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Abstract

The geometrid moth genus Eumera Staudinger, 1892 consists of five yellow-orange-pinkish species distributed in the
western Palearctic, with uncertain tribal classification within the geometrid subfamily Ennominae. In this study, we
explored the phylogenetic position of the genus Eumera. Therefore, a concatenated dataset was analyzed, which includes
one mitochondrial and up to ten protein-coding genetic markers per taxa. Moreover, we compared some external and
internal morphological traits to other closely related genera. Our phylogenetic inference and comparative morphology
suggested that Eumera should be included in the tribe Prosopolophini. In addition, a new species, Eumera rajaeii sp. nov.
Wanke & Shirvani is described from southern Iran, and diagnosed by molecular data and morphological features. The
distribution of the Iranian species is shown on a map. We illustrate external characters and male genitalia of three closely
related Eumera species.
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Introduction

In recent years, our knowledge of the classification of geometrid moths has been enhanced particularly by molecular
phylogenetic studies (e.g., Sihvonen et al. 2011; Ounap et al. 2016; Jiang et al. 2017; Ban et al. 2018; Brehm et al.
2019; Murillo-Ramos et al. 2019). Despite this, we are just beginning to understand the relationships at the tribal-
and genus levels, and this is a vast task in the family Geometridae, with about 24.000 known species (Miiller et al.
2019; Rajaei et al. 2022). This is also true for the European Geometridae; for example, Miiller ez al. (2019) listed
two genera for the subfamilies Larentiinae and 12 genera for Ennominae of uncertain tribal association. Ennominae
include also the genus Eumera Staudinger, 1892, which is given special attention here in this study.

The genus Eumera was described in 1892 by Staudinger based on the type species Eumera regina Staudinger,
1892 from northern Turkey (Amasia, Zara). Later, a second species was added to this genus, when Prout (1929)
described E. mulier based on a female holotype from Nicosia in the northern part of Cyprus. In 1932, Wehrli
described the subspecies E. regina turcosyrica from Turkey (Marasch [Kahramanmaras]; Akschehir) and Syria
(Akbis [Maydan Ikbis]), which he later regarded as valid species (Wehrli 1934), followed by the description of E.
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hoeferi Wehrli, 1934 from Turkey (Kurdistan, Malatia [Malatya]). Finally, Wehrli (1940), described the subspecies
E. hoeferi transcaucasica from Nakhichevan, (Dzhuga (Arax River)). 68 years later, a further species was added
to the genus Eumera, E. lewandowskii, from southwestern Jordan by Fischer (2008). Thus, today a total of five
species are assigned to the genus Eumera, all distributed in the western Palearctic region but only one species has
its distribution range in Iran (Skou & Sihvonen 2015; Miiller et al. 2019; Hausmann et al. 2020; Rajaei et al. 2022;
Rajaei et al. 2023).

Eumera species are large moths (wingspan 35-40 mm), with only limited information on their biology (Fischer
2008; Skou & Sihvonen 2015). Species of this genus are early autumnal, flying from August to early November
(Skou & Sihvonen 2015). Caterpillars of E. regina have been found on Acer monspessulanum and were reared
on Prunus triloba (Skou & Sihvonen 2015). Moths of this genus are characterized by their yellow to orange wing
colouration, rarely with light pink elements of the wing pattern (Skou & Sihvonen 2015). The outer wing margins
are slightly wavy with well-pronounced medial and postmedial lines. In the male genitalia, uncus and gnathos are
absent, and the ventral margin of the valva bears a distinct hook. In the female genitalia large and broad ovipositor,
short apophyses anteriores, lamella antevaginalis with a weakly sclerotized ridge, and weakly sclerotized signum
are diagnostic. The genus Eumera is classified in the geometrid subfamily Ennominae but its tribal association is
still uncertain (Skou & Sihvonen 2015; Miiller et al. 2019). Earlier, Eumera was considered to be a member of
the tribe Colotoini by Viidalepp (1996), whereas Hausmann et al. (2011) placed it in Ennomini. This study aims
to clarify the systematic position of this genus using a multi-gene molecular phylogenetic analysis, including one
mitochondrial and up to ten protein-coding nuclear gene regions, along with the examination of morphological
characters. In addition, a new Eumera species is described from the southern Iranian province Kerman.

Material and methods

Examined type material and specimens are deposited in the following collections: CN-SHBUK—Collection of
Noctuidae, Shahid Bahonar University of Kerman, Kerman, Iran;, NHMUK—Natural History Museum London,
United Kingdom; SMNK—Staatliches Museum fiir Naturkunde Karlsruhe, Germany; SMNS—Staatliches Museum
fiir Naturkunde Stuttgart, Germany; SNSB/ZSM—Zoologische Staatssammlung Miinchen, Germany; ZFMK—
Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany; ZMH—Finnish Museum of Natural History,
University of Helsinki, Finland.

Examined material

Eumera regina: 1 &, Macedonia, Petrina, Planina, Ochrid, 1600 m, 20.viii.1955, leg. Dr. F. Kasy, g.prep.
1327/2022 D. Wanke; 1 &, Griechenland, Fokida Nom, Chrisso bei Delphi, 17.ix.2002, leg. M. Salmen, g.prep.
1328/2022 D. Wanke; 1 &, [Croatia], Sukosan, e.l., 1.ix.[19]65, leg. Czipka, g.prep. 1329/2022 D. Wanke; 1 4, 19,
[Croatia], Dalmatien, ex coll. W. Pfitzenmeier Stuttgart, g.preps (3) 1330 () 1331/2022 D. Wanke; all in SMNS.

Eumera turcosyrica: Syntypes [both labeled with ‘Typ’] 1 &, 19, Syr. sept. [Turkey], Taurus c. Marasch,
6-900 m, x.[19]30, leg. Einh. Slr., g.preps (&) 5576 (9) 1318/2022 D. Wanke; non-type specimens: 1 J, Syr.
sept. [Turkey], Taurus c¢. Marasch, 6-900 m, x.[19]30, leg. Einh. Slr., g.prep. 1319/2022 D. Wanke; 1 &, Asia min.
[Turkey], Akschehir, 10.-20.ix.[19]31, coll Wagner, Wien, g.prep. 1320/2022 D. Wanke; all in ZFMK.

1 &, Asia min. [Turkey], Aksehir, 25.viii.1966, leg. Czipka, g.prep. 1324/2022 D. Wanke; in SMINS.

Eumera hoeferi: Holotype &, Asia min. [Turkey], Malatya-Tecde, 20.ix., g.prep. 5570; Paratype [labelled as
Allotype] 1 ¢, Asia min. [Turkey], Malatya-Tecde, 20.ix., g.prep. 1317/2022 D. Wanke; all in ZFMK.

Paratype 1 &, Asia min. [Turkey], Malatya-Tecde, 20.ix., NHMUK 014173742, g.prep. NHMUK 010317504;
non-type specimens: 1 &, Iran, Fars, StraBe Chiraz-Kazeroun, Fort Sine-Sefid, ca. 2200 m, 10.ix.1937, coll. Brandt,
NHMUK 014173743, g.prep. NHMUK 010317503; 1 @, Iraq, Kurdistan, Rowanduz, 8.x.1936, E.P. Wiltshire,
NHMUK 014173744, g.prep. NHMUK 010317505; 1 &, Iraq, Kurdistan, Rayat, 14.x.[19]36, E.P. Wiltshire,
NHMUK 014173745, g.prep. NHMUK 010317506; all in NHM UK.

1 &, 19, Tiirkei, Kleinasien, Prov. Siirt, 3 km NE Baykan, 750 m, 14.x.1985, g.preps () 1322 (Q) 1323/2022
D. Wanke; all in SMINS.
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Morphological examination

Wing pattern and male genitalia were examined and original descriptions used for a critical review, as well as
additional specimens from different localities were investigated. Documentation of external characters was carried
out using an Olympus E3 digital camera. For the genitalia preparation, standard techniques were used (Robinson
1976) and if the vesica was everted, it was done following the protocol described in Sihvonen (2001). Genitalia was
embedded in Euparal as permanent slides. A Keyence VHX-5000 microscope was used for their photography.

Distribution map preparation

Geographical coordinates were traced using ‘Google Earth Pro’ (vers. 7.3.6.9326 for Mac) and the distribution
pattern was plotted and prepared in QGIS (vers. 3.22.8 for Mac). For the preparation of the elevation profile in
QGIS, Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) downloaded from https://earthexplorer.
usgs.gov, was used.

DNA extraction and amplification

Extraction of DNA of Eumera rajaeii sp. nov. Wanke & Shirvani was carried out at the molecular laboratory
of the State Museum of Natural History Stuttgart. Therefore, prior to genitalia dissection, the whole abdomen of
the holotype was used for lysis (details available in Hundsdoerfer & Kitching 2010), following the manufacturer’s
protocol of the DNeasy Blood and Tissue kits (Qiagen, Hilden, Germany).

Amplification of the “barcode” fragment (658 base-pairs of the 5’ terminus) of the mitochondrial Cytochrome-
C Oxidase I of Eumera rajaeii sp. nov. Wanke & Shirvani, was performed using standard protocols (Ivanova et al.
2006) and amplification of nuclear genes of Eumera rajaeii sp. nov. Wanke & Shirvani was conducted following
the protocols of Wahlberg and Wheat (2008) and Wahlberg et al. (2016) at the molecular laboratory of the State
Museum of Natural History Stuttgart. All PCR amplification products were sent to Macrogen for sequencing.

Extraction and amplification of the “barcode” fragment of all other Eumera and Apocolotois species used in
barcoding analysis were performed at the Canadian Centre of DNA barcoding (CCDB, Guelph), in the framework
of the Lepidoptera campaign of the International Barcode of Life program (iBOL; www.lepbarcoding.org).

Phylogenetic analysis

In addition to the data generated in this study, we retrieved up to ten sequences per species of 655 Ennominae
taxa, as well as two Oenochrominae and three Geometrinae as outgroups from the dataset of Murillo-Ramos et al.
(2019) (see Supplementary Table). The concatenated length of the alignment was 7,662 bp.

To reveal the phylogenetic position of Eumera within Geometridae, we conducted the phylogenetic analysis
under a Maximum-likelihood (ML) approach in IQ-TREE2 V2.0.7 (Minh et al. 2020). The dataset was partitioned
by genes. We evaluated support for nodes with 1000 ultrafast bootstrap (UFBoot2) approximations (Hoang et al.
2018), and SH-like approximate likelihood ratio test (Guindon et al. 2010). We selected the best substitution model
with ModelFinder (Kalyaanamoorthy et al. 2017). To reduce the risk of overestimating branch supports in UFBoot2
test, we implemented the -bnni option. We visualized and edited the trees in FigTree v1.4.3.

TABLE 1. Interspecific genetic distances between six species of the genus Eumera and one species of the genus Apocolotois
(in %), calculated with MEGA X. Note: The small genetic differences (< 2 %) of the species E. lewandowskii, E. turcosyrica
relative to E. regina question their status on species level. However, this is beyond the scope of this study and needs further

investigation.
. .. . . . E. rajaeii sp. nov.
E. turcosyrica  E. lewandowskii E. regina E. hoeferi E. mulier Wanke & Shirvani
E. lewandowskii 1.72
E. regina 1.90 1.76
E. hoeferi 5.17 5.17 4.52
E. mulier 6.52 6.28 5.80 7.18
E. rajaeii sp. nov.
Wanke & Shirvani 6.44 6.39 6.20 6.12 6.67
A. almatensis 9.78 9.78 9.09 10.92 11.35 9.81
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Barcoding analysis

For the maximum likelihood analysis for Eumera species (with 1000 bootstrap replications), and calculation of
genetic distances, MEGA X was used (Kumar et al. 2018, Stecher et al. 2020) (K2P model: Kimura 1980).

All specimens used for CO1 analysis are given in table 2 along with their sampling site, sample ID, and process
ID numbers. Their sequences, photographs, and metadata are accessible in BOLD (Barcode of Life Datasystems) in
the public dataset DS-EUMERA (doi: dx.doi.org/10.5883/DS- EUMERA).
TABLE 2. Eumera and Apocolotois specimens used in the COI maximum likelihood analysis, with identification, sampling

site, sample ID and process ID in the Barcode of Life Data Systems (BOLD).

Taxon Identification sampling site Sample ID Process ID

A. almatensis China, Hebei, Chongli, Baiqi, 1350 m, 09.ix.2007, leg. C. Wang BC ZSM Lep 12975 GWORDB885-08
A. almatensis China, Hebei, Chongli, Baiqi, 1350 m, 23.ix.2006, leg. C. Wang BC ZSM Lep 13014 GWORD924-08
A almatensis gglrrll;, Hebei, Chongli, Shizigou, 1650 m, 13.ix.2007, leg. C. BC ZSM Lep 13350 OG8WORB2670-

A. almatensis
E. hoeferi

E. hoeferi

E. lewandowskii
E. mulier

E. mulier

E. mulier

E. mulier

E. regina

E. regina

E. regina

E. regina

E. turcosyrica
E. turcosyrica
E. turcosyrica

E. turcosyrica

E. rajaeii sp.
Wanke & Shirvani

nov.

Kazakhstan, Almaty, Tien Shan, Turgen, 27.ix.2010, leg. G.
Nazymbetova

Turkey, Malatya, Malatya, 2 km S Erkenek, Resadiye pass, 1550
m, 15.ix.2009, leg. R. Fiebig & S. Rothe

Turkey, Tunceli, 9.5 km NE Ovacik, 1400 m, 24.viii.2009, leg.
R. & S. Fiebig

Jordan, Ma’an, Al-Aqabah, Wadi Musa nr Petra, 1030 m,
12.x.2007, leg. S: Lewandowski & K. Tober

Cyprus, Limassol, nr. Agios Joannis, 920 m, 03.x.2000, leg. H.
Fischer

Cyprus, Larnaca, nr. Lefkara, 790 m, 01.x.2004, leg. S.
Lewandowski

Cyprus, Larnaca, nr. Lefkara, 790 m, 01.x.2004, leg. S.
Lewandowski

Cyprus, Larnaca, nr. Lefkara, 790 m, 01.x.2004, leg. S.
Lewandowski

Turkey, Cankiri, Ic Anadolu, Ilgaz, 900 m, 09.ix.1997, leg. T.
Drechsel & H. Loebel

Turkey, Cankiri, Ic Anadolu, Ilgaz, 900 m, 09.ix.1997, leg. T.
Drechsel & H. Loebel

Turkey, Cankiri, Ic Anadolu, Ilgaz, 900 m, 09.ix.1997, leg. T.
Drechsel & H. Loebel

Croatia, Splitsko-dalmatinska, Dalmatia, NP Mt. Biokovo,
Rastovac, 221 m, 13.ix.2007, leg. I. Mihoci, M. Vajdic

Israel, Northern, Mt. Hermon, 2000 m, 30.xi.2003, leg. Mueller,
Kravchenko

Jordan, Al Asimah, Jabal Ma uda, 100 m, 31.x.2002, leg. Li,
Mueller

Lebanon, Mount Lebanon, Arab ei Laglouq, 1600 m, 29.ix.2008,
leg. Floriani, Saldaitis

Syria, Idlib, Al Barah, 659 m, 15.x.2010, leg. S. Lewandowski
& K. Tober

Iran, prov. Kerman, Dalfard, waterfall, 2204 m, 16.ix.2021, leg.
Asghar Shirvani

BC ZSM Lep 80107
BMB Lep 00771
BMB Lep 00772
BC ZSM Lep 11461
BC ZSM Lep+ 0020
BC ZSM Lep 11478
BC ZSM Lep 11479
BC ZSM Lep 11480
BC ZSM Lep 09080
BC ZSM Lep 09081
BC ZSM Lep 09082
RCIM 0017

BC ZSM Lep 00250
BC ZSM Lep 00334
BC ZSM Lep 19578
BC ZSM Lep 52709

SMNS Lep 002347

GWORS5397-13

GWOTD1021-
12

GWOTD1022-
12

GWORA593-08

GWOR3008-08

GWORA610-08

GWORAG611-08

GWORA612-08

GWORA494-08

GWORA495-08

GWORA496-08

GWOSI017-10

GWOR250-07

GWOR334-07

GWORP792-09

GWOSNS598-11

GMECA086-23

Results

In total, eight genes (COI, ArgK, Ca-ATPase, EF-1a, GAPDH, IDH, MDH, RpS5) of the holotype of Eumera
rajaeii sp. nov. Wanke & Shirvani were successfully amplified and sequenced. In molecular phylogenetic analysis,
Eumera rajaeii sp. nov. Wanke & Shirvani clustered as sister to Himeromima near aulis (Druce, 1892) within the
tribe Prosopolophini (fig. 1). Moreover, the results of our morphological examination support the assignment of
Eumera to the tribe Prosopolophini (see figs 2-5 and Systematics part of Discussion).
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Our results from the barcoding analysis revealed a genetic p-distance of Eumera rajaeii sp. nov. Wanke &
Shirvani of 6.12 % difference from the nearest species E. hoeferi. Description of the new Eumera species is given
in the taxonomy part of the Discussion.

PS181_OENO Sarcinodes aequilinearia 5
07,604 Oenochrominae

EF_Aus_Geo_1_OENO Gastrophora henricaria
W‘—SW_< Geometrinae
% Unnamed clade (genus Declana) see Brehm et al. 2019
] % Diptychini

MMO06693_CAMP Campaea margaritaria

Campaeini

NS45_CAMP Hylaea fasciaria

|

100/100
MMO0148_ALSO Alsophila aescularia Alsophilini

MM14762_WILE Wilemania nitobei

MMO02692_COLO Colotois pennaria

4z.1i2 SMNS_Lep_002347 Eumera rajaeii sp. n. Wanke & Shirvani

Gu_Geo_005_UN Himeromima aulis

Euangeronini

Unnamed clade (genus Idialcis) see Brehm et al. 2019
Gonodontini
Gnophini
Odontoperini

Nacophorini s.I.
Ennomini
Other Ennominae tribes

0.06

FIGURE 1. Phylogenetic position of Eumera rajaeii sp. nov. Wanke & Shirvani within Ennominae, supporting the classification
of the genus Fumera in Prosopolophini. The maximum likelihood tree is based on up to ten genes, and the numbers above the
branches are SH-aLRT support (%) / ultrafast bootstrap support (%). The dataset is based on Murillo-Ramos ez al. (2019),
supplemented with Eumera rajaeii sp. nov. Wanke & Shirvani (see Supplementary Table).

Discussion
Systematics

FEumera rajaeii sp. nov. Wanke & Shirvani, Himeromima near aulis (Druce, 1892), Colotois pennaria (Linnaeus,
1761), and Wilemania nitobei (Nitobe, 1907) grouped together in the multi-gene phylogeny (fig. 1) and those
are morphologically similar (figs 2-5). In addition, Dorsispina furcicornaria Nupponen & Sihvonen, 2013,
Chondrosoma fiduciaria Anker, 1854, Apochima flabellaria (Heeger, 1838), and Dasycorsa modesta (Staudinger,
1879), which have thus far not been included in molecular phylogeny, but the structures are well-known (Nupponen
& Sihvonen 2013; Skou & Sihvonen 2015; Miiller et al. 2019) are morphologically similar. Males share bipectinate
antennae, often wings have pale spots in the terminal area, and the genitalia have diagnostic bilobed uncus (single
in D. modesta; homology of dorsal structures in some Prosopolophini taxa is unclear, that of E. regina identified as
scaphium in Skou & Sihvonen (2015)), which is either symmetrical or asymmetrical, valva is simple and relatively
wide, sacculus sclerotized marginally and with a spine-shaped saccular process, the short and small aedeagus bears
a simple vesica. Female genitalia are not known for all these species, but the examined taxa share large papillae
anales, corpus bursae are simple and membranous, and signum is absent (small, weakly stellate signum is present
in W. nitobei).

Many of the above-mentioned taxa have earlier been assigned to the tribes Colotoini (e.g., Viidalepp 1996), or
Gonodontini Forbes, 1948 (Pohl et al. 2016), while Beljaev (2016) considered Colotoini Wehrli, 1940, Wilemanini
Wehrli, 1941 and Compsopterini Herbulot, 1963 junior synonyms of Prosopolophini Warren, 1894. The type genus
of Prosopolophini is Compsoptera Blanchard, 1845, which has thus far not been included in molecular phylogeny.
The morphology of Compsoptera is illustrated in Skou and Sihvonen (2015). Alsophila aescularia (Denis &
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Schiffermiiller, 1775), currently classified in Alsophilini Herbulot, 1962, is sister to Prosopolophini in the molecular
phylogeny (fig. 1). It is morphologically different from Prosopolophini lineage (see e.g., Hausmann 2001), therefore,
we consider Alsophilini valid on tribe level.

The disjunct biogeography of Prosopolophini is striking. In the phylogenetic tree, Eumera and Himeromima are
sister taxa, the former occurring from southern Europe across the Near East to Iran in the Palearctic (Skou & Sihvonen
2015), the latter from Mexico to the northern parts of South America (Pitkin 2002). All other Prosopolophini species
are found in the Palearctic, except C. pennaria, which shows a Holarctic distribution. It is not excluded that this
disjunct zoogeographical pattern will become supplemented and modified when additional genera will be included
in the molecular phylogenetic analysis, which may turn out to be closer relatives to Fumera.

Taxonomy

Eumera rajaeii sp. nov. Wanke & Shirvani
(figs 4, 16, 21)

Material examined. Holotype &, Iran, prov. Kerman, Dalfard, waterfall, 28°59'58"N, 57°35'15"E, 2204 m,
16.ix.2021, leg. Asghar Shirvani, g.prep. 1321/2022 D. Wanke; in SMNS.

Paratypes 2 &, Iran, prov. Kerman, Baft, Khabr, 2360 m, 28°51'0"N, 56°22'22"E, 7-8.x.2021, leg. Asghar
Shirvani; all in SMINS.

2 &, Iran, prov. Kerman, Sarbizhan, Shingera, 2850 m, 29°5'8"N 57°32'50"E, 25.viii.2022, leg. Asghar Shirvani,
g.prep. AS880m A. Shirvani; 1 &, Iran, prov. Kerman, Baft, Dehsard, 15.viii.2022, leg. Mehrabi, g.prep. AS882m
A. Shirvani; 1 &, Iran, prov. Kerman, Baft, Khabr, 2522 m., 28°45'34"N 56°29'5"E, 2.ix.2022, leg. Kamyab &
Shirvani, g.prep. AS881m A. Shirvani; all in CN-SHBUK.

1 &, Iran, prov. Kerman, Baft, Khabr, 2360 m, 28°51'0"N, 56°22'22"E, 7-8.x.2021, leg. Asghar Shirvani; in
SMNK.

2 &, Iran, prov. Kerman, Baft, Khabr, 2360 m, 28°51'0"N, 56°22'22"E, 7-8.x.2021, leg. Asghar Shirvani; all
in SNSB/ZSM.

1 &, Iran, prov. Kerman, Baft, Khabr, 2522 m., 28°45'34"N 56°29'5"E, 2.ix.2022, leg. Kamyab & Shirvani; 1 &, Iran,
prov. Kerman, Sarbizhan, Shingera, 2850 m, 29°5'8"N 57°32'50"E, 25.viii.2022, leg. Asghar Shirvani; all in ZMH.

Description. Wings and body (figs 4, 16). Wingspan & 30-37 mm (forewing length &' 17-20 mm). Antennae
bipectinate. Frons protruding, prominently yellow scaled. Chaetosemata present as two small patches, located
between eyes’ margin and antennal bases. Labial palpi strongly reduced, about one-fifth eye diameter. Proboscis
reduced. Head, thorax and abdomen concolorous with wings. Forewing basal area, terminal area, and costa
brownish-yellow pink with some olive green, terminal area olive green. Terminal line and fringes pink with some
brown spots. Medial and postmedial lines brown, pink highlighted. Medial line weakly pronounced. Postmedial line
neatly curved. Hindwing brownish-pink, basal and medial area pink, terminal area olive-green. Medial line absent.
Postmedial line narrow, brown.

Male genitalia (figs 4, 21). Uncus (homology tentative) triangular. Gnathos absent. Valva long and thin. Costa
of valva and and ventral margin of sacculus strongly sclerotized. Sacculus with spine-shaped process. Juxta large,
posteriorly narrowing. Saccus large and elongated. Aedeagus strongly s-shaped. Vesica without cornuti.

Female genitalia. Unknown.

Diagnosis. In Iran, only E. hoeferi is reported from the southern province Fars (Brandt 1939, Viidalepp 1996), which
we can confirm here as a specimen was available from this province in the collection of the NHMUK (see examined
material). Nevertheless, the new species is - in addition to E. hoeferi - also compared with E. regina and E. turcosyrica.
In the forewing postmedial line neatly curved (rather straight in E. regina, E. turcosyrica and E. hoeferi) (figs 6—16).
Two white spots in the terminal area of the forewing absent (similar in E. hoeferi; two white spots present in E. regina
and E. turcosyrica). In the male genitalia differences are minute and quantitative: saccus more elongated and aedeagus
strongly s-shaped compared to E. regina, E. turcosyrica and E. hoeferi (figs 17-21). See also DNA barcoding.

Phenology. Type specimens collected from August to October.

Biology. Unknown.

Habitat. Type specimens were collected from rocky mountainous regions covered with shrubs and trees at
altitudes from 2204 m up to 2850 m.
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2a
Wilemania nitobei

Colotois pennaria

5a

Himeromima near aulis

FIGURES 2-5. Adults, male genitalia and aedeagus of Eumera rajaeii sp. nov. Wanke & Shirvani and related genera based on the
molecular phylogeny shown in Figure 1. We classify these genera and several other (see text for details), in tribe Prosopolophini.
2: Wilemania nitobei (Japan, Bushi, Iruma, Saitama-kea, 24.xi.1973, coll. NHMUK, g.prep. Sihvonen 1867); 3: Colotois pennaria
(a: Sweden, Sédermanland, Ageta, 21.ix.1973, coll. Skou; b—c. Finland: Vantaa, Kénigstedt, 2-9.ix.1995, coll. Sihvonen, g.prep.
Sihvonen 1862); 4: Eumera rajaeii sp. nov. Wanke & Shirvani (Iran, Kerman, Dalfard, 16.ix.2021, coll. SMNS, g.prep. 1321/2022 D.
Wanke); 5: Himeromima near aulis (Mexico, Orizaba, May 1896, coll. NHMUK, g.prep. Sihvonen 2873). Figures are not to scale.
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FIGURES 6-16. Wing colouration and pattern of Fumera species. 6—7: E. regina (6: Macedonia, Petrina, g.prep. 1327/2022 D.
Wanke; 7: [Croatia], Dalmatien, g.prep. 1331/2022 D. Wanke); 8—11: E. turcosyrica (8: Syntype, [Turkey], Taurus c. Marasch,
g.prep. 5576; 9: [Turkey], Aksehir, g.prep. 1324/2022 D. Wanke; 10: [Turkey], Taurus c. Marasch, g.prep. 1319/2022 D. Wanke;
11: Syntype, [Turkey], Taurus c. Marasch, g.prep. 1318/2022 D. Wanke); 12-15: E. hoeferi (12: Holotype, [Turkey], Malatya-
Tecde, g.prep. 5570; 13: Paratype, [Turkey], Malatya-Tecde, g.prep. NHMUK 010317504; 14: Iran, Fars, Fort Sine-Sefid, g.prep.
NHMUK 010317503; 15: Paratype [Turkey], Malatya-Tecde, g.prep. 1317/2022 D. Wanke); 16: E. rajaeii sp. nov. Wanke &
Shirvani (Iran, Kerman, Dalfard, g.prep. 1321/2022 D. Wanke). a = upperside; b = underside. Scale-bar 1 cm.
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FIGURES 17-21. Male genitalia of Eumera species. 17: E. regina (Griechenland, Fokida Nom, Chrisso, g.prep. 1328/2022 D.
Wanke); 18: E. turcosyrica ([Turkey], Taurus c. Marasch, g.prep. 1319/2022 D. Wanke); 19-20: E. hoeferi (3: Paratype, [Turkey],
Malatya-Tecde, g.prep. NHMUK 010317504; 4: Iran, Fars, Fort Sine-Sefid, g.prep. NHMUK 010317503); 21: E. rajaeii sp. nov.
Wanke & Shirvani (Iran, Kerman, Dalfard, g.prep. 1321/2022 D. Wanke). a = genitalia capsule; b = aedeagus. Scale-bar 1 mm.
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= GWOR250-07 Eumera turcosyrica (Israel, Mt. Hermon)

GWORP792-09 Eumera turcosyrica (Lebanon, Arab ei Laglouq)

70 E. turcosyrica
GWOR334-07 Eumera turcosyrica (Jordan, Al Asimah)

76

GWOSN598-11 Eumera turcosyrica (Syria, Idlib, Al Barah)

L GWORA593-08 Eumera lewandowskii (Jordan, Al-Agabah) E. lewandowskii
92

— GWOSI017-10 Eumera regina (Croatia, Dalmatia)

GWORA494-08 Eumera regina (Turkey, Cankiri, llgaz)
E. regina

71 90 GWORA495-08 Eumera regina (Turkey, Cankiri, llgaz)

GWORA496-08 Eumera regina (Turkey, Cankiri, llgaz)

—— GWOTD1021-12 Eumera hoeferi (Turkey, Malatya)

E. hoeferi

65

100 - GWOTD1022-12 Eumera hoeferi (Turkey, Tunceli)
76{GWOR3008_08 Eumera mulier (Cyprus, Limassol)

GWORA611-08 Eumera mulier (Cyprus, Larnaca)

E. mulier

100 GWORA610-08 Eumera mulier (Cyprus, Larnaca)

L GWORAG612-08 Eumera mulier (Cyprus, Larnaca)

E. rajaeii sp. nov.

SMNS Lep 002347 Eumera rajaeii sp. nov. Wanke & Shirvani (Iran, Kerman) Wanke & Shirvani

GWORD924-08 Apocolotois almatensis (China, Baigi)

00 GWORD885-08 Apocolotois almatensis (China, Baigi)
A. almatensis

67 GWORB2670-08 Apocolotois almatensis (China, Shizigou)

0.02 GWORS5397-13 Apocolotois almatensis (Kazakhstan, Almat

p ( y)
FIGURE 22. Maximum likelihood analysis including all known Eumera species and Apocolotois almatensis based on COI 5’
sequences (built with MEGA X; Kimura 2-parameter model; bootstrap method, 1000 replications).

Distribution. Only known from the southern Iranian province Kerman (fig. 23)

DNA barcoding. The new species shows more than 6 % genetic p-distance from all other Eumera species. The
genetically nearest species is E. hoeferi with 6.12 % difference (fig. 22, tab. 1).

Etymology. The new species is dedicated to our friend and mentor of the first author, Hossein Rajaei (SMNS,
Germany), for his encouraging and always enjoyable collaboration and his exceptional contribution to the knowledge
of Iranian Lepidoptera.
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FIGURE 23. Distribution map of Fumera species in Iran.

Acknowledgements

We would like to express our sincere thanks to Marianne Espeland (Zoologisches Forschungsmuseum Alexander
Koenig, Bonn, Germany), Geoff Martin, David Lees and Alberto Zilli (Natural History Museum, London, UK)
for their support during the stay in their collections and the loan of valuable specimens. We sincerely thank the
subject editor of Zootaxa, Reza Zahiri (Ottawa, Canada), and two anonymous reviewers, for their critical review,
constructive comments and helpful suggestions. This research received support from the SYNTHESY S+ Project
(http://www.synthesys.info/), which is financed by European Community Research Infrastructure Action under the
H2020 Integrating Activities Programme, Project number 823827.

References

Ban, X., Jiang, N., Cheng, R., Xue, D. & Han, H. (2018) Tribal classification and phylogeny of Geometrinae (Lepidoptera:
Geometridae) inferred from seven gene regions. Zoological Journal of the Linnean Society, 184 (3), 653—-672.
https://doi.org/10.1093/zoolinnean/zly013

Beljaev, E. (2016) Geometroidea, Geometridae. /n: Leley, A.S. (Ed.), Annotated catalogue of the insects of Russian Far East.
Vol. 2. Lepidoptera. Dalnauka, Vladivostok, pp. 518-666.

Brandt, W. (1939) Beitrag zur Lepidopteren-Fauna von Iran. Neue Gattungen, Arten und Formen (Macrolepidoptera).
Entomologische Rundschau, 56 (16), 161-163.

Brehm, G., Murillo-Ramos, L., Sihvonen, P., Hausmann, A., Schmidt, B. C., Ounap, E., Moser, A., Mértter, R., Bolt, D., Bodner,
F., Lindt, A., Parra, L.E. & Wahlberg, N. (2019) New World geometrid moths (Lepidoptera: Geometridae): molecular
phylogeny, biogeography, taxonomic updates and description of 11 new tribes. Arthropod Systematics & Phylogeny, 77
(3), 457-486.
https://doi.org/10.26049/ASP77-3-2019-5

102 - Zootaxa 5270 (1) © 2023 Magnolia Press WANKE ET AL.



Fischer, H. (2008) Eumera lewandowskii sp. n., eine neue Art der Gattung Eumera Staudinger, 1892 aus Jordanien (Lepidoptera:
Geometridae, Ennominae). Nachrichten des Entomologischen Vereins Apollo, N. F., 29 (1/2), 77-79.

Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W. & Gascuel, O. (2010) New algorithms and methods to
estimate maximum-likelihood phylogenies: assessing the performance of PhyML 3.0. Systematic Biology, 59, 307-321.
https://doi.org/10.1093/sysbio/syq010

Hausmann, A., Mironov, V. & Viidalepp, J. (2011) Geometridae. /n: Karsholt, O. & Karsholt, O. & Nieukerken, E.J. van (Eds.),
Fauna Europaea: Lepidoptera, Moths. Fauna Europaea version 2017.06. Available from: https://fauna-eu.org (accessed 12
March 2022)

Hausmann, A., Kravchenko, V. & Miiller, G. (2020) The Lepidoptera of Israel. Vol. 3. Geometridae. Proceedings of the Museum
Witt Munich, 256 pp.

Hoang, D.T., Chernomor, O., von Haeseler, A., Minh, B.Q. & Vinh, L.S. (2018) UFBoot2: Improving the Ultrafast Bootstrap
Approximation. Molecular Biology and Evolution, 35, 518-522.
https://doi.org/10.1093/molbev/msx281

Hundsdoerfer, A.K. & Kitching, 1.J. (2010) A method for improving DNA yield from century-plus old specimens of large
Lepidoptera while minimizing damage to external and internal abdominal characters. Arthropod Systematics and Phylogeny,
68 (1), 151-155.

Ivanova, N.V., deWaard, J.R. & Hebert, P.D.N. (2006) An inexpensive, automation-friendly protocol for recovering high-quality
DNA. Molecular ecology Notes, 6, 998—1002.
https://doi.org/10.1111/j.1471-8286.2006.01428.x

Jiang, N., Li, X.X., Hausmann, A., Cheng, R., Xue, D.Y. & Han, H.X. (2017) A molecular phylogeny of the Palaearctic and
Oriental members of the tribe Boarmiini (Lepidoptera: Geometridae: Ennominae). Invertebrate Systematics, 31 (4), 427—
441.
https://doi.org/10.1071/IS17005

Kalyaanamoorthy, S., Minh, B.Q., Wong, T.K.F., von Haeseler, A. & Jermiin, L.S. (2017) ModelFinder: Fast model selection for
accurate phylogenetic estimates. Nature Methods, 14, 587-589.
https://doi.org/10.1038/nmeth.4285

Kumar, S., Stecher, G., Li, M., Knyaz, C. & Tamura, K. (2018) MEGA X: Molecular Evolutionary Genetics Analysis across
computing platforms. Molecular Biology and Evolution, 35 (6), 1547-1549.
https://doi.org/10.1093/molbev/msy096

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D., Woodhams, M.D., von Haeseler, A. & Lanfear, R. (2020) IQ-TREE
2: New Models and Efficient Methods for Phylogenetic Inference in the Genomic Era. Molecular Biology and Evolution,
37, 1530-1534.
https://doi.org/10.1093/molbev/msaa015

Miiller, B., Erlacher, S., Hausmann, A., Rajaei, H., Sihvonen, P. & Skou, P. (2019) Ennominae II. /n: Hausmann, A., Rajaei, H.,
Sihvonen, P. & Skou, P. (Eds.), The Geometrid Moths of Europe. Vol. 6. Brill, Leiden, pp. 1-906.
https://doi.org/10.1163/9789004387485

Murillo-Ramos, L., Brehm, G., Sihvonen, P., Hausmann, A., Holm, S., Reza Ghanavi, H., Ounap, E., Truuverk, A., Staude, H.,
Friedrich, E., Tammaru, T. & Wahlberg, N. (2019) A comprehensive molecular phylogeny of Geometridae (Lepidoptera)
with a focus on enigmatic small subfamilies. PeerJ 7, €7386.
https://doi.org/10.7717/peerj. 7386

Nupponen, K. & Sihvonen, P. (2013) Dorsispina furcicornaria, a new geometrid species and new genus from Kazakhstan
(Lepidoptera: Geometridae: Ennominae). Nota Lepidopterologica, 36 (2), 179-187.

Ounap, E., Viidalepp, J. & Truuverk, A. (2016). Phylogeny of the subfamily Larentiinae (Lepidoptera: Geometridae): integrating
molecular data and traditional classifications. Systematic Entomology, 41, 824—843.
https://doi.org/10.1111/syen.12195

Pitkin, L.M. (2002) Neotropical ennomine moths: a review of the genera (Lepidoptera: Geometridae). Zoological Journal of the
Linnean Society, 135, 121-401.
https://doi.org/10.1046/j.1096-3642.2002.00012.x

Pohl, G.R., Patterson, B. & Pelham, J.P. (2016) Annotated taxonomic checklist of the Lepidoptera of North America, north of
Mexico. Working paper on ResearchGate.net, 766 pp.
https://doi.org/10.13140/RG.2.1.2186.3287

Prout, L.B. (1929) New Palacarctic Geometridae. Novitates zoologicae: a journal of zoology in connection with the Tring
Museum, XXXV, 142—-149.
https://doi.org/10.5962/bhl.part.10821

Rajaei, H., Aarvik, L., Arnscheid, W. R., Baldizzone, G., Bartsch, D., Bengtsson, B. A, Bidzilya, O., Buchner, P., Buchsbaum,
U., Buszko, J., Dubatolov, V. V., Erlacher, S., Esfandiari, M., Freina, J. J. De, Gaedike, R., Gyulai, P., Hausmann, A.,
Haxaire, J., Hobern, D., Hofmann, A., Ignatev, N., Kaila, L., Kallies, A., Keil, T., Kiss, A., Kitching, 1. J., Kun, A., Laszlo,
G. M., Leraut, G., Mally, R., Matov, A., Meineke, J.-U., Melichar, T., Mey, W., Mironov, V., Miiller, B., Naderi, A., Nissig,
W. A., Naumann, S., Nazari, V., Nieukerken, E. J. Van, Nuss, M., P6ll, N., Prozorov, A. M., Rabich, M. M., Rakosy, L.,
Rindos, M., Rota, J., Rougerie, R., Schintlmeister, A., Shirvani, A., Sihvonen, P., Simonsen, T. J., Sinev, S. Yu., Skou, P,,
Sobezyk, T., Sohn, J.-C., Tabell, J., Tarmann, G., Tokar, Z., Trusch, R., Varga, Z., Volynkin, A.V., Wanke, D., Yakovlev, R.

TRIBAL ASSIGNMENT OF EUMERA, WITH ANEW SPECIES DESCRIPTION  Zootaxa 5270 (1) © 2023 Magnolia Press - 103



V., Zahiri, R., Zehzad, P., Zeller, H. C., Zolotuhin, V. V. & Karsholt, O. (2023) Catalogue of the Lepidoptera of Iran. In:
Rajaei, H. & Karsholt, O. (Eds.), Lepidoptera Iranica. Integrative Systematics, 6 (Special Issue), 121-459.
https://doi.org/10.18476/2023.997558.7

Rajaei, H., Hausmann, A., Scoble, M., Wanke, D., Plotkin, D., Brehm, G., Murillo-Ramos, L. & Sihvonen, P. (2022) An online
taxonomic facility of Geometridae (Lepidoptera), with an overview of global species richness and systematics. Integrative
Systematics, 5 (2), 145-192.
https://doi.org/10.18476/2022.577933

Robinson, G.S. (1976) The preparation of slides of Lepidoptera genitalia with special reference to the Microlepidoptera.
Entomologist’s Gazette, 27, 127-132.

Sihvonen P. (2001) Everted vesicae of the Timandra griseata group: methodology and differential features (Geometridae,
Sterrhinae). Nota lepidopterologica, 24 (3), 57-63.

Sihvonen, P., Murillo-Ramos, L., Brehm, G., Staude, H. & Wahlberg, N. (2020) Molecular phylogeny of Sterrhinae moths
(Lepidoptera: Geometridae): towards a global classification. Systematic Entomology, 45, 606—634.
https://doi.org/10.1111/syen.12418

Sihvonen, P., Mutanen, M., Kaila, L., Brehm, G., Hausmann, A. & Staude, H.S. (2011) Comprehensive molecular sampling
yields a robust phylogeny for geometrid moths (Lepidoptera: Geometridae). PLoS ONE, 6, €20356.
https://doi.org/10.1371/journal.pone.0020356

Skou, P. & Sihvonen, P. (2015) Ennominae I. /n: Hausmann, A. (Ed.): The Geometrid Moths of Europe. Vol. 5. Brill, pp.
1-657.
https://doi.org/10.1163/9789004265738

Staudinger, O. (1892) Neue Arten und Varietdten von paldarktischen Geometriden aus meiner Sammlung. Deutsche
entomologische Zeitschrift herausgegeben von der Gesellschaft Iris zu Dresden, V, 141-260.

Stecher, G., Tamura, K. & Kumar, S. (2020) Molecular Evolutionary Genetics Analysis (MEGA) for macOS. Molecular Biology
and Evolution, 37 (4), 1237-1239.
https://doi.org/10.1093/molbev/msz312

Viidalepp, J. (1996) Checklist of the Geometridae (Lepidoptera) of the former U.S.S.R. Apollo Books, Stenstrup, 111 pp.

Wahlberg, N., Pefia, C., Ahola, M., Wheat, C.W. & Rota, J. (2016) PCR primers for 30 novel gene regions in the nuclear
genomes of lepidoptera. Zookeys, 596, 129-141.
https://doi.org/10.3897/zookeys.596.8399

Wabhlberg, N. & Wheat, C.W. (2008) Genomic outposts serve the phylogenomic pioneers: designing novel nuclear markers for
genomic DNA extractions of Lepidoptera. Systematic Biology, 57, 231-242.
https://doi.org/10.1080/10635150802033006

Wehrli, E. (1932) Neue Geometriden-Arten und-Rassen (Lep. Het.) von der Marasch-Expedition L. Osthelder u. E. Pfeiffer,
Miinchen. Mitteilungen der Miinchner Entomologischen Gesellschaft, 22 (1), 3-33.

Wehrli, E. (1934) Lepidopteren-Fauna von Marasch in tiirkisch Nordsyrien. (Fortsetzung) Die Geometriden der Ausbeute
des Herrn Ernst Pfeiffer und Herrn L. Osthelder Miinchen aus Marasch und Bertiz Jaila, Achyr Dagh, Siidost Taurus.
Mitteilungen der Miinchner Entomologischen Gesellschaft, 24 (2), 25-55.

104 - Zootaxa 5270 (1) © 2023 Magnolia Press WANKE ET AL.



