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Abstract 
Iran is an important biodiversity hotspot in the world. Recent studies have shown that two of 

the 36 global biodiversity hotspots are located in Iran: The Irano-Anatolian and the Caucasian 

hotspots. These two hotspots include parts of the two mountain ranges in Iran, the Alborz 

Mountains and the Zagros Mountains, which are crucial for the biodiversity, hosting a large 

number of endemic species. However, climate change and anthropogenic activities threaten its 

diversity. This study uses geometrid moths as a model group to better understand general 

patterns of biodiversity and zoogeography in Iran. Geometridae are suitable for such studies 

and scientifically interesting for several reasons: The family is species-rich with nearly 24,000 

known species worldwide (539 known species in Iran), the species have short life-cycles and 

thus react quickly to environmental changes, and they occupy specialized ecological niches. 

Knowledge of Palearctic geometrid moths is rather advanced compared to other regions. The 

Western Palearctic, in particular, has been the target of considerable research. However, this is 

not the case for regions in the Middle East and Central Asia, where much is still unknown and 

further research is crucial. 

To fill this gap for geometrid moths in this region, data on their species richness and distribution 

patterns were collected to reveal regions with special faunal elements. Therefore, this 

dissertation consists of three parts, each of which contributes an essential element to achieve 

these goals. 

The first part deals with the taxonomic problems of partially species-rich and morphologically 

very difficult genera within the three subfamilies Sterrhinae (Problepsis, Scopula, Cinglis, 

Pseudocinglis, Scopuloides, Glossotrophia, Zygophyxia); Geometrinae (Xenochlorodes); and 

Ennominae (Nychiodes, Synopsia, Synopsidia, Eumera). Type specimens and original 

descriptions were used for critical revisions to understand the diagnostic characters of the 

species. Additionally, large series of specimens from many different museums and private 

collections were examined to highlight morphological variations. Using an integrative 

taxonomic approach that includes morphological and molecular data, a total of one new genus 

and four new species were described and 37 taxonomic changes (e.g., new synonyms, new 

combinations) were made.  

The second part addresses genera with uncertain tribal affiliation or questionable taxonomic 

status, which were also partially targets of the taxonomic revisions. A multi-gene phylogenetic 

analysis was performed using one mitochondrial gene and up to nine nuclear genes, sequences 

generated as part of this work and sequences from published phylogenetic studies were taken 

to run the analyses.  
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As a result, the genus Eumera was determined to belong to the tribe Prosopolophini, the genera 

Cinglis and Scopuloides were removed from synonymy with Scopula, two genera were 

synonymized (Glossotrophia, Pseudocinglis), and two species were transferred to a different 

genus (Problepsis wiltshirei, Aphilopota tyttha). 

In the third part, distribution data of Iranian Geometridae was used to identify biodiversity 

hotspots and regions of high endemism. In addition, a network-based method was used to divide 

the country into unique bioregions and highlight areas with specific faunal elements. As a result, 

an exceptional species richness was found along the two main mountain ranges, Zagros in the 

west and south and Alborz in the north. Considering only the endemic species, the southern 

mountain areas were identified as the most species-rich regions. The bioregionalization analysis 

also identified six main bioregions. Most of these bioregions reflect specific faunal structures 

and are in accordance with previous studies. This highlights the complex species composition 

in Iran and demonstrates the exceptional biodiversity of the country. In addition, our results 

indicated two transition zones between zoogeographical realms. Of the six zoogeographical 

realms defined by Wallace, three occur in Iran meeting in the south of the country: The 

Palearctic and Saharo-Arabian along the foothills of the Zagros Mountains and the Palearctic 

and Oriental in southeastern Iran. At these transition zones, Iran has very specific faunal 

elements of the Geometridae, which makes these zones important for conservation.  

Overall, this work contributes to a better understanding of the biodiversity of geometrids in Iran 

and neighboring countries. It serves as a resource for the identification of species, their 

distribution and habitats, which are of great interest for conservation efforts in Iran and 

neighboring countries.  
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Zusammenfassung 
Der Iran ist ein wichtiger Hotspot für die biologische Vielfalt der Welt. Studien haben gezeigt, 

dass sich zwei der 36 globalen Biodiversitäts-Hotspots in den Iran erstrecken, der Iran-

Anatolien und der Kaukasus Hotspot. Diese Hotspots fallen in die zwei großen Gebirgszüge im 

Iran, dem Alborz- und dem Zagros-Gebirge, die für die biologische Vielfalt von entscheidender 

Bedeutung sind und eine große Zahl endemischer Arten beherbergen. Diese Vielfalt ist durch 

den Klimawandel und anthropogene Aktivitäten bedroht. 

In dieser Studie werden Geometriden (Lepidoptera) als Modellgruppe verwendet, um 

allgemeine Muster der Biodiversität und Zoogeografie im Iran besser zu verstehen. 

Geometriden sind für solche Studien prädestiniert und aus mehreren Gründen von 

wissenschaftlicher Bedeutung: Die Familie ist mit weltweit fast 24.000 bekannten Arten (539 

bekannte Arten im Iran) sehr artenreich, Arten haben kurze Lebenszyklen und reagieren daher 

schnell auf Umweltveränderungen, zudem besetzen sie verschiedene ökologische Nischen. 

Paläarktische Geoemtriden sind im Vergleich zu anderen Regionen relativ gut bekannt und 

insbesondere die westliche Paläarktis war Gegenstand zahlreicher Forschungsarbeiten. Dies gilt 

jedoch nicht für die Regionen des Nahen Ostens und Zentralasiens, wo vieles noch unbekannt 

und weitere Forschung unerlässlich ist. Zum schließen dieser Lücke, wurden Daten über 

Artenreichtum und Verbreitungsmuster gesammelt und um Regionen mit besonderen 

Faunenelementen zu ermitteln. Diese Arbeit besteht daher aus drei Teilen, von denen jeder ein 

wesentliches Element zur Erreichung dieser Ziele beiträgt. 

Der erste Teil befasst sich mit den taxonomischen Problemen teilweise artenreicher und 

morphologisch sehr schwieriger Gattungen innerhalb der drei Unterfamilien Sterrhinae 

(Problepsis, Scopula, Cinglis, Pseudocinglis, Scopuloides, Glossotrophia, Zygophyxia); 

Geometrinae (Xenochlorodes); und Ennominae (Nychiodes, Synopsia, Synopsidia, Eumera).  

Für diese Revisionen wurden Typusexemplare und Originalbeschreibungen untersucht, um die 

diagnostischen Merkmale der Arten zu verstehen. Morphologische Variationen wurden mithilfe 

großer Serien von Exemplaren aus vielen verschiedenen Museen und Privatsammlungen 

untersucht und aufgezeigt. Unter Verwendung eines integrativ taxonomischen Ansatzes, der 

morphologische und molekulare Daten umfasst, wurden eine neue Gattung und vier neue Arten 

beschrieben und 37 taxonomische Änderungen (z. B. neue Synonyme, neue Kombinationen) 

vorgenommen.  

Der zweite Teil befasst sich mit Gattungen unsicherer Zugehörigkeit oder fragwürdigem 

taxonomischen Status, die zum Teil auch Ziel der taxonomischen Revisionen waren. Es wurde 

eine phylogenetische Analyse mit mehreren Genen durchgeführt, bei der ein mitochondriales 
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Gen und bis zu neun nukleäre Gene verwendet wurden. Die im Rahmen dieser Arbeit erzeugten 

Sequenzen sowie Sequenzen aus veröffentlichten phylogenetischen Studien wurden für die 

Analysen verwendet. Dadurch konnte die Gattung Eumera dem Tribus Prosopolophini 

zugeordnet werden, die Gattungen Cinglis und Scopuloides von der Synonymie mit Scopula 

herausgehoben, zwei Gattungen synonymisiert (Glossotrophia, Pseudocinglis) und zwei Arten 

in eine andere Gattung überführt (Problepsis wiltshirei, Aphilopota tyttha) werden. 

Im dritten Teil wurden Verbreitungsdaten iranischer Geometriden genutzt, um Biodiversitäts-

Hotspots und Regionen mit hohem Endemismus zu ermitteln. Eine netzwerkbasierte Methode 

wurde verwendet, um das Land in Bioregionen zu unterteilen und Gebiete mit spezifischen 

Faunenelementen hervorzuheben. Als Ergebnis konnte ein außergewöhnlicher Artenreichtum 

entlang der beiden Hauptgebirgszüge, Zagros im Westen und Süden und Alborz im Norden, 

festgestellt werden. Betrachtet man nur die endemischen Arten, so wurden die südlichen 

Berggebiete als die artenreichsten Regionen identifiziert. Die Bioregionalisierung ermittelte 

sechs Hauptbioregionen, wovon die meisten dieser Bioregionen spezifische Faunenstrukturen 

widerspiegeln und im Einklang mit anderen Studien stehen. Dies verdeutlicht die komplexe 

Artenzusammensetzung im Iran und zeigt die außergewöhnliche Biodiversität des Landes. 

Zudem deuten unsere Ergebnisse auf zwei Übergangszonen zwischen zoogeografischen 

Regionen hin. Von den sechs von Wallace definierten zoogeografischen Regionen erstrecken 

sich drei in den Iran, welche sich im Süden des Landes treffen: Die paläarktische und die 

Saharo-arabische Region entlang der Ausläufer des Zagros-Gebirges und die paläarktische und 

die orientalische Zone im Südosten des Iran. In diesen Übergangszonen weist der Iran sehr 

spezifische Faunenelemente an Geometriden auf, was diese Zonen für die Erhaltung der 

Biodiversität wichtig macht.  

Insgesamt trägt diese Arbeit zu einem besseren Verständnis der Artenvielfalt der Geometriden 

im Iran und der angrenzenden Länder bei. Sie dient als Ressource für die Identifizierung der 

Arten, ihrer Verbreitung und Lebensräume, die für den Naturschutz im Iran und in den 

Nachbarländern von großem Interesse sind.  
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I Introduction 

An overview on the geography, topography and climate of the study area Iran 

Iran, with a surface of 1,648,195 km2, is located between 25° and 40° north latitude and 44° 

and 64° east longitude in the south-western part of Asia (Ghorbani 2013). The country borders 

with seven countries on land: Azerbaijan, Armenia and Turkmenistan to the north, Afghanistan 

and Pakistan to the east, and Turkey and Iraq to the west (Bazrafshana & Khalili 2013; Ghorbani 

2013). It is surrounded by three major seas, the Caspian Sea to the north, and the Sea of Oman 

and Persian Gulf to the south (Ghorbani 2013).  

The majority of Iran is part of the Iranian Plateau, an area of approximately 2,600,000 km2 

covering Iran, Afghanistan, Pakistan, Turkmenistan, Azerbaijan and Iraqi Kurdistan (Ghorbani 

2013). Iran is a mountainous country with a mean elevation of 1,000 m, which can be separated 

into four main mountainous areas (Noroozi et al. 2008; Ghorbani 2013): first, the northern 

mountain ranges (Alborz Mts., Kopet Dagh); second, the Zagros Mts.; third, the central 

mountains (Khorud, Yazd–Kerman massifs); and fourth, the eastern mountains (Makran Mts.) 

(Ghorbani 2013; Doostmohammadi et al. 2020; Noroozi et al. 2020a) (Fig. 1).  

 

Figure 1. Iranian map with the most important mountain ranges in Iran.  
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Of these four areas, the Zagros Mts. and Alborz Mts. are the largest mountain ranges in Iran 

(Ghorbani 2013; Yusefi et al. 2019). The Zagros Mts., ranging from north-eastern of Iraq to 

southern Iran, represent the major mountain range in Iran (Noroozi et al. 2020b). With a length 

of about 1,300 km and a width of 250 km, it covers about a quarter of Iran’s surface (Noroozi 

et al. 2020b). Dena Mt. peak (4409 m) in southern Iran represents the highest elevation of the 

Zagros Mts. (Noroozi et al. 2020b). 

The Alborz Mts. extend from west to east in the north of Iran, with a length of 950 km, and are 

divided into three parts: western, central and eastern. (Ghorbani 2013; Noroozi et al. 2020a). 

The central part contains high mountain peaks, with Mount Damavand (5,771 m) marking the 

highest point in Iran (Noroozi et al. 2020a).  

Regarding Iran’s climate, this altitudinal heterogeneity leads to a great diversity of climatic 

conditions, and the two main mountain ranges mentioned above (Zagros and Alborz), combined 

with two major desert areas (the Dasht-e Kavir and Lut deserts), play an important role in the 

country’s uneven precipitation (Sodoudi et al. 2010; Malakoutikhah et al. 2018). For instance, 

in the province of Isfahan there are strong fluctuations in temperature and precipitation 

(Malakoutikhah et al. 2018). The main climate of the country is arid or semiarid, with the 

exception of the coasts in the north and the western parts of the country (Sodoudi et al. 2010; 

Mansouri Daneshvar et al. 2019). Continental climates with hot and dry summers and very cold 

winters are present inland (Sodoudi et al. 2010). Besides its diverse climate, the country is also 

known for its extreme climatic conditions, as minimum temperatures of -40 °C can occur in the 

northwest of the country, and the Lut Desert in the southeasternmost part of Iran is the hottest 

place on Earth, with 80.83 °C based on land surface temperature (LST) (Ghorbani 2013; 

Azarderakhsh et al. 2020). Rainfall also varies widely across the country, ranging from possibly 

no annual rainfall at all in the Lut Desert and 100 mm in the central basin to about 2,400 mm 

at the coast of the Caspian Sea in the north (Ghorbani 2013). 

Importance of Iranian mountain ranges for biodiversity 

Due to their high diversity in habitat and abiotic factors, the mountains of Iran have been shown 

to harbor high species richness as well as high rates of endemism (Noroozi et al. 2019, 2021; 

Noori et al. 2021; Rajaei et al. 2023a). Moreover, parts of the territory of Iran are included 

within two of the 36 global biodiversity hotspots, the Caucasus and the Irano-Anatolian 

hotspots, which cover parts of the main two main mountain ranges, Alborz and Zagros (Myers 

et al. 2000; Mittermeier et al. 2011; Hrdina & Romportl 2017).  

The Caucasus biodiversity hotspot, one of the most biodiverse regions in the world, stretches 

across Georgia, Armenia and Azerbaijan, the north Caucasian part of the Russian Federation, 
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the northeastern part of Turkey, and the northern slopes of the Alborz Mts. in Iran (Zazanashvili 

2009; Katouzian et. al. 2016) (Fig. 2). The Irano-Anatolian biodiversity hotspot is an 

understudied hotspot with an extraordinary species endemism, stretching from Turkey, southern 

Georgia, Nakhchivan Autonomous Republic, western Armenia, northeastern Iraq, the southern 

slopes of the Alborz Mts. and along the Zagros Mts. in Iran to the northern Kopet Dagh in 

Turkmenistan (Katouzian et. al. 2016; Yousefi et al. 2022) (Fig. 2). 

 
Figure 2. Two of the 36 global biodiversity hotspots, the Caucasus (purple) and Irano-Anatolian (yellow) hotspots, 

include parts of the western and northern regions of Iran.  

As said, these two mountain ranges are essential for the floristic and faunistic diversity of Iran, 

and have been shown to play an important role in speciation (Rechinger 1963–2015; Mehrabian 

et al. 2021). Regarding the flora, the Iranian mountains have a high degree of endemism, with 

a rate of 32% for alpine plants in the Alborz Mts. and 46% in the Zagros Mts., with increasing 

endemism rates in relation to increasing altitude (Vetaas & Grytnes 2002; Noroozi et al. 2008; 

Stein et al. 2014). Similar findings were made for the Iranian herpetofauna, for which the 

highest rates of endemism are found in the Zagros Mts. (Kazemi & Hosseinzadeh 2020), 

whereas various families of Lepidoptera show a high diversity along these mountain ranges 

(e.g., Nazari 2003; Keil 2014; Yakovlev 2015; Rajaei et al. 2023a). 

Furthermore, during the glacial maxima, even though the Iranian mountains were only affected 

by dry and cold weather and not directly by glaciers, both the Alborz and Zagros mountain 
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ranges played an important role as refugia for many organisms, from where species were able 

to disperse afterwards (Rajaei et al. 2013; Ashrafzadeh et al. 2016; Archaux et al. 2018; 

Malekoutian et al. 2020). 

Iranian biodiversity in danger 
For Iran, 253 protected areas (PAs) are defined, covering only 10.12% of the surface of this 

large country (Kolahi et al. 2012). The PAs are fragmented throughout the country, vary in size, 

and they are often evaluated by their total area rather than their effectiveness and usefulness 

(Kolahi et al. 2012). Within the mountain ranges in Iran, the important biodiversity hotspots, 

mainly small, fragmented PAs are present, with occasional larger ones like the Central Alborz 

Protected Area (Kolahi et al. 2012; Farashi & Shariati 2017; Otaghvar et al. 2022).  

Presently, Iranian biodiversity is threatened by human impact and climate change (Jowkar et al. 

2016; Farashi & Shariati 2017). The southern half of the country is also at risk of desertification 

due to its arid and semi-arid characteristics (Jowkar et al. 2016). Regarding anthropogenic 

activities, overgrazing, illegal hunting, infrastructures, and water and air pollution represent big 

threats biodiversity, as they are responsible for the extinction and strong decline of, for instance, 

the two large carnivore species: the Asiatic lion (Panthera leo persica (Meyer, 1826)) and the 

Asiatic cheetah (Acinonyx jubatus venaticus (Griffith, 1821)) (Jowkar et al. 2016). Overgrazing 

by sheep and goats and overcutting in areas with rare or endemic floral and faunal elements 

also threaten unique habitats (Jowkar et al. 2016). Furthermore, wildfires, either accidental or 

intentional, burn century-old oaks, and it takes many years for these areas to recover and grow 

again (Jowkar et al. 2016; Kheshti 2020). In the Zagros Mts. alone, 50,000 ha of oak forests 

burned down in 2020 and these fires alter the fauna and flora as well as the physico-chemical 

and biological properties of soil, which may result in a change in plant community composition 

in these areas (Heydari et al. 2016; Kheshti 2020).  

Given this situation, it is clear that the largest group of herbivorous insects, the Lepidoptera, 

which have a variety of different adaptations to plants, are key indicators, as they are strongly 

affected by climate change and anthropogenic activities (Menken et al. 2010; Krämer et al. 

2012; Pearse & Altermatt 2013; Münsch et al. 2019). 

Within the Lepidoptera, species of the family Geometridae are valuable indicators for 

environments due to their restricted mobility (Scoble 1992; Minet & Scoble 1999; Hausmann 

2001). However, organisms can only be used as indicators and conserved if we are able to 

identify each taxon and its habitat requirements; regarding geometrid moths, it is assumed that 

only about half of the species are known (Mace 2004; Rajaei et al. 2022a). Rajaei et al. (2022a) 

estimated that, at the current rate of species identification and description, it will take another 
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200 years to understand the world geometrid fauna. This is a time that taxonomists might not 

have due to climate change and human impact, as species are dying out before we get to know 

them (Lees & Pimm 2015). 

Systematics, distribution and biology of Geometridae 
Geometrid moths (loopers or inchworms) are distributed worldwide, and with about 24,000 

known species they represent the second largest family of Lepidoptera (Nieukerken et al. 2011; 

Sihvonen et al. 2020). This family is classified in the superfamily Geometroidea together with 

Uraniidae, Sematuridae, Epicopeiidae and Pseudobistonidae, with Uraniidae being sister to 

Geometridae (Mitter et al. 2017; Rajaei et al. 2022a). The family is monophyletic, which is 

strongly supported by molecular data and both larval and adult morphological characters 

(synapomorphies) (Murillo-Ramos et al. 2019; Rajaei et al. 2022a).  

In the larvae, the abdominal prolegs are reduced, causing the caterpillars to exhibit their typical 

looping or inching movement which gives this family its name (Minet & Scoble 1999; 

Hausmann 2001; van Griethuijsen & Trimmer 2014) (Fig. 3). There are also some exceptions, 

as some species of the subfamilies Archiearinae and Oenochrominae, but also some lineages in 

Ennominae, have weakly developed ventral prolegs (Common 1990; Hausmann 2001; Murillo-

Ramos et al. 2021), even though the movement of these caterpillars is similar to that of other 

geometrid larvae (Hausmann 2001).  

 
Figure 3. Larvae of two Nychiodes Lederer, 1853 species. A: N. aphrodite Hausmann & Wimmer, 1994. B: N. 

subvirida Brandt, 1938. The reduction of the abdominal prolegs in the larvae of the family Geometridae is 

diagnostic, and determines their typical looping movement.  

Adult moths in this family are characterized by the presence of tympanal organs located on the 

ventral side of the abdomen, which are a modification of the first (A1) and parts of the second 

(A2) abdominal segments (Cook & Scoble 1992; Hausmann 2001; Rajaei et al. 2022a) (Fig. 4). 

Furthermore, the ansa is a structure unique to this family, the shape of which varies within the 

various subfamilies (Hausmann 2001) (Fig. 4). 
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Figure 4. Characteristic tympanal organ of the Geometridae, located on the ventral side of the abdomen. A: Dry 

collection specimen of Triphosa dubitata (Linnaeus, 1758) (Larentiinae); arrow indicating the tympanal organ. B, 

C: Macerated and slide-mounted abdomen of (B) Phaselia serrularia (Eversmann, 1847) (Ennomionae) and (C) 

Problepsis cinerea (Butler 1886) (Sterrhinae); tympanal organs recognizable as paired capsule-like structures, 

arrows indicating the ansa. B and C are out of scale.  

 

To date, the family consists of nine subfamilies: Sterrhinae, Larentiinae, Desmobathrinae, 

Archiearinae, Epidesmiinae, Ennominae, Eumeleinae, Oenochrominae and Geometrinae 

(Murillo-Ramos et al. 2023). Eumeleinae was recently regarded as a valid subfamily and the 

former subfamily Orthostixinae was considered a synonym of Desmobathrinae (Murillo-Ramos 

et al. 2023). 

Almost half (47 %; 11,157 spp.) of all geometrid species belong to the Ennominae subfamily, 

followed by Larentiinae (27 %; 6,450 spp.), Sterrhinae (13 %; 2,993 spp.) and Geometrinae (11 

%; 2,696 spp.) (Rajaei et al. 2022a). The remaining subfamilies each have less than 1% of the 

species assigned to them (Rajaei et al. 2022a). Most geometrid moths are nocturnal, but colorful 

day-flying species also exist, e.g., Rheumaptera hastata (Linnaeus, 1758) or Heterusia 

atalantata (Guenée, [1858]) (both Larentiinae) (Hausmann 2001; Hernández-Baz et al. 2016; 

Heidrich et al. 2018; Tammaru et al. 2018). In addition, diurnal species are not only active 

during cloudy weather or in the shade, but they can also be found at sunny sites and in open 

spaces (Bartsch et al. 2001; Hernández-Baz et al. 2016). 
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Geometridae larvae are mainly herbivorous, but also display uniquely evolved special diets, 

like in the genus Eupithecia Curtis, 1825, where larvae feed on living arthropods (Montgomery 

1983; Hausmann 2001; van Griethuijsen & Trimmer 2014). Most geometrid larvae are perfectly 

camouflaged and most of them resemble plant stems, are unicolorous brown, resembling old 

twigs, or green, resembling fresh twigs, and have evolved dorsal or lateral markings 

(Montgomery 1983; Hausmann 2001). Many species have also developed all sorts of growths 

on their bodies, e.g., bristles and warts, and some have different colorations when hatching 

during autumn or spring (Montgomery 1983; Hausmann 2001). Moreover, some Geometrinae 

of use plants to cover their bodies, a behavior found also in other families (e.g., Psychidae) 

(Bartsch et al. 2001). 

Regarding the species richness of geometrids across biogeographic regions, the Neotropics are 

the most species rich region, harboring 27.6 % (6,595 spp.) of all geometrid moths (Rajaei et 

al. 2022a). This is followed by the Oriental Region (20.8%), the Palearctic (19.9%), the 

Afrotropical Region (14%), the Australian Region (10.9%), the Nearctic (6%), the Malagasy 

Region (2.3%) and New Zealand (1%) (Rajaei et al. 2022a). Nevertheless, many species within 

the family have yet to be discovered and described, with estimations of their total diversity at 

about 40,000 species (Brehm et al. 2016; Rajaei et al. 2022a). 

Today, several species are also assigned to wrong genera and tribes, resulting in non-

monophyletic groups and uncertain systematic positions (Murillo-Ramos et al. 2019; Rajaei et 

al. 2022a). The phylogenetic relationships of geometrid moths have received stronger attention 

in recent years as molecular techniques have significantly accelerated our understanding of the 

classification of these moths (e.g., Abraham et al., 2001; Sihvonen et al. 2011; Õunap et al. 

2016; Jiang et al. 2017; Ban et al. 2018; Murillo-Ramos et al. 2019; Sihvonen et al. 2020; Rajaei 

et al. 2022a). Still, in areas such as Europe, where Geometridae have been far better collected 

and studied than on other continents, there are genera in the subfamilies Larentiinae and 

Ennominae with uncertain tribal association (Müller et al. 2019; Rajaei et al. 2022a). It is 

therefore not a surprise that the systematic position of some genera or species distributed in the 

Middle East and Central Asia (especially the endemic ones) remains largely unresolved. 

History of Geometridae research in Iran 
Research on Iranian Geometridae dates back to the 19th century, when Ménétries described the 

first geometrid moth for the country: Urapterix persica Ménétries, 1832, today assigned to the 

genus Ourapteryx Leach, 1814. During the 19th century and the beginning of the 20th century, 

geometrid moths were not the target group of collectors and it is therefore not surprising that 

only a small number of publications on Geometridae exist from this period (Rajaei et al. 2012).  
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Consequently, it took nearly two more decades until Kollar (1850) described Phorodesma 

graminaria, an emerald moth (Geometrinae) from southern Iran (today assigned to the genus 

Sabzia Wanke & Rajaei, 2022). From 1869 to 1887, Lederer (1869, 1871), Bienert (1879), 

Christoph (1873, 1877, 1885, 1887) and Staudinger (1879) greatly increased the knowledge on 

the Iranian fauna of this family by describing a total of 17 new species and reporting more than 

150 new taxa for the fauna of Iran. At the end of the 19th century, Butler & Hampson (1899) 

published a list of Lepidoptera from Lake Urmia, located in north-western Iran, which also 

included eight species of Geometridae.  

From early 1900 to the beginning of World War I in 1914, seven new taxa for science and 52 

reports for the country were published in six publications (Dietze 1904, 1910; Petersen 1910; 

Stichel 1911; Le Cerf 1913; Prout 1912–1915).  

In the years immediately after the war, only one paper was published on Geometridae, including 

15 further faunistic reports for northern Iran (Prout 1921). In the following years, Prout (1934) 

and Wehrli (1932–1953) complemented the Seitz series on the Geometridae.  

In the late 1930s, knowledge of the Iranian geometrid fauna was greatly increased by extensive 

collecting and descriptive work by the Baltic-German Brandt brothers (Fred Hermann and 

Wilhelm Waidermar), as well as by the English lepidopterist Edward Parr Wiltshire (Rajaei et 

al. 2023b). Fred H. Brandt, who intensively collected Lepidoptera during his years in Iran 

(1937–1939), sent the material to his brother Wilhelm W. Brandt for spreading, identification 

and publication (Rajaei et al. 2023b). In his works, some of which he co-authored with Bytinski-

Salz (Bytinski-Salz & Brandt 1937; Brandt 1938, 1939, 1941), Brandt described more than 80 

new taxa and reported over 100 species for the Iranian fauna. Edward P. Wiltshire, on the other 

hand, traveled to Iran during his time as a consul, when he started to build his collection (Rajaei 

et al. 2023b). He published important articles on Iranian geometrids over half a century, 

authored over 20 new taxa with type locality in Iran, and provided over 150 records for the 

country (Wiltshire 1939, 1941, 1943a, 1943b, 1944, 1945, 1946a, 1946b, 1947, 1949a, 1949b, 

1949c, 1952a, 1952b, 1966a, 1966b, 1966c, 1967, 1970a, 1970b, 1980, 1990).  

Moreover, shortly before and during World War II, several authors contributed greatly to our 

knowledge of Geometridae of the country, with six new taxa and more than 50 additional reports 

(Wagner 1937; Schwingenschuss 1939a, 1939b). Eugen Wehrli described nine taxa new for 

science from Iran (Wehrli 1938, 1939, 1941). 

In the period from 1941 to the end of World War II and in the early 1950s, it was Wiltshire who 

published on Iranian Geometridae. Towards the end of the 1950s, other researchers began to 

publish further reports on the fauna of Iran, which resulted in over 200 faunistic records and 21 
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new taxa by the end of the 1980s (Reisser 1958; Kuzntzov 1959; Farahbakhsh 1961; Fletcher 

1963; Sutton 1963; Barou 1967; Mirzayans & Kalali 1970; Kalali 1976; Adeli & Knopf 1977; 

Vojnits 1986; Viidalepp 1988).  

On the other hand, beside reports of new faunistic data, researchers started to provide the first 

taxonomic revisions of some genera. Ebert (1968) focused on the taxonomic revision of the 

genus Gnophosema Prout, 1912, Mentzer (1981) studied the genus Aplocera Stephens, 1827, 

and Schütze (1956, 1960, 1961) and Vojnits (1978, 1982, 1988) increased the knowledge of the 

genus Eupithecia. 

In the 1990s, Axel Hausmann (1991, 1994a, 1994b, 1996) conducted research on Iranian 

Geometridae, and Jaan Viidalepp (1996) provided a checklist of this family for the former 

Soviet Union, which also included important faunistic data for the north-eastern areas of Iran, 

near the border to Turkmenistan. 

The decade after the year 2000 was very fruitful for research on the Geometridae fauna of Iran, 

as various experts published several taxonomic revisions or faunistic papers (Trusch & Erlacher 

2001; Wieser et al. 2002; László 2003; Rezbanyai-Reser 2003; Stangelmaier et al. 2003; Wieser 

& Stangelmaier 2005; Viidalepp & Mironov 2006). Special encouragement for research in Iran 

was also provided by Association Lepidoptera Iranica (A.L.I) between the years 2004 and 2006, 

a collaboration between Iranian and European lepidopterists (Petschenka et al. 2006; Barimani-

Varandi 2006; Trusch & Hausmann 2007; Lehmann et al. 2009; Weisert 2009; Lehmann 2010; 

Lehmann & Zahiri 2011; Mironov & Ratzel 2012a, 2012b; Rajaei et al. 2023b). Unfortunately, 

this collaboration ended very soon, in 2006, but the interest in lepidopterological research in 

the country remained strong (Rajaei et al. 2023b). In recent years, Hossein Rajaei and his 

research team accelerated research on Iranian Geometridae with special focus on the subfamily 

Larentiinae (Rajaei et al. 2011; Rajaei & Stüning 2012; Rajaei & Stüning 2013; Rajaei & László 

2014; Rajaei et al. 2017; Stadie et al. 2014; Wanke et al. 2019), but also on Sterrhinae (Rajaei 

& Trusch 2011; Feizpour et al. 2018a), Ennominae (Rajaei et al. 2012; Feizpour et al. 2018b), 

Desmobathrinae (Rajaei & Feizpour 2016) and Geometrinae (Feizpour et al., in prep.).  

While this thesis was still in progress, important revisions were published on Larentiinae 

(Rajaei et al. 2019; Stadie et al. 2022), Ennominae (Rajaei et al. 2021) and Sterrhinae (Rajaei 

et al. 2022a). Finally, the recently published catalog of Iranian Lepidoptera (Rajaei et al. 2023c) 

marks an important step forward, summarizing the current state of knowledge and thus 

highlighting gaps where further research is needed. 
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Thesis aims 

The unfortunate effects of climate change and anthropogenic activities in Iran and neighboring 

countries are causing unprecedented environmental disruptions and, consequently, a significant 

loss of species in this area of outstanding biodiversity. Thus, it is more urgent than ever to 

increase knowledge of the fauna of Iran, in this case of geometrids, and compile information 

on their species richness, distribution and habitats. The main study area for this work was Iran, 

but it was sometimes necessary to extend the area to neighboring countries or even other 

continents, if by doing so the knowledge of a particular taxon could be fully explored in order 

to assess characters unique for a taxon.  

The first part of this thesis aims to uncover the biodiversity of Iranian geometrid moths using a 

comprehensive, integrative taxonomic approach. Therefore, genera which were in need of 

urgent revision were partly selected from the subfamilies Sterrhinae (Problepsis Lederer, 1853, 

Scopula Schrank, 1802, Cinglis Guenée, 1858, Pseudocinglis Hausmann, 1994, Scopuloides 

Hausmann, 1994, Glossotrophia Prout, 1913, Zygophyxia Prout, 1916), Geometrinae 

(Xenochlorodes Warren, 1897) and Ennominae (Nychiodes Lederer, 1853, Synopsia Hübner, 

1825, Synopsidia Djakonov, 1935, Eumera Staudinger, 1892), for an investigation in the 

framework of this thesis.  

Second, the tribal assignment or validity of taxonomically difficult genera targeted in the first 

part of thesis has been highly debated in the past; thus, genera as well as species have been 

misplaced. This part of the thesis helps clarify some of these systematic uncertainties by using 

multigene analyses including one mitochondrial gene and up to ten protein-coding nuclear 

genes extensively used in previous studies (e.g., Murillo-Ramos et al. 2019; Sihvonen et al. 

2020). This part will represent a step forward towards a more stable classification and 

monophyletic groups. 

Iran, due to its topographic and climatically heterogenetic character, has been shown to have a 

high biodiversity and also high numbers of endemic species. To understand the biogeographical 

patterns of the Iranian geometrid fauna, the third part of the thesis aims to highlight regions of 

high species richness and to point out areas with unique faunal elements. By using distribution 

data from the taxonomic works collected in the framework of this thesis, unpublished data from 

Feizpour’s Ph.D. project and data collected during the Lepidoptera Iranica project (Rajaei et al. 

2023b), a network-based method was used to classify the country into bioregions based on the 

geometrid fauna. Such bioregionalization analyses with high-resolution data are rare for Iran, 

but they are important for nature conservation as they identify potential protected areas to be 

established.  
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Abstract 

Three of the six zoogeographical realms defined by Wallace meet in the southern part of Iran. 

The high environmental heterogeneity of this country is reflected in the complex communities 

of plants and animals. Geometridae is one of the most diverse groups of Lepidoptera, with 

hitherto 539 species and a high rate of endemism in Iran. Using a network-based method, we 

identify bioregions based on the known distributions of all geometrid moths occurring in Iran, 

with the aim to uncover areas with unique faunal elements, and shed light on regions with 

significant species richness and endemism. Our results revealed an outstanding species richness 

along the mountain ranges, particularly the Zagros Mts. in the west and south and the Alborz 

Mts. in the north. Regarding endemic species, the southern mountainous areas are the most 

diverse. The bioregionalization analysis identified six main bioregions, some of which reflect 

the specific local faunal composition. These bioregions are in line with previous biogeographic 

studies on the biodiversity of the country and highlight its complex species composition, 

particularly in the transition zone between zoogeographical realms. Our results confirmed the 

presence of two melting points between the Palearctic and Saharo-Arabian realms along the 

southwestern and southern foothills of the Zagros Mts. and between the Palearctic and Oriental 

realms in the south-east. 

 

Keywords. Bioregions, Insects, Lepidoptera, Network-based method, Oriental, Palearctic, 

Saharo-Arabian 

 

Introduction 

Defining regions structured as significant ecological and geographical units is a crucial step in 

biogeography, ecology, evolution, and conservation biology (Vilhena & Antonelli 2015). At a 

large-scale, fauna on Earth can be subdivided into unique regions based on the similarity and 

dissimilarity of their species composition and underlying patterns, e.g., zoogeographical realms 
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(Wallace 1876; Holt et al. 2013; Ficetola et al. 2017). Historically, these units have been 

developed via different drivers, like continental drifts, mountain orogeneses, and past climate 

fluctuations (Antonelli 2017). Although these realms can be useful for studying the distribution 

of different species globally, finer resolution units are necessary at national or local levels.  

Iran is located at the intersection of three of Wallace’s six zoogeographical realms: Palearctic, 

Saharo-Arabian, and Oriental (Holt et al. 2013), which is reflected in its species composition 

(Rajaei et al. in prep). In addition, two of the 36 global hotspots extend to the north and western 

half of the country, namely the Iranian-Anatolian region and the Caucasus (Myers et al. 2000; 

www.conservation.org). The country exhibits a complex topology and steep climatic gradient, 

which have been suggested as the main explanatory variables for the highly diverse fauna and 

flora and high rate of endemism of Iran (Noroozi et al. 2019; Noori et al. 2021; Rajaei & 

Karsholt 2023).  

The country has been subdivided into various bioregions based on different taxa (e.g., Yusefi et 

al. 2019). Although there is agreement on the number of bioregions in Iran based on plant 

species, which approximately represent macrobioclimatic zones in the country (White & 

Léonard, 1991; Djamali et al. 2011), the number of bioregions varies for different animal groups 

(Rajaei et al. in prep.). Different numbers of bioregions have been suggested according to the 

studied taxa: e.g., thirteen for reptiles (Anderson 1968); eight for birds (Scott et al. 1975); 

nineteen main basins for freshwater fishes (Coad 1987), and eight bioregions for mammals 

(Yusefi et al. 2019). 

In the case of invertebrates, studies are limited to only a few insect taxa at the family and genus 

levels. For instance, Naumann (1987) suggested three eco-geographical types for the genus 

Zygaena (Zygaenidae), while Dubatolov & Zahiri (2005) clustered Iran into three main 

territories based on 36 species of the subfamily Arctiinae (Erebidae): a) the western, northern, 

and central regions with Palearctic faunal elements; b) the plain of Khuzestan in the southwest 

and the northern seashore of the Persian Gulf in Bushehr province; and c) the southern and 

south-eastern areas, with Oriental and the Paleotropical faunal elements (Dubatolov & Zahiri 

2005). Matov et al. (2008) used 19 species of the subfamily Heliothinae (Insecta: Lepidoptera: 

Noctuidae) and divided Iran into three main territories. Mozaffarian (2013) divided the country 

into 13 primary zones and identified six endemic zones for the suborder Fulgoromorpha 

(Insecta: Hemiptera).  

According to Rajaei et al. (2023a), the insect order Lepidoptera accounts for 4,812 recorded 

species in Iran, with a high rate of endemism (19.7%) and possibly the same number of species 

still to be discovered. Although species distribution patterns have been studied for few 
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lepidopteran taxa (e.g., Zygaenidae, Arctiinae, Heliothinae), there are no comprehensive studies 

regarding those of the most diverse and well-studied groups, such as butterflies (Rhopalocera) 

and many Heterocera (e.g., Geometridae and Noctuidae).  

Geometrid moths are distributed worldwide and are the second-largest family of Lepidoptera, 

with about 24,000 known species (Nieukerken et al. 2011; Sihvonen et al. 2020; Rajaei et al. 

2022). Based on Rajaei et al. (2023b), a total of 539 geometrid species have been recorded for 

the country, 65 of which remain unconfirmed. Six out of the nine currently recognized 

subfamilies (Murillo-Ramos 2021; Rajaei et al. 2023b) are represented in Iran. With the 1,000 

European geometrid species as a comparison (Müller et al. 2019), Landry et al. (2023) estimated 

that Iran has over 950 geometrid species, including those already recorded, that have not yet 

been fully explored, due to the still incomplete knowledge of this family, and of Lepidoptera in 

general, in the country.  

Of the 539 Geometridae species hitherto recorded in Iran, 109 (20%) are endemic, and little to 

no biological or ecological data are available for most of them (Rajaei et al. 2023b). 

Biodiversity in Iran is under intense threat from climate change and, more especially, from 

human-related activities such as agriculture, overgrazing, and habitat fragmentation (Jowkar et 

al. 2016; Karimi & Jones 2020). As only approximately half of Iran’s geometrid fauna is known, 

and because data on the distribution and biology of the recorded species is still lacking or 

incomplete, protecting unique areas is paramount and further research on these moths in Iran is 

of utmost importance.  

The present study aims to identify the areas of Iran with a high richness of Geometridae species 

and identify bioregions based on analysis of this insect group in Iran, in order to improve our 

knowledge regarding unique species assemblages and reveal small areas with very special 

faunal elements. With this study, our goal is to provide information on areas of Iran in need of 

priority protection and to shed light on hitherto poorly-studied areas. 

 

Material and Methods 

Occurrence dataset 

The distribution data for the geometrid moths of Iran used in the analyses were collected from 

the same sources used for the compilation of the “Lepidoptera Iranica” project (Rajaei et al. 

2023b), which included all research papers, monographs, conference abstracts, short 

communications, etc. with data on the lepidopteran fauna of Iran. Additionally, unpublished 

data from 48 institutional and private collections [for a full list, see Rajaei & Karsholt (2023)], 

as well as unpublished data from the Ph.D. projects of S. Feizpour, H. Rajaei (2013) and D. 
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Wanke. These resulted in a total of 4,586 data points after cleaning and removing duplicate 

records using the R programming environment (version 4.2.1; R Core Team 2022). 

 

Species richness analysis  

To map the species richness and endemic species we used the FSC plugin (version 3) 

for QGIS (3.24.2-Tisler; QGIS Development Team 2022). Species richness was generated once 

for all occurring species and once for the endemic species, in a grid of 1 degree size (approx. 

90 × 110 km2 for the study area) (Figs 1–2). This size of grid (1 degree) was used to reduce as 

much as possible the effect of sampling bias in our dataset.  

In the next step, the elevation values for each occurrence data were extracted from the Global 

Digital Elevation Model (version 3; www.nasa.gov) in R and were used to generate a density 

graph of endemic and non-endemic species based on elevation, using the ggplot2 package (Fig. 

3). 

 

Bioregionalization analysis 

To define the bioregions with unique species composition, we used the network-based method 

embedded in “Infomap Bioregions”, which has been shown to be a useful tool to delimit 

biodiversity patterns (Edler et al. 2017; Yusefi et al. 2019; 

https://www.mapequation.org/bioregions/). Infomap is an online interactive application to 

define bioregions based on species occurrence data using a network clustering algorithm. It 

clusters the bioregions using a bipartite network of both species occurrence and grid cells in 

which the species are present (Vilhena & Antonelli 2015; Edler et al. 2017). We tuned the 

application as follows: max and min cell size to 1 degree, max cell capacity to 200 and min cell 

capacity to 5, respectively, with the rest of the variables set as default. To reduce sensitivity to 

bias in the dataset, unweighted clustering with 10 trials was used. Finally, the bioregionalization 

map was plotted in QGIS. Infomap also generates a report that shows the common and indicator 

species that were considered to delimit the bioregions (Tab. 1). 

 

Results 

Species richness and distribution of endemic species 

Most geometrid species have been recorded along the mountain ranges in the north, west, and 

south of Iran (Fig. 1). The two major mountain ranges, the Alborz Mts. in the north and the 

Zagros Mts. from northwestern to southern Iran, were recognized as areas with the most species 

diversity and a high number of endemic species. Moreover, there is a significant richness of 

http://www.nasa.gov/
https://www.mapequation.org/bioregions/
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species in the Kopet-Dagh mountains in the northeast of Iran, as well as in high-elevation 

mountain areas in the southern part of the central basin and southeast. The richness of species 

decreases towards the central basin desert plains. Additionally, as shown in Fig. 3, endemic 

species are restricted to regions with higher elevation compared to non-endemic species. While 

the species richness is much higher in the central Alborz Mts., the areas with higher endemism 

are located in the southern half across the central and southern parts of Zagros Mts., the 

mountains of Kerman and Hormozgan, and high elevation regions in the southeast, across the 

Taftan and Makran mountains. 

Figure 1. Species richness map for Geometridae of Iran. The map shows the species richness of the species across 

1-degree grids and distribution of the occurrence for endemic (red) and non-endemic (white) species.  

 

Bioregions 

The bioregionalization analysis was able to recognize 12 bioregions according to the dataset 

for all species (Fig. 4). Although six of these bioregions are limited to a very small area, six 

major regions can be recognized across the country. For the most common species (MCS) and 

the main indicator species (MIS) for each bioregion, see Table 1.  

Bioregion 1 is the largest bioregion and covers a vast area from northwestern to central Iran, 

extending almost throughout the Zagros Mts. and touching the southern regions of the Alborz 
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mountains. Most of the Alborz Mts. and the southern shore of the Caspian Sea fall into 

bioregion 2, which stretches from southwestern Iran to south-east of the Caspian Sea. Bioregion 

3 is mainly delineated by the mountainous area of Kopet-Dagh in the north-east.  

 
Figure 2. Species richness map for endemic Geometridae of Iran. The map shows the species richness of the 

species across 1-degree grids. 

 

The Makran mountains, the coastal areas of the Oman Sea as well as parts of Khuzestan are 

covered by bioregion 4. Bioregion 5 mainly covers parts of the southern provinces in Kerman 

and Sistan-o-Baluchestan, extending over mountainous areas across the central basin. 

Bioregion 6 is fragmented along the western parts of Iran in Kermanshah, Bushehr, and Fars. 

Located in northern Iran, bioregion 7 is a unique region at the border with Armenia and 

Azerbaijan in the southern parts of the Caucasus. Bioregion 8 includes fragmented grid cells 

along with the western and southern slopes of Zagros Mts. and covering areas in Khuzestan, 

Ilam, and Fars. Bioregion 9 is also located in northern Iran, at the border with Armenia and 

Azerbaijan. The remaining three bioregions (10–12) have been identified as exceptionally 

unique regions. Bioregion 10 covers a small area in northeastern Fars, whereas bioregion 11 is 

located in Hamadan. Bioregion 12 is bordered by Turkmenistan and the Caspian Sea. According 

to our analysis, the southern and central parts of the Zagros Mts. can be considered as the region 



 281 

with the most complicated species structure for Geometridae, as at least five distinct bioregions 

meet in that mountain range.  

 
Figure 3. Preferences of altitudinal distribution of endemic (blue) and non-endemic species (red) in Iran.  
 

Figure 4. The map of bioregions for the Geometridae of Iran. The Infomap algorithm was able to recognize 12 
bioregions in the country based on species occurrence. 1: Azerbaijan – Zagros; Bioregion; 2: Alborz; Bioregion 3: 
Kopet-Dagh; Bioregion 4: Makran– Khuzestan; Bioregion 5: Baluchestan – Kerman – Khorasan; Bioregion 6: 
Bushehr – Fars – Kermanshah; Bioregion 7: Azerbaijan-e Sharghi; Bioregion 8: Fars – Khuzestan – Ilam; 9: 
Northern Azerbaijan; 10: Northern Fars; 11: Hamadan; 12: Turkmen Plain. 
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Discussion 

High species richness and endemism along with mountainous areas  

Our results revealed a high species richness in the Alborz Mts. in the north, the Kopet Dagh 

mountains along the border with Turkmenistan, as well as the Zagros Mts. in the western half 

(Fig. 1–2). These mountain ranges have also been found as the most species rich areas for 

various species of plants (Noroozi et al. 2018 & 2019), animals, e.g, reptiles (Safaei-Mahroo et 

al. 2015; Kafash et al. 2020; Noori et al. 2021), mammals (Yusefi et al. 2019), and arthropods, 

e.g., ants, spiders, and burnet moths (Paknia et al. 2008; Keil 2014; Hofmann & Tremewan 

2017; Zamani et al. 2018). These main mountain ranges fall within the Irano-Anatolian 

biodiversity hotspot, an area with high rates of endemism (Mittermeier et al. 1999; Noroozi et 

al. 2018). Moreover, the southeastern province Sistan-o-Baluchestan, along the border with 

Pakistan and Afghanistan, has been reported as a region with a high rate of species richness and 

endemism for various species groups (Hosseinzadeh et al. 2014; Dubatolov & Zahiri 2005; 

Hofmann & Tremewan 2017). For geometrids, similar findings were made by us for the Sistan-

o-Baluchestan province, where the number of species is rather high along the Taftan and 

Makran Mts. In contrast to species richness, the regions with a high rate of endemism for 

Geometridae are more concentrated in the south of the country (Fig 2). Our results are in line 

with other studies showing a preference of the endemic species for higher elevations (Fig. 3; 

Noori et al. in prep; Noroozi et al. 2019). Some of the regions with high endemism are 

distributed across the high elevation regions of Alborz, Kopet-Dagh, and Zagros Mountains. 

However, most endemic species are found in the central and southern parts of the Zagros 

Mountains, in the high mountains of Kerman and Hormozgan, and in the eastern mountain 

regions of Taftan and Makran. One of the main reasons for this difference between areas with 

high species richness and areas with high rates of endemism could be the sampling bias towards 

the central Alborz regions near the country’s capital, Tehran, where most of the entomological 

research centers are also located. Moreover, the Alborz Mts. have been and still are a classic 

destination for many European lepidopterists, due to the similarity of its fauna with that of 

Europe (Rajaei et al. 2023c). As shown in Fig. 3, the altitudinal distribution of the endemic 

species is also different from that of the non-endemic species. Most endemic geometrids are 

distributed at higher elevations (above 2000 m), as documented also for plants (Noroozi et al. 

2018 & 2019) and Zygaenidae moths (Hofmann & Tremewan 2017). These higher elevations 

of the Iranian mountain ranges act as a barrier and corridor for biodiversity and provide a wide 

range of microhabitats (Ghaedi et al. 2021). However, there is some evidence that in the face 

of climate change and human activities such as habitat fragmentation, agricultural activities, 
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overgrazing and fires, species common at high elevations will experience a decline in their 

current habitat suitability and shift to even higher elevations (Karimi & Jones 2020; Rödder et 

al. 2021).  

 

Bioregionalization of the Geometridae fauna in Iran 

Our analysis revealed six main bioregions (Fig. 4; bioregions 1–6), in which the common 

species count (CSC) is high and the indicator species score (ISS) is low due to the higher 

frequency of indicator species in other bioregions. In the remaining six scattered bioregions 

(Fig. 4; bioregions 7–12), the common species count (CSC) is low and rarely exceeds one 

record, but the indicator species score (ISS) is higher due to rare records and to the local 

distribution of indicator species. This is not surprising, as some provinces in Iran have been 

better studied than others in the past (Rajaei et al. 2023a). Furthermore, taxonomically well-

studied genera (e.g., Gnopharmia Staudinger, 1892, Nychiodes Lederer, 1853, Rhodostrophia 

Hübner, 1823, Scopula Schrank, 1802) often include the most common species in a bioregion, 

but this pattern could change as most, and ideally all, genera are revised in the future. Rajaei et 

al. (2023a) highlighted the lack of data in understudied groups as a general problem for all 

Iranian Lepidoptera.  

Bioregionalization analyses using high resolution data on the fauna of Iran have rarely been 

carried out due to insufficient data (Yusefi et al. 2019). For mammals, Yusefi et al. (2019) used 

almost 14,000 records of 188 species and identified seven bioregions using a network-based 

analysis. Our results are more or less in agreement with those of Yusefi et al. (2019), although 

a greater division into small bioregions is still evident for geometrids. Especially in the north 

of Iran along the Alborz, Zagros, and Kopet-Dagh mountain ranges, three main bioregions can 

be identified for geometrid moths, whereas this was not the case for mammals, as their 

bioregion 1 traverses the entire north of Iran. This reveals a complex pattern of species 

distribution for Geometridae (Fig. 4). Surprisingly, in our analysis, most bioregions are defined 

by non-endemic species and only bioregions 1, 2 and 5 are well defined by endemic species 

(Tab. 1). The three bioregions (10–12) we identified as unique are mostly inhabited by species 

in need of further investigation (Tab. 1). This pattern could change when more data are added 

to the dataset. However, the Turkmen plain in northeastern Iran had already been pointed out 

by Yusefi et al. (2019) as a small area with a high level of unique diversity.  
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Melting point of zoogeographical realms and species richness/bioregions 

Iran, due to its position, is located where three zoogeographical realms, the Palearctic, Saharo-

Arabian, and Oriental realms, meet (Holt et al. 2013). This result stemmed from analysis of 

distribution data for mammals, amphibians, and birds. It revealed that both the Zagros and 

Alborz Mountain ranges and the highlands of northwestern Iran fall within the Palearctic realm, 

whereas most of the remaining country falls within the Saharo-Arabian realm. Only a small 

area in the southeastern part of the country, on the border with Pakistan, may fall within the 

Oriental realm (Holt et al. 2013). Yusefi et al. (2019) followed this classification. However, 

according to our understanding, for geometrid moths most parts of the north and the central 

basin fall within the Palearctic realm and the Saharo-Arabian realm is restricted to the area from 

the Persian Gulf to the Oman Sea, towards the province Hormozgan. This area had been 

previously suggested as having a distinctive fauna (Dubatolov & Zahiri 2005) and flora (White 

& Léonard, 1991). Theoretically, two main intersection zones in southern Iran may be present. 

First, the melting point of the Palearctic and Saharo-Arabian realms in the southwestern part of 

the Zagros Mts. in Khuzestan and Fars provinces and, second, the melting point of all three 

realms in the Kerman, Hormozgan, and Sistan-o-Baluchestan provinces.  

The lowland region of Khuzestan, with hot and moist weather, is separated by the high elevation 

mountains of the Zagros range from the central basin. The fauna of this region is similar to that 

of the provinces north of the Persian Gulf, Bushehr, and Hormozgan, and has an affiliation with 

the Mesopotamian fauna of Iraq, which is represented by multiple geometrid species, e.g., 

Lithostege dissocyma Prout, 1938, Neromia pulvereisparsa (Hampson, 1896) and Scopula 

adelpharia (Püngeler, 1894). These regions are mainly grouped together in bioregion 4 and 

have been suggested as constituting a unique area with a distinct fauna based on other species 

(Dubatolov & Zahiri 2005). For example, in the most pioneering work on the bioregionalization 

of animals in Iran, Blanford (1876) considered the region as Mesopotamian and Persian Gulf 

shore area. Paknia and Pfeiffer (2011) suggested this region as one of four distinct ecoregions 

for Iranian ants (Nubo-Sindian), and Mozaffarian (2013) reported it as the Baluchistan and 

Persian Gulf coast biogeographic region for Fulgoromorpha (Auchenorrhyncha). This region is 

more or less compatible with the Saharo-Sindian phytogeographic subdivision of the flora 

(White & Léonard 1991).  

The southeastern area of the Sistan-o Baluchestan province represents the westernmost are of 

distribution of some Oriental species of mammals, such as the Asiatic black bear (Ursus 

thibetanus Cuvier, 1823), the palm squirrel (Funambulus pennanti Wroughton, 1905), and the 

Indian crested porcupine (Hystrix indica Kerr, 1792; Yusefil et al. 2019). In the case of 
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Geometridae, this is the case for Gonodontis clelia (Cramer, [1780]), Hemithea punctifimbria 

Warren, 1896, Hyperythra swinhoei Butler, 1880, Microloxia indecretata (Walker, 1963), 

Pseudosterrha paulula (Swinhoe, 1887), Zamarada minimaria Swinhoe, 1895, and Zygophyxia 

relictata (Walker, 1866). These seven species represent the Oriental fauna present in Iran, as 

their origin and main distribution area lie in Pakistan and India (Rajaei et al. 2022). 

 

Conclusion 

The results of the bioregionalization analysis for Geometridae imply the presence of melting 

points between three zoogeographical realms in southern Iran. The faunal elements of 

Geometridae are very specific here, which is visible from the subdivision into a wide variety of 

bioregions. Still, finding the buffer area between these realms requires further investigation. 

The outcomes of our analysis help to explain the outstanding heterogeneity of biodiversity in 

southern Iran and illustrate the importance of these transition zones, in which many different 

faunal elements come together creating a biodiversity hotspot. Thus, making the transition 

zones important regions for conservation efforts. Nevertheless, further studies are needed to 

substantiate our results, and an analysis for all Iranian Lepidoptera, and ideally other groups, 

would be a valuable and interesting addition to support our findings.  
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Table 1. Bioregions identified by a network-based method using Infomap with most common species and indicator 

species in each bioregion. Abbreviations: CSC = common species count; ISS = indicator species score. Note. 

Indicator species score shows how frequent a species is in a bioregion compared with the other bioregions. For 

example, a score of 2 means the species is twice frequent in its bioregions compared to other bioregions. Endemic 

species are indicated with a star (*). 
Bioregion Most common species CSC Indicator Species ISS 

Bioregion 1 

Azerbaijan –  

Zagros  

Scopula beckeraria (Lederer, 1853) 70 Holoterpna pruinosata (Staudinger, 1898) 1.94 

Gnopharmia colchidaria (Lederer, 1870) 60 Eupithecia truschi Mironov & Ratzel, 2012 * 1.94 

Scopula transcaspica Prout, 1935 45 Gypsochroa renitidata (Hübner, 1817) 1.94 

Nychiodes divergaria Staudinger, 1892 44 Euphyia scopulata Brandt, 1938 * 1.94 

Scopula marginepunctata (Goeze, 1781) 42 Euphyia farsica Brandt, 1941 * 1.94 

Rhodostrophia auctata (Staudinger, 1879) 40 Dicrognophos culminata (Brandt, 1938) * 1.94 

Scopula sacraria (Bang-Haas, 1910) 36 Lithostege stadiei Lehmann, 2011 * 1.94 

Gnopharmia irakensis Wehrli, 1938 36 Ennomos fuscantaria (Haworth, 1809) 1.94 

Thetidia persica Hausmann, 1996 34 Kresnaia beschkovi (Ganev, 1987) 1.94 

Rhodostrophia tumulosa Brandt, 1938 34 Eupithecia zagrosata Mironov & Ratzel, 2012 * 1.94 

Bioregion 2  

Alborz  

Euphyia frustata (Treitschke, 1828) 39 Hydria montivagata (Duponchel, 1830) 3.49 

Scopula marginepunctata  37 Hydrelia chionata (Lederer, [1871]) 3.49 

Xanthorhoe rectifasciaria (Lederer, 1853) 34 Opisthograptis luteolata (Linnaeus, 1758) 3.49 

Ourapteryx persica (Ménétries, 1832) 27 Macaria notata (Linnaeus, 1758) 3.49 

Hydria montivagata  26 Scopula nigropunctata (Hufnagel, 1767) 3.49 

Thetidia persica 24 Selenia forsteri Wehrli, 1941 3.49 

Scotopteryx sterilis (Prout, 1938) 23 Charissa annubilata (Christoph, 1885) 3.49 

Rhodostrophia terrestraria (Lederer, 1869) 23 Eupithecia extraversaria Herrich-Schäffer, 1848 3.49 

Aplocera plagiata (Linnaeus, 1758) 21 Cabera pusaria (Linnaeus, 1758) 3.49 

Scotopteryx vicinaria (Duponchel, 1830) 20 Nebula approximata (Staudinger, 1879) 3.49 

Bioregion 3 

Kopet-Dagh  

Scopula beckeraria 20 Idaea laszloi Hausmann, 1997 6.80 

Scopula marginepunctata  20 Charissa stachyphorus (Wehrli, 1936) 6.80 

Thetidia fulminaria (Lederer, 1871) 17 Cinglis eurata (Prout, 1913) 6.80 

Gnopharmia colchidaria 17 Scotopteryx kurmanjiana Rajaei & László, 2014 * 6.80 

Phaselia pithana Wehrli, 1941 15 Nebula longipennis (Brandt, 1941) * 6.80 

Aplocera plagiata 12 Stegania dalmataria Guenée, [1858] 6.80 

Scopula transcaspica 12 Scopula subtilata (Christoph, 1867) 6.80 

Cataclysme riguata (Hübner, [1813]) 11 Phyllometra culminaria (Eversmann, 1843) 6.80 

Rhodostrophia abscisaria Brandt, 1941 10 Menophra lederi (Christoph, 1887) 6.80 

Camptogramma bilineata (Linnaeus, 1758) 10 Lycia necessaria (Zeller, 1849) 6.80 

Bioregion 4 

Makran– 

Khuzestan 

Pingasa lahayei (Oberthür, 1887) 35 Coenina collenettei Prout, 1931 3.89 

Xanthorhoe wiltshirei (Brandt, 1941) 21 Microloxia indecretata (Walker, 1963) 3.89 

Hemidromodes sabulifera Prout, 1922 18 Isturgia disputaria (Guenée, 1858) 3.89 

Gnopharmia kasrunensis Wehrli, 1939 17 Pseudosterrha paulula (Swinhoe, 1887) 3.89 

Scopula gracilis (Brandt, 1941) 16 Nebula saidabadi (Brandt, 1941) * 3.89 

Scopula chalcographata (Brandt, 1938) 14 Idaea sanctaria (Staudinger, 1900) 3.89 

Gnopharmia colchidaria 12 Gonodontis clelia (Cramer, [1780]) 3.89 
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Gnophosema isometra (Warren, 1888)  11 Idaea mimetes (Brandt, 1941)  3.89 

Phaselia erika Ebert, 1965 10 Isturgia hedemanni (Christoph 1885) 3.89 

Pasiphila palaearctica 10 Scopula luridata (Zeller, 1847) 3.89 

Bioregion 5 

Baluchestan 

– Kerman – 

Khorasan 

Nychiodes subvirida Brandt, 1938 14 

Rhodostrophia vahabzadehi Rajaei, Hausmann & Trusch, 

2022* 9.71 

Rhodostrophia phaenicearia (Hampson, 1907) 13 Eupithecia aradjouna Brandt, 1938 * 9.71 

Scopula transcaspica 13 Thetidia recta (Brandt, 1941) * 9.71 

Nychiodes divergaria 12 Charissa taftana (Brandt, 1941) * 9.71 

Gnopharmia colchidaria  12 Gnophosema palumba Brandt, 1938 * 9.71 

Rhodostrophia nesam Brandt, 1938 12 Isturgia sengana (Brandt, 1940) * 9.71 

Scotopteryx fuscofasciata (Brandt, 1938) 11 Eupithecia nachadira Brandt, 1941 9.71 

Rhodostrophia terrestraria  9 Lithostege samandooki Rajaei, 2011 * 9.71 

Dyscia malatyana Wehrli, 1934 9 Thetidia persica  9.71 

Scopula chalcographata 9 Rhoptria mardinata (Staudinger, 1900) 9.71 

Bioregion 6 

Bushehr – 

Fars – 

Kermanshah 

Gnopharmia colchidaria  23 Dicrognophos sartata (Treitschke, 1827) 5.91 

Gnopharmia kasrunensis 20 Crocallis tusciaria (Borkhausen, 1793) 5.91 

Pingasa lahayei  17 Idaea palaestinensis (Sterneck, 1933) 5.91 

Nychiodes divergaria 16 Heterobapta plumellata Wiltshire, 1943 * 5.91 

Scopula beckeraria 16 Eupithecia cheituna Brandt, 1938 * 5.91 

Nychiodes subvirida 15 Eupithecia brandti Mironov & Ratzel, 2012 * 5.91 

Protorhoe centralisata (Staudinger, 1892) 14 Ramitia ghirshmani (Wiltshire, 1944) 5.91 

Rhodostrophia nesam 11 Costaconvexa polygrammata (Borkhausen, 1794) 5.91 

Scopula chalcographata 10 Isturgia hopfferaria (Staudinger, 1879) 5.91 

Catarhoe rubidata ([Denis & Schiffermüller], 1775) 10 Eupithecia sectila Brandt, 1938 * 5.91 

Bioregion 7 

Azerbaijan-e 

Sharghi 

Rhodostrophia sieversi (Christoph, 1882) 2 Synopsia sociaria (Hübner, 1799) 68.00 

Gymnoscelis rufifasciata (Haworth, 1809) 2 Scopula rubiginata (Hufnagel, 1767) 68.00 

Philereme transversata (Hufnagel, 1767) 2 Eupithecia linariata ([Denis & Schiffermüller], 1775) 68.00 

Xanthorhoe fluctuata (Linnaeus, 1758) 2 Ematurga atomaria (Linnaeus, 1758) 68.00 

Euphyia frustata 1 Idaea straminata (Borkhausen, 1794) 34.00 

Cyclophora annularia (Fabricius, 1775) 1 Charissa ciscaucasica (Rjabov, 1964) 34.00 

Camptogramma bilineata 1 Abraxas grossulariata (Linnaeus, 1758) 34.00 

Eupithecia icterata (Villers, 1789)  1 Triphosa dubitata (Linnaeus, 1758) 22.67 

Dyscia negrama Wehrli, 1953 1 Idaea ochrata (Scopoli, 1763) 22.67 

Ematurga atomaria  1 Gnopharmia colchidaria  22.67 

Bioregion 8 

Fars – 

Khuzestan –  

Ilam 

Scopula marginepunctata 3 Ascotis selenaria ([Denis & Schiffer-müller], 1775) 45.33 

Ascotis selenaria 3 Chlorissa cloraria  45.33 

Phaiogramma etruscaria 3 Idaea mancipiata (Staudinger, 1871) 30.22 

Protorhoe unicata (Guenée, [1858]) 2 Protorhoe unicata  15.11 

Isturgia arenacearia ([Denis & Schiffermüller], 1775) 2 Ochodontia adustaria (Fischer de Waldheim, 1840) 15.11 

Ochodontia adustaria 2 Isturgia arenacearia  15.11 

Scopula turbulentaria (Staudinger, 1870) 2 Idaea elongaria (Rambur, 1833) 15.11 

Idaea mancipiata  2 Cinglis humifusaria (Eversmann, 1837) 15.11 

Digrammia rippertaria (Duponchel, 1830) 1 Chiasmia clathrata (Linnaeus, 1758) 15.11 
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Eilicrinia subcordaria Herrich-Schäffer, 1852 1 Eilicrinia subcordaria  11.33 

Bioregion 9 

Northern 

Azerbaijan 

Chiasmia aestimaria (Hübner, [1809]) 1 Idaea inquinata (Scopoli, 1763) 34.00 

Gymnoscelis rufifasciata 1 Timandra comae Schmidt, 1931 27.20 

Idaea inquinata 1 Scopula minorata (Boisduval, 1833) 22.67 

Idaea persidis (Wiltshire, 1966) 1 Idaea persidis * 12.36 

Microloxia herbaria (Hübner, 1813) 1 Microloxia herbaria  6.80 

Scopula beckeraria 1 Chiasmia aestimaria  6.18 

Scopula minorata 1 Gymnoscelis rufifasciata  4.12 

Timandra comae 1 Scopula beckeraria  1.00 

Bioregion 10 

Northern  

Fars 

Gnopharmia kasrunensis Wehrli, 1939 5 Synopsia centralis (Wiltshire, 1966) * 27.20 

Gnopharmia irakensis 3 Nyssiodes rhodopolitis Wehrli, 1939 * 27.20 

Nychiodes divergaria 2 Dicrognophos orthogonia (Wehrli, 1939) 27.20 

Gnopharmia colchidaria  2 Cinglis benigna (Brandt, 1941) * 27.20 

Casilda consecraria (Staudinger, 1871) 1 Casilda consecraria  4.53 

Cinglis benigna  1 Scopula orientalis (Alphéraky, 1876) 3.40 

Dicrognophos orthogonia 1 Gnopharmia kasrunensis * 2.47 

Oulobophora externaria (Herrich-Schäffer, 1848) 1 Oulobophora externaria  1.94 

Nyssiodes rhodopolitis 1 Gnopharmia irakensis  1.36 

Bioregion 11 

Hamadan 

Gnopharmia irakensis Wehrli, 1938 2 Dicrognophos eurytiches (Brandt, 1941) * 68.00 

Aplocera fraternata (Herrich-Schäffer, 1861) 1 Aplocera fraternata  68.00 

Dicrognophos eurytiches 1 Eupithecia silenicolata Mabille, 1867 34.00 

Eilicrinia subcordaria  1 Eupithecia adjemica Brandt, 1941 34.00 

Eupithecia adjemica 1 Eilicrinia subcordaria 17.00 

Eupithecia silenicolata  1 Thetidia crucigerata (Christoph, 1887) 2.43 

Scopula sacraria  1 Gnopharmia irakensis  2.27 

Scopula transcaspica 1 Scopula sacraria  1.15 

Thetidia crucigerata 1 Scopula transcaspica  0.67 

Bioregion 12 

Turkmen 

Plain 

Catarhoe arachne Wiltshire, 1967 2 Brachyglossina staudingeri (Prout, 1932) 68.00 

Agriopis bajaria ([Denis & Schiffermüller], 1775) 1 Catarhoe arachne  13.60 

Apochima flabellaria (Heeger, 1838) 1 Dicrognophos brandtorum (Wehrli, 1941) 11.33 

Brachyglossina staudingeri 1 Apochima flabellaria  11.33 

Dicrognophos brandtorum 1 Agriopis bajaria  9.71 

Dyscia malatyana  1 Dyscia malatyana  3.24 

Thetidia crucigerata 1 Thetidia crucigerata  2.43 
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III Discussion 
In the following section, the results of all research papers on the biodiversity of Iranian 

Geometridae are discussed. The discussion is divided into three parts, each covering one aspect 

of this research, respectively taxonomy, systematics and biogeography.  

Integrative taxonomic revisions of Iranian geometrid moths 

Taxonomic revisions are essential for the understanding of species concepts, as they deal with 

misinterpretations and errors and contribute to establishing the identity of taxa (Bolton 2007; 

Lastrucci et al. 2014). Moreover, by conducting revisions, researchers collect label data to plot 

the distribution ranges of species, and these data can be a valuable resource crucial to further 

research and species conservation (Meier & Dikow 2004).  

For the fauna of Iran, taxonomic revisions of many lepidopteran genera, including geometrid 

moths, are urgently needed (Rajaei et al. 2023c). Before 2010, research on the family 

Geometridae in Iran was limited to faunistic data or sporadic descriptions of new taxa (see the 

historical part of the Introduction), but complete genus revisions were rare (Ebert 1968; 

Hausmann 1994a, 1994b). This changed as more researchers began to study the geometrid 

faunas of Middle Eastern countries in the course of taxonomic revisions of various genera of 

the subfamilies Larentiinae (Mironov & Ratzel 2012a; Rajaei 2012; Rajaei et al. 2011; 2017; 

Wanke et al. 2019), Ennominae (Rajaei et al. 2012) and Geometrinae (Feizpour et al., in prep.). 

In the course of the present thesis, important contributions to the subfamilies Sterrhinae, 

Geometrinae and Ennominae were made, which are presented in the following section, with 

open questions highlighted.  

The subfamily Sterrhinae was the focus of research papers 1 and 2. It includes two of the most 

species-rich genera, Scopula (tribe Scopulini) and Idaea Treitschke, 1825 (tribe Sterrhini) 

(Rajaei et al. 2022a), which are also hard to identify, leading to misidentifications and 

misinterpretations in the past.  

Research papers 1 and 2 highlight the Scopulini tribe through revision of the whole tribe and 

provide tools for their unambiguous identification as well as an understanding of the 

distribution patterns of its species in Iran. According to these two studies, the Scopulini are now 

represented by 33 confirmed species in Iran (30% of the biodiversity of the subfamily 

Sterrhinae in Iran). Eight species are still unconfirmed and their distribution in Iran requires 

further investigation.  

Two other large genera of the subfamily Sterrhinae are Rhodostrophia Hübner, 1823, which 

was recently revised by Rajaei et al. (2022b) and Idaea. The genus Idaea, with 43 known 
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species, represents 35% of the species of this subfamily in Iran and is the only genus left within 

Sterrhinae that needs revision. In the course of this work, research on Iranian Idaea has already 

begun, which could not be avoided because some Scopula species can be confused with Idaea 

species and vice versa (Hausmann 2004). 

Research Paper 3 deals with the first emerald moth (Geometrinae) ever described from Iran, 

and the second Geometridae ever mentioned for the country (see history part of the 

Introduction). Described by Kollar (1850) as Phorodesma graminaria, this endemic species 

was assigned to the genus Xenochlorodes (Scoble 1999; Scoble & Hausmann 2007). During 

this study, morphological dissimilarities with the genus Xenochlorodes were observed, which 

was confirmed by an intense survey. As none of the known genera of the subfamily shared the 

characters of this taxon, a new genus (Sabzia) was established. The tribal assignment of the 

genus Sabzia is not yet clear, as no fresh material was available during this project. This will 

have to be solved in the future by a multi-gene molecular phylogeny including the species of 

this genus. Since the remaining Geometrinae of Iran have already been successfully processed 

(Feizpour et al., in prep.), the assignment of this taxon to a new genus provided the last piece 

of the puzzle towards a more complete understanding of the subfamily. 

The subfamily Ennominae was the target of research papers 4–9, with a special focus on three 

genera: Nychiodes, Synopsia and Eumera. 

Most species of the genus Nychiodes are found in the Middle East, making this region a hotspot 

for this group. Although the European fauna of this genus was recently revised (Müller et al. 

2019), the fauna of this genus in the Middle East and Central Asia was still in need of urgent 

revision. Research papers 4–6 provide a revision of the genus Nychiodes in these regions. The 

intensive study of external and internal characters uncovered a strikingly high intraspecific 

variation in these characters in some of the species (e.g., N. divergaria Staudinger, 1892). These 

variations made greatly confused species identification in the past and led to the unnecessary 

description of several taxa. Most of those taxa are considered as synonyms here. The illustration 

of these character variations allows a reliable species identification. Additionally, new data were 

added to their biology, such as for N. divergaria, which shows an incredibly broad intraspecific 

variation and can be a pest in plantations of cultivated Prunus species, such as apricot, peach 

and plum (Wiltshire 1957; Bolu 2019).  

A similar case of high intraspecific variation was observed in the genus Synopsia, which 

received special attention in research papers 7 and 8. In these two research papers, after 

understanding the intraspecific variation in external and internal characters, seven subspecies 

were synonymized or confirmed as synonyms of the nominotypical subspecies Synopsia 
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phasidaria phasidaria. The species Synopsia phasidaria was assigned to the genus Synopsidia 

in earlier classifications. This genus was synonymized with Synopsia in research paper 6 and 

the species was combined with the genus Synopsia.  

Research paper 9 provides insights on the genus Eumera, which has its main area of distribution 

in south-eastern Europe, the Middle East and Central Asia (Skou & Sihvonen 2015). This paper 

highlights the characters of Iranian species in this genus and describes a new species from Iran.  

For the Ennominae, most Iranian genera have now been revised or are only represented by one 

or two species in Iran (Rajaei et al. 2023c). Just a few genera (e.g., Charissa Curtis, 1826, 

Dicrognophos Wehrli, 1951, Isturgia Hübner, 1823) still await further investigation (Rajaei et 

al. 2023c). Until recently, this was also true for the genus Phaselia Guenée, [1858], but this 

genus was recently the subject of an elaborate revision by Werner et al. (2023).  

In conclusion, these taxonomic publications have contributed greatly to our understanding of 

the family Geometridae in Iran. They provide a helpful tool and an important basis for further 

research in the Middle East and Central Asia, as several of the treated species are also 

distributed in Iran’s neighboring countries. 

In the course of the research listed above, one new genus and four new species were described, 

several new taxonomic changes were made, and three new faunistic records were provided for 

various countries, as summarized hereafter:  

List of new taxa, taxonomic changes and new records introduced in this work 
Sabzia Wanke & Rajaei, 2022 new genus 
 
Nychiodes convergata Hausmann, Wanke & Rajaei, 2020 new species 
Nychiodes mirzayansi Wanke, Hausmann & Rajaei, 2020 new species 
Nychiodes eberti Wanke, Hausmann & Rajaei, 2020 new species 
Eumera rajaeii Wanke & Shirvani, 2023 new species 
 
Cinglis Guenée, 1858 re-validated at genus level 

= Pseudocinglis Hausmann, 1994 new synonym 
Scopuloides Hausmann, 1994 re-validated at genus level  
Scopula Schrank, 1802 

= Glossotrophia new synonym 
Synopsia Hübner, 1825 

= Synopsidia Djakonov, 1935 new synonym 
 
Problepsis wiltshirei (Prout, 1938) new combination 
Cinglis benigna benigna (Brandt, 1941) new combination  

Cinglis benigna amseli (Wiltshire, 1967) new synonym  
C. benigna nigromaculata (Hausmann, 1994) new combination 
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Cinglis eurata (Prout, 1913) new combination 
Scopula adulteraria (Erschov, 1874) new status  
S. flaccidaria (Zeller, 1852) 

= Scopula iranaria Bytinski-Salz & Brandt, 1937 new synonym  
S. transcaspica Prout, 1935 

= S. transcaspica taftanica Brandt, 1941 new synonym  
S. diffinaria (Prout, 1913) 

= S. diffinaria asiatica (Brandt, 1938) new synonym  
Scopula sacraria ariana (Ebert, 1965) 

= Glossotrophia bullata Vojnits, 1986 new synonym  
Sabzia graminaria (Kollar, 1850) new combination 

= Xenochlorodes albicostaria Brandt, 1938, new synonym 
Nychiodes waltheri Wagner, 1919; 

= Nychiodes waltheri saerdabica Wehrli, 1938 new synonym 
Nychiodes palaestinensis Wagner, 1919 

= N. palaestinensis libanotica Zerny, 1933 new synonym 
Nychiodes admirabila Brandt, 1938; 

= N. admirabila safidaria Wiltshire, 1943 new synonym 
Nychiodes subvirida Brandt, 1938 

= N. agatcha Brandt, 1938 new synonym 
= N. subvirida disjuncta Wehrli, 1941 new synonym 
= N. subvirida taftana Brandt, 1941 new synonym 

Nychiodes divergaria Staudinger, 1892 
= N. variabila variabila Brandt, 1938 new synonym 
= N. variabila opulenta Brandt, 1941 new synonym 
= N. divergaria elbursica Wehrli, 1937 new synonym 
= N. divergaria fallax Wehrli, 1939 new synonym 
= N. divergaria achtyca Wehrli, 1939 new synonym 

Aphilopota tyttha (Prout, 1915) new combination 
Synopsia phasidaria phasidaria (Rogenhofer, 1873) new combination 
 = S. phasidaria alvandi Wiltshire, 1966 new synonym 

= S. phasidaria ardschira Brandt, 1938 new synonym 
= S. phasidaria chiraza Brandt, 1938 new synonym 
= Hashtaresia jodes Wehrli, 1936 new synonym 
= S. phasidaria mirabica Wehrli, 1941 new synonym 
= S. phasidaria phasidaria (Rogenhofer, 1873) new synonym 

Synopsia phasidaria afghana (Wiltshire, 1966) new combination 
Synopsia centralis (Wiltshire, 1966) new combination, raised to species rank  
 
Problepsis wiltshirei (Prout, 1938) new for the fauna of Turkey 
Nychiodes antiquaria Staudinger, 1892 new for the fauna of Pakistan 
Nychiodes rayatica Wiltshire, 1957 new for the fauna of Iran  
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Contributions to the systematics of Sterrhinae and Ennominae 

In this part, with special focus on the two subfamilies Sterrhinae and Ennominae, the 

phylogenetic placement of several genera with distribution in Iran was studied. The 

phylogenetic relationships of the family Geometridae have been the subject of molecular 

studies in recent years (Murillo-Ramos et al. 2019; Sihvonen et al. 2020), but many genera in 

little-studied regions (like Iran) are still missing from many of those studies (Rajaei et al. 

2022a).  

 

The subfamily Sterrhinae is a highly diverse group, and past classifications were based on 

morphological characters (e.g., Holloway 1997; Hausmann 2004; Sihvonen 2005) and later on 

molecular phylogenetic studies (Sihvonen et al. 2011, 2020). The dataset of Sihvonen et al. 

(2020), including 1,192 taxa of Geometridae, provided the basis for this part of the thesis. 

Within the Sterrhinae, taxa of the tribe Scopulini were the target in research papers 1 & 2.  

Prior to this study, the genera Somatina Guenée, [1858] and Problepsis were both represented 

by one species in Iran (S. wiltshirei (Prout, 1938) and P. cinerea (Butler, 1886)), which were 

the focus of research paper 1. The morphological character used in traditional classifications 

within the Scopulini was the number of areoles on the forewing: the genera Problepsis and 

Scopula with one areole, and the genus Somatina with two areoles (Sihvonen 2005). This 

character was found to be homoplastic and not diagnostic by Sihvonen (2005), as two areoles 

also are present in Problepsis and Scopula species. Since then, various studies have been done 

to reclassify the erroneously placed species in the genus Somatina (Sihvonen 2005; Xue et al. 

2018; Sihvonen et al. 2020). Here, the type species of the genus Somatina (S. anthophilata 

Guenée, [1858]) and the two taxa also distributed in Iran were added to the Sterrhinae dataset 

(Sihvonen et al. 2020), which provided clear evidence to reclassify the taxon Somatina 

wiltshirei as Problepsis wiltshirei.  

Research paper 2 deals with the genera Cinglis, Glossotrophia, Pseudocinglis and Scopuloides, 

whose status had been repeatedly questioned by several authors (Hausmann 1993, 2004; 

Sihvonen 2005; Õunap 2010; Müller et al. 2019). Hausmann (1993, 2004) treated Cinglis, 

Glossotrophia, Pseudocinglis and Scopuloides as valid at the genus level, while Sihvonen 

(2005) regarded them as synonyms of Scopula. Glossotrophia was treated at the genus level by 

Õunap (2010) and as a subgenus of Scopula by Müller et al. (2019). Among the different 

available classifications resulting from the analysis in research paper 2, a treatment of Cinglis 

and Scopuloides at the genus level was supported. Pseudocinglis was regarded as a synonym 
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of the genus Cinglis, and the synonymy of Glossotrophia with the genus Scopula was 

confirmed.  

The Ennominae subfamily includes almost half (47%) of all Geometridae and its systematics 

has been targeted in various morphological (e.g., Holloway 1994; Pitkin 2002; Beljaev 2006) 

or molecular (e.g., Young 2006; Õunap et al. 2011; Sihvonen et al. 2011; Murillo-Ramos et al. 

2019) studies. To clarify questions concerning the systematics of two genera of Ennominae in 

research papers 6 and 9, the dataset published by Murillo-Ramos et al. (2019) was used, which 

included 1,206 geometrid taxa. 

Research paper 6 clarifies the classification of the taxon ‘Nychiodes tyttha’, whose generic 

assignment was questioned during the taxonomic revision of the genus Nychiodes (see research 

paper 4). During the investigation of the genus Nychiodes, this taxon showed strong 

morphological differences in genitalia characters which did not fit with those of the genus 

Nychiodes. During the taxonomic revision of the genus Nychiodes, an assignment of the taxon 

‘Nychiodes tyttha’ to another genus was not possible based only on morphology. The results of 

the multi-gene analysis supported a reclassification of this species within the genus Aphilopota 

Warren, 1899, which was supported by morphology. For the genus Aphilopota, Rajaei et al. 

(2022a) listed 44 species and seven subspecies, all in need of urgent revision in order to 

understand the concept of this genus. The assignment of tyttha to the genus Aphilopota provided 

additional molecular and morphological data for further research on this genus. 

In research paper 9, the tribal assignment of the genus Eumera, which was still uncertain, was 

investigated (Müller et al. 2019). In earlier studies it was placed in the tribe Colotoini by 

Viidalepp (1996) and assigned to the Ennomini by Hausmann et al. (2011).  

As the newly-collected specimens of Eumera species from southern Iran were suitable for 

molecular analyses, mitochondrial and nuclear genes could be successfully amplified from 

them. The results allowed to include this genus in the tribe Prosopolophini, which was also 

supported by morphology.  

In summary, the inclusion of the Sterrhinae and Ennominae genera in multi-gene phylogenies 

contributed to producing a more stable classification and is a step forward to establishing 

monophyletic groups within those subfamilies. The results allow a better understanding of the 

evolutionary history of geometrid moths and provide a basis for the study of character 

evolution.  
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A network-based method to classify Iran into bioregions using geometrid moths 

The identification of regions consisting of specific assemblages of species, so-called bioregions, 

provides important insights for conservation efforts, biogeography, evolution and ecology 

(Vilhena & Antonelli 2015; Edler et al. 2017). The discovery that the biota of the world can be 

divided into regions with special species compositions was already made in the 19th century 

by naturalists such as Wallace, who divided the world into zoogeographical realms (Wallace 

1876; Holt et al. 2013; Vilhena & Antonelli 2015; Edler et al. 2017). However, there is no 

universal approach for the bioregionalization of taxa, as they are tied to specific factors such as 

the interaction of butterflies and moths with their food plants, which impacts their distribution 

(Scoble 1992; Edler et al. 2017).  

Regarding Iran, bioregions for different taxa of terrestrial (e.g., Anderson 1968; Scott et al. 

1975) and aquatic vertebrates (Coad 1987) have been defined. The most recent and best dataset 

was used by Yusefi et al. (2019) and contained more than 14,000 distribution records of 188 

mammal species. As a result of their analysis, Yusefi et al. (2019) divided Iran into eight 

bioregions, some of which are very local and unique, with very special species compositions. 

For invertebrates, bioregionalization studies are rare and only a few studies have been done on 

very few taxa of the order Lepidoptera (Naumann 1987; Dubatolov & Zahiri 2005; Matov et 

al. 2008) or the order Hemiptera (Mozaffarian 2013).  

In research paper 10, Iran was divided into bioregions using the largest data set for geometrid 

moths to date and a network-based method implemented in “Infomap Bioregions” (Edler et al. 

2017).  

“Infomap Bioregions” has been shown to be a useful tool for the bioregionalization of biota 

worldwide (e.g., Droissart et al. 2018; Hazzi et al. 2018; Chan & Grismer 2021).  

In the present study, the Geometridae dataset contained 4,586 distribution records for 539 

species, which revealed a high species richness in the two main mountain ranges (Zagros Mts. 

and Alborz Mts.) and an occurrence of endemic species in the higher altitudinal zones of these 

mountain ranges. Moreover, it divided Iran into six main bioregions, which largely coincides 

with the results of Yusefi et al. (2019).  

Nevertheless, one should keep in mind that taxon sampling of distribution data can be biased 

(Vilhena & Antonelli 2015); therefore, more sampling is needed to confirm these results. An 

analysis of all Iranian Lepidoptera would be of great interest, to see if this division into 

bioregions is also valid when all families of this order are included. 
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Significance 

The present study contributes significantly to our understanding of the species diversity of 

Geometridae in Iran and adjacent countries. Taxonomic revisions provide information on 

species identification and distribution and provide data on their habitat preferences. Thus, the 

available data have a broader significance, as they can be used to prioritize management actions 

for the conservation of the entire Iranian fauna. They are also an important tool for neighboring 

countries, as some of the species may also be distributed there and thus serve as a first point of 

reference for research in those countries. The results also highlight research gaps in Iranian 

Geometridae and points out where future studies should be focused. In addition, the results of 

this study have been used to compile the Geometridae section of the first comprehensive catalog 

of Iranian Lepidoptera (Rajaei et al. 2023c). Last but not least, this study led to the confident 

identification of a large number of already-collected specimens stored in numerous natural 

history and private collections.  

The use of multi-gene phylogenetic analyses helped to classify genera with an unclear 

systematic position, thereby contributing to creating a more established classification based on 

monophyletic groups and making available important molecular data for future analyses. These 

results give us a better understanding of the evolutionary history of geometrid moths and 

provide a basis for the of character evolution, which goes hand in hand with the taxonomic part 

of this study.  

By using distribution data collected for the groups worked on during this project, available from 

previous projects or collected during the preparation of the catalog of Iranian geometrids (see 

Rajaei et al. 2023), it was possible to uncover biodiversity hotspots for these moths in Iran and 

divide the country into unique bioregions. These data thus provide the basis for possible species 

conservation projects and for the establishment of nature reserves, and indicate gaps in 

knowledge where more sampling is essential. 

In a nutshell, this work shows that integrative taxonomy is essential for our understanding of 

species and their needs, and that with intensive taxonomic research we can create a basis for 

the protection of species and the conservation of their habitats. 
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