R.A., BER-
RIDGE, R.J., BIELBY, J., BLACK, P.A., BLANC, J.J.,BROOKS,
T.M., BURTON, J.A., BuTYNSKI, T.M., CATULLO, G., CHAP-
MAN, R., COKELISS, Z., COLLEN, B., CONROY, J.,COOKE, J.G.,
DA FonsecA G.A.B.,DEROCHER A.E., DUBLIN, H.T., Duck-
WORTH, J.W., EMMONS, L., EMSLIE, R.H., FESTA-BIANCHET,
M., FOSTER M., FOSTER S.N., GARSHELIS, D.L., GATES, C.,
GIMENEZ-DIXON, M., GONZALEZ, S.,GONZALEZ-MAYA, J.F.,
Goop, T.C.,HAMMERSON, G.,HAMMOND, P.S.,HAPPOLD, D.,
HaPPOLD, M., HARE, J.,HARRIS, R.B., HAWKINS, C.E.,HAY-
woobD, M., HEANEY, L., HEDGES S.,HELGEN, K.M., HILTON-
TAYLOR, C., HussAIN, S.A.,IsHII, N., JEFFERSON T.A., JEN-
KINS, R.K.B., JoHNSTON C.H.,KEITH, M., KINGDON, J.,KNOX,
D., Kovacs, K.M., LANGHAMMER, P.,LEuUS, K.M., LEWISON,
R., LICHTENSTEIN, G., LOWRY, L.F., MACAvoOY, Z., MACE,
G.M., MALLON, D.P.,MasI, M., MCKNIGHT, M.W., MEDEL-
LiN, R., MEDICI, P.,MILLS, G., MOEHLMAN, P.D.,MOLUR, S.,

MoORA, A.E., NOWELL, K., OATES, J.F.,OLECH, W., OLIVER,
W.L.R., OPREA M., PATTERSON B., PERRIN, W.F., POLIDO-
RO, B.A., PoLLock, C,. POWEL, A., PROTAS, Y., RACEY, P.A.,
RAGLE, J.,RAMANI, P.,RATHBUN, G., REEVES R.R.,REILLY,
S.B.,ReynoLDpslll, J.E.,RONDININI, C.,RuULLI, M., RYLANDS,
A.B., SAvINI, S.,SCHANK, C.J.,.SECHREST W., SELF-SULLIVAN ,
C., SHOEMAKER, A., SILLERO-ZUBIRI, C., SILVA, N., SMITH,
D.E., SRINIVASULU, C., STEPHENSON P.J.,VAN STRIEN, N.,
TALUKDAR, B.K., TAYLOR, B.L., TIMMINS, R., TIRIRA, D.G.,
TOGNELLI, M.F., TSYTSULINA, K., VEIGA, L.M., VIE, J.-C.,
WILLIAMSON, L., WYATT, S.A., XIE, Y. & YOUNG, B.E. 2008:
The status of the world's land and marine mamndalsrsity,
threat, and knowledge. — Science 322: 225-230.

TALAVERA, G., ESPADALER, X. & VILA, R. 2014: Discovered just
before extinction? The first endemic ant from thedric
Islands Lasius balearicusp. nov.) is endangered by climate
change. — Journal of Biogeography 42: 589-601.

WARD, P.S. 2007: Phylogeny, classification, and speaest
taxonomy of ants (Hymenoptera: Formicidae). — Zxte668:
549-563.

WARD, P.S. 2014: The phylogeny and evolution of antsn— A
nual Review of Ecology, Evolution, and Systemadiss23-43.

WEISER M.D., SANDERS, N.J.,AGcosTl, D., ANDERSEN A.N.,
ELLISON, A.M., FISHER, B.L., GiBB, H., GOTELLI, N., GOVE,
A.D., GrRoss K., GUENARD, B., JANDA, M., KASPARI, M.,
LESSARD J.P.,LONGINO, J.T., MAJER, J.D., MENKE, S.B.,
MCcGLYNN, T.P.,PARR, C.L., PHILPOTT, S.M.,RETANA, J.,SU-
AREZ, A.V., VANSCONCELOSH.L., YANOVIAK, S.P.& DUNN, R.R.
2010: Canopy and litter ant assemblages shareasidliinate-
species density relationships. — Biology Letters@®-777.

WEPFER P., GUENARD, B. & Economo, E.P. 2016: Influences
of climate and historical land connectivity on &eta diver-
sity in East Asia. — Journal of Biogeography: daillld 1/jbi.
12762.

WETTERER J.K. 2008: Worldwide spread of the longhorn crazy
ant, Paratrechina longicornigHymenoptera: Formicidae). —
Myrmecological News 11: 137-149.

YOSHIMURA, M. & FISHER, B.L. 2012: A revision of male ants
of the Malagasy Amblyoponinae (Hymenoptera: Fordzie)
with resurrections of the genegigmatommandXymmer
— Public Library of Science One 7: art. €33325.

ZHANG, Z.Q. 2013: An outline of higher-level classificatiand
survey of taxonomic richness (Addenda 2013). —&@8703:
5-11.

89



