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RESEARCH ARTICLE

An online taxonomic facility of Geometridae (Lepidoptera),
with an overview of global species richness and systematics

HosseIN RAJAE, AXEL HAUSMANN?, MALCOLM SCOBLE?, DOMINIC WANKE'*,
DaviD PLOTKIN?, GUNNAR BREHM®, LEIDYS MURILLO-R AMOS™® & PASI SIHVONEN®

Abstract

We present a new, online, open access portal to the geometrid moths of the world (Lepidoptera: Geometridae).
The portal provides access to the global database including data on classification, valid genera and species, syno-
nyms and type localities, and to an online list of valid names. The value of this online facility, inter alia, is demon-
strated by using the underlying data to update our understanding of the global and regional species richness of the
family. We also review, clarify and list the family-group names (family, subfamily, tribe) of the Geometridae to pro-
vide users with a better understanding of the higher category framework when they access the database. Currently,
the Geometridae database includes 34,897 available species-group names. Of these, 7,891 are considered synonyms
(23% of available names), giving a total of 27,006 valid species-group names, which in turn comprise 23,872 spe-
cies names and 3,134 subspecies names. The world fauna is classified into 2,019 genera, 92 tribes and 9 subfamilies.
Our paper also includes an annotated list of all 202 subfamily, tribe and subtribe names in systematic order. One
hundred family-group names (49.5%) are considered synonyms. Although most geometrid species were described
in the 19th and 20th centuries, the average number of new species descriptions from 2000-2022 has been fairly
constant at around 80 per year, implying there is still much more hidden geometrid diversity yet to be discovered.

Keywords: biogeography, database, geometrid moths, global, review, website.

Zusammenfassung

Ein neues, frei zugingliches Online-Portal zu den Geometriden der Welt (Lepidoptera: Geometridae) wird
hier vorgestellt. Das Portal bietet Zugang zu einer globalen Datenbank mit Informationen zur Klassifikation, zu
samtlichen validen Gattungs- und Artnamen, Synonymen und Typuslokalitidten. Die Bedeutung dieser 6ffentlich
zuginglichen Datensammlung liegt darin, unsere Kenntnisse iiber den globalen und regionalen Artenreichtum der
Familie Geometridae zu verbessern. Aulerdem wurden die Namen der hoherrangigen Taxa (Familie, Unterfami-
lie, Tribus) liberarbeitet, ihr Status geklart und aufgelistet, um den Benutzern ein besseres Verstdndnis der Phylo-
genie nach dem augenblicklichen Stand der Forschung zu vermitteln. Derzeit umfasst die Familie der Geometriden
23.872 beschriebene und valide Arten und 3.134 validierte Unterarten, wahrend weitere 7.891 Namen als Syno-
nyme betrachtet werden (23 % der verfiigbaren Namen). Die weltweite Fauna ist in 2.019 Gattungen, 92 Triben und
9 Unterfamilien unterteilt. Unsere Arbeit enthélt zudem eine kommentierte Liste aller 202 Unterfamilien-, Tribus-
und Subtribusnamen in systematischer Reihenfolge. 100 dieser Namen (49,5 %) werden als Synonyme betrachtet.
Wihrend die meisten Geometriden-Arten im 19. und 20. Jahrhundert beschrieben wurden, liegt die durchschnitt-
liche Zahl der neuen Artbeschreibungen von 2000 bis 2022 ziemlich konstant bei etwa 80 pro Jahr, was bedeutet,
dass eine bedeutende Zahl von Geometriden noch darauf wartet, entdeckt zu werden.

Introduction et al. 2018), Tortricidae (GILLIGAN et al. 2018) and Gracil-

lariidae (DE PriNs & DE Prins 2006-2022) in addition to

Card indexes of insect species exist in many muse-
ums, such as that in the Natural History Museum, London
(GastoN et al. 1995; ScoBLE 1999). Some of the available
published printed catalogues have evolved from such
card indexes (e.g., Arctiinae: WatsoN & GOODGER 1986;
Geometridae: ScoBLE 1999) or were compiled otherwise
(e.g., PooLE 1989; SoBczyk 2011). In recent years, several
global Lepidoptera species databases have become availa-
ble online, notably for Papilionoidea (HAUsER et al. 2005),
Pyraloidea (Nuss et al. 2022), Bombycoidea (KitcHING
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a growing number of regional online catalogues (e.g., DE
PRrRINS & DE PrRiNs 2011-2022; Dominick et al. 1983; HoLLo-
WAy 1986—1999; KARSHOLT & NIEUKERKEN 2013).

Species catalogues vary somewhat in their content,
but provide basic taxonomic information to many of the
following fields: valid names and synonyms, homonyms,
authors, dates, references, type specimens, type local-
ities and distribution. Depending on their comprehen-
siveness, they also enable access to consolidated data on
species richness and how species are arranged in higher
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taxonomic categories. Ideally, phylogenetic relationships
are also reflected. Such extensive and structured content
means that species catalogues can provide the founda-
tion for global species richness estimates, and informa-
tion on patterns in species description over time (GASTON
et al. 1995). The number of insect species in the world is
unknown, but current estimates rely significantly on veri-
fiable information about the richness of described species
(Garcia et al. 2020). Furthermore, species catalogues may
help to identify collection biases and understudied regions
of the world, indicating where future field campaigns
exploring the biodiversity should take place.

Species catalogues are lacking for most insect groups
for several reasons. First, taxonomic information is scat-
tered across a wide spread of journals and other literature.
Second, many articles are difficult to source (although the
Biodiversity Heritage Library provides a major improve-
ment in accessibility, https:/www.biodiversitylibrary.
org/). Third, articles may be written in languages that are
not widely understood. Fourth, numerous regional classi-
fications may conflict with each other, making a consen-
sus difficult. Fifth, data included in original publications
are often superficial and do not allow unambiguous iden-
tification, a point especially true for the early literature.
Finally, and perhaps most importantly, compiling such
diverse and scattered information into a single entity is
a time- consuming and labour-intensive task, requiring
expert knowledge of a particular taxon, often with few
specialists who are usually suffering a high workload.

Apart from our personal interest in the Geometridae,
we consider that the family is particularly suitable for an
online facility, with more than 23,000 species account-
ing for nearly 15% of all Lepidoptera species (NIEUKE-
RKEN et al. 2011). Geometrid moths are the second-largest
lepidopteran family (after Erebidae) in terms of described
species. Furthermore, this global diversity has been
summarised in two species catalogues dating back 23
and 15 years, respectively: (1) “Geometrid Moths of the
World: A Catalogue” (ScoBLE 1999) and (2) “Online list
of valid and available names of the Geometridae of the
World” (ScoBLE & Hausmann 2007). Geometrid moths
have received considerable attention during the last dec-
ades, and the use of molecular data, in particular, has
advanced our understanding of the family significantly,
so both the catalogue and the online list need updating.
Before describing the scope and content of the new data-
base (“Online taxonomic facility of geometrid moths”),
we summarise the contents of the two earlier works.

Geometrid Moths of the World: A Catalogue
(ScoBLE 1999). The Catalogue is a massive two-volume
printed monograph of 1,016 pages, plus a 129-page index,
and it is based on the British Museum of Natural History’s
card index to genera and species of Geometridae housed
in the Natural History Museum, London (NHMUK) [pre-

Volume 5 (2)

viously known as the British Museum (Natural History)].
The Catalogue provides access to the available names of
geometrid moths of the World, including approximately
35,000 species-group names (including synonyms). The
following data for each species and subspecies were
entered (called ‘Fields’ in the Global Taxonomic Facility):
Subfamily, Genus, Original genus, Taxon name (species or
subspecies), Author, Date, Title of reference, Volume num-
ber of reference, Series number of reference, Part number
of reference, Page number of original citation, Whether
original reference was checked (yes/no), Whether a junior
synonym (yes / no), If a junior synonym, of what species/
subspecies, Number of names synonymised, Drawer num-
ber in BMNH collection, Depository of type(s), Type sta-
tus (holotype, syntype(s) etc.), Type sex (if known), Type
locality (country, state, place), Zoogeographical region.
The printed Catalogue does not include all above-men-
tioned fields.

Entries are ordered alphabetically by genus and, within
each genus, by species. The Catalogue also includes genus
names and genus synonyms, citing author(s), date, refe-
rence to the original description, and type species. It
includes extensive unpublished data extracted from
details in the card index, but these were not separated from
the published data. For a small number of species, larval
foodplant data are provided. The publication also includes
a morphological diagnosis of the family, a summary of the
patterns of species description in the Geometridae derived
from Gaston et al. (1995) and a list of genera in systematic
order, following the order in which the collection in the
British Museum of Natural History was laid out.

Online list of valid and available names of the Geo-
metridae of the world (ScoBLE & Hausmann 2007).
The global species list is displayed as an Excel spread-
sheet derived from the above-mentioned Catalogue
(ScoBLE 1999), containing information on the subfamily,
genus, species, author and year of description for all vali-
dated geometrid moth species up to 2007, covering 22,951
species. Unlike the Catalogue (ScoBLE 1999), it does not
give information on the original publication, depository
of type(s), type status (holotype, syntype(s), etc.), sub-
species, junior synonyms, or type locality. This list is
now available the new Forum Herbulot website at https://
geometroidea.smns-bw.org/.

In the present paper, we: 1) announce the forthcoming
launch of an online facility on Geometridae, describe its
structure and comment on its value and purpose; ii) com-
plement this open access biodiversity data release with an
up-to-date review of Geometridae species diversity and
subfamily-level phylogeny; and iii) provide an updated
systematic list of family-group names. Finally, we present
our plans for the future development of the facility.
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Material and methods

In order to update the printed and online world catalogues of
geometrid moths (ScoBLE 1999; ScoBLE & HausmanN 2007), we
searched the Zoological Record database (https://clarivate.com/
webofsciencegroup/solutions/webofscience-zoological-record/)
for all records published after 2005, using the keyword “Geo-
metridae”, and compared the contents of each publication against
the “Online list of valid and available names of the Geometri-
dae of the World” (ScoBLE & Hausmann 2007). In addition, we
included all publications available to us from 1998, which were
not covered by the Zoological Record database. In total, data from
462 publications (journal articles, books, short communications
and any other form of available and valid scientific publications)
were extracted and entered in the Excel table. These 462 literature
references are listed in Appendix 2. Additionally, all published
taxonomic changes, including new synonymies, new combina-
tions, new statuses, etc., in all hierarchical categories, were incor-
porated. The cut-off date for the data input was 23 May 2022.

Geographic coverage of the aforementioned 462 publica-
tions was examined by scoring the biogeographic region(s) each
publication included. If the taxa in the paper were confined to
one biogeographic region only, only one region was scored “1”.
If the paper covered multiple regions, each covered region was
scored “1”. The scoring is listed in Supplementary File 1.

Statistics in this paper (see “A summary of the species rich-
ness and systematics of Geometridae™), below, are based on the
Excel table we created, which contains 34,897 species-group
names of geometrid moths. The sub-section “Phylogeny, classi-
fication and species richness by subfamily” is based partially on
our literature review and partially on the Excel table (see Sup-
plementary File 1).

The geographic distribution of geometrid moths (Fig. 4) is
based on 23,872 valid species names (see Supplementary File 1),
excluding the subspecies and synonyms (see Fig. 4A). Biogeo-
graphic regions were coded for each species based on its type
locality (type locality information was missing for 17 species,
which were excluded from the analysis). The biogeographic
regions used in the analysis and shown in Fig. 4B are based on
the scheme employed in the NHMUK collection and in The
Global Lepidoptera Names Index (https:/www.nhm.ac.uk/our-
science/data/lepindex/lepindex/). The details are available in
GastoN & Hupson (1994).

The online portal with the graphical user interface (GUI)
to access the data was created by computer engineer HaMID
LacHa (Mashhad, Iran) using React.js and python programming
languages. The portal’s interface was designed to enable easy,
user-friendly updates (by approved contributors) to reflect new
taxonomic changes after its initial publication.

The classification presented under “Family-group classi-
fication and names of Geometridae of the world” (Appendix
1) and in a forthcoming “Online list of valid names of geom-
etrid moths” will be merged into the GBIF Backbone Taxo-
nomy (GBIF Secretariat 2021) and into backbone systematics on
BOLD (RATNASINGHAM & HEBERT 2007).

Results

“Online taxonomic facility of geometrid moths”
and list of valid names of geometrid moths

The new online portal provides access to all available
names of geometrid moths of the world. The data are freely

available and can be accessed at https:/geometroidea.
smns-bw.org/. The portal provides front-end access to
a back-end Excel table, which includes 34,897 species-
group names of geometrid moths. The table includes data
from all published systematic literature on geometrid
moths accessible to the authors, covering the period from
the 10th edition of Systema Naturae (LinNAEUS 1758) to
23 May 2022.

The back-end Excel table includes the following fields
for all species-group names: Superfamily, Family, Sub-
family, Tribe, Genus, Author, Year, Senior species, Senior
subspecies, Senior species year, Senior subspecies year,
Species, Subspecies, Species author, Species year, Species
in author, Original genus, Country, Locality, Elevation,
Latitude, Longitude, Junior synonym (yes/no), BIN, ID
holotype (BOLD), Type depository, Type status, Type sex,
Type country, Type state, Journal, Series, Volume, Part,
Page (first), Comments.

Fields are not completed for every species, nor is a fully
updated list of genera with synonyms available. As such,
the online portal allows users to search the following col-
umns for 34,897 species-group names: Family, Subfam-
ily, Genus, Species, Subspecies and any name, including
synonyms. Fig. 1A shows a typical query result from the
back-end Excel table, in this case at genus level using the
term “Archiearis”. Note that the search also reports a full
list of synonyms and type localities. All species and syn-
onyms are hyperlinked to the relevant species-level page
(Fig. 1B). The data can be queried by using search terms
(quick search and advanced search options are available)
or by using a hierarchy search.

Additionally, the online portal contains a downloada-
ble Excel table, which lists all valid and available names of
Geometridae of the world. The structure of the Excel table
is similar to that of the “Online list of valid and available
names of the Geometridae of the world” (ScoBLE & Haus-
MANN 2007).

The database will be updated by the authors as new
information is published on Geometridae, with once-
yearly updates of the facility and a list of valid and avail-
able names. This approach has the advantage of providing
a citable, static version of the database with a date for each
update release.

A summary of the species richness
and systematics of Geometridae

Our database of geometrid moths provides an ideal
source of information for summarising knowledge of the
species richness, distribution and systematics of the family
globally, demonstrating more widely the value of com-
piling databases of species-rich taxa. The present world
database includes 34,897 available species-group names.
Of these, 7,891 are considered synonyms (23% of avail-
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: Geometridae Leach, 1815 |

[# Archiearis infans infans (Mdschler, 1862) (Brephos)

[# = hamadryas (Harris, 1869) (Brephos)

[# Archiearis infans oregonensis (Swett, 1917) (Brephos)

[#" Archiearis parthenias bella (Inoue, 1955) (Brephos)

[#" Archiearis parthenias elegans (Inoue, 1955) (Brephos)
[# Archiearis parthenias hilara (Sawamoto, 1937) (Brephos)
[#’ Archiearis parthenias lapponica (Rangnow, 1935) (Brephos)

[#" Archiearis parthenias parthenias (Linnaeus, 1761) (Phalaena (Noctua))
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:Archiearinae Fletcher, |953‘ t
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will be updated| | Archiearis Hiibner, [1823] |

TL in: [Canada] ———————

T.L in: [North America)

TLin: [US.A)

T.L in: Japan

T.L in: Japan

T.Lin: Japan

T.L in: [Sweden/Finland)

T.L in: Sweden

T.Lin:

[# = fulvulata (Pallas, 1773) (Phalaena)  TL in: [Russia]

[# = glaucescens (Goeze, 1781) (PhalaenaNoctua)  T.L in:

[# = glaucofasciata (Goeze, 1781) (PhalaenaGeometra)

[# = plebeja (Linnaeus, 1761) (PhalaenaNoctua) Tl in: Sweden
[# = vidua (Fabricius, 1775) (Bombyx)  T.L in: Anglia [England]

[#" Archiearis parthenias sajana (Prout, 1912) (Brephos)

T.L in: [Russia)

B Archiearis infans infans (Méschler, 1862) (Brephos)

Family: Geometridae Leach, 1815 Subfamily: Arc

Tribe: will be updated Genus: Archiearis

Author: Hiibner

Year: [1
Senior species: infans Senior sub species: infan
Senior species author: Méschler Senior species year: 1862
Species: infans Subspecies: infans
Species author: Moschler Species year: 1862
Species in author: Original genus: Brephos

Country: [Canada]

rinae Fletcher, 1953

SYNONYMS

= hamadryas (Harris, 1869) (Brephos)

CLASSIFICATION

Family Geometridae Leach, 1815
Archiearinae Fletcher, 1053
will be updated

Archiearis

Subfamily
Tribe
Genus

Fig. 1. Examples of search results from the “Online taxonomic facility of geometrid moths”, available at https://geometroidea.smns-
bw.org/. A. Genus-level result using the term “Archiearis”. B. Species-level result using the term “Archiearis infans infans”, or select-

ing the hyperlink in (A) (black arrow).

able names), giving a total of 27,006 valid species-group
names, which in turn comprise 23,872 species names and
3,134 subspecies names. This diversity is classified into
2,019 genera and nine subfamilies (see “Phylogeny, clas-
sification and species richness by subfamily” for details).
Subspecific names are often controversial in systema-
tics. The current version of the “Online taxonomic facility
of geometrid moths” includes 3,134 such entries. A robust
approach has been taken in checklists of other lepidopteran

taxa (e.g., PooLE 1989; NIELSEN et al. 1996), in which it was
proposed that subspecies names should be treated as jun-
ior synonyms of the relevant species name. With respect
to the Geometridae, ScoBLE (1999: xx—xxi) argued that
“subspecies are inconsistently founded and usually they
merely burden the taxonomy without adding anything to
our understanding of natural divisions within a species”.
The subspecies problem was also discussed by Skou &
SiHvONEN (2015: 37) in the European context, a continent
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overwhelmed by subspecies and synonymies. Indeed, in
“The Geometrid Moths of Europe” series (HAUSMANN
2001, 2004; MiroNov 2003; HausMANN & ViDALEPP 2012;
Skou & SiHvoNEN 2015; MULLER et al. 2019a, 2019b) hun-
dreds of subspecies names were sunk into synonymy (see
HausmanN & SiavoneN 2019). We follow Scobre (1999)
and encourage taxonomists using the online database to
adopt the approach of synonymising subspecies if they do
not merit the rank of species unless there are clear and
consistent reasons for not doing so.

Phylogeny, classification and
species richness by subfamily

Much research on the systematics of the Geometridae
has been carried out from the time of LINNAEUS onwards,
but more needs to be done to improve its current state.
Specifically, many if not most genera outside the Palacarc-
tic or Nearctic regions need revision. Many genera as cur-
rently accepted are not monophyletic and their systematic
position remains unstudied, even for those that have been

GEOMETRIDAE

¢ 9 subfamilies
¢ 2,019 genera
¢ 34 897 available names

¢ 27,006 valid species
and subspecies

¢ 23,872 valid species

e 7,891 synonyms (23% of
available names)

bt
Y. 4

>

Fig. 2. Summary of species richness and classification of geometrid moths (based on data collected until 23.5.2022) and diagnos-
tic morphological characters of the family. A. Summary of species richness and classification—see text for details. B. Geometra
papilionaria Linnaeus, 1758 (photo: PEkka MALINEN), adult male, the type species of the type genus of Geometridae. C. Geome-
tra papilionaria caterpillar (photo: Taprio Kujara), showing diagnostic loss or reduction of ventral prolegs; prolegs are present only
on segments 6 and 10, which causes the characteristic “looping” progression. Geometrid caterpillars also possess subprimary seta
L4 on the abdominal segments (not visible on the photo due to the small size of the seta). D—E. Phrataria replicataria Walker, 1866
(photos: Pasi SinvonEN), showing the morphologically diagnostic tympanal organs on the ventral side of the second abdominal seg-
ment. D. Specimen with scales, arrows showing tympanal cavity and arched sclerotised rod curved over the tympanum. The ansa,
which is visible in E and F, is inside the tympanal cavity and not visible in D. E. Specimen without scales, showing both tympa-
nal organs. Arrows on left side of picture showing tympanal cavity and sclerotised rod. F. Tympanal organ’s ansa (arrow) enlarged.
(B and C published under CC-BY-NC-SA-4.0 licence; original photos available on Finnish Biodiversity Info Facility https:/laji.fi/
en; D and E reproduced from MuriLLo-Ramos (2021), slightly modified)
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