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 Annotation 

This dissertation thesis is focused on the diversity and evolutionary 

history of mayflies (Ephemeroptera) from the Caucasus, one of the most 

biologically diverse areas of the Palaearctic realm. The introduction 

details general information about the evolutionary mechanisms leading 

to the high diversity of mountain biota, the processes driving 

evolutionary diversification in aquatic insects, and the current state of 

knowledge on the diversity and distribution of mayflies in the Caucasus. 

The core of the thesis consists of five published articles and one 

manuscript, which are divided into four chapters. The first chapter deals 

with the diversity and distribution of mayflies from Armenia, the second 

and third are focused on diversity, integrative taxonomy, and 

identification of Epeorus (Caucasiron), one of the most diverse mayflies 

in the Caucasus. The last chapter is focused on the origin, historical 

biogeography, and evolutionary diversification of Caucasiron, the model 

group selected for the evolutionary study of mayflies from the Caucasus. 

The chapter describes when and under which circumstances Caucasian 

mayfly endemism and diversity developed. The thesis is concluded with 

a detailed summary of the results, and future perspectives in the research 

of Caucasian mayflies. 
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PART ONE: BACKGROUND 





1. Introduction

Mayflies (Ephemeroptera) are an ancient order of merolimnic insects 

inhabiting freshwaters. With stem-groups more than 300 million years 

old, they represent one of the oldest lineages of extant insects 

(Bauernfeind and Soldán 2012). Their larvae are strictly aquatic and play 

an important role in freshwater ecosystems, significantly contributing to 

decomposition processes and representing a food source for diverse 

predators (Jacobus et al. 2019). Mayfly subimago, a winged stage unique 

in pterygote insects, and imago are terrestrial and have a lifespan of only 

a few hours or days (Brittain and Sartori 2009). Mayflies colonize all 

types of freshwaters, but are more diversified in lotic than in lentic 

habitats (Cardoni et al. 2015). Due to their sensitivity to water pollution 

and habitat degradation, mayflies are excellent bioindicators of the quality 

of aquatic ecosystems (Jacobus et al. 2019). 

Mayflies are distributed worldwide, with the exception of Antarctica 

and some remote oceanic islands (Bauernfeind and Soldán 2012). The 

recent global fauna consists of approximately 3700 described species 

(Jacobus et al. 2019) and their taxonomic investigation is still in progress. 

The world diversity of mayflies follows a general geographical pattern of 

decreasing diversity from the tropics towards the poles (Brown 2013). 

The highest diversity occurs in the Neotropics with almost 900 described 

species, followed by the Palearctic (830), Oriental and Nearctic (620 and 

610 respectively), Afrotropical (440), Australasian (250), and Pacific 

realm (48) (Jacobus et al. 2019). 

The species composition of the Palearctic, and particularly 

European, mayfly fauna is relatively well-known. The level of endemism 

and species diversity in the western Palaearctic is high in the 

Mediterranean and European mountains (the Alps, the Pyrenees, the 

Carpathians), and in the Caucasus (Bauernfeind and Soldán 2012). The 

Caucasus is clearly the most neglected area in terms of the research of 

both mayflies and aquatic insects in general. Whereas regional diversity is 

relatively well-documented in vascular plants, vertebrates (e.g. Williams 

2004), and some iconic insect orders, such as ground beetles 

(Tshikolovets and Nekrutenko 2012) or butterflies (Retezár 2011, 2015), 
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highly diverse aquatic insects remain comparatively less studied. Based 

on the existing biodiversity data, the Caucasus represents one of 25 world 

hotspots of biodiversity (Myers et al. 2000). The freshwaters of the 

Caucasus are tightly associated with high diversity and endemism 

(Kownacki 1987; Levin et al. 2019), but the evolutionary processes 

leading to this association are unknown, especially among insects. Due to 

their age, strong link to aquatic habitats with marked environmental and 

spatial gradients, and limited ability for overland dispersal in the adult 

stage, mayflies are excellent models for the research of evolutionary 

diversification (Dijkstra et al. 2014). Their extensive fossil records also 

allow the dating of evolutionary processes in time (Hubbard 1990). 

The research of mayflies in the Caucasus can be highly beneficial 

for the region in several aspects. More information on their diversity and 

distribution, and an improved identification of species may enable the 

incorporation of mayflies as bioindicators into regional water quality 

assessments and conservation management. Moreover, research focused 

on their origin and the mechanisms driving their diversification will help 

us to understand their evolutionary history and the formation of their 

endemism, which may potentially help to guide prioritization in 

ecosystem conservation (Favre et al. 2015). 

Therefore, the aim of this thesis is to provide complex information 

about the mayflies from the Caucasus mountains. It focuses on their 

diversity, distribution, identification, and evolutionary history leading to 

recent high regional and local endemism. It summarizes the current 

knowledge on the Caucasian mayfly fauna and describes several new 

species from this region based on an integrative taxonomic approach 

incorporating morphology and molecular data. Based on the knowledge 

on the Caucasian mayfly diversity, one model group (the genus Epeorus) 

was chosen for research into the origin of Caucasian mayflies and factors 

driving their evolutionary diversification. The aim was to clarify when, 

where, and how recent mayfly diversity has developed in the Caucasus, 

one of the most biologically diverse areas in the Palaearctic region. 
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2. Speciation and phylogeography of mountain aquatic

insects

2.1. Mountain orogeny and speciation 

Mountains play an important role in the determination of regional climate 

and spatial heterogeneity in acting as refugia, and barriers to and corridors 

for species dispersal, and are the source of most rivers (Perrigo et al. 

2020). Despite covering a relatively small portion of the land surface, 

mountains host about one-third of terrestrial species and are considered 

hotspots of biodiversity and endemism (Körner 2004; Spehn et al. 2011). 

Mountains, as heterogeneous and complex geological systems, directly 

affect speciation processes, ecological interactions, adaptive and non-

adaptive radiation, and stochastic processes co-acting in the 

diversification of lineages (Esquerré et al. 2019; Perrigo et al. 2020). As 

shown by several studies from the Andes (Esquerré et al. 2019), Borneo 

(Merckx et al. 2015), and Northern Hemisphere (Hagen et al. 2019), 

mountain-derived lineages can colonize other regions. Thus, mountains 

can be an important source of regional biodiversity for the surrounding 

areas. 

The origin of montane clades is generally attributed to two basic 

models: (1) dispersal with subsequent adaptation and diversification 

(Fig. 1A), and to (2) diversification during mountain building itself 

(Heads 2019) (Fig. 1B). 

In the first model (Fig. 1A), species colonize mountain ranges raised 

by an orogeny, which is similar to the colonization of newly formed 

islands, or any novel habitats or ecological niches that are opened up for 

colonization and diversification (e.g. Espeland and Johanson 2010). In 

this scenario, an assemblage of montane biota is explained by recent 

dispersal and colonization, rather than by events of the Earth´s tectonic 

history (Quintero et al. 2013). 

In the second model (Fig. 1B), the montane lineage(s) are uplifted 

with the mountains during orogeny because their ancestors already 

occupied the region prior to it. Ancestral lowland lineages (which avoided 

extinction during the process of mountain uplift) gradually adapt to the 

montane conditions and, thus, separate from lowland populations. The 
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alternative process driving ancestral lineage diversification is isolation 

caused by increasing topographical heterogeneity during orogeny, i.e. the 

formation of geographical barriers, fragmentation of habitats, valley 

erosion, etc. (e.g. Favre et al. 2015; Xing and Ree 2017; Che et al. 2019; 

Heads 2019).  

Figure 1. Hypothetical origin of montane biota with possible phylogenetic relationships. 

Explanations: white circles – ancestor; colored and numbered circles – hypothetical 

species; red dashed line – age of orogeny. A: dispersal, colonization and diversification 

after mountain orogeny. B: diversification from local lowland ancestor during mountain 

orogeny, (1) gradual ecological diversification along altitudinal gradient; (2) vertical 

vicariance of lowland and highland populations. Different layers in Fig. B correspond 

with mountain building process since 15 My. 

The origin of montane clades is usually attributed to expansions from 

surrounding lowlands and long-distance dispersal from other mountains, 

but the effect of mountain orogeny has been largely overlooked (Heads 

2019). Although the dispersal of lowland or pre-adapted montane lineages 

may explain the origin of local biota (e.g., the uplift of the North 

American Cordillera predates that of the Alpine belt and makes it a 

potential source of pre-adapted colonizing lineages (Mix et al. 2011; 

Favre et al. 2015), it does not explain how the lineages present in the 

mountains came to be there in the first place. The origin of montane biota 

via the dispersal model makes the assumption that recently mountainous 
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areas were empty of organisms prior to and during orogeny. However, 

plants and animals always occupy lowland areas before they are uplifted 

to an alpine elevation, and are uplifted together with the mountains 

themselves (Heads 2019). Recently, studies that have examined different 

taxa in the mountains of South America (e.g. Cadena 2007; Chaves et al. 

2011; Ceccarelli et al. 2016; Testo et al. 2019), Europe (e.g. Ozenda 

2009), Asia (e.g. cf. Favre et al. 2015), Africa (cf. Heads 2019), and New 

Guinea (e.g. Toussaint et al. 2014) considered the orogeny to be a 

significant factor in the diversification process, which can determine 

aspects of both ecology, such as the altitudinal distribution of clades, and 

evolution via vicariant events. 

The extensive sampling of model groups and outgroups, the 

comparison of the age of montane clades with the age of uplift, and 

ancestral range reconstruction are currently used to infer diversification 

driven by mountain orogeny (Favre et al. 2015; Heads 2019). If the 

particular montane orogeny and age of clade coincide, and if the region 

was inhabited by the clade’s ancestor prior to the uplift, diversification 

could well be driven by the orogeny (Heads 2019). The altitudinal 

diversification of lineages might also be coupled with orogenic processes 

if the lineages diversified during periods of orogeny (Cadena 2007). 

Passive uplift could also be indicated by altitudinal anomalies such as the 

occurrence of coastal elements at high altitudes (reviewed by Heads 

2019). 

As described here, two different mechanisms may be responsible for 

the origin of montane biota, adaptation and diversification during 

orogeny, or alternatively, immigration event(s) of lowland or pre-adapted 

montane lineages. If the former process dominates in the formation of 

local biodiversity it would also result in an increased diversification rate 

temporally coinciding with the process of orogeny (Favre et al. 2015). An 

increased diversification rate as a result of mountain uplift have been 

detected in several montane taxa e.g., the butterfly genus Melitaea 

(Nymphalidae) from the Qinghai-Tibetan Plateau (Leneveu et al. 2009), 

and the Neotropical Phlegmariurus (Lycopodiaceae) from the Andes 

(Testo et al. 2019). 
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Even if the initial evolution of a clade was promoted by mountain 

orogeny, its diversity may be younger than the mountains themselves, if 

the speciation process occurs after the uplift. Diversification may be 

driven by more recent events, such as the isolation of populations during 

the Pleistocene climatic cycles in glacial refugia, or any other recent 

speciation process (De-Silva et al. 2017). Quintero et al. (2013) suggested 

that the uplift of the different Cordilleras of the Andes (around 5 My) may 

have been responsible for the initial vicariant speciation of Andean 

parrots Hapalopsittaca (Psittacidae) into two clades. However, speciation 

within the clades took place within the last 0.5 My. This pattern was 

coupled with glacial and interglacial periods during the Pleistocene 

causing the fragmentation of Andean montane vegetation, which may 

have facilitated allopatry and subsequent differentiation. However, the 

combination of biogeographical, phylogenetic, and diversification rate 

analyses of a whole montane clade might clarify whether the initial 

diversification followed geological history or was a result of more recent 

dispersal. 

Nevertheless, various processes may play a crucial role in various 

taxa in different regions (Antonelli 2015). It is very unlikely that all 

mountain biota originated via a single model. A general understanding of 

the complex evolution of montane biota will be achieved only by 

combining datasets derived from a variety of organisms (Favre et al. 

2015). For instance, the phylogenetic and biogeographic study of multiple 

clades from the tropical mountain of Sabah in East Malaysia (Kinabalu 

Mountains) has shown that its local biota comprises a mix of both 

immigrant pre-adapted lineages, younger than the mountains itself, and 

descendants diversified from local lowland ancestors (Merckx et al. 

2015). 

Regarding the aquatic insects, the ecology of many groups is well-

studied owing to their roles as bioindicators or disease vectors, but, 

despite their significant contribution to global biodiversity their 

evolutionary diversification has been largely overlooked (Dijkstra 2014). 

The process of mountain orogeny is closely associated with erosion and 

the formation of deep valleys and drainage systems, which significantly 

affect the evolutionary divergence of aquatic organisms (Favre et al. 
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2015). Drainage basins and dispersal barriers among them are important 

in the structuring of aquatic fauna with limited over-land dispersal, which 

disperse primarily along stream networks (Finn et al. 2007; Hughes et al. 

2009). The formation of streams and river valleys during orogeny may 

cause vicariance as an indirect effect of the orogenic process (Heads 

2019). Therefore, it can be assumed that the formation of stream networks 

and the separation of drainages can significantly affect the evolutionary 

history of aquatic organisms. The formation of mountain ranges is thus a 

potentially important driver of speciation in both terrestrial and aquatic 

biota (He and Chen 2006).  

Only a few studies focused on historical biogeography and the 

speciation of aquatic insects have been published. Their results point to 

radiation driven by orogenic processes and diversification along the 

elevation gradient in Papua New Guinea (Toussaint et al. 2014: Exocelina 

diving beetles; Cozzarolo et al. 2019: Thraulus mayflies), and radiation 

driven by the epeirogeny of the Guyana plateau and vicariance after the 

formation of table mountains (De Marmels 2007: Tepuibasis dragonflies). 

2.2. Effects of climatic changes 

Pleistocene climatic cycles and the isolation of populations in allopatric 

refugia are important drivers of diversification and speciation (Hewit 

1996; Stewart 2010). However, the role of Pleistocene glaciations in the 

speciation of montane aquatic insects in Europe has been questioned 

(Vuataz et al. 2016). Based on the traditional interpretation, terrestrial 

fauna survived glaciations in one or more (micro)refugia with favorable 

climatic conditions in Southern Europe and recolonized Central Europe 

during interstadials, interglacial, and postglacial periods (Hewitt 1999; 

Bunje 2005). The regression of populations in the Quaternary cold 

periods affected genetic divergences within isolated refugial populations 

(Taberlet et al. 1998) in species with discontinuous distribution or low 

dispersal ability (Pauls 2006). Despite some common patterns, many 

differences in the effects of climatic changes have been detected, because 

responses to Quaternary fluctuations were dependent on species´ life 

cycle, habitat preferences, dispersal ability (Lehrian et al. 2009), and 
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tolerance to climatic factors (Hänfling et. al. 2002; Pinceel et al. 2005; 

Stewart 2010). 

The results of recent phylogeographic studies focused on montane 

aquatic fauna contradict the classical concept of refugia for terrestrial 

fauna (Hänfling et. al. 2002; Schmitt 2007). The life histories and 

responses of many aquatic species to Quaternary temperature fluctuation 

was fundamentally different to that of terrestrial species (Theissinger et 

al. 2012). This is particularly true for the cold-tolerant stream inhabiting 

aquatic insects (Pauls 2006; Danks 2007). Permanent running water 

provides relatively stable environmental conditions for the larvae of cold-

tolerant aquatic insects. Such groups may be less exposed to temperature 

extremes over long time periods and can survive even in the vicinity of 

ice sheets (postulated in "Dinodal theory" by Malicky 1983) by way of 

only short-distance vertical migration, in contrast to the majority of 

terrestrial species with their large-scale distribution shifts (Miklos 2008). 

Therefore, such aquatic habitats become periglacial refugia during 

glaciation periods allowing in situ survival (Theissinger et al. 2012). 

Several studies on montane aquatic insects, Trichoptera (e.g. Pauls et al. 

2006; Lehrian et al. 2009), Ephemeroptera (e.g. Theissinger et al. 2011), 

and Plecoptera (Theissinger et al. 2012), have documented high 

population divergence as a result of Pleistocene survival in multiple 

refugia over glacial cycles, which allowed the formation of many local 

endemic clades (Pauls 2006). Moreover, several studies have indicated a 

constant diversification rate of taxa and no impact of Quaternary climate 

change on the speciation or extinction of aquatic insects (e.g. Burbrink 

and Pyron 2010; Vuataz et al. 2016). 
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3. What makes the Caucasus so unique?

The Caucasus is a mountain region situated between the Black and 

Caspian Seas. The region covers a total area of 580 000 km2 and includes 

the territory of Armenia, Azerbaijan, Georgia, the southwestern part of 

Russia, the northeastern part of Turkey, and a part of northwestern Iran 

(Williams 2004). The Caucasus Mountains consists of several mountain 

ranges with various connectivity. The Greater Caucasus, the most 

prominent mountain range in the region rising to 5, 642 m above sea 

level, is almost completely isolated by the Kuma-Manych Depression 

located in the north and the Transcaucasian Depression (Colchis plain, 

Kura-Aras Lowland) in the south. Other mountain ranges, namely the 

Lesser Caucasus, and the Pontic and Alborz Mountains are connected 

with the upland regions of western Asia. The Greater Caucasus connects 

to the Lesser Caucasus by the Likhi (Surami) Range located in central 

Georgia (Tarkhnishvili 2014); for the localization and topography of the 

region see Fig. 1 in Chapter III or IV. 

The Caucasus is located in the central part of the Palearctic realm 

and represents a biogeographic crossroad between Europe (especially the 

Balkans and the Mediterranean) and Central Asia (Williams 2004). A 

high level of biodiversity and endemism in a relatively small area is what 

makes the Caucasus unique (Favre et al. 2015). The recent species 

richness of the Caucasus is comparable to that of the entire European 

continent and the level of regional endemism approaches or exceeds 50% 

(Tarkhnishvili 2014). Most significant factors responsible for such 

diversity and endemism are the geographic position of the region and its 

geological and climatic history, creating intricate environmental 

heterogeneity (Körner 2004; Levin et al. 2019). 

3.1. History of the land development of the Caucasus 

The Caucasus Mountains belong to the Alpine belt, an orogenic system 

stretching from the Pyrenees to the Himalayas and further to Southeast 

Asia (Gupta and Delany 2013). The system has been formed over the last 

30 My (millions of years) with an uplift acceleration in the last 10 My 

(Popov et al. 2004). 
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The history of land development in the Caucasus region was very 

specific. The region was formed by the conjunction of several ancient 

land masses, originally scattered in the Paratethys Sea, which existed 

along the southern margin of Eurasia since the Eocene–Oligocene 

boundary (33 My). Since the Eocene, a land mass (coinciding with 

current Asia Minor) was located south of the current Black Sea (Fig. 2A, 

black arrow). Another land mass (coinciding with the present Alborz 

Mountains in northern Iran) was connected to Central Asia (Fig. 2A, red 

arrow). These two lands were originally separated by the Paratethys Sea 

and subsequently connected to each other by a land bridge in the early 

Oligocene (32 My) (Fig. 2B). Simultaneously, a small island started to 

emerge in the Paratethys Sea, forming the current Greater Caucasus range 

(Fig. 2B, arrow). In the late Oligocene, around 25 My, the Asia Minor 

Peninsula conjoined the Balkans. In the early to middle Miocene (20–15 

My), the land masses of Asia Minor and the Balkans where again 

separated from Central Asia by a sea strait (Fig. 2C, D). In the middle 

Miocene (around 12–11 My) land masses corresponding to Asia Minor, 

the Lesser Caucasus, the Taurus Mountains, and the Iranian mountain 

ranges of the Alborz and Zagros were connected to each other (Fig. 2E). 

The Greater Caucasus was still an island in the Paratethys Sea (Fig. 2E, 

arrow). In the late Miocene (around 8 My), all ancient land masses (Asia 

Minor, Iran, the Arabian Peninsula, and the Greater Caucasus Island) 

began to connect to each other (Fig. 2F). This process is associated with 

the Messinian Salinity Crisis (around 6 My), a period of reduction of 

precipitation worldwide causing a decrease in sea levels (Manzi et al. 

2013; Roveri et al. 2014). During this period, the Paratethys Sea was 

substantially reduced and fragmented into several separated basins such 

as the Black, Caspian, and Aral Seas (Abrantes et al. 2012). It was also a 

period of intensive orogenic activity in the region (Popov et al. 2004). 

The Greater Caucasus formed an island connected with the mainland 

forming an isthmus separating the Black and Caspian Seas. The uplift of 

the Caucasus continued throughout the Pliocene (Fig. 2G), and the region 

reached its current state by the beginning of Pleistocene (2.4 My) (Fig. 

2H) (Popov et al. 2004; Tarkhnishvili 2014). 
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Figure 2. The history of the land development of the Caucasus region. Simplified 

according to Popov et al. (2004). Explanations: A: late Eocene (37–34 My); B: early 

Oligocene (34–32 My); C: early Miocene (20–19 My); D: early middle Miocene (16–15 

My); E: late middle Miocene (12–11 My); F: middle late Miocene (8.5–7.0 My); G: late 

Pliocene (3.4 My); H: Holocene. Colors: white: sea; green: lowlands; pale brown: 

highlands; dark brown: mountain ranges. Black arrow in A points to a land massif 

coinciding with current Asia Minor. Red arrow in A points to a land massif coinciding 

with recent Alborz Mountains in northern Iran. Black arrow in B–H points on the 

Greater Caucasus. 

3.2. Climatic history of the Caucasus 

The Caucasus region is different from its surroundings in the presence of 

a humid climate and forest ecosystems in some areas, especially in the 

western part. It is connected to high precipitation at the eastern coast of 

the Black Sea. As a result, the western Caucasus and the coastal zone of 

the Black Sea have the most favorable moisture and temperature 

conditions in Northern Eurasia for the growth of broadleaved 

evergreen/mixed forests (Tarkhnishvili 2014). These areas were most 

likely a refuge for thermophilous biota during the coldest stage of the last 

glaciation (Tarasov et al. 2000). Although forests are currently absent 

from a large part of the East, North, and South Caucasus, this landscape is 

still typical for the region (Williams et al. 2006). 

In the Miocene, Eurasia was largely covered with forests and a 

warm temperate climate of wet or humid character (Bruch and Zhilin 

2007; Utescher et al. 2007). The global temperature and gradual humidity 

decline since the Middle Miocene Climate Transition (around 15 My), 

significantly affected the landscape and associated ecosystems (Zachos et 

al. 2001). This applies especially to the expansion of grasslands and 

fragmentation of forests throughout Eurasia (Ratellack 2001). The 

relatively humid mountainous landscape of the Caucasus, harboring forest 

biodiversity complexes, became increasingly isolated from the rest of 
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Eurasia. While the biota less dependent on high humidity levels and forest 

ecosystems could repeatedly expand to the region from Asia, 

Mediterranean, and Africa, the biota requiring humid conditions lost the 

connection to their geographically distant relatives and became isolated in 

the Caucasus (Tarkhnishvili 2014).  

Aridification and deforestation intensified in the Miocene/Pliocene 

boundary (around 6 My) during the Messinian salinity crisis 

(Tarkhnishvili 2014; Favre et al. 2015). This process, together with 

intensive orogenic activity in the region, caused the further fragmentation 

of forests. Fossil records show that grasslands and scrublands started to 

expand into the Caucasus region during the Pliocene (around 4–3 My) 

and dominated in the region during the Pleistocene (Tarkhnishvili 2014). 

Glaciers covered only the Greater Caucasus at elevations above 1400–

1900 m in the west and 2400–2900 m in the east (Museibov and 

Beruchashvili 1986).  

Forest-associated retreating populations found refugia in habitats 

situated close to the seashore and isolated from each other by mountain 

ranges (Dubeya et al. 2006; Tarkhnishvili 2014). Phylogeographic studies 

suggest multiple forested refugia in the West Caucasus (the Pontic 

Mountains and Colchis Lowland), Alborz Mountains, and central Georgia 

based on data on reptiles and amphibians (Tarkhnishvili et al. 2000, 2001; 

Veith et al. 2003; Garcia-Porta et al. 2012), shrews (Dubeya et al. 2006), 

and land snails (Mumladze et al. 2013; Nieber and Hausdorf 2015). The 

paleoclimatic models of Tarkhnishvili et al. (2012) suggest that the West 

Caucasus and Alborz Mountains were important humid forest refugia 

during the last glacial maximum. 

In Europe, many taxa survived the Quaternary cold periods at lower 

latitudes and altitudes in the three large peninsulas of South Europe: the 

Iberian and Apennine Peninsulas and the Balkans. These areas were 

isolated by the mountain ranges, which represented effective dispersal 

barriers. After the last glacial maximum, species requiring a mild humid 

climate started to expand from these refugia throughout Western Eurasia 

(Dapporto 2009). However, forest species from the Caucasus refugia, 

especially those with poor dispersal abilities, could expand only over 

relatively small areas due to the highly heterogeneous climate and 
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landscape mosaic in the region. Therefore, they could not create a large 

post-glacial distribution range and remained isolated as regional or local 

endemics (Tarkhnishvili 2014). 

Several studies demonstrated the importance of dispersal barriers in 

the region. The Greater Caucasus mountain range was found to present an 

effective barrier for colonization after the last glacial maximum. Seddon 

et al. (2002) analyzed the mitochondrial sequences of the white-breasted 

hedgehog (Erinaceus concolor) from Eastern Europe, Turkey, and the 

Caucasus. The results show deep divergence among populations from the 

northern and southern slopes of the Greater Caucasus Mountains, and 

suggested two colonization routes, originating from separate refugial 

regions. The results of Babik et al. (2005) showed deep divergence 

between populations of Caucasian newt subspecies (Triturus v. lantzi) 

from the north and south of the Greater Caucasus suggesting that the 

mountains presented an effective barrier to dispersal. Dubeya et al. (2006) 

detected the Greater Caucasus as a dispersal barrier for populations of the 

Eurasian shrew (Crodidura suaveolens group). 

3.3. Geological and climatic history of the Caucasus: a brief summary 

The Caucasus region, as we know it from the current maps, consists of 

several ancient land masses that have split and merged in the course of 

geological history, and have probably exchanged their fauna and flora. 

The Greater Caucasus region was an isolated island in the ancient 

Paratethys Sea for a long time and conjoined with the mainland in the 

Miocene/Pliocene boundary, around 8 My. Climate changes since the 

Middle Miocene have caused the gradual fragmentation of humid forest 

ecosystems resulting in multiple forest refugia allowing the formation of 

the unique evolutionary lineages of present Caucasian biota. After the last 

glacial maximum, species from the Caucasus could not effectively expand 

because their habitats remained fragmented by grasslands or semidesert 

landscapes and evolved into endemic lineages. This is reflected by the 

general pattern of endemism in the Caucasus: more endemic taxa are 

distributed in the alpine grasslands and mountain forests, which are more 

fragmented and isolated, than in arid and semiarid landscape, scrublands, 
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and semideserts, which are widely distributed throughout the 

Mediterranean and Central Asia.  
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4. Mayflies (Ephemeroptera) of the Caucasus: the current

state of knowledge

The mayflies of the Caucasus are extraordinarily diverse and significantly 

contribute to the overall biodiversity and endemism of aquatic ecosystems 

in the region. The Caucasus is characterized by all types of freshwater 

habitats: springs (often mineral), turbid glacial streams, various rhithral 

and epipotamal streams (of which the River Kura is the biggest in the 

region), and mountain lakes (including Lake Sevan, one of the largest 

mountain lakes in Eurasia) (Kownacki 1987). 

Considering the lotic aquatic ecosystems, the most prevalent are springs, 

turbulent glacial streams and rivers, and large braided rivers (Fig. 3). 

These biotopes are located in different types of landscapes, ranging from 

forests (e.g. in the western Greater Caucasus; Fig. 3A, B, D) to open 

grasslands (e.g. in Armenia or Azerbaijan; Fig. 3C, E) and bare rocky 

landscapes of high altitudes. This large variety of aquatic habitats hosts a 

considerable number of invertebrates, of which mayflies are one of the 

most diversified. 

The history of mayfly research in the Caucasus dates back to the 

19th century when Georgi (1802) described a burrowing lowland species 

Palingenia fuliginosa from the Kura River. An intensive taxonomic 

investigation of the mayflies of this region was started by Tshernova 

(1931, 1938), who described several species of the families 

Leptophlebiidae, Heptageniidae, and Baetidae. After the study of 

Oligoneuriidae by Sowa and Zosidze (1973), mayfly research continued 

with numerous alpha-taxonomic studies regarding Baetidae and 

Heptageniidae, published by Sowa and Zimmermann (1976), Soldán 

(1977), Zimmermann (1977, 1981), Braasch (1978a,b, 1979a,b, 1980a,b, 

1983a,b), Jacob and Zimmermann (1978), Zimmermann and Braasch 

(1979), and Sinitshenkova (1976, 1979a,b). Later on, Sowa (1984), Kluge 

(1987a,b, 1988, 1994), Kazancı and Thomas (1989), Kluge and Novikova 

(1992), and Sartori and Sowa (1992) significantly contributed to our 

knowledge of Caucasian mayfly diversity by the description of several 

additional species from the families Heptageniidae, Ephemeridae, and 

Leptophlebiidae. 
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The authors cited above described 51 species from the Caucasus region 

and closely adjacent areas. However, the more recent works published by 

Jacobus et al. (2009), Sroka and Godunko (2012), Kluge et al. (2013), 

Godunko et al. (2015a), Martynov et al. (2015), Martynov and Godunko 

(2017), and Bojková et al. (2018) describing 14 additional species 

indicated that mayfly research in the Caucasus is still far from being 

completed. A considerable part of the region is still poorly investigated. 

Whereas older studies focused on the Greater and Lesser Caucasus, 

representing the main mountain ranges of the region, the recent studies 

investigated the edges of the region, the Pontic and Alborz Mountains, as 

well as the surrounding Taurus and Zagros mountain ranges (e.g. Sroka et 

al. 2015, 2019a,b; Godunko et al. 2015b). 

The traditional approach based solely on comparative morphology is 

now being replaced by an integrative taxonomy that defines species based 

on multiple and complementary perspectives (Dayrat 2005). This applies 

to the use of molecular data, representing a common component in the 

research of mayfly diversity taking place in European countries (e.g. 

Ståhls and Savolainen 2008; Vuataz et al. 2011; Moriniere et al. 2017; 

Tenchini et al. 2018; Weigand et al. 2019). As shown in Chapter II and 

IV, an incorporation of the molecular data to the research of the mayflies 

of the Caucasus may reveal new species and cryptic diversity. Moreover, 

this approach significantly improves the accuracy of the species 

identification that is fundamental to multiple basic and applied studies in 

taxonomy, evolution, ecology, and freshwater biodiversity assessment 

(Cardoni et al. 2015).  

Several publications on Caucasian mayflies have focused on species 

inventories and summarized mayfly diversity in the north-eastern Turkey 

(e.g. Türkmen and Kazancı 2013, 2015), Georgia (Gabelashvili et al. 

2018; Martynov et al. 2016;), Iran (Bojková et al. 2018), the Russian 

Federation (North Ossetia-Alania: Cherchesova 2004; Cherchesova et al. 

2014; Prielbrusye National Park: Zalikhanov et al. 2016), Azerbaijan 

(Talysh Mountains: Palatov and Sokolova 2016), Armenia (Hrivniak et al. 

2018; Chapter I), and various regions of Georgia, the Russian Federation, 

Armenia, Azerbaijan, and Turkey (Palatov et al. 2016). 
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Figure 3. An example of streams, rivers, and landscape variability in the Caucasus. A: 

glacial river in the western Greater Caucasus (Baksan River, Russia); B, C: brained 

rivers of the western (Teberda River, Russia) and eastern (Azerbaijan) Greater Caucasus, 

respectively; D: glacial river in the central Greater Caucasus (Belaya River, Adygea, 

Russia); E: steppe spring in the Lesser Caucasus (Armenian highlands, Armenia). Photos 

by J. Bojková and Ľ. Hrivniak. 

Based on this recent knowledge, 130 mayfly species representing 15 

families and 33 genera have been recorded in the Caucasus. All species 

are listed in Appendix. Nearly half of the species (61) are known only 

from the Caucasus region. Nevertheless, common Holarctic (6), Palearctic 

(28), Western Palearctic and European (18) species occur in the area, 

together with the species more or less widely distributed in the territories 

of Anatolia, Middle East (Turkey, Iran, Iraq, Syria, Israel, Jordan), and 

Central Asia (17). 
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No endemic families or genera occur in the Caucasus. Concerning 

Caucasian species, there are two types of endemism. A regional 

endemism encompassing endemic species widely distributed throughout 

the Caucasus region (21), and a local endemism referring to species 

restricted to the particular mountain ranges, the Greater Caucasus (19), 

the Lesser Caucasus and Pontic Mountains (13), and the Alborz (8).  

In general, the greatest level of endemism was found in the family 

Heptageniidae with 42 described endemic species, followed by Baetidae 

(11), Leptophlebiidae (5), Ephemerelidae (2), and Oligoneuriidae (1). The 

families Heptageniidae and Baetidae are the most species-rich in the 

region and constitute nearly 70% of the entire mayfly fauna in the 

Caucasus. This diversity reflects the dominant representation of fast-

flowing streams and rivers in the region. The majority of regional and 

local endemics in the Caucasus region are from the montane and 

submontane genera, namely Rhithrogena Eaton, 1882 (17), Epeorus 

Eaton, 1881 (10), Electrogena Zurwerra and Tomka, 1985 (11), 

Ecdyonurus Eaton,1868 (3) (Heptageniidae), and Baetis Leach, 1815 (8) 

(Baetidae). 
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5. Epeorus (Caucasiron): the best model group for the

evolutionary study

The genus Epeorus Eaton, 1881 (Heptageniidae: Rhithrogeninae Lestage, 

1917: Epeorini sensu Wang and McCafferty 2004) represents a group of 

"two tailed" heptageniid mayflies, i.e. with highly reduced paracercus in 

the larval stage. The larvae are scrapers inhabiting fast flowing mountain 

and submountain streams and rivers with cold water and stony bed 

substratum (Bauernfeind and Soldán 2012).  

The larvae of Epeorus s.l. can be identified by (1) a reduced 

paracercus, (2) maxillae with a triad of greatly enlarged incisors, and (3) a 

dense row of setae along the anterior margin of the head. The imagines 

can be identified by a combination of the characters: (1) the absence of 

transverse suture on the mesonotum, (2) a first tarsal segment longer or 

equal in length to the second tarsal segment in the male, and (3) poorly 

developed basal cross veins in the forewings. Male genitalia are relatively 

variable within the genus. Titilators are present or absent and penis lobes 

are expanded or fused in their basal half (Webb and McCafferty 2008). 

The genus Epeorus currently includes more than 70 described species 

worldwide and, thus, ranks among the most diverse genera within 

mayflies (Barber-James et al. 2008). 

Epeorus s.l. is one of the most diverse mayfly genera in the 

Caucasus. Except for a single representative of Epeorus s. str., Epeorus 

(Epeorus) zaitzevi Tshernova, 1981, all Epeorus species belong to the 

subgenus Caucasiron Kluge, 1997 (hereinafter Caucasiron). The global 

distribution of Caucasiron includes the eastern Mediterranean islands 

(Samos and Cyprus), Turkey, the Caucasus, Iraq, Iran, Central Asia 

(Kazakhstan, Tajikistan, Nepal, India), and south-western China (Guizhou 

province). The highest diversity is known in the Caucasus and adjacent 

areas, 15 species (including Samos Island) have been described to date 

(see Appendix). Central Asia and south-western China are each inhabited 

by a single species, making up altogether 17 confirmed Caucasiron 

species worldwide. A high species diversity in the Caucasus may be 

related to its specific geological history possibly affecting evolutionary 

processes, but may also be influenced by intensive research in this area. I 
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assume that the species diversity in Central Asia and China is 

underestimated at present. Moreover, based on the general habitus of 

larvae, at least three other species described in different genera from 

Central Asia (Braasch 1983c, 2006a) likely belong to Caucasiron. Their 

taxonomic revision is needed. 

Caucasiron larvae are among the largest mayflies in the Caucasus 

(the larva of E. (C.) magnus grows up to 24 mm, without the length of 

cerci). Kluge (1997) defined the larvae of Caucasiron based on several 

characters: (1) the presence of a "suction disc" (Fig. 4B) (consisting of 

enlarged gill plate I, overlapping gill plates II–VI, and gill plate VII bent 

under the abdominal segments (Fig. 4C, D), (2) a projection on the costal 

margin of gill plates II–VI, representing unique apomorphy among 

Heptageniidae and mayflies in general (Fig. 4E, arrow), and (3) medio-

dorsally directed hairs along the anterior margin of the head. Imagines are 

characterized by tubular penis lobes without dorso-lateral denticles (Fig. 

4A,a) and well-developed median titilators (Fig. 4A,b). 

Figure 4. Main morphological diagnostic characters of Caucasiron, our model group for 

the evolutionary study in the Caucasus. A: male genitalia; a, points on tubular penis lobe; 

b, points on well-developed titilator; B: habitus of larvae from ventral view; C, D: cross 

section of abdomen and gill plate VII showing longitudinal fold (D); E: Gill plate III, 

arrow points on the projection on the costal margin. 

For the study of the evolutionary history of mayflies from the Caucasus, I 

have chosen Caucasiron as the most appropriate model group, based on 

its biological features as well as for several practical reasons. Individual 

Caucasiron species possess various geographical and altitudinal 

distribution patterns. Some species are local endemics of the Greater 

Caucasus, Alborz Mountains, or Pontic Mountains inhabiting small high-
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altitude streams and rivers, while other species are widespread throughout 

the Caucasus and adjacent areas and inhabit various lotic habitats, from 

small high-altitude streams to lowland braided rivers. The highest number 

of species and local endemics occur in the Greater Caucasus, the most 

prominent range in the region that was formed as an isolated island in the 

Paratethys Sea (Popov et al. 2004). I have assumed that different 

distributional patterns of species and a high level of endemism in the 

Greater Caucasus reflect various evolutionary histories.  

I aimed to clarify: (1) where the closest relatives of Caucasiron are 

distributed, (2) when and how fast this group diversified, and (3) whether 

the high diversity and endemism in the Greater Caucasus reflect local 

speciation or have resulted from immigration from surrounding areas. 

Answers to these questions would significantly contribute to our 

knowledge of the evolution of the unique Caucasian mayfly fauna, which 

is currently unknown. From a general point of view, the results will 

clarify how, and to what extent, the specific geological history of the 

Caucasus affected evolution of its aquatic biota and endemism, and 

whether its diversification tracked the mountain orogeny, as was revealed 

in several taxa investigated so far from other mountain ranges.  

The patterns of speciation of organisms within the Caucasus were 

generally coupled with the impact of climatic change during the 

Pliocene/Pleistocene. Regarding the speciation of cold-tolerant montane 

aquatic insects, it can be expected that Pleistocene climatic oscillations 

did not significantly affect their diversification, similarly as observed in 

montane mayflies of the genus Rhithrogena from the European Alps 

(Vuataz et al. 2016). An intensive Miocene orogeny and the isolation of 

mountain ranges might have a much greater influence on the 

diversification of Caucasian montane aquatic biota than climatic changes 

during the Pleistocene. However, these processes were not yet studied in 

the Caucasian aquatic insects and remain unknown. Therefore, I focus on 

this topic in Chapter IV based on Caucasiron. To analyze the 

evolutionary history of Caucasiron in time, the calibration of the 

molecular phylogenetic tree will be essential. Although fossil records of 

Epeorus are not available, several other fossils with an unambiguous 

systematic position within Heptageniidae (see Appendix A1 in Part 
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Chapter IV) allow us to perform a precise time calibration of 

diversification events. 

Among more practical issues making Caucasiron a highly suitable 

model group is the possibility of comparing our newly collected 

specimens with the type material of most species obtained from the 

Stuttgart State Museum of Natural History. The accessibility of this 

material helped me to verify species identifications and prepare a precise 

taxonomic revision of all Caucasiron species (Chapter III).  

Apart from using Caucasiron as a model group for studying the 

evolutionary history of mayflies in the Caucasus, I also aimed to clarify 

several systematic problems in the genus Epeorus s.l. In particular, the 

evolution of the larval suction disc, whose presence or absence are 

considered significant in the systematics of Epeorus s.l., and the relevance 

of which is extensively discussed in the literature. According to Braasch 

(2006b), the larval suction disc evolved only once within Epeorus s.l. and, 

thus, classified all species with this structure within a single (presumably) 

monophyletic genus Iron Eaton, 1885. This genus included subgenera 

Iron s.str. (distributed in Central Asia and the Nearctic Region), 

Caucasiron, Ironopsis Traver, 1935 (Nearctic region), and Alpiron 

Braasch, 2006 (Europe).  

In contrast, Tshernova (1981) and Kluge (2004) considered a 

suction disc as a homoplasy of several unrelated lineages within Epeorus 

s.l. Furthermore, in contrast to Braasch (2006b), Kluge (2015) did not

support the classification of European species with a suction disc in the

subgenus Alpiron. According to him, these European species are rather

related to Central Asian and Nearctic Ironopsis, and classified them into

this subgenus. Whether the taxa with a suction disc represent a

monophyletic group, and what are the actual relationships between

European, Central Asian, and Nearctic species remain questionable and

should be tested via the molecular approach. I therefore aimed to solve

this problem in Chapter IV.
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6. Scope and aims of the thesis

The overall goals of this thesis are to: (1) document mayfly diversity in 

the Caucasus Mountains by gathering all published data and extensive 

field research in the region, (2) revise the taxonomy and systematic 

position of Caucasiron, and (3) clarify the temporal and spatial origin of 

Caucasian mayflies based on a multi locus phylogenetic and 

biogeographical analyses of Caucasiron, the model group selected for the 

evolutionary study. 

The thesis contains four chapters. The first chapter deals with the 

general diversity of Caucasian mayflies. The research is focused on 

Armenia, one of the least investigated countries within the Caucasus 

region, and aims to gather missing information on mayfly diversity and 

distribution in the Lesser Caucasus. The second and third chapters deal 

with the diversity and distribution of Caucasiron. Chapter two is focused 

on its taxonomy and distribution in the Caucasus and adjacent areas. As I 

care about the practical output of my research, chapter three is focused on 

the identification of Caucasiron species, which may be seen as a key 

component in research in the taxonomy and ecology of Caucasiron and 

stream ecology in general. In chapter four, I explore the effect of the 

geological history of the Caucasus on the species diversification of 

Caucasiron, and clarify the origin and age of Caucasiron lineage(s). In 

this chapter, I also analyze the phylogenetic relationships between 

Epeorus taxa with a suction disc and clarify their systematic positions 

within Epeorus s.l. 

6.1. Specific aims and topics of the thesis 

Chapter I 

(1) Compilation of a comprehensive checklist of Armenian mayflies with

a zoogeographical characteristic of their fauna.

(2) Description of the larva and male imago of a new species of

Ecdyonurus (Ecdyonurus) based on morphology and molecular data.

(3) Provision of a differential diagnosis regarding other related

Ecdyonurus species and the information on the habitat and distribution of

the new species.
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Chapter II 

(1) Detailed taxonomic investigation of Caucasiron from the Caucasus

and adjacent areas (Samos, Cyprus, Turkey, and Iran).

(2) Application of molecular data (COI) and various models of molecular

species delimitation in an identification of individual species described

based on comparative morphology.

(3) Provision of a morphological description for new lineages of

Caucasiron, their morphological diagnostic characters, and comparison

with related species.

(4) Give the information on the distribution and habitat preferences of all

new species.

Chapter III 

(1) Provision of the larval identification guide to all currently known

Caucasiron species distributed in the Caucasus and adjacent areas.

(2) Summarization of the information on their distribution and habitat

preferences.

Chapter IV 

(1) Test the monophyly of three morphologically similar subgenera (with

a suction disc) of Epeorus s.l. (Caucasiron, Iron and Ironopsis) and

clarify their phylogenetic relationships and systematic position within

Epeorus s.l.

(2) Estimate phylogenetic relationships and divergence times of

Caucasiron based on the multi locus phylogeny and dataset covering the

entire Caucasus and relevant adjacent mountains ranges.

(3) Explore the pattern of speciation and extinction rate over time and

reconstruct ancestral distribution of individual Caucasiron lineages

regarding the important geological events in the Caucasus region.

(4) Test whether orogeny forming the Caucasus mountain system

promoted the diversification of Caucasiron species and whether the

Miocene isolation of the Greater Caucasus caused the differentiation of

mayfly lineages endemic to this mountain range.

(5) Explore possible effects of Pleistocene climatic oscillations on the

speciation of Caucasiron in the Caucasus.
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Abstract 

The Caucasus and adjacent areas are inhabited by fifteen species of 

mayflies of the genus Epeorus, subgenus Caucasiron Kluge, 1997 

(Heptageniidae). This identification guide aims to facilitate an accurate 

species identification of their larvae and sum up all available information 

on their taxonomy and distribution. We provide an identification key and 

describe and illustrate the important diagnostic characters of all species. 

The larva of E. (C.) insularis (Braasch, 1983) is described for the first 

time. This study enables the routine identification of Caucasiron larvae 

necessary for biomonitoring and hydrobiological research in the Caucasus 

region.  

Key words 

aquatic insects, mayflies, morphology, identification key 

Introduction 

The knowledge facilitating the identification of mayflies inhabiting the 

Caucasus biodiversity hotspot (Myers et al. 2000) is limited to checklists 

(e.g., Bojková et al. 2018: Iran; Gabelashvili et al. 2018: Georgia; 

Hrivniak et al. 2018: Armenia) and alpha taxonomic papers focused 
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mostly on the delimitation of newly described species/taxa. The available 

identification keys deal with selected genera only (Sinitshenkova 1976, 

1979: Epeorus Eaton, 1881 and Rhithrogena Eaton, 1882, respectively; 

Jacob and Zimmerman 1978: Baetis Leach, 1815) or mayfly fauna of the 

wider region without sufficient information on Caucasian species 

specifically (Kluge 1997a). These keys are largely outdated, because the 

number of species newly described from the Caucasus has been steadily 

increasing in recent years (e.g., Hrivniak et al. 2017; 2018; 2019; 2020a; 

Martynov and Godunko 2017; Bojková et al. 2018). Therefore, the 

identification of larvae to the species level is complicated due to the 

necessity of compiling information from original descriptions and 

requires advanced experience with the taxonomy of mayflies and 

comparative collections. Modern identification keys are needed especially 

for researchers implementing biomonitoring programmes and routine 

hydrobiological surveys in the region. They often use species data on the 

generic or family level only (e.g., Hakobyan et al. 2010; Asatryan et al. 

2016; Hovhannisyan and Shahnazaryan 2016; Sharifinia et al. 2016) and 

often include numerous misidentifications (cf. Bojková et al. 2018). This 

study aims to partly fill this gap by providing a complex identification 

guide for the larvae of the genus Epeorus, subgenus Caucasiron Kluge, 

1997 (Heptageniidae) (herineafter Caucasiron) occurring in the Caucasus 

and adjacent areas. The Epeorus s.l. larvae are known to be sensitive to 

pollution, are relatively stenotopic, restricted to lotic habitats, and form an 

ecologically important component in macroinvertebrate assemblages 

(Morisi et al. 2003). Caucasiron species, together with the remaining 

representatives of Heptageniidae, can, therefore, be used as indicators in 

water quality assessments and hydrobiological surveys in the Caucasus 

region. 

Caucasiron ranks among the most diverse mayfly groups in the 

Caucasus region, together with the genera Rhithrogena, Electrogena 

Zurwerra & Tomka, 1985, and Ecdyonurus Eaton, 1868. It is a 

monophyletic subgenus, sister to the subgenus Iron distributed in Central 

Asia and the Nearctic Region (Hrivniak et al. 2020a). Kluge (1997b) 

defined Caucasiron based on the unique apomorphy among 

Heptageniidae (and mayflies in general), a projection on the costal margin 
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of the gill plates II–VII (see Fig. 4E, in “Part one: Background, section 

5”). Other morphological characters of Caucasiron include: gill plates 

forming a “suction disc” (i.e., a structure consisting of enlarged gill plate I 

and overlapping gill plates II–VII, and gill plate VII with a longitudinal 

fold allowing it to be bent ventrally under the abdominal segments (see 

Fig. 4B–C, D, arrow in “Part one: Background, section 5”) and medio-

dorsally directed hair-like setae along the anterior margin of the head 

(Kluge 2015: 346, fig. 178). Imagines are characterized by tubular penis 

lobes without dorso-lateral denticles and well developed median titilators 

(see Fig. 4A in “Part one: Background, section 5”). 

The global diversity of Caucasiron comprises 17 species (Hrivniak 

et al. 2020b). This identification guide deals with 14 species inhabiting 

the Caucasus and neighbouring mountain ranges, such as the Zagros and 

Taurus Mountains, and one species inhabiting Samos Island. The 

extralimital species E. (C.) guttatus (Braasch, 1979) from Central Asia, E. 

(C.) extraordinarius Chen et al., 2010 from south-western China, and 

other Central Asian species presumably belonging to the genus 

Caucasiron (Hrivniak et al. 2017) are not included. All 15 species 

included in the guide are easily distinguishable based on both morphology 

and molecular data (Hrivniak et al. 2017, 2019, 2020a, b). Additionally, 

Hrivniak et al. (2020b) identified seven other distinct lineages based on 

molecular data only. Most of these lineages likely represent cryptic 

species or as yet have no formal morphological description. The 

distribution of possible cryptic lineages are to be found in the guide 

remarks of the respective morphotypes. 

Individual species of Caucasiron have different distribution patterns 

in the Caucasus. Some species are local endemics to the Greater 

Caucasus, Pontic, Zagros, or Alborz Mountains. Others are widely 

distributed throughout the Caucasus and the adjacent areas of Anatolia, 

Cyprus, Iran, and Iraq (Hrivniak et al. 2017, 2019, 2020a, b). Their 

distribution and diversity patterns can be explained by geological history 

and land development in the region that have significantly affected the 

diversification of Caucasiron in the Caucasus (Hrivniak et al. 2020b).  

We aim to provide information necessary for the accurate species 

identification of Caucasiron to the professional public in order to allow 
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the integration of Caucasiron into the hydrobiological surveys and 

biodiversity monitoring in the Caucasus. The main objectives of this 

study are to (i) form an identification key based on the reliable 

morphological characters of larvae, (ii) make an inventory of records of 

all species, and (iii) describe their geographic and altitudinal distribution 

based on our extensive data and available literature data. Caucasiron 

imagines are not described because of the lack of unambiguously 

associated specimens. Only information about whether the subimagines or 

imagines of a given species are described, how they were associated, and 

who described them, is provided. 

148

Results of the thesis: Chapter III



Material and methods 

Sampling 

Larvae of Caucasiron were collected at 290 localities in Turkey, Georgia, 

Russia, Armenia, Azerbaijan, Iran, and Samos and Cyprus in 2008–2019 

(Fig. 2). They were sampled by a hand net or a metal strainer and fixed in 

96% ethanol in the field. Sampling sites fully covered Caucasus region 

and the geographical distribution of all known Caucasian Caucasiron 

species. 

Figure 1. Topographic map of the Caucasus and adjacent mountain ranges with the 

position of the study area (upper left part) and distribution of our sampling sites (upper 

right part). Geographical coverage of identification guide of Epeorus (Caucasiron) 

larvae is defined by red dashed line. 

Morphological examination 

Original descriptions of individual species were used for the initial 

species identification based on morphology (Sinitshenkova 1976; Braasch 

1978, 1979, 1980; Braasch and Zimmerman 1979; Braasch and Soldán 

1979; Hrivniak et al. 2017, 2019, 2020a). Due to insufficient details given 

in several of these descriptions, newly collected specimens (both larvae 
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mounted on slides and larvae stored in ethanol) were compared with the 

type material (holotypes and/or paratypes) to accurately identify the 

species. Type series were studied in species recently described by us: E. 

(C.) bicolliculatus Hrivniak, 2017, E. (C.) turcicus Hrivniak, Türkmen & 

Kazancı, 2019, E. (C.) alborzicus Hrivniak & Sroka, 2020 , E. (C.) shargi 

Hrivniak & Sroka, 2020, and E. (C.) zagrosicus Hrivniak & Sroka, 2020. 

Type specimens were also studied in following species: E. (C.) iranicus 

(Braasch & Soldán, 1979), E. (C.) insularis (Braasch, 1983), E. (C.) 

magnus (Braasch, 1978), E. (C.) alpestris (Braasch, 1979), E. (C.) soldani 

(Braasch, 1979), E. (C.) longimaculatus (Braasch, 1980), and E. (C.) 

sinitshenkovae (Braasch & Zimmerman, 1979). Topotypes were collected 

and studied in several species: E. (C.) insularis, E. (C.) alpestris, E. (C.) 

soldani, E. (C.) longimaculatus, E. (C.) iranicus. The extent of 

morphological variability in each species was mostly determined based on 

specimens, which species identity was proved by molecular species 

delimitation (Hrivniak et al. 2017, 2019, 2020a, b). 

Body parts with morphological structures requiring microscopical 

examination (i.e. mouthparts, femora, abdominal terga) were mounted on 

slide using HydroMatrix® (MicroTech Lab, Graz, Austria) mounting 

medium. In order to remove the muscle tissue for an investigation of the 

cuticular structure, the specimens were left overnight in a 10% solution of 

NaOH prior to slide mounting. Drawings were made using a 

stereomicroscope Olympus SZX7 and a microscope Olympus BX41, both 

equipped with a drawing attachment. Photographs were obtained using 

Leica DFC450 camera fitted with macroscope Leica Z16 APO and folded 

in Helicon Focus version 5.3 X64. All photographs were subsequently 

enhanced with Adobe Photoshop™ CS5. The terminology was used 

mostly according to Kluge and Novikova (2011) and Kluge (2004, 2015). 
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Results and discussion 

Larval morphological diagnostic characters 

A set of larval diagnostic characters used in the identification guide (listed 

below) was derived from Braasch and Soldán (1979), who proposed them 

for the distinguishing of larvae of the genus Iron Eaton, 1885. In the 

concept of Braasch and Soldán (1979), Iron included currently recognized 

taxa Iron, Ironopsis Traver, 1935, Caucasiron, and Alpiron Braasch, 2006 

(see Hrivniak et al. 2020a for the revised concept and phylogeny of these 

taxa). Individual diagnostic characters are briefly described and figured 

for all species. 

Morphological characters for the larval identification of 

Caucasiron: 

i) coloration of abdominal terga: shape of medial macula (Fig. 3I,

arrow) and length of lateral stripes (extended dorso-posteriorly or not;

Fig. 12H–I and Fig. 15G respectively).

Sometimes the medial macula is visible only partly being concealed by a

preceding abdominal segment due to the telescoping contraction of the

abdomen. The abdomen must be sufficiently extended manually to expose

all length of individual segments to recognize the shape of the medial

macula.

ii) coloration of abdominal sterna: presence/absence and shape of

pattern.

The coloration pattern of abdominal terga and/or sterna is often species-

specific and valuable in the species identification of Caucasiron larvae. It

is easily visible and, thus, valuable for the routine identification.

However, it often fades in older material or in inadequately fixed larvae,

and the intensity of coloration, especially of abdominal sterna, varies

among specimens and instars, and may be poorly expressed in some

specimens. Therefore, the combination of all characters provided in the

guide should be considered for an accurate species identification. The

coloration pattern is usually present on terga II–IX (X) and sterna II–VIII

(IX). However, patterns vary among segments, therefore, for the purpose

of the key we compare terga V–VII and sterna II–VI, which are most

species-specific.
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iii) surface of abdominal terga: presence/absence of outgrowths

(protuberances, spines, etc.), shape of sensory setae (hair-like/wide; Fig.

4E and Fig.19E respectively), density, shape, and sclerotization of

denticles along posterior margin of tergum VII (mounting on microscopic

slide required).

Except E. (C.) bicolliculatus with a pair of postero-medial protuberances

on abdominal terga II–IX (Hrivniak et al. 2017: figs 11, 31, 32; Fig. 33H,

arrows), dorsal margin of abdominal terga of Caucasian Caucasiron

species do not bear any outgrowths or spines.

Denticles along posterior margin of abdominal terga are pointed and

irregular in size in all Caucasian Caucasiron species. However, the

denticles of some species are denser and more sclerotized, e.g. in E. (C.)

znojkoi Tshernova, 1938 (Fig. 7E) and E. (C.) nigripilosus (Sinitshenkova

1976) (Fig. 13E), strongly sclerotized, elongated and curved, e.g., in E.

(C.) magnus (Fig. 10E) or less sclerotized and narrowed, e.g., in E. (C.)

longimaculatus (Fig. 28E). The pattern of denticles slightly varies among

terga and depends on a lateral distance from the midline of a given

tergum. Thus, the reference part for the description of denticulation along

the posterior margin of terga is used in the key. It is represented by

tergum VII, the section from its midline to approximately half distance to

the lateral margin.

iv) medial hypodermal femur spots: presence/absence and shape

(rounded/elongated). The character is relatively stable and usually present

on dorsal surface of femora of all leg pairs. Variability was observed in E.

(C.) caucasicus (Fig. 3F–H) and includes absence on all or at least some

of the legs.

v) mouthparts: setation on dorsal surface of labrum (sparse hair-like

setae/dense bristle-like setae; Fig. 4A and Fig. 10A respectively) and

shape of mandibular incisors (blunt/pointed) (mounting on microscopic

slide required).

Mouthparts of Caucasian Caucasiron species are generally without

distinct diagnostic characters in most of the species. The only exception is

labrum, mandibles and maxillae of E. (C.) magnus. This species differs

from all others by setation of dorsal surface of labrum (dense bristle-like

setae; Fig. 10A), pointed mandibular incisors (Fig. 10B–C), and thickened
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maxillary dentisetae (not figured). The shape of labrum is generally 

variable in most of the Caucasian Caucasiron. Exceptions are E. (C.) 

magnus, E. (C.) alpestris, and E. (C.) sinitshenkovae, the shape of labrum 

of which can be considered as one of the diagnostic characters. However, 

it should be noted that the shape of labrum is often distorted during the 

slide preparation and should be observed in natural position (not 

flattened), as well as suggested for other Heptageniidae (e.g. Ecdyonurus) 

(Bauernfeind 1997). Therefore, the shape of labra figured in the guide are 

not flattened on slide but drawn from dorsal view in natural position. 

Drawings of the shape of mandibular incisors were based on flattened 

incisors on slides. Despite mandibular incisors are not considered as 

distinct character in the species identification, they are figured in the 

guide for comparison with E. (C.) magnus, and for purposes of further 

taxonomy, in case some new species with different incisors will be found 

in the future. 

vi) gill plates: size of a projection on costal margin of gill plates III (with

distinct/without distinct projection; Fig. 4G, arrow and Fig. 28G

respectively) and shape of gill plates VII in natural position from ventral

view (narrow/wide).

The shape of gill plates I–VI is more or less identical between individual

species. However, the gill plate VII is specific for some species; e.g.

narrow, banana-shaped plate in E. (C.) soldani (Figs 18L; 19H–K), E.

(C.) longimaculatus (Figs 27L, M; 28H–L), or E. (C.) sinitshenkovae

(Figs 24J; 25H–K); wider and rounded shape in E. (C.) nigripilosus (Figs

12K; 13H–J) or E. (C.) alborzicus (Figs 39J, K; 40H–J). Importantly, the

shape of the gill plate VII must be observed in natural position from

ventral view, without flattening on a slide (as shown e.g., in Fig. 6L–P).

As a part of the gill plate VII is longitudinally bent under the abdomen

(Fig. 1C–D), its shape is often deformed during the slide preparation by

straightening of its inner margin.

vii) tarsal claw denticulation: number of denticles.

Denticulation of tarsal claws was omitted in the guide, due to its high

overlap among species and frequent abrasion. Tarsal claws of all species

usually possess 2–4 denticles.
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viii) shape of head in fully grown larvae: ellipsoid/oval

trapezoidal/sharply trapezoidal.

The shape of head (in dorsal view) may be used as one of the diagnostic

characters in some species; e.g., E. (C.) znojkoi is characteristic by

sharply trapezoidal head (Fig. 6D), E. (C.) magnus and E. (C.) shargi by

oval trapezoidal head (Fig. 9D–E and Fig. 42D respectively), and E. (C.)

longimaculatus by more or less ellipsoid shape of head (Fig. 27D).

Interspecific differences in the shape of head are most distinct in fully

grown or late instars of males (and females in E. (C.) magnus).

ix) postero-lateral projection on tergum X: presence/absence (Fig.

10K–M, arrows, and 16L respectively) and its size.

We also figure a shape of medial emargination of female sternum IX and

spatulate setae on dorsal surface of femora (figures in the guide include

the variability from proximal to distal margin of femora of all leg pairs).

Despite a relatively wide range of variability in these characters, it may be

helpful in identification of some species.

Identification guide to larvae of Caucasian species of Caucasiron 

How to use the guide? 

The dichotomous key divides Caucasiron species into two morphological 

groups, further divided into subgroups. They do not correspond with the 

phylogeny and merely represent groupings defined for the practical 

purpose of species identification. 

Some characters within the key are subject to variation in some 

species. For instance, E. (C.) caucasicus usually has a median 

hypodermal femur spot, but in rare instances it is absent. We deal with 

this ambiguity by placing such species both in Group A (femur spot 

present) and B (femur spot absent). Thus, there are sometimes multiple 

paths leading to the same species in the key. 

Most Caucasiron species are defined on the basis of a particular 

combination of several morphological characters. Following species 

identification using the dichotomous key, it is recommended to compare 

all the remaining diagnostic characters for a given species, provided in 

detail in the “Main morphological diagnostic characters of larvae” for 
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each species. Variability of morphological diagnostic characters is 

described in the remarks section. 

The “main morphological diagnostic characters of larvae” were 

described based on late-instar larvae (fully-grown larvae). The order of 

characters is not concise in relation to all species; it always starts with the 

most prominent character for a given species after which the value of 

subsequent characters for species identification diminishes. For each 

species included in the guide, geographical and altitudinal distribution is 

provided. The construction of distribution maps was based on published 

records (Table 1) and our unpublished data. Brief information on 

distribution is also given directly in the key. Abbreviations correspond 

with points of the compass; central Greater Caucasus refers to area from 

Mount Elbrus to Mount Kazbek. Altitudinal distribution is divided into 

three categories: low (up to 500 m a.s.l.), middle (500–1500 m), and high 

(above 1500 m). This serves only for the purpose of rough orientation, 

since actual environmental conditions on a given altitude may vary 

significantly because of high climatic heterogeneity within the region. 

The list of synonyms given for each species includes all 

generic/subgeneric combinations under which the species is mentioned in 

the literature, always with the reference to the first study using a given 

combination. 

Key to species 

Medial hypodermal femur spots present (e.g. Fig. 12F–G): group A 

– Coloration pattern on abdominal sterna present (Figs 3; 12; 45B):

subgroup A1, p. 156.

– Coloration pattern on abdominal sterna absent (Figs 27; 36; 42B):

subgroup A2, p. 156.

Medial hypodermal femur spots absent (e.g. Fig. 15F): group B

– Coloration pattern on abdominal sterna present (Figs 3; 6; 15; 30;

33; 39B; 18J–K): subgroup B1, p. 157.

– Coloration pattern on abdominal sterna absent (e.g. Figs 9; 25B):

subgroup B2, p. 158.
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subgroup A1 

1 abdominal sterna II–VI with a pair of oblique stripes (Figs 3J; 21I, 

J; 45I): 2 

– abdominal sterna II–V (VI) with a pair of triangular spots (Fig.

12J) and abdominal terga with lateral stripes extended dorso-posteriorly

(Fig. 12H–I, arrows): E. (C.) nigripilosus (widespread in the Caucasus;

Cyprus), p. 170.

2 stripes on abdominal sterna II–VI widened anteriorly (Fig. 45I, 

arrows) and abdominal terga with lateral stripes extended dorso-

posteriorly (Fig. 45H, arrows): E. (C.) zagrosicus (S and SW Iran), p. 

203.

– stripes on abdominal sterna II–VI not widened anteriorly (Figs 3J;

21I–J): 3

3 abdominal terga V–VII with crown-like medial macula (Fig. 3I): 

E. (C.) caucasicus (widespread in the Caucasus), p. 159.

– abdominal terga V–VII with stripe-like medial macula and a pair

of distinct antero-lateral stripes (Fig. 21G, arrows): E. (C.) iranicus (N

Iran), p. 179.

subgroup A2 

1 medial hypodermal femur spots distinctly elongated (Fig. 27F–H); 

setae on abdominal terga wide and denticles along posterior margin of 

tergum VII narrow (Fig. 28E); gill plates III without distinct projections 

(Fig. 28G); gill plates VII narrow (Figs 27L–M; 28H–L): E. (C.) 

longimaculatus (central Greater Caucasus), p. 185.

– medial hypodermal femur spots rounded, not distinctly elongated,

gill plates III with well-developed projections; setae on abdominal terga

hair-like (e.g. Fig. 37E): 2

2 abdominal terga V–VII with stripe-like medial macula and lateral 

stripes extended dorso-posteriorly (Fig. 36G, arrows); gill plates VII 

narrow (Figs 36I; 37H–K): E. (C.) turcicus (NE Turkey), p. 194.
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– abdominal terga V–VII with more or less triangular or T-shaped

medial macula, lateral stripes not extended dorso-posteriorly (Fig. 42I–

K); gill plates VII wide (Figs 42M; 43H–J): E. (C.) shargi (N Iran), p.

200.

subgroup B1 

1 setae on abdominal terga wide: 2 

– setae on abdominal terga hair-like: 3

2 abdominal terga II–IX with a pair of postero-medial protuberances 

(Fig. 33H, arrows; protuberances are most developed on terga VI–VIII 

and best visible from dorso-lateral view); abdominal terga V–VII with 

stripe-like medial macula, which is often anteriorly and posteriorly 

widened (Fig. 33G, H); abdominal sterna II–VI as on Figs 33J–L: E. (C.) 

bicolliculatus (NE Turkey, Georgia, Armenia), p. 191.

– abdominal terga without postero-medial protuberances; terga V–

VII with well-defined triangular maculae (Fig. 18H, I); sterna not

intensively pigmented, pattern of sterna II–VI as on Fig. 18J, K: E. (C.)

soldani (W and central Greater Caucasus), p. 176.

3 postero-lateral projections on tergum X distinct (Fig. 40K, arrow);

abdominal sterna II–VI with circular medial macula (Fig. 39L–N); gill

plates VII wide (Figs 39J–K; 40H–J): E. (C.) alborzicus (N Iran), p. 197.

– postero-lateral projections on tergum X absent or indistinct,

coloration pattern of abdominal sterna different: 4

4 abdominal sterna II–VI yellowish, with a pair of black oblique 

stripes or brownish rounded medial macula: 5 

– all or at least abdominal sterna VIII–IX intensively red (Fig. 6L),

with reddish to brownish maculation (Fig. 6M) including a longitudinal

stripe (Figs 6N–P; 30J) and a pair of reddish oblique (Fig. 6K, a) and/or

medio-lateral stripes (Fig. 6K, b): 6

5 abdominal sterna II–VI with a pair of black oblique stripes (Fig. 

3J); abdominal terga V–VII with crown-like medial macula (Fig. 3I): E. 

(C.) caucasicus (widespread in the Caucasus), p. 159.
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– abdominal sterna II–VI with brownish rounded medial macula 
(Fig. 15I); abdominal terga V–VII with narrow stripe-like medial macula 
(widened on terga VIII–IX, Fig. 15G–H, arrows): E. (C.) alpestris (W 
and central Greater Caucasus), p. 173.

6 gill plate VII wide (Figs 6J, L–P; 7H–L); denticles along posterior 

margin of tergum VII relatively long, strongly sclerotized and dense (Fig. 

7E); postero-lateral projections on tergum X present or absent (Fig. 7M, 

N): E. (C.) znojkoi s.l. (widespread in the Caucasus), p. 162.

– gill plates VII narrow (Figs 30K; 31H, I); denticles along posterior 
margin of tergum VII relatively short and poorly sclerotized (Fig. 31E); 
postero-lateral projections on tergum X absent (Fig. 31J): E. (C.) 
insularis (Samos Island, Greece), p. 188.

subgroup B2 

1 postero-lateral projections on tergum X present (Fig. 10K–M); 

dorsal surface of labrum with dense bristle-like setae (Fig. 10A); gill 

plates VII wide or slightly narrowed (Figs 9K; 10H–J): E. (C.) magnus 

(widespread in Caucasus, Anatolia), p. 167. 

– postero-lateral projections on tergum X absent (Figs 19, 25L); gill 
plates VII distinctly narrowed (Figs 18L; 19H–K; 24J; 25H–K); dorsal 
surface of labrum with sparse hair-like setae (Figs 19A; 25A): 2

2 abdominal terga V–VII with narrowed triangular medial macula 

and a pair of anterolateral spots (Fig. 24H; arrows); gill plates III without 

distinct projections (Fig. 25G); setae on terga not widened, often 

elongated (Fig. 25E): E. (C.) sinitshenkovae (W and central Greater 

Caucasus), p. 182. 

– abdominal terga V–VII with well-defined triangular medial 
maculae, without a pair of anterolateral spots (Fig. 18H–I); setae on terga 
wide (Fig. 19E); gill plates III with well-developed projections (Fig. 
19G): E. (C.) soldani (W and central Greater Caucasus), p. 176.
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Morphological diagnostics, distribution, and habitat of individual 

species 

Epeorus (Caucasiron) caucasicus (Tshernova, 1938) 

Cynigma caucasica Tshernova, 1938 

Epeorus (Iron) (Tshernova, 1938); in Tshernova (1974) 

Iron fuscus Sinitshenkova, 1976; jun. syn.; in Braasch (1979) 

Epeorus (Caucasiron) caucasicus (Tshernova, 1938); in Kluge (1997b) 

Figs 2–4 

Type locality: Azerbaijan, a stream in the vicinity of Göygöl Lake. 

Distribution: Georgia, south-western Russia, Azerbaijan, Armenia, 

eastern Turkey (Fig. 2). One of the most widespread species in the 

Caucasus. 

Habitat: Larvae inhabit small streams and rivers at middle and high 

altitude, most frequently found above 1000 m a.s.l. Altitudinal range of 

sampling sites 496–2474 m a.s.l. (Fig. 2). 

Figure 2. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

caucasicus. 

Main morphological diagnostics of larvae: (i) abdominal sterna II–VI 

with a pair of oblique stripes; nerve ganglia often with stripes or spots 

(Fig. 3B, J); (ii) abdominal terga V–VII with crown-like medial macula 

(Fig. 3A, I, arrow); (iii) femora with medial hypodermal spot (Fig. 3G–

H), sporadically absent or poorly visible (Fig. 3F); (iv) setae on 

abdominal terga hair-like (Fig. 4E); (v) gill plates III with well-developed 
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projections (Fig. 4G); (vi) tergum X with poorly developed postero-lateral 

projections (Fig. 4M, arrow) or without postero-lateral projections (Fig. 

4L). 

Figure 3. Epeorus (Caucasiron) caucasicus, larva: A, habitus in dorsal view; B, habitus 

in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–H, middle leg in dorsal view; I, abdominal terga (arrow points 

on medial macula); J, abdominal sterna II–VI; K–L, gills VII (in natural position from 

ventral view). 
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Figure 4. Epeorus (Caucasiron) caucasicus, larva: A, labrum (left half in dorsal view, 

right half in ventral view) with detail of hair-like seta; B, incisors if left mandible; C, 

incisors of right mandible; D, setae on dorsal surface of femora; E, surface and posterior 

margin of abdominal tergum VII with detail of hair-like seta; F, gill I; G, gill III (arrow 

points on distinct projection on costal margin); H, gill VII (flattened on slide); I–K, gill 

VII (in natural position from ventral view), variability in shape; L–M, abdominal 

segments VIII–X in lateral view (arrow points on postero-lateral projection); N, sternum 

IX of female with observed variability. 
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Remarks: Morphology. Coloration pattern of abdominal sterna as in E. 

(C.) iranicus (p. 179), similar pattern in E. (C.) zagrosicus (p. 

203). Lateral stripes on abdominal terga sporadically dorso-

posteriorly extended as in E. (C.) nigripilosus (Fig. 12H–I, arrows). A 

projection on gill plates III usually well-developed, a slight 

reduction observed in specimens collected from central Armenia. 

Taxonomy. Species was described based on male imagines from 

Azebarbaijan (the vicinity of Göygöl Lake) and Nakhchivan 

(Sakarsu River) (Tshernova 1938). The type series is deposited in the 

Institute of Zoology, Russian Academy of Sciences, Sankt Petersburg 

(IZ) (Kluge 1995). Female imago not described; the larva described by 

Sinitshenkova (1976) from several localities in Russia, Armenia, and 

Azerbaijan. Larvae and imagines were associated based on the same 

sampling sites (a part of the material originated from the vicinity of 

the type locality) and a similarity in the coloration of abdomen of 

the larva and imagines. The description and validity of larval diagnostic 

characters were discussed by Braasch (1979, 1980). According to him, 

Sinitshenkova (1976) described the larva of E. (C.) znojkoi under the 

name E. (C.) caucasicus by mistake. This opinion was supported by the 

investigation of imagines reared from larvae corresponding to E. (C.) 

caucasicus described by Sinitshenkova (1976). Imagines corresponded 

to E. (C.) znojkoi as were described by Tshernova (1938). The larva 

belonging to E. (C.) caucasicus was also described in Sinitshenkova 

(1976), but under erroneous attribution to newly proposed species 

E. (C.) fuscus. Later, E. (C.) fuscus was considered as a synonym 

of E. (C). caucasicus (Braasch 1979; Braasch and Soldán 1979).  

Epeorus (Caucasiron) znojkoi (Tshernova, 1938) s.l. 

Iron znojkoi Tshernova, 1938 

Epeorus (Iron) znojkoj (Tshernova, 1938); in Tshernova (1974) 

Iron caucasicus (Tshernova, 1938); in Sinitshenkova (1976) partim 

Iron znojkoi Tshernova, 1938; in Sinitshenkova (1976) partim 

Epeorus (Caucasiron) znojkoi (Tshernova, 1938); in Kluge (1997b) 

Figs 5–7 
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Type locality: Azerbaijan, Nakchivan Autonomous Republic, Giljan-

tshaj (Gilljak). 

Distribution: Georgia, south-western Russia, Azerbaijan, Armenia, 

Turkey, northern Iran (Fig. 5). The most widespread species in the 

Caucasus. 

Habitat: Larvae inhabit streams and rivers of various sizes, from larger 

braided low altitude rivers to small streams at high altitude. Altitudinal 

range of sampling sites -6–2453 m a.s.l. (Fig. 5). Most frequently found in 

low and middle altitudes. Often syntopic with E. (C.) magnus. 

Figure 5. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

znojkoi. 

Main morphological diagnostics of larvae: (i) abdominal terga II–IV 

with triangular medial macula and terga V–VII with T shaped medial 

macula (Figs 6A; G–I); (ii) abdominal sterna intensively red or reddish 

(Fig. 6B, L, M), with a pair of reddish oblique stripes (Fig. 6K, a) and/or 

reddish medio-lateral stripes (Fig. 6K, b), or with reddish to brownish 

longitudinal stripe on all sterna or at least on sterna VIII and IX (Fig. 6N–

P); (iii); tergum X with short postero-lateral projections (Fig. 7M, arrow) 

or without postero-lateral projections (Fig. 7N) ; (iv) femora without 

medial hypodermal spot (Fig. 6F); (v) gill plates VII (in natural position 

from ventral view) wide (Figs 6J, L–P; 7H–L); (vi) denticles along 

posterior margin of tergum VII strongly sclerotized and dense (Fig. 7E); 

(vii) gill plates III with well-developed projection (Fig. 7G); (viii) shape

of head sharply trapezoidal in males (Fig. 6D).
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Figure 6. Epeorus (Caucasiron) znojkoi, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F, middle leg in dorsal view; G–I, abdominal terga; J, gills VII (in 

natural position from ventral view); K, abdominal sterna II–VI (a, position of oblique 

stripes; b, position of medio-lateral stripes); L–P, abdominal sterna, variability in 

coloration pattern (L, Georgia; M, O, P, Iran; N, Turkey). 
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Figure 7. Epeorus (Caucasiron) znojkoi, larva: A, labrum (left half in dorsal view, right 

half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, setae 

on dorsal surface of femora; E, surface and posterior margin of abdominal tergum VII; F, 

gill I; G, gill III; H, gill VII (flattened on slide); I–L, gill VII (in natural position from 

ventral view), variability in shape; M–N, abdominal segments VIII–X in lateral view 

(arrow points on postero-lateral projection); O, sternum IX of female with observed 

variability. 
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Remarks: Morphology. The reduction of reddish coloration of abdominal 

sterna observed particularly in specimens collected from northern Iran 

(Fig. 6P). Similar coloration pattern of sterna as present in E. (C.) 

insularis (p. 188). 

Taxonomy. Species was described based on male and female subimagines 

and imagines from Nakhchivan and Azerbaijan (Tshernova 1938). The 

type series is deposited in IZ (Kluge 1995). The larva was described by 

Sinishenkova (1976) based on material collected in Georgia, Russia (the 

central Greater Caucasus), Armenia and the type locality. Larvae were 

identified as species znojkoi, based on the proximity of its type locality 

and the similarity of markings on abdominal terga. However, the 

description of larva is confusing, because the larva of E. (C.) znojkoi was 

erroneously described under the name E. (C.) caucasicus by Sinishenkova 

(1976) (Braasch, 1980). Therefore, the larva described by Sinishenkova 

(1976) as E. (C.) znojkoi should belong to a different species. Its 

diagnostic characters correspond to those of E. (C.) magnus that was later 

described by Braasch (1978). These characters include: (i) body length: 

Tshernova (1938) noted 9.5–12 mm for imagines of species (E. (C.) 

znojkoi; contrary to Sinitshenkova (1976) who noted 14–19 mm for the 

larvae. Larvae of species magnus exhibit 20–24 mm as described by 

Braasch (1978); (ii) shape of head: trapezoidal head with rounded edges 

as figured by Sinitshenkova (1976) is typical for E. (C.) magnus (Fig. 

9D–E), not to E. (C.) znojkoi with more angular edges of head (Fig. 6D); 

(iii) setation of labrum: the shape of labrum and dense setae on its dorsal 
surface as figured by Sinitshenkova (1976) is characteristic for E. (C.) 
magnus (Fig. 10A); (iv) coloration of abdominal sterna: an absence of 
coloration on abdominal sterna as described by Sinitshenkova (1976) is 
typical for E. (C.) magnus (Fig. 9B); E. (C.) znojkoi possess reddish 
sterna and gills.

Distribution. E. (C.) znojkoi is considered as a species complex 
containing several lineages (Hrivniak et al. 2020a). They are distributed 
in the Pontic Mts. in Turkey (Caucasiron sp. 5 in Hrivniak et al. 2020a), 
the Alborz Mts. in Iran (Caucasiron sp. 4 in Hrivniak et al. 2020a), and 
the Lesser Caucasus in Georgian Adjara (Caucasiron sp. 6 in Hrivniak et
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al. 2020a). The lineages are not formally described now and fall into the 

group E. (C.) znojkoi s.l. in this identification guide. 

Epeorus (Caucasiron) magnus (Braasch, 1978) 

Iron znojkoi Tshernova, 1938; in Sinitshenkova (1976), partim 

Iron magnus Braasch, 1978 

Epeorus (Iron) magnus (Braasch, 1978); in Kluge (1988) 

Epeorus (Caucasiron) magnus (Braasch, 1978); in Kluge (1997b) 

Figs 8–10 

Type locality: Russia, Western Caucasus, Sochi River (20 km above 

Sochi; 800 m a.s.l.). 

Distribution: Georgia, Russia, Azerbaijan, Armenia, Turkey (Fig. 8). 

One of the most widespread species in the Caucasus.  

Habitat: Larvae inhabit streams and rivers of various sizes, from larger 

braided low-altitude rivers to small streams at high altitude. Altitudinal 

range of sampling sites 6–2474 m a.s.l. (Fig. 8). Most frequently found at 

low and middle altitude. Often syntopic with E. (C.) znojkoi. 

Figure 8. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

magnus. 

Main morphological diagnostics of larvae: (i) shape of head in male 

and female oval, trapezoidal (Fig. 9D–E); (ii) tergum X with well-

developed postero-lateral projections (Fig. 10K–M, arrows), sporadically 

poorly developed; (iii) abdominal sterna without coloration pattern (Fig. 

9B, J); (iv) abdominal terga V–VII with triangular medial macula (Fig. 
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9H), sporadically poorly visible (Fig. 9I); (v) femora without medial 

hypodermal spot (Fig. 9F–G); (vi) dorsal surface of labrum densely 

covered by bristle-like setae (Fig. 10A); (v) setae on abdominal terga 

hair-like (Fig. 10E); (vi) gill plates III with well-developed projections 

(Fig. 10G); (vii) denticles along posterior margin of tergum VII strongly 

sclerotized, dense and curved (Fig. 10E). 

Figure 9. Epeorus (Caucasiron) magnus, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–G, middle leg in dorsal view; H–I, abdominal terga; J, 

abdominal sterna II–VI; K, gills VII (in natural position from ventral view). 
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Figure 10. Epeorus (Caucasiron) magnus, larva: A, labrum (left half in dorsal view, 

right half in ventral view) with detail of bristle-like seta; B, incisors if left mandible; C, 

incisors of right mandible; D, setae on dorsal surface of femora; E, surface and posterior 

margin of abdominal tergum VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–J, 

gill VII (in natural position from ventral view), variability in shape; K–M, abdominal 

segments VIII–X in lateral view (arrow points on postero-lateral projection); N, sternum 

IX of female with observed variability. 

Remarks: Morphology. The largest species occurring in the Caucasus. 

The body size of larvae 20–24 mm, cerci 20–22 mm (Braasch 1978). 

Taxonomy. Original description based on the larvae from Russia (western 

Caucasus) (Braasch 1978). The type series is currently deposited in the 

collection of Stuttgart State Museum of Natural History, Stuttgart, 

Germany (SMNS). Imagines (male and female) and female subimago 

described by Braasch (1980) based on material from Russia, Armenia and 
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Georgia. We assume the larva of E. (C.) magnus was erroneously 

described under the name znojkoi by Sinitshenkova (1976) (see remarks 

to E. (C.) znojkoi s.l. for details). 

Epeorus (Caucasiron) nigripilosus (Sinitshenkova, 1976) 

Iron nigripilosus Sinitshenkova, 1976 

Epeorus (Iron) nigripilosus (Sinitshenkova, 1976); in Kluge (1995) 

Epeorus (Caucasiron) nigripilosus (Sinitshenkova, 1976); in Kluge 

(2004) 

Figs 11–13 

Type locality: Georgia, Kistinka River (along the military road). 

Distribution: Georgia, Russia, Turkey, Cyprus Island, northern Iraq, 

northern Iran (Fig. 11).  

Habitat: Larvae inhabit small streams and rivers at middle and high 

altitude. Altitudinal range of sampling sites 450–2100 m a.s.l. (Fig. 11). 

Most frequently found above 1000 m a.s.l. 

Figure 11. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

nigripilosus. 

Main morphological diagnostics of larvae: (i) abdominal sterna II–VI 

with a pair of triangular spots; nerve ganglia often with spots  (Fig. 12B, 

J); (ii) abdominal terga V–VII as on Fig. 12H–I, with lateral stripes 

extended dorso-posteriorly (Fig. 12H–I, arrows); (iii) tergum X with 

postero-lateral projections (Fig. 13K–L, arrows); (iv) femora with 

rounded medial hypodermal spot (Fig. 12F–G); (v) setae on abdominal 
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terga hair-like (Fig. 13E); (vi) denticles along posterior margin of tergum 

VII strongly sclerotized and dense (Fig. 13E); (vii) gill plates VII (in 

natural position from ventral view) wide (Figs 12K; 13H–J); (viii) gill 

plates III with developed projections (Fig. 13G). 

Figure 12. Epeorus (Caucasiron) nigripilosus, larva: A, habitus in dorsal view; B, 

habitus in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, 

head of female in dorsal view; F–G, middle leg in dorsal view; H–I, abdominal terga 

(arrows point on dorso-posteriorly extended lateral stripes); J, abdominal sterna II–VI; 

K, gills VII (in natural position from ventral view). 
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Figure 13. Epeorus (Caucasiron) nigripilosus, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–J, gill VII (in natural position 

from ventral view), variability in shape; K–L, abdominal segments VIII–X in lateral 

view (arrows point on postero-lateral projection); M, sternum IX of female with 

observed variability. 

Remarks: Taxonomy. Species was described based on larvae from 

Georgia (Kistinka River). Type series is deposited in IZ (Kluge 1995). 

Male imago was described by Braasch (1979) based on the material from 

the western Caucasus (Teberda River) associated with larvae according to 

similar coloration of abdominal terga and sterna. Female imago not 

described. Male genitalia similar to E. (C.) caucasicus (Braasch (1979). 
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Epeorus (Caucasiron) alpestris (Braasch, 1979) 

Iron alpestris Braasch, 1979 

Epeorus (Iron) alpestris (Braasch, 1979); in Kluge (1988) 

Epeorus (Caucasiron) alpestris (Braasch, 1979); in Kluge (1997b) 

Figs 14–16 

Type locality: Russia, western Greater Caucasus, Teberda (Glacier 

Alibek – stream). 

Distribution: Georgia, Russia. Species endemic to the Greater Caucasus 

(Fig. 14). 

Habitat: Larvae inhabit small streams and rivers at middle and high 

altitude in the western and central Greater Caucasus. Altitudinal range of 

sampling sites 570–2580 m a.s.l (Fig. 14). Most frequently found at 

altitudes above 1200 m a.s.l. Often syntopic with E. (C.) soldani and at 

higher altitude with E. (C.) sinitshenkovae. 

Figure 14. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

alpestris. 

Main morphological diagnostics of larvae: (i) abdominal terga V–VII 

with narrow stripe-like medial macula; widened on terga VIII–IX (Fig. 

15G–H, arrows); (ii) abdominal sterna II–VI with rounded medial macula 

(Fig. 15B, I); (iii) femora without medial hypodermal spot (Fig. 15F); (iv) 

tergum X without postero-lateral projections (Fig. 16L); (v) gill plates III 

with well-developed projections (Fig. 16G); (vi) setae on abdominal terga 

hair-like (Fig. 16E); (vii) dorsal surface of labrum with sparse hair-like 

setae (Fig. 10A); (viii) gill plates VII (in natural position of ventral view) 

wide (Figs 15J–K; 16H–K). 
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Figure 15. Epeorus (Caucasiron) alpestris, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F, middle leg in dorsal view; G–H, abdominal terga (arrows point 

on widened medial maculae); I, abdominal sterna II–VI; J–K, gills VII (in natural 

position from ventral view). 
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Figure 16. Epeorus (Caucasiron) alpestris, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–K, gill VII (in natural position 

from ventral view), variability in shape; L, abdominal segments VIII–X in lateral view; 

M, sternum IX of female with observed variability. 

Remarks: Taxonomy. Species described based on the male imago and 

larva from western Greater Caucasus (Braasch 1979). The type series is 

currently deposited in SMNS. Imagines and larvae were associated based 

on the coloration of abdomen. Female imago not described.  
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Epeorus (Caucasiron) soldani (Braasch, 1979) 

Iron soldani Braasch, 1979 

Epeorus (Iron) soldani (Braasch, 1979); in Kluge (1988) 

Epeorus (Caucasiron) soldani (Braasch, 1979); in Kluge (1997b) 

Figs 17–19 

Type locality: Russia, western Greater Caucasus, Teberda (Glacier 

Alibek - stream). 

Distribution: Georgia, Russia. Species endemic to the Greater Caucasus 

(Fig. 17). 

Habitat: Larvae inhabit small streams and rivers at middle and high 

altitudes in the western and central Greater Caucasus. Frequently found 

above 1000 m a.s.l. Altitudinal range of sampling sites 426–1900 m a.s.l. 

(Fig. 17). Often syntopic with E. (C.) alpestris and E. (C.) sinitshenkovae. 

Figure 17. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

soldani. 

Main morphological diagnostics of larvae: (i) abdominal terga V–VII 

with well-defined triangular medial maculae (Fig.18H–I); (ii) abdominal 

sterna II–VI either without pattern or with indistinct pattern as on Fig. 

18J–K; (iii) setae on abdominal terga wide (Fig. 19E); (iv) femora 

without medial hypodermal spot (Fig. 18F–G); (v) tergum X without 

postero-lateral projections (Fig. 19L); (vi) gill plates III with well-

developed projections (Fig. 19G); (vii) gill plates VII (in natural position 

of ventral view) narrow (Figs 18L; 19H–K); (viii) denticles along 

posterior margin of tergum VII relatively sparse and triangular (Fig. 19E). 
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Figure 18. Epeorus (Caucasiron) soldani, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–G, middle leg in dorsal view; H–I, abdominal terga; J–K, 

abdominal sterna II–VI; L, gills VII (in natural position from ventral view). 
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Figure 19. Epeorus (Caucasiron) soldani, larva: A, labrum (left half in dorsal view, right 

half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, setae 

on dorsal surface of femora; E, surface and posterior margin of abdominal tergum VII 

with detail of wide seta; F, gill I; G, gill III; H, gill VII (flattened on slide); I–K, gill VII 

(in natural position from ventral view), variability in shape; L, abdominal segments 

VIII–X in lateral view; M, sternum IX of female. 

Remarks: Taxonomy. Species described based on male imago and larva 

from the western Greater Caucasus (Braasch 1979). The type series is 

currently deposited in SMNS. Larva associated with imago based on the 

coloration of abdomen. Female imago not described.  

Distribution. The lineage Caucasiron sp. 7 detected by Hrivniak et al. 

(2020b) is distributed in Georgia and morphologically correspond to E. 

(C.) soldani. Therefore, E. (C.) soldani may represent a species complex. 
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Epeorus (Caucasiron) iranicus (Braasch & Soldán, 1979) 

Iron caucasicus iranicus Braasch and Soldán (1979) 

Epeorus (Caucasiron) caucasicus iranicus; in Bojková et al. (2018) 

Epeorus (Caucasiron) iranicus; in Hrivniak et al. (2020b) 

Figs 20–22 

Type locality: Iran, Tehran, river in the Darban-Tal, 2100 m a.s.l. 

Distribution: northern Iran. Species endemic to the Alborz Mountains 

(Fig. 20). 

Habitat: Larvae inhabit streams at altitudes above 2000 m a.s.l. in the 

western and central Alborz. Altitudinal range of sampling sites 2020–

2440 m a.s.l. (Fig. 20). Often syntopic with E. (C.) alborzicus. 

Figure 20. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

iranicus. 

Main morphological diagnostics of larvae: (i) abdominal sterna II–VI 

with a pair of oblique stripes; nerve ganglia often with stripes or spots 

(Fig. 21B, I–J); (ii) abdominal terga V–VII with stripe-like medial macula 

and a pair of distinct antero-lateral stripes (Fig. 21G, arrows); (iii) femora 

with rounded medial hypodermal spot (Fig. 21F); (iv) gill III with well-

developed projections (Fig. 22G); (v) setae on abdominal terga hair-like 

(Fig. 22E); (vi) tergum X with poorly developed postero-lateral 

projections (Fig. 22K, arrow) or without postero-lateral projections (Fig. 

22L). 
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Figure 21. Epeorus (Caucasiron) iranicus, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F, middle leg in dorsal view; G–H, abdominal terga (arrows point 

antero-lateral stripes of medial macula); I–J, abdominal sterna II–VI; K, gills VII (in 

natural position from ventral view). 
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Figure 22. Epeorus (Caucasiron) iranicus, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I, gill VII (in natural position 

from ventral view); J, sternum IX of female; K–L, abdominal segments VIII–X in lateral 

view (arrow points on postero-lateral projection). 

Remarks: Morphology. Coloration pattern on abdominal sterna as in E. 

(C.) caucasicus (p. 159) similar pattern in E. (C.) zagrosicus (p. 203). 

Taxonomy. Species described as a subspecies of E. (C.) caucasicus based 

on larvae collected in the Alborz Mts. Elevated to species level by 

Hrivniak et al. (2020a) based on a phylogenetic analysis of all Caucasian 

Epeorus (Caucasiron) species. The holotype probably lost. Paratypes are 

currently deposited in SMNS and Biology Centre of the Czech Academy 
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of Sciences, Institute of Entomology, České Budějovice, Czech Republic 

(IECA). Imagines and subimagines not described.  

Epeorus (Caucasiron) sinitshenkovae (Braasch & Zimmerman 1979) 

Iron sinitshenkovae Braasch & Zimmermann, 1979 

Epeorus (Iron) sinitshenkovae (Braasch & Zimmermann, 1979); in Kluge 

(1995) 

Epeorus (Caucasiron) sinitshenkovae (Braasch & Zimmermann, 1979); in 

Kluge (2004) 

Figs 23–25 

Type locality: Russia, central Greater Caucasus, right tributary of 

Dongoserun River. 

Distribution: Georgia, Russia. Species endemic to the Greater Caucasus 

(Fig. 23). 

Habitat: Larvae inhabit small streams and rivers at middle and high 

altitude in the western and central Greater Caucasus. Altitudinal range of 

sampling sites 760–2580 m a.s.l. (Fig. 23). Most frequently found above 

1800 m a.s.l. Often syntopic with E. (C.) alpestris and at lower altitude 

with E. (C.) soldani. 

Figure 23. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

sinitshenkovae. 

Main morphological diagnostics of larvae: (i) abdominal terga V–VII 

with narrowed triangular medial macula and a pair of anterolateral spots 

(Fig. 24H; arrows); (ii) abdominal sterna without coloration pattern (Fig. 

24B, I); (iii) femora without medial hypodermal spot (Fig. 24F); (iv) gill 
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plates VII (in natural position from ventral view) narrow (Figs 24J; 25H –

K); (v) gill plates III with poorly developed projections (Fig. 25G); (vi) 

setae on abdominal terga slightly widened, often elongated (Fig. 25E); 

(vii) tergum X without postero-lateral projections Fig. 25L).

Figure 24. Epeorus (Caucasiron) sinitshenkovae, larva: A, habitus in dorsal view; B, 

habitus in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, 

head of female in dorsal view; F–G, middle leg in dorsal view; H, abdominal terga 

(arrows point on anterolateral spots); I abdominal sterna II–VI; J, gills VII (in natural 

position from ventral view). 
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Figure 25. Epeorus (Caucasiron) sinitshenkovae, larva: A, labrum (left half in dorsal 

view, right half in ventral view); B, incisors if left mandible; C, incisors of right 

mandible; D, setae on dorsal surface of femora; E, surface and posterior margin of 

abdominal tergum VII with detail of slightly widened elongated seta; F, gill I; G, gill III; 

H, gill VII (flattened on slide); I–K, gill VII (in natural position from ventral view), 

variability in shape; L, abdominal segments VIII–X in lateral view; M, sternum IX of 

female. 

Remarks: Taxonomy. Original description based on male imago and 

larva from the Greater Caucasus (Braasch and Zimmermann 1979). The 

type series is currently deposited in SMNS. Female imago not described 

in detail. The association of imagines and larvae based on the colour 

pattern of abdominal terga and sterna in material from the same locality. 
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Epeorus (Caucasiron) longimaculatus (Braasch, 1980) 

Iron longimaculatus Braasch, 1980 

Epeorus (Caucasiron) longimaculatus (Braasch, 1980); in Kluge (2004) 

Figs 26–28 

Type locality: Georgia, central Greater Caucasus, tributary of Aragvi 

river, 3 km above Pasanauri (1400–1500 m a.s.l.). 

Distribution: Georgia. Species endemic to the Greater Caucasus (Fig. 

26). 

Habitat: Larvae inhabit small streams and rivers at middle altitude in the 

central Greater Caucasus. Altitudinal range of sampling sites 903–1193 m 

a.s.l. (Fig. 26).

Figure 26. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

longimaculatus. 

Main morphological diagnostics of larvae: (i) femora with elongated 

medial hypodermal spot (Fig. 27F–H); (ii) setae on abdominal terga wide 

(Fig. 28E); (iii) gill plates III without distinct projections (Fig. 28G); (iv) 

gill plates VII (in natural position from ventral view) narrow (Figs 27L–

M; 28H–L); (v) denticles along posterior margin of tergum VII narrowed 

(Fig. 28E); (vi) abdominal terga V–VII with narrowed triangular medial 

macula (Fig. 27I–K); (vii) abdominal sterna without coloration pattern 

(Fig. 27B, N–P); (viii) tergum X without postero-lateral projections (Fig. 

28N); (ix) shape of head of male ellipsoid (Fig. 27D). 
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Figure 27. Epeorus (Caucasiron) longimaculatus, larva: A, habitus in dorsal view; B, 

habitus in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, 

head of female in dorsal view; F–H, middle leg in dorsal view; I–K, abdominal terga; L–

M, gills VII (in natural position from ventral view); N–P, abdominal sterna II–VI. 
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Figure 28. Epeorus (Caucasiron) longimaculatus, larva: A, labrum (left half in dorsal 

view, right half in ventral view); B, incisors if left mandible; C, incisors of right 

mandible; D, setae on dorsal surface of femora; E, surface and posterior margin of 

abdominal tergum VII with detail of wide seta; F, gill I; G, gill III; H, gill VII (flattened 

on slide); I–L, gill VII (in natural position from ventral view), variability in shape; M, 

sternum IX of female; N, abdominal segments VIII–X in lateral view. 

Remarks: Taxonomy. Species described based on male subimago and 

larva collected in central Greater Caucasus (Braasch 1980). The type 

series is currently deposited in SMNS. Larva associated with the 

subimago according to the coloration of abdomen. Male and female 

imagines not described. 
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Epeorus (Caucasiron) insularis (Braasch, 1983) 

Iron znojkoi insularis Braasch (1983) 

Epeorus (Caucasiron) insularis in Hrivniak et al. (2020b) 

Figs 29–31 

Type locality: Greece, Samos Island, stream east of Pirgos, 

37°3'N/26°49'E; 300 m a.s.l.  

Distribution: Recently known only from few sites in Samos Island (Fig. 

29). 

Habitat: Larvae inhabit small forested streams at 128–440 m a.s.l. (Fig. 

29). 

Figure 29. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

insularis. 

Main morphological diagnostics of larvae: (i) abdominal terga V–VII 

with T-shaped medial macula (Fig. 30I); (ii) abdominal sterna V–VII with 

reddish to brownish longitudinal stripe (Fig. 30B, J); (iii) tergum X 

without postero-lateral projections (Fig. 31J); (iv) gill plates VII (in 

natural position from ventral view) narrow (Figs 30K; 31H–I); (v) gill 

plates III with well-developed projections (Fig. 31G); (vi) setae on 

abdominal terga hair-like (Fig. 31E); (vii) denticles along posterior 

margin of tergum VII relatively short and poorly sclerotized (Fig. 31 E). 
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Figure 30. Epeorus (Caucasiron) insularis, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–H, middle leg in dorsal view; I, abdominal terga; J, abdominal 

sterna II–VI; K, gills VII (in natural position from ventral view). 
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Figure 31. Epeorus (Caucasiron) insularis, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I, gill VII (in natural position 

from ventral view); J, abdominal segments VIII–X in lateral view; K, sternum IX of 

female with observed variability. 

Remarks: Morphology: Coloration of abdominal terga and sterna as in E. 

(C.) znojkoi s.l. (p. 162). 

Taxonomy. Species described based on imagines as a subspecies of E. 

(C.) znojkoi (Braasch 1983). Elevated to species level in Hrivniak et al. 

(2020b) based on a phylogenetic analysis of all Caucasian Epeorus 

(Caucasiron) species. The type series is currently deposited in SMNS.  
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Epeorus (Caucasiron) bicolliculatus Hrivniak, 2017 

Epeorus alpicola (Eaton, 1871); in Türkmen and Kazancı (2015), partim 

Epeorus sylvicola (Pictet, 1865); in Türkmen and Kazancı (2015), partim 

Epeorus (Caucasiron) sp.; in Martynov et al. (2016) 

Figs 32–34 

Type locality: Georgia, Autonomous Republic of Adjara, vicinity of 

Chakhati village, Kintrishi River; 41°45'43"N/41°58'34"E; 325 m a.s.l. 

Distribution: Georgia, north-eastern Turkey, Armenia (Fig. 32). 

Habitat: Larvae inhabit streams and rivers of different sizes, from to 

middle-sized rivers at low altitude to small streams at high altitudes. 

Altitudinal range of sampling sites 40–1804 m a.s.l. (Fig. 32). 

Figure 32. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

bicolliculatus. 

Main morphological diagnostics of larvae: (i) abdominal terga II–IX 

with paired postero-medial protuberances (Fig. 33H, arrows); (ii) 

abdominal terga V–VII with stripe-like medial macula, often anteriorly 

and posteriorly widened and with antero-lateral stripes (Fig. 33G–H); (iii) 

abdominal sterna as on Fig. 33B, J–L; (iv) setae on abdominal terga wide 

(Fig. 34E); (v) gill plates VII (in natural position from ventral view) 

narrow (Figs 33I; 34I–J); (vi) femora without medial hypodermal spot 

(Fig. 33F); (vii) tergum X without postero-lateral projections (Fig. 34H); 

(viii) gill plates III with well-developed projections (Fig. 34G).
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Figure 33. Epeorus (Caucasiron) bicolliculatus, larva: A, habitus in dorsal view; B, 

habitus in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, 

head of female in dorsal view; F, middle leg in dorsal view; G, abdominal terga; H, 

abdominal terga VI–X (arrows point on postero-medial protuberances); I gills VII (in 

natural position from ventral view); J–L; abdominal sterna II–VI. 
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Figure 34. Epeorus (Caucasiron) bicolliculatus, larva: A, labrum (left half in dorsal 

view, right half in ventral view); B, incisors if left mandible; C, incisors of right 

mandible; D, setae on dorsal surface of femora; E, surface and posterior margin of 

abdominal tergum VII with detail of wide setae; F, gill I; G, gill III; H, abdominal 

segments VIII–X in lateral view; I, gill VII (flattened on slide); J, gill VII (in natural 

position from ventral view); K, sternum IX of female with observed variability. 

Remarks: Taxonomy. Species described based on the larva, male 

subimago and imago (associated by rearing), female imago (associated by 

DNA analysis) and eggs. The type series is currently deposited in IECA. 

193

Results of the thesis: Chapter III



Epeorus (Caucasiron) turcicus Hrivniak, Türkmen & Kazancı, 2019 

Figs 35–37 

Type locality: Turkey, Artvin Province, Camili Village, Merata Plateau, 

unnamed mountain stream; 41°26'30"N/42°04'41"E; 2190 m a.s.l. 

Distribution: North-eastern Turkey (Fig. 35). Known only from few sites 

in the Camili (Machakheli) District in Turkey. 

Habitat: Larvae inhabit small streams at high altitude, 2080–2388 m 

a.s.l. (Fig. 35).

Figure 35. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

turcicus. 

Main morphological diagnostics of larvae: (i) femora with medial 

hypodermal spot (Fig. 36F); (ii) abdominal terga V–VII with stripe-like 

medial macula with lateral stripes extended dorso-posteriorly (Fig. 36G, 

arrows); (iii) abdominal sterna without coloration pattern (Fig. 36B, H); 

(iv) gill plates VII (in natural position from ventral view) narrow (Figs

36I; 37H–K); (v) setae on abdominal terga hair-like like (Fig. 37E); (vi)

tergum X without postero-lateral projections (Fig. 37L); (vii) gill plates

III with well-developed projections (Fig. 37G).

194

Results of the thesis: Chapter III



Figure 36. Epeorus (Caucasiron) turcicus, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F, middle leg in dorsal view; G, abdominal terga (arrows point on 

dorso-posteriorly extended lateral stripes); H, abdominal sterna II–VI; I, gills VII (in 

natural position from ventral view). 
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Figure 37. Epeorus (Caucasiron) turcicus, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–K, gill VII (in natural position 

from ventral view), variability in shape; L, abdominal segments VIII–X in lateral view; 

M, sternum IX of female. 

Remarks: Taxonomy. Species described based on larvae. Imagines not 

described. The type series is currently deposited in IECA. 
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Epeorus (Caucasiron) alborzicus Hrivniak & Sroka, 2020 

Figs 38–40 

Type locality: Iran, Mazandaran Province, Panjab village, unnamed 

brook (left tributary of Haraz River); 36°05'52.818"N/52°15'15.987"E 

(locality no. 152); 955 m a.s.l.  

Distribution: Northern Iran. Species endemic to the Alborz Mountains 

(Fig. 38). 

Habitat: Larvae inhabit small rivers at middle and high altitude in the 

central Alborz. Altitudinal range of sampling sites 750–2438 m a.s.l. (Fig. 

38). Most frequently found at altitudes above 1000 m a.s.l. At high 

altitudes often syntopic with E. (C.) iranicus. 

Figure 38. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

alborzicus. 

Main morphological diagnostics of larvae: (i) abdominal terga as on 

Fig. 39H–I; (ii) abdominal sterna II–VI with circular central medial 

macula of various intensity (Fig. 39B, L–N); (iii) tergum X with postero-

lateral projections (Fig. 40K, arrow), (iv) femora without medial 

hypodermal spot (Fig. 39F–G); (v) gill plates VII (in natural position 

from ventral view) wide (Figs 39J–K; 40H–J); (vi) setae on abdominal 

terga hair-like (Fig. 40E); (vii) gill plates III with well-developed 

projections (Fig. 40G).  
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Figure 39. Epeorus (Caucasiron) alborzicus, larva: A, habitus in dorsal view; B, habitus 

in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–G, middle leg in dorsal view; H–I, abdominal terga, J–K, gills 

VII (in natural position from ventral view); L–N, abdominal sterna II–VI. 
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Figure 40. Epeorus (Caucasiron) alborzicus, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–J, gill VII (in natural position 

from ventral view), variability in shape; K, abdominal segments VIII–X in lateral view 

(arrow points on postero-lateral projection); L, sternum IX of female with observed 

variability. 

Remarks: Taxonomy. Species described based on larvae. Imagines not 

described. 

The type series is currently deposited in SMNS, IECA, and Natural 

History Museum and Genetic Resources, Department of Environment, 

Tehran, Iran (MMTT_DOE). 
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Epeorus (Caucasiron) shargi Hrivniak & Sroka, 2020 

Figs 41–43 

Type locality: Iran, Golestan Province, Shirinabad village, unnamed 

river; 36°48'01.44"/ 55°01'05.78"E (locality no. 108); 740 m a.s.l. 

Distribution: Northern Iran. Known only from three sites in the eastern 

Alborz (Fig. 41). 

Habitat: Larvae inhabit streams at middle altitude, 740–1450 m a.s.l. 

(Fig. 41). 

Figure 41. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

shargi. 

Main morphological diagnostics of larvae: (i) abdominal terga V–VII 

with triangular or T-shaped medial macula (Fig. 42I–K); (ii)  abdominal 

sterna without coloration pattern (Fig. 42B, L); (iii) tergum X without 

postero-lateral projections (Fig. 43J); (iv) femora with medial hypodermal 

spot (Fig. 42E–H); (v) gill plates VII (in natural position from ventral 

view) wide (Figs 42M; 43H–I); (vi) setae on abdominal terga hair-like 

(Fig. 43E); (vii) gill plates III with well-developed projections (Fig. 43G); 

(viii) shape of head of male oval trapezoidal (Fig.42D).
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Figure 42. Epeorus (Caucasiron) shargi, larva: A, habitus in dorsal view; B, habitus in 

ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F–H, middle leg in dorsal view; I–K, abdominal terga; L, 

abdominal sterna II–VI; M, gills VII (in natural position from ventral view). 

201

Results of the thesis: Chapter III



Figure 43. Epeorus (Caucasiron) shargi, larva: A, labrum (left half in dorsal view, right 

half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, setae 

on dorsal surface of femora; E, surface and posterior margin of abdominal tergum VII; F, 

gill I; G, gill III; H, gill VII (flattened on slide); I gill VII (in natural position from 

ventral view); J, abdominal segments VIII–X in lateral view; K, sternum IX of female 

with observed variability. 

Remarks: Taxonomy. Species described based on larvae. Imagines not 

described. The type series is currently deposited in SMNS, IECA, and 

MMTT_DOE.  
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Epeorus (Caucasiron) zagrosicus Hrivniak & Sroka, 2020 

Figs 44–46 

Type locality: Iran, Chaharmahal and Bakhtiari Province, Dimeh village, 

Chehme-Dimeh River, N32°30'11.62", E50°13'04.45"; 2220 m a.s.l. 

Distribution: South-western Iran. Known only from few sites in the 

central Zagros (Fig. 44). 

Habitat: Larvae inhabit streams and rivers at high altitude, 1721–2402 m 

a.s.l. (Fig. 44).

Figure 44. Geographical (left) and vertical (right) distribution of Epeorus (Caucasiron) 

zagrosicus. 

Main morphological diagnostics of larvae: (i) abdominal sterna II–VI 

with a pair of anteriorly widened oblique stripes (Fig. 45B, I, arrows); (ii) 

abdominal terga V–VII with triangular, stripe-like or crown-like medial 

macula (Fig. 45G–H), often with lateral stripes extended dorso-

posteriorly (Fig. 45H, arrows); (iii) tergum X with postero-lateral 

projections (Fig. 46L–M, arrows); (iv) femora with medial hypodermal 

spot (Fig. 45F); (v) setae on abdominal terga hair-like (Fig. 46E); (vi) gill 

plates III with well-developed projections (Fig. 46G); (vii) gill plates VII 

(in natural position from ventral view) relatively wide (Figs 45J–K; 46H–

K). 
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Figure 45. Epeorus (Caucasiron) zagrosicus, larva: A, habitus in dorsal view; B, habitus 

in ventral view; C, habitus in lateral view; D, head of male in dorsal view; E, head of 

female in dorsal view; F, middle leg in dorsal view; G–H, abdominal terga (arrows point 

on dorso-posteriorly extended lateral stripes); I, abdominal sterna II–VI; J–K, gills VII 

(in natural position from ventral view). 
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Figure 46. Epeorus (Caucasiron) zagrosicus, larva: A, labrum (left half in dorsal view, 

right half in ventral view); B, incisors if left mandible; C, incisors of right mandible; D, 

setae on dorsal surface of femora; E, surface and posterior margin of abdominal tergum 

VII; F, gill I; G, gill III; H, gill VII (flattened on slide); I–K, gill VII (in natural position 

from ventral view), variability in shape; L–M, abdominal segments VIII–X in lateral 

view (arrow point on postero-lateral projections); N, sternum IX of female. 

Remarks: Taxonomy. Species described based on larvae. Imagines not 

described. The type series is currently deposited in SMNS, IECA, and 

MMTT_DOE. 

Distribution. The lineage Caucasiron sp. 2 detected by Hrivniak et al. 

(2020a) is distributed in Turkey (Taurus Mts.) and morphologically 

corresponds to E. (C.) zagrosicus. Therefore, E. (C.) zagrosicus may 

represent a species complex. 
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Conclusion 

This contribution represents the first complex source of information for 

the routine identification of the larvae of all fifteen Caucasiron species 

occurring in the Caucasus and adjacent areas. It is possible that additional 

new Caucasiron species will be described from the region and some 

morphologically and genetically variable taxa, such as E. (C.) znojkoi, 

will be split into several species. This identification guide describes the 

state of the art at the time of publication. 

All species of Caucasiron mayflies are charismatic animals, unique 

to the region. Some of them are endemic in a relatively limited area 

(especially for the Greater Caucasus and the Alborz Mts.) and may have 

considerable conservation value. We hope that this work will contribute 

to an increase in the knowledge of Caucasiron mayflies among 

hydrobiologists and ecologists. We would also like to encourage regional 

researchers to incorporate Caucasiron species as indicators in their 

biomonitoring surveys and water quality assessments.  
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Table 1. Records of Caucasiron species from the Caucasus and adjacent areas. 

Abbreviations used: A-Armenia; N-Nakhchivan; Te-eastern Turkey; T-Turkey*; G-

Georgia; AZ-Azerbadijan; I-Iran; Iq-Iraq; Is-Israel; S-Syria; Rw-Russia (western 

Caucasus); Rc-Russia (central Caucasus); Sa-Samos Island; C-Cyprus Island. 

* without exact localization, not included in distribution maps.

** doubtful record not included in distribution maps.

*** unpublished record included in the distribution map.

Species Records and references 

E (C.) caucasicus  

(Tshernova, 1938) 

N-Tshernova (1938); Rw,A,G,N-Sinitshenkova (1976); AZ-Sinitshenkova (1976);

Rc-Cherchesova (2004); Te-Braasch (1981), Koch (1988), Kazancı (2001); T-
Kazancı and Türkmen (2012)*, Türkmen and Kazancı 2015 

E (C.) znojkoi  

(Tshernova, 1938) 

N,AZ-Tshernova (1938); G,Rc-Sinitshenkova (1976), Braasch (1980), 

Cherchesova (2004), Khazeeva (2010); A-Sinitshenkova (1976); Te-Braasch 

(1981), Türkmen and Kazancı (2015), Aydinli (2017); T-Kazancı and Türkmen 

(2012)*; I-Bojková et al. (2018) 

E (C.) nigripilosus  

(Sinitshenkova, 
1976) 

G-Sinishenkova (1976); Rc-Sinishenkova (1976), Braasch (1979), Khazeeva

(2010); Rw-(Braasch 1979); Iq-Al-Zubaidi et al. (1987); Te-Kazanci (2001); T-
Kazancı and Türkmen (2012)*; I-Hrivniak et al. (2020a, b); C-Hrivniak et al. 

(2020a, b) 

E (C.) magnus  

(Braasch, 1978) 

Rw-Braasch (1978,1980); G-Braasch (1980); A-Braasch (1980); T-Kazancı and 

Türkmen (2012)*, Rc-Cherchesova (2004) 

E (C.) alpestris  

(Braasch, 1979) 

Rw; Rc-Braasch (1979); Te-Kazanci (1986, 2001)**; T-Kazanci and Turkmen 

(2012)*, Aydinli (2017)** 

E (C.) soldani  

(Braasch, 1979) 

Rw; Rc-Braasch (1979) 

E (C.) 

sinitshenkovae  

(Braasch & 
Zimmerman, 1979) 

Rc; Rw; G-Braasch and Zimmermann (1979) 

E (C.) 

longimaculatus 

(Braasch, 1980) 

G-Braasch (1980), Martynov et al. (2016)**; Te-Kazanci and Braasch (1988)**,

Kazanci (2001)**; T-Kazanci and Turkmen (2012)** 

E. (C.) iranicus 

(Braasch & Soldán,

1979) 

I-Braasch and Soldán (1979), Mousavi and Hakobyan (2017), Bojková et al. 

(2018), (Hrivniak et al. 2020a,b)

E. (C.) insularis 

(Braasch, 1983) 

Sa-Braasch (1983), Hrivniak et al. (2020a,b) 

E. (C.) 

bicolliculatus

Hrivniak 2017 

G-Martynov et al. (2016), Hrivniak et al. (2017); Te-Türkmen and Kazancı (2015),
Hrivniak et al. (2017); A-Švihla (1975)***

E. (C.) turcicus

Hrivniak, Türkmen 

& Kazancı, 2019 

Te-Hrivniak et al. (2019) 

E. (C.) alborzicus 

Hrivniak & Sroka,
2020 

I-Hrivniak et al. (2020a) 

E. (C.) shargi

Hrivniak & Sroka,
2020 

I-Hrivniak et al. (2020a) 

E. (C.) zagrosicus

Hrivniak & Sroka,

2020 

I-Hrivniak et al. (2020a) 
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Chapter IV 

The impact of Miocene orogeny for the diversification of 

Caucasian Epeorus (Caucasiron) mayflies (Ephemeroptera: 

Heptageniidae) 
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1. Introduction 

AB STRACT 

A common hypothesis for the high biodiversity of mountains is the diversification driven by orogeny creating 
conditions for rapid in situ speciation of resident lineages. The Caucasus is a young mountain system considered 
as a biodiversity hotspot; however, the origin and evolution of its diversity remain poorly understood. This study 
focuses on mayflies of the subgenus Caucasiron, one of the most diversified stenotopic mayflies inhabiting 
various types of streams throughout the Caucasus. Using the time-calibrated phylogeny based on two mi­
tochondrial (COI, 16S) and three nuclear (EF-la, wg, 28S) gene fragments, we tested the role of Caucasian 
orogeny in biogeography, diversification patterns, and altitudinal diversification of Caucasiron mayflies. We 
found that orogeny promoted the lineage diversification of Caucasiron in the Miocene. The highest diversifica­
tion rate corresponding with the uplift of mountains was followed by a significant slowdown towards the present 
suggesting minor influence of Pleistocene climatic oscillations on the speciation. The Caucasiron lineages cluster 
into three principal clades originating in the Upper Miocene. We found a strong support that one of the three 
clades diversified via allopatric speciation in the Greater Caucasus isolated in the Parathetys Sea. The other two 
clades originating most likely outside the Greater Caucasus diversified towards high and low altitude, respec­
tively, indicating possible role of climatic factors and/or passive uplift on their differentiation. Current high 
Caucasiron diversity in the Greater Caucasus is a result of in situ speciation and later immigration from adjacent 
mountain ranges after the Parathetys Sea retreaL Our phylogeny supported the monophyly of Rhithrogeninae, 
Epeorus s.l., Caucasiron, and Iron. Epeorus subgenus lronopsis was found paraphyletic, with its European re­
present.atives more closely related to Epeorus s.str. than to Iron. Therefore, we re-arranged taxa treated within 
lronopsis to comply with the phylogeny recovered herein. 

Uplift and formation of mountain systems are crucial geological 

phenomena driving evolutionary diversification of organisms (Hoorn 

et al., 2013; Xing and Ree, 2017; Heads, 2019). Orogeny creates con­

ditions favouring allopatric speciation and ecological adaptation of 

resident lineages via an increase of landscape heterogeneity, providing 

novel habitats free of strong competitors, and affecting dispersal of 

organisms by creation of either dispersal corridors or barriers (Dos 

Santos et al., 2018; Esquerre et al., 2019; Favre et al., 2015; Hoom 

et al., 2018). Recent studies stress the importance of passive uplift of 

resident populations by raising of mountains and their vicariance re­

sulting in rapid diversification of montane biota (Heads, 2019). Hence, 

it is not surprising that mountains harbour a large portion of biological 

diversity on Earth, being prominent global biodiversity hotspots (Myers 

et al., 2000; Jenkins et al., 2013; Hoom et al., 2018). The origin and 

evolution of mountain biodiversity is recently intensively studied in 

two mountaineous biodiversity hotspots, the Andes (e.g., Chaves et al., 

2011; Esquerre et al., 2019; Hughes and Eastwood, 2006; Lagomarsino 

et al., 2016) and the Qinghai-Tibetan Plateau (e.g., Wen et al., 2014; 
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Appendix A. Supplementary material 

The impact of Miocene orogeny for the diversification of Caucasian 

Epeorus (Caucasiron) mayflies (Ephemeroptera: Heptageniidae) 

Ľuboš Hrivniak, Pavel Sroka, Jindřiška Bojková, Roman J. Godunko, 

Tomáš Soldán, Arnold H. Staniczek

Appendix A1. Phylogenetic relationships of the fossils used in the 

calibration.  

Here we provide justification for the phylogenetic placement of the fossils 

used as calibration points. One of the fossils we use is not yet described; 

we therefore summarize its key morphological characters and provide 

photographic documentation. A comprehensive description is in 

preparation (Staniczek and Godunko in prep.). The remaining two fossils 

are already described; however, we provide some additional 

morphological characters based on our study of these fossils. 

As the first calibration fossil, we used an undescribed fossil male 

imago in mid-Cretaceous Myanmar amber (98.79±0.62 Ma; Shi et al., 

2012). This specimen is deposited in the collection of State Museum of 

Natural History Stuttgart, Germany under inventory number BU-163 and 

represents the oldest reliable representative of the subfamily 

Ecdyonurinae known so far (Staniczek and Godunko in prep.). Its 

placement within Heptageniidae can be confirmed by the presence of two 

pairs of intercalaries in the cubital field of the forewing (the basal pair 

being longer than the apical pair) and the presence of an distinctly 

articulated first tarsomere on all legs, which is not fused with the 

respective tibia (Fig. A.a–b). Moreover, penis lobes are deeply separated 

and exhibit a pattern of sclerites typical for Heptageniidae, with presence 

of ventral and outer sclerites; ventral side of genitalia bears developed 

prominent titilators medially. 

The placement of this specimen within Ecdyonurinae is based on the 

shape of the median impression of furcasternum (MiFS), parallel-sided 

almost for its entire length, and slightly widened in the anterior part (Fig. 

A.e, see also Kluge, 2004: fig. 57A, B), in contrast to Rhithrogeninae and

Heptageniinae, with a median impression of furcasternum narrowed
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anteriorly. Additionally, in contrast to Heptageniinae with a distinct 

transverse ridge on the imaginal prosternum, the fossil specimen 

discussed herein possesses a flat prosternum without any ridges or 

projections (see Fig. A.c,e; Kluge, 2004, fig. 56A, B). The mesonotum of 

this Cretaceous Ecdyonurinae specimen possesses a clearly visible 

lateroparapsidal suture (LPs in the Fig. A.d), with its posterior end curved 

laterally from the medioparapsidal suture (MPs), reaching the area of the 

dorsal attachment of the posterior scuto-coxal muscle (S.CmP) as defined 

by Kluge (2004: fig. 63A–C). This character state is listed by Kluge 

(2004) as an apomorphy for Rhithrogenini s. Kluge (1988). Nevertheless, 

a relatively short, deep lateroparapsidal suture, slightly curved and not 

contiguous with medioparapsidal suture is described for the Eocene taxon 

Nestormeus Godunko, 2004, which is attributed to Ecdyonurinae (see 

Godunko, 2004, 2007). Therefore, we do not consider this character as an 

apomorphy of Rhithrogenini. 

As a second calibration fossil, we used the species described as 

Maccaffertium annae Macadam & Ross, 2016. The relatively well-

preserved male (holotype) and female (paratype) adult specimens are 

embedded in Mexican amber (Mexico, Chiapas, Early Miocene) 

(Macadam and Ross, 2016). The age of Mexican amber was indicated by 

Solórzano-Kraemer (2010) as ranging between 15 and 20 Ma, although 

Huys et al. (2016) stated that amber from the Finca Carmitto Member 

(Chiapas) was dated as Aquitanian (Early Miocene) in age (22.8 Ma), 

based on the analysis of strontium isotope ratios in some fossil remnants. 

It should be noted that Zembrzuski and Anderson (2018) recently 

redefined the genus Stenonema Traver, 1933 to include also 

Maccaffertium Bednarik, 1979 as a subgenus. Their study did not deal 

with fossil taxa, thus we keep the original combination Maccaffertium 

annae for the purpose of this text. The attribution to M. annae to 

Heptageniidae can be confirmed by the presence of two pairs of 

intercalary veins in the cubital field of forewing (the shorter pair adjacent 

to Cu1) and five-segmented tarsi in all legs, the first tarsomere not being 

fused with the tibia. The placement of this fossil species within the genus 

Maccaffertium was justified by Macadam and Ross (2016) based on 

details of the forewing venation (e.g. cross veins of forewings are 
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crowded in the first three bulla interspaces, as indicated for 

Maccaffertium by Bednarik and McCafferty, 1979), and the genitalia 

closely resemble those in S. mexicanum Ulmer. Despite the detailed 

description of both fossil specimens of M. annae, the structure of thorax, 

which could provide additional evidence of their attribution to 

Heptageniinae was not discussed in the original description. According to 

our study of the high-resolution photographs, the ventral side of 

mesothorax in the holotype of M. annae exhibits furcasternal 

protuberances strongly convergent anteriorly (posterior parts of 

protuberances are poorly preserved and deformed, but clearly separated 

by a narrow impression, see Fig. A.f). The prosternum of the male 

holotype is characterized by a distinct transverse ridge and concave 

surface posterior to it (Fig. A.f). Both of these newly observed thoracic 

characters support the attribution of M. annae to Heptageniinae. 

As a third calibration fossil, we used Burshtynogena ferreci 

Godunko & Sontag, 2004, whose description is based on an adult female 

specimen embedded in Eocene Baltic amber (Priabonian stratigraphic 

level, 37.2–33.9 Ma; Aleksandrova and Zaporozhets, 2008a, 2008b). This 

fossil was placed within the family Heptageniidae based on the presence 

of two pairs of intercalary veins in the cubital field of the forewing (the 

basal pair being longer than the apical pair), five-segmented tarsi with 

articulated first segment, and the absence of a terminal filament. The 

presence of a deep mesonotal suture, median impression of furcasternum 

narrowed anteriorly, and the lack of the transverse and longitudinal ridge 

of the prosternum (Godunko and Sontag, 2004) points to the assignment 

of B. ferreci within the subfamily Rhithrogeninae (sensu Webb and 

McCafferty, 2008). 

Several other Heptageniidae are known from the fossil record and 

were excluded from analysis due to specific reasons. The oldest 

Heptageniidae fossil was described as Amerogenia macrops 

Sinitshenkova, 2000 from the Upper Cretaceous New Jersey amber 

(Turonian stage, Raritan Formation, USA, 94.3–89.3 Ma; Sinitshenkova, 

2000; Nicholson et al., 2015). Kluge (2004) listed this taxon within 

Pentamerotarsata incertae sedis sensu Kluge (2000), corresponding to the 

subfamily Heptageniinae sensu Needham 1901 (in Needham and Betten, 
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1901). The placement of Amerogenia within Heptageniidae can be 

confirmed based on the structure of tarsomere 1, which distinctly 

articulates with tibia (not fused), and 5-segmented tarsi. Nevertheless, 

based on available characters described and figured by Sinitshenkova 

(2000), it is impossible to attribute Amerogenia to any subfamily of 

Heptageniidae. 

We exclude from our analysis two compressed larval fossils 

attributed to Heptageniidae by Bell et al. (2013), discovered from the Late 

Cretaceous Campanian-Maastrichtian Wapiti Formation (Alberta, 

Canada). Many characters support their placement within Heptageniidae 

(e.g. shape of the head, abdomen, and remnants of abdominal appendages, 

which probably represent gills). However, the attribution to any of the 

discussed subfamilies is not possible due to the poor preservation of these 

fossils. 

We also exclude Miocene fossil larvae from the analysis, which 

were attributed to Heptageniidae. Most of these were described based on 

poorly preserved material and placed within extant genera (e.g. 

Heptagenia or Ecdyonurus), however with insufficient justification 

(Hong, 1983; Zhang, 1989; Godunko, 2004). Additionally, two extinct 

mayfly genera were described based on larval material from the Middle 

Miocene of the Russian Federation (Miocoenogenia Tshernova, 1962) 

and the Upper Miocene of Murat, France (Pseudokageronia Masselot & 

Nel, 1999). The genus Miocoenogenia is placed within the group 

Radulapalpata incertae sedis sensu Kluge (2000), corresponding to the 

subfamilies Heptageniinae + Rhithrogeninae, see Tshernova, 1962; 

Kluge, 2004), and Pseudokageronia is listed as a member of the 

subfamily Ecdyonurinae incertae sedis (Masselot and Nel, 1999; Kluge, 

2004). 

Several fossil taxa were described from the Eocene based on both 

larval and winged stages (winged stages include imaginal as well as 

subimaginal specimens). Demoulin (1965) described Succinogenia 

larssoni Demoulin, 1965 on a relatively complete larval specimen and 

suggested its attribution to subfamily Heptageniinae. Nevertheless, Kluge 

(2004) placed this taxon within Radulapalpata incertae sedis. Other 

Eocene Heptageniidae taxa are known as adults and were described by 
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Demoulin (1968), Kluge (1986), and Godunko (2004, 2007). Their 

original placements formally comprise the extant genera Heptagenia, 

Kageronia, Cinygma, Rhithrogena, and Ecdyonurus (Nestormeus). 

However, only for two of them, i.e. Kageronia and Ecdyonurus s.l., the 

presence in the Eocene is reliable, based on an analysis of a set of 

morphological characters of the thorax summarized by Kluge (2004). The 

remaining Eocene taxa described by Demoulin (1968) should be 

reinvestigated, as their systematic position is unclear. 

Fig. A. Morphology of specimens used as calibration fossils. a–e. Ecdyonurinae sp., 

male imago, mid-Cretaceous Myanmar amber. a, tarsus of left middle leg; b, tarsus of 

right hind leg; c, head and prothorax in ventral view; d, thorax in dorsal view; e, thorax 

in ventral view; f. Maccaffertium annae Macadam & Ross, 2016, holotype (NMS 

G.2008.34.3.1), male imago, early Miocene Mexican amber, head and thorax in ventral

view (lines added to highlight important structures). Abbreviations: BSm, basisternum of

mesothorax; BSp, basisternum of prothorax; cl, claw; FSm, furcasternum of mesothorax;

FSp, furcasternum of prothorax; LPs, lateroparapsidal suture; MiFS, median impression

of furcasternum; MPs, medioparapsidal suture; PSp, posterior scutal protuberance; ti,

tibia; TR, transversal ridge. Numbers indicate individual tarsomeres.
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Table A1. GenBank accession numbers for each gene fragment for all analysed 

specimens. Already published data are provided with primary reference. 
Species/genus COI 16S 28S EF-1α wg 

Ecdyonurus 

eurycephalus 

MG972100 

(Hrivniak et 

al., 2018) 

MN298791 MN298847 MN271453 MN271426 

Afronurus sp. HE651387 
(Vuataz et 

al., 2013) 

HE651424 
(Vuataz et 

al.,2013) 

HE651449 
(Vuataz et al., 

2013) 

HE651531 
(Vuataz et 

al., 2013) 

HE651479 
(Vuataz et al., 

2013) 

Thalerosphyrus 
lamuriensis 

HE651388 
(Vuataz et 

al., 2013) 

HE651425 
(Vuataz et 

al.,2013) 

HE651450 
(Vuataz et al., 

2013) 

HE651532 
(Vuataz et 

al., 2013) 

HE651480 
(Vuataz et al., 

2013) 

Stenonema  

meririvulanum 

JN200389 

(Pilgrim et 
al., 2011) 

MN298818 MN298845 MN271454 MN271427 

Stenonema 

modestum  

MN271424 MN298819 MN298846 MN271455 MN271428 

Rhithrogena 

alpestris 

LN868543 

(Vuataz et 

al., 2016) 

LN868657 

(Vuataz et 

al., 2016) 

missing data LN868579 

(Vuataz et 

al., 2016) 

LN868618 

(Vuataz et al., 

2016) 

Cinygmula sp. JF423908 
(Vuataz et 

al., 2011) 

LN868675 
Vuataz et 

al., 2016) 

missing data LN868597 
(Vuataz et 

al., 2016) 

LN868636 
(Vuataz et al., 

2016) 

Epeorus (Ironopsis) 
grandis 

MN271425 MN298792 MN298843 MN271456 missing data  

Epeorus (Iron) 

longimanus 

JN287282 

(Webb et al., 

2012) 

MN298793 AY749917 

(Ogden & 

Whiting, 
2005) 

MN271481 MN271452 

Epeorus (Ironopsis) 

rheophilus 

MN271396 MN298794 MN298828 MN271472 MN271447 

Epeorus (Iron) 
montanus 

MN271397 MN298795 MN298839 MN271459 MN271448 

Epeorus (Ironopsis) 

alpicola 

MN271421 MN298815 MN298841 MN271458 MN271451 

Epeorus (I.) 
yougoslavicus 

MN271422 MN298816 MN298842 MN271457 MN271450 

Epeorus (Epeorus) 

assimilis 

MN271423 MN298817 MN298830 MN271471 MN271449 

Caucasiron sp. 1 MN271398 MN298796 MN298840 MN271480 MN271432 

Caucasiron sp. 1 MN271399 

E. (Caucasiron) 

turcicus 

MK140789 

(Hrivniak et 
al., 2019) 

E. (C.) turcicus MK140785 

(Hrivniak et 

al., 2019) 

E. (C.) turcicus MK140783 

(Hrivniak et 

al., 2019) 

E. (C.) turcicus MK140784 
(Hrivniak et 
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al., 2019) 

E. (C.) turcicus MK140786 
(Hrivniak et 

al., 2019) 

E. (C.) turcicus MK140788 
(Hrivniak et 

al., 2019) 

MN298797 MN298834 MN271474 MN271441 

E. (C.) turcicus MK140787 

(Hrivniak et 
al., 2019) 

Caucasiron sp. 2 MN271400 

Caucasiron sp. 2 MN271401 

Caucasiron sp. 2 MN271402 

Caucasiron sp. 2 MN271403 

Caucasiron sp. 2 MN271404 

Caucasiron sp. 2 MN271405 MN298799 MN298838 MN271476 missing data 

E. (C.) nigripilosus KY865691 

(Hrivniak et 
al., 2017) 

E. (C.) nigripilosus KY865692 

(Hrivniak et 
al., 2017) 

E. (C.) nigripilosus KY865694 

(Hrivniak et 

al., 2017) 

E. (C.) nigripilosus KY865695 

(Hrivniak et 

al., 2017) 

MN298802 MN298833 MN271479 MN271431 

E. (C.) nigripilosus KY865693 
(Hrivniak et 

al., 2017) 

E. (C.) nigripilosus MN271406 

E. (C.) nigripilosus MN271407 

E. (C.) nigripilosus MN271408 

Caucasiron sp. 3 MN271409 

Caucasiron sp. 3 MN271410 MN298798 MN298837 MN271475 MN271433 

Caucasiron sp. 3 MN271411 

E. (C.) iranicus MN271412 MN298800 MN298836 MN271478 MN271430 

E. (C.) caucasicus KY865682 

(Hrivniak et 

al., 2017) 

E. (C.) caucasicus KY865690 
(Hrivniak et 

al., 2017) 

E. (C.) caucasicus KY865688 
(Hrivniak et 

al., 2017) 

MN298801 MN298835 MN271477 MN271429 

E. (C.) caucasicus KY865687 

(Hrivniak et 
al., 2017) 

E. (C.) caucasicus KY865689 

(Hrivniak et 
al., 2017) 

E. (C.) caucasicus KY865683 

(Hrivniak et 

al., 2017) 

E. (C.) caucasicus KY865686 

(Hrivniak et 

al., 2017) 
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E. (C.) caucasicus KY865684 
(Hrivniak et 

al., 2017) 

E. (C.) caucasicus KY865685 

(Hrivniak et 
al., 2017) 

Caucasiron sp. 4 MN271413 

Caucasiron sp. 4 MN271414 MN298810 MN298825 MN271470 MN271442 

E. (C.) znojkoi KY865696 
(Hrivniak et 

al., 2017) 

E. (C.) znojkoi KY865701 
(Hrivniak et 

al., 2017) 

MN298811 MN298826 MN271468 MN271443 

E. (C.) znojkoi KY865699 

(Hrivniak et 
al., 2017) 

E. (C.) znojkoi KY865700 

(Hrivniak et 
al., 2017) 

E. (C.) znojkoi KY865697 

(Hrivniak et 

al., 2017) 

E. (C.) znojkoi KY865704 

(Hrivniak et 

al., 2017) 

E. (C.) znojkoi KY865698 
(Hrivniak et 

al., 2017) 

E. (C.) znojkoi KY865703 
(Hrivniak et 

al., 2017) 

E. (C.) znojkoi KY865702 

(Hrivniak et 
al., 2017) 

Caucasiron sp. 5 MN271415 

Caucasiron sp. 5 MN271416 

Caucasiron sp. 5 MN271417 MN298812 MN298821 MN271469 MN271444 

Caucasiron sp. 6 MN271418 

Caucasiron sp. 6 MN271419 MN298813 MN298831 MN271467 MN271446 

E. (C.) insularis MN271420 MN298814 MN298824 MN271466 MN271445 

E. (C.) soldani KY865717 

(Hrivniak et 
al., 2017) 

E. (C.) soldani KY865716 

(Hrivniak et 
al., 2017) 

MN298804 MN298829 MN271465 MN271436 

E. (C.) soldani KY865718 

(Hrivniak et 

al., 2017) 

Caucasiron sp. 7 KY865715 

(Hrivniak et 

al., 2017) 

MN298803 MN298827 MN271460 MN271435 

E. (C.) bicolliculatus KY865722 
(Hrivniak et 

al., 2017) 

E. (C.) bicolliculatus KY865720 
(Hrivniak et 

al., 2017) 
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E. (C.) bicolliculatus KY865721 
(Hrivniak et 

al., 2017) 

MN298809 MN298822 MN271461 MN271439 

E. (C.) bicolliculatus KY865719 

(Hrivniak et 
al., 2017) 

E. (C.) 

shinitshenkovae 

KY865725 

(Hrivniak et 
al., 2017) 

MN298807 MN298832 MN271464 MN271440 

E. (C.) 

shinitshenkovae

KY865726 

(Hrivniak et 

al., 2017) 

E. (C.) 

shinitshenkovae 

KY865727 

(Hrivniak et 

al., 2017) 

E. (C.) 

shinitshenkovae 

KY865728 

(Hrivniak et 

al., 2017) 

E. (C.) 
longimaculatus 

KY865724 
(Hrivniak et 

al., 2017) 

E. (C.) 
longimaculatus 

KY865723 
(Hrivniak et 

al., 2017) 

MN298808 MN298844 MN271462 MN271434 

E. (C.) alpestris KY865714 

(Hrivniak et 
al., 2017) 

E. (C.) alpestris KY865712 

(Hrivniak et 
al., 2017) 

E. (C.) alpestris KY865711 

(Hrivniak et 

al., 2017) 

MN298806 MN298820 MN271473 MN271437 

E. (C.) alpestris KY865713 

(Hrivniak et 

al., 2017) 

E. (C.) magnus KY865709 
(Hrivniak et 

al., 2017) 

E. (C.) magnus KY865708 
(Hrivniak et 

al., 2017) 

E. (C.) magnus KY865707 
(Hrivniak et 

al., 2017) 

E. (C.) magnus KY865706 

(Hrivniak et 
al., 2017) 

MN298805 MN298823 MN271463 MN271438 

E. (C.) magnus KY865710 

(Hrivniak et 

al., 2017) 

E. (C.) magnus KY865705 

(Hrivniak et 

al., 2017) 
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Table A2. Dispersal rate scaling matrices used for DIVALIKE+J model. Two time slices 

are shown, providing the connectivity between the biogeographical areas along the time.  

Biogeoraphical areas defined for the analyses are A – Greater Caucasus, B – Lesser 

Caucasus, C – Pontic Mts. (includes: Turkey: Pontic, Allahu Ekber, Yalnizcam, 

Kargapazari, Ilgaz, Mescit, Balaban, Koroglu, Botu, Gavur, Sündiken, Kesis, Cosan 

Mts.), D – Cyprus Island and Taurus-North Zagros Mountains (includes: Iran: Zagros, 

Iri, Küh-e Mishab, Küh-e Mishab, Qaflankuh Mts., Turkey: Taurus, Hama Dag, Ispiriz, 

Agri, Hakkari, Doganli, Ala, Muratbasi, Mardin Platosu, Süphan, Tendürük, Malatya, 

Malendiz, Erciyas, Bolkar Mts., Cyprus: Troödos Mts.), E – Talysh-Alborz Mountains 

(includes: Iran: Alborz, Küh-e Bozqush, Talysh, Qareh Dagh, Küh-e haye Sabalan 

Mts.), F – Samos Island (see Fig. 5). 

9.75-0 Ma 

A B C D E F 

A0-1 1 0.9 0.7 0.7 0.7 0.6 

B0-1 0.9 1 1 1 1 0.7 

C0-1 0.7 1 1 1 0.8 0.9 

D0-1 0.7 1 1 1 1 0.9 

E0-1 0.7 1 0.8 1 1 0.7 

F0-1 0.6 0.7 0.9 0.9 0.7 1 

12.5-9.75 Ma 

A B C D E F 

A1-2 1 0.45 0.35 0.35 0.35 0.3 

B1-2 0.45 1 1 1 1 0.7 

C1-2 0.35 1 1 1 0.8 0.9 

D1-2 0.35 1 1 1 1 0.9 

E1-2 0.35 1 0.8 1 1 0.7 

F1-2 0.3 0.7 0.9 0.9 0.7 1 

Table A3. Mean (mean), minimum (min) and maximum (max) altitude of all records and 

number of sampling sites (n) of Caucasiron species/GMYC putative species (species) 

used in ancestral state reconstruction. 

species mean min max n 

alpestris 1664 570 2580 25 

magnus 936 35 2210 104 

soldani 1477 730 1900 7 

Caucasiron sp. 7 426 426 426 1 

bicolliculatus 895 40 1804 25 

longimaculatus 1085 1025 1145 2 

sinitshenkovae 1930 730 2580 13 

iranicus 2183 2100 2292 3 

caucasicus 1622 496 2474 60 

Caucasiron sp. 3 839 252 1345 4 

Caucasiron sp. 2 1445 1090 1800 2 

Caucasiron sp. 1 1237 1231 1243 2 

nigripilosus 1463 970 2024 14 

turcicus 2216 2050 2388 6 
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Caucasiron sp. 5 46 39 53 2 

znojkoi 965 7 2453 115 

Caucasiron sp. 4 359 -6 1345 18 

Caucasiron sp. 6 325 325 325 1 

insularis 250 128 440 3 

Table A4. Datasets and alignments characteristics; number of sequences (nuclear and 

combined include missing data) (n), size of aligned matrices (bp), number of haplotypes 

(K), number of variable sites (V), parsimony-informative sites (number and %) (Pi), 

number of positions with gaps/missing data (I). 

Dataset n bp K V Pi Pi% I 

COI 33 631 33 248 236 37 34 

16S 33 470 33 149 111 23 8 

wg 31 465 28 138 99 21 21 

28S 31 608 27 78 65 11 152 

EF-1α 33 115 17 24 14 12 0 

mt 33 1101 33 397 346 31 42 

nu 33 1188 32 240 178 15 173 

combined 33 2289 33 637 524 23 215 

Table A5. Partitioning schemes and substitution models used in Bayesian (BI) and 

maximum likelihood (ML) phylogenetic analyses. 

Combined dataset (BI): 

Subset Best Model # sites Partition names 

1 GTR+I+G 470 16S 

2 GTR+I 608 28S 

3 SYM+I+G 250 COI_1stpos, 

EF_1stpos 

4 F81+I 210 COI_2ndpos 

5 GTR+G 210 COI_3rdpos 

6 GTR+I 193 WG_2ndpos, 

EF_2ndpos 

7 SYM+G 38 EF_3rdpos 

8 GTR+G 155 WG_1stpos 

9 HKY+I 155 WG_3rdpos 

mt datased (BI): 

Subset Best Model # sites Partition 

names 

1 GTR+I+G 470 16S 

2 SYM+G 211 COI_1stpos 

3 F81+I 211 COI_2ndpos 

4 GTR+G 210 COI_3rdpos 
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nu dataset (BI): 

Subset Best Model # sites Partition 

names 

1 HKY+I 608 28S 

2 GTR+G 194 WG_1stpos, 

EF_1stpos 

3 GTR+I 193 EF_2ndpos, 

WG_2ndpos 

4 SYM+G 38 EF_3rdpos 

5 HKY+G 155 WG_3rdpos 

Combined dataset (ML): 

ID Model Partition name 

1 TPM2u+F+I+G4 16S 

2 K2P+I 28S 

3 TIM3e+I+G4 COI_1stpos 

4 F81+F+I COI_2ndpos 

5 TIM2+F+G4 COI_3rdpos 

6 TNe EF_1stpos 

7 JC+I EF_2ndpos 

8 TNe+G4 EF_3rdpos 

9 TIM2+F+G4 WG_1stpos 

10 JC+I WG_2ndpos 

11 HKY+F+I WG_3rdpos 

mt dataset (ML): 

ID Model Partition name 

1 HKY+F+I+G4 16S 

2 TIM3e+I+G4 COI_1stpos 

3 F81+F+I COI_2ndpos 

4 TIM2+F+G4 COI_3rdpos 

nu dataset (ML): 

ID Model Partition name 

1 K2P+I 28S 

2 TNe EF_1stpos 

3 K3P+I EF_2ndpos 

4 TNe+G4 EF_3rdpos 

5 TIM2+F+I WG_1stpos 

6 JC+I WG_2ndpos 

7 HKY+F+I WG_3rdpos 

Table A6. Results from model test with parameters of all the models evaluated by 

BioGeoBEARS for ancestral range estimation. 
model LnL numparams d e j AICc AICc_wt 

DEC -58.4 2 0.040 1.0e-

12 

0 121.6 0.060 
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DEC+J -

55.33 

3 0.034 1.0e-

12 

0.11 118.3 0.31 

DIVALIKE -

56.97 

2 0.045 1.0e-

12 

0 118.7 0.25 

DIVALIKE+J -55.2 3 0.038 1.0e-

12 

0.071 118 0.36 

BAYAREALIKE -

66.46 

2 0.041 0.14 0 137.7 1.9e-05 

BAYAREALIKE -

58.08 

3 0.026 1.0e-

07 

0.26 123.8 0.020 

Fig. A1. Bayesian inference of phylogeny of individual datasets with all taxa included. 

For each node posterior probability is figured. 

Fig. A2. Maximum likelihood tree reconstruction of individual datasets with all taxa 

included. For each node bootstrap value is figured. 
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Fig. A3. Fossil calibrated maximum clade credibility tree of combined dataset with all 

taxa included. Numbered black circles correspond to fossil calibration points. For each 

node posterior probability is figured. 

Fig. A4. Maximum clade credibility tree of mitochondrial dataset calibrated by standard 

mitochondrial mutation rate with all taxa included. For each node posterior probability is 

figured. 
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Fig. A5. Mean extinction and speciation rate (a) and extinction and speciation through 

time (b) of Caucasiron generated by BAMM analysis. 

Fig. A6. Ancestral range estimation of Caucasiron based on DIVALIKE+J model. 

Location of mountain ranges used in the analysis are showed in the map. Colours and 

letters codes under map correspond to colours on tree nodes. The recent distribution of 

species is given in the parentheses next to species name. 
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PART THREE: SUMMARY AND FUTURE 

PERSPECTIVES 





1. Summary

This dissertation thesis is focused on mayflies (Ephemeroptera) of the Caucasus, 

an ancient merolimnic insect order inhabiting freshwater habitats. The Caucasus 

is one of the most biologically diversified mountainous areas in the Palearctic 

region, but is still poorly investigated in many aspects. The results of the thesis 

significantly contribute to our knowledge of the diversity, distribution, and 

evolutionary history of mayflies, and shed more light on the evolution of the 

unique mountain biota of the Caucasus in general. 

The thesis comprises four chapters. The first chapter is focused on the 

diversity of mayflies of Armenia. The country is situated in the central part of the 

Lesser Caucasus mountain range and was among the least explored countries 

within the Caucasus. An attached publication entitled "Diversity of Armenian 

mayflies (Ephemeroptera) with the description of a new species of the genus 

Ecdyonurus (Heptageniidae) " is a part of a set of works focused on mapping 

mayfly species diversity in the Caucasus (e.g. Bojková et al. 2018; Gabelashvili 

et al. 2018), and constitutes the first complex study of the diversity and 

biogeographic composition of the mayflies of Armenia, based on our extensive 

sampling throughout the entire territory in 2011, 2014, and 2015. Altogether 46 

species were confirmed, and eight of them were reported from the country for the 

first time. The dominant part of the fauna were regional endemics of the 

Caucasus, distributed in both the Greater and Lesser Caucasus, sometimes with 

an area extension to the Middle East (Turkey, Iran, Iraq) or Central Asia, and 

common European and West Palearctic species. Moreover, one species, 

Ecdyonurus (Ecdyonurus) eurycephalus, was described as a new species for 

science. Description was carried out based on the combination of morphology 

and molecular data, which were also used for the association between larval 

instars and life stages. The species occurs in the high-altitude steppe streams and 

rivers of the Armenian highlands, and is most likely endemic to this area. 

The goal of the second chapter was a detailed investigation of the diversity 

of Caucasian Epeorus (Caucasiron), the model group selected for the research of 

mayfly evolutionary history in the Caucasus. Based on the sequencing of 

specimens collected from a wide geographical range within the Caucasus region, 

we aimed to clarify whether the species described based on comparative 

morphology correspond to species clusters delimited by molecular data, to 

describe the morphological variability of individual species for the purposes of 

species identification in Chapter III, and to capture as many independent 
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Caucasiron lineages as possible for the analyses of evolutionary diversification 

events. 

The results showed high congruence between morphological and molecular 

species delimitation, which points to the effective use of molecular data in species 

identification. Moreover, several independent lineages were discovered and, after 

detailed morphological investigation, described as new species for science. This 

included the new species Epeorus (Caucasiron) bicolliculatus and E. (C.) 

turcicus distributed in the western Caucasus and Pontic Mountains, and three new 

species from Iran, E. (C.) alborzicus and E. (C.) shargi distributed in the Alborz, 

and E. (C.) zagrosicus occurring in the Zagros Mountains. These results are 

summarized in three published papers attached to Chapter II. 

Chapter III has a more practical function. The attached manuscript is 

focused on the identification, habitat preferences, and distribution of all currently 

known species from the Caucasus and adjacent areas. I have summarized all 

knowledge on Caucasiron morphology, the variability of individual species and 

their identification, and prepared an identification guide. The guide is designed 

for the wider professional public and non-taxonomic research in the fields of 

hydrobiology, ecology, and faunistics. An accurate species identification is of 

crucial importance in these fields and a lack of suitable literature hampers 

research in the Caucasus. I believe that this contribution will help to move the 

research of Caucasian mayflies beyond alpha taxonomy and enable us to use the 

potential of mayflies in the monitoring of water quality and conservation of 

habitats. 

The goal of the last chapter was to reveal the geographical and temporal 

origin of Caucasian mayflies and examine the course of their evolutionary 

diversification over time. Using multi locus time-calibrated phylogeny and 

biogeographical analyses, I tested the role of geological history of the Caucasus 

in the biogeography, speciation patterns, and altitudinal diversification of 

Caucasiron mayflies, as one of the most diversified mayfly taxa in the Caucasus 

and adjacent areas. By incorporating other Caucasiron-related taxa sampled over 

the Holarctic region (Central Europe, the Balkans, Central Asia, and North 

America) I also clarified their geographical origin. 

I found that Caucasiron mayflies are sister to Central Asian and Nearctic 

Iron, being less related to Central European and Balkan lineages, indicating that 

they originated from Asia. Biogeographic analyses indicated that the ancestor of 

all Caucasian Caucasiron lineages was widely distributed in the pre-Caucasian 

region, including the ancient Greater Caucasus island, and rapidly diversified in 

the Middle Miocene, during the mountain building of the Caucasus. This 

248

Summary and future perspectives



suggested that the uplift and formation of the Caucasus mountain system 

promoted the evolutionary diversification of a widespread Caucasiron ancestor. 

The highest diversification rate, corresponding to the uplift of mountains, was 

followed by a significant slowdown towards the present, suggesting the minor 

influence of Pleistocene climatic oscillations on their speciation. 

The Caucasian Caucasiron lineages clustered into three principal clades 

originating in the Upper Miocene. Biogeographical analyses found strong support 

for the notion that one of the three clades diversified in the Greater Caucasus 

mountain range, isolated in the ancient Paratethys Sea. It indicated that 

environmental changes caused by mountain building and the long isolation of the 

Greater Caucasus led to the vicariance of the ancestral lineage with subsequent 

diversification of the clade. All species of this clade originated in the Greater 

Caucasus, and four of them, namely E. (C.) alpestris, E. (C.) soldani, E. (C.) 

sinitshenkovae, and E. (C.) longimaculatus, are endemic to this mountain range, 

especially to its western and central part. Two species, E. (C.) magnus and E. (C.) 

bicolliculatus, dispersed towards the south-west, to the Lesser Caucasus and 

Pontic Mts. (and Taurus Mts. in the former species). E. (C.) magnus is recently 

widely distributed throughout Anatolia, far beyond the boundary of the Caucasus 

region. This indicated that the Greater Caucasus acted as a diversification centre 

and source of diversity for surrounding areas. 

The radiation of the other two clades seemed to be relatively younger. Both 

clades originated most likely outside the Greater Caucasus and diversified 

towards high and low altitude, respectively. This could be related to the passive 

uplift of a mid-altitude Caucasiron ancestor and its subsequent diversification or 

to ecological speciation through climatic niche divergence. Three species from 

these clades, E. (C.) znojkoi, E. (C.) caucasicus, and E. (C.) nigripilosus, are 

currently widely distributed in the Caucasus region, including the Greater 

Caucasus. Current high Caucasiron diversity in the Greater Caucasus was 

therefore the result of two events; in situ speciation and later immigration from 

adjacent mountain ranges. 

To conclude, this chapter shows that the Miocene/Pliocene orogeny of the 

Caucasus most likely triggered the diversification of freshwater montane biota by 

the isolation of mountain ranges leading to allopatric speciation and the creation 

of environmental gradients vacant for speciation. Our results indicate that the 

speciation of Caucasian cold-adapted aquatic insects was influenced by the 

history of the land mass development of the Caucasus and late orogeny, rather 

than later climatic oscillations in the Quaternary. 
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Regarding the systematic problems concerning the evolution of the suction disc 

within Epeorus s.l., our study did not support Braasch´s hypothesis incorporating 

all species with a suction disc into the monophyletic genus Iron. The European 

species E. assimilis (belonging to Epeorus s.str., i.e. without a suction disc) does 

not form a separate sister clade to all remaining Epeorus s.l., but a cluster within 

European species with a suction disc. This indicates the possible reduction of a 

suction disc in at least one lineage within Epeorus s.l. 

Our study supports the monophyly of Caucasiron. The European species 

with a suction disc, belonging to Ironopsis according to Kluge´s classification 

were found to be sister to Epeorus s. str., not to Nearctic and Central Asian 

Ironopsis, or any other Epeorus taxa with a suction disc. Thus, the subgenus 

Ironopsis, as proposed by Kluge, is paraphyletic. We finally accepted the 

Braasch´s concept of the subgenus Alpiron (containing European species with a 

suction disc) and proposed nomenclatural changes according to the phylogeny set 

out in our study. 
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2. The future direction of the Caucasian mayfly research

This thesis constitutes the first comprehensive study of the diversity, distribution, 

and evolution of mayflies from the Caucasus. It is mostly focused on Caucasiron, 

and the same research approach should be applied to the other groups in the 

future. 

The diversity of mayflies in the Caucasus region is still underestimated and 

the final number of species is far from being complete. Our results point to the 

fact that a detailed taxonomic investigation of individual genera may reveal new 

species for science from the region, especially when the integrative approach is 

included in the species delimitation. 

The research of mayfly diversity, with the use of both morphology and 

molecular data should be gradually applied to other genera. These should include 

especially Rhithrogena, Electrogena, and Ecdyonurus, which represent diverse, 

frequent, and abundant, but still poorly investigated mayflies in the region. After 

processing the revision of these genera, specialists should focus on species 

identification, because the absence of identification keys significantly hampers 

further research beyond the alpha taxonomy. We are currently working on the 

revision and species identification of the genus Ecdyonurus, and the revision of 

the other diverse genera named above will be prioritized in future research.  

Other significant hurdles regarding mayfly diversity research are the 

inadequate existing investigation of low altitude biotopes in the Caucasus and the 

absence of species inventories from some Caucasian countries. Most studies 

focus on dominant mountain habitats and lowlands are largely omitted.  I assume 

though that such biotopes likely host unknown diversity from the mayfly families 

of Baetidae, Siphlonuridae, and Ephemeridae. 

The investigation of the whole area of the Caucasus and all of the aquatic 

biotopes there is essential for a complex analysis of the species distribution and 

ecological preferences needed to provide the relevant data for species and habitat 

conservation. Part of this thesis was focused on the species inventory of Armenia. 

Currently, the species inventory of mayflies from Azerbaijan based on our 

extensive sampling in 2017–2019 is being worked upon. To complete the overall 

picture of Caucasian mayflies, some parts of the Russian Federation remain to be 

studied.  

Information on the origin and diversification of Caucasiron provides an 

initial insight into the formation of the Caucasian mayfly fauna. However, 

biological evolution is complex and consists of various evolutionary histories. 

The evolution might vary among model groups depending on its specific features 
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possibly affecting their evolutionary history such as habitat preferences, ecology, 

and dispersal ability. The analyzes of environmental data from sampling sites and 

a detailed investigation of the habitat preferences of individual species is 

therefore among our future goals. After the systematic revisions of other genera, 

we plan to explore their origin and diversification mechanisms and compare them 

with those found in Caucasiron. As we included only limited material from 

Central Asia in our analyses, our future goal is to incorporate Caucasiron from 

the Pamir and Himalayas in our evolutionary study and clarify their biogeography 

and phylogenetic relationships to the Caucasian lineage. Our recent molecular 

dataset did not allow us to fully reconstruct phylogenetic relationships among 

principal clades and some species. We assume that the inclusion of a modern 

sequencing method, such as new generation sequencing technology, would solve 

this problem and complete our phylogenetic analyses. Improving the research by 

the updating of methodology is therefore among the future priorities. 

Although the results from our diversification rate analyses did not indicate 

a significant impact for the Pleistocene climatic cycles on the speciation of 

Caucasiron, we hypothesize that climatic oscillations have affected the 

distribution and genetic structure on the level of populations. We therefore aim 

to supplement our species-level study of Caucasiron with the phylogeography 

and clarify whether its populations followed a similar pattern as observed in other 

groups of biota in the Caucasus. It may be expected that the landscape 

fragmentation during Pliocene/Pleistocene has resulted in fragmented 

distribution of some species, such as E. (C.) nigripilosus. We also aim to analyze 

populations of other species widespread throughout the Caucasus, such as E. (C.) 

znojkoj, E. (C.) caucasicus, or E. (C.) magnus, and investigate their genetic 

variability and possible dispersal routes throughout the region.  

All of the above mentioned research topics indicate that the Caucasus 

region is still a highly attractive area for a wide variety of research activities 

ranging from taxonomy to evolutionary biology. Our intensive research on 

Caucasian mayflies will, therefore, continue in the future and I believe that a 

combination of studies on the species and population level focused on multiple 

model groups will finally provide a complex picture of the formation of the highly 

diverse Caucasian aquatic fauna. 
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APPENDIX 





Checklist of mayflies (Ephemeroptera) of the Caucasus and adjacent 

areas 

Species distribution is adopted from Bauernfeind & Soldán (2012) and 

the Ephemeroptera of the World online database 

(www.insecta.bio.spbu.ru/#Ephemeroptera). Caucasian endemics (i.e. 

species recorded only from the Caucasus region up to now) are in bold. 

Systematic classification is adopted from Bauernfeind & Soldán (2012), 

Gabelashvili et al. (2018), or follows original species description. 

Explanations for distribution: HOL: Holarctic; PAL: Palearctic; WPAL: 

western Palearctic; EU: Europe; CAU: Caucasus region; GEO: Georgia; 

RUS: Russian Federation; ARM: Armenia; AZE: Azerbaijan; TUR: 

Turkey; IR: Iran; IS: Israel; SY: Syria; IQ: Iraq; GR: Greece; UA: 

Ukrajine; CP: Crimean Peninsula; CY: Cyprus; LEB: Lebanon; JOR: 

Jordan; IN: India; KAZ: Kazakhstan; TURK: Turkmenistan; TAJ: 

Tajikistan; AFG: Afghanistan; AM: Asia Minor. 

Family: SIPHLONURIDAE Ulmer, 

1920 

Genus: Siphlonurus Eaton, 1868 

1. Siphlonurus (Siphlurella) alternatus

(Say, 1824) 

Distribution: HOL; CAU: GEO 

(Adjara, Guria), AZE, RUS (Krasnodar 

Krai, Stavropol Krai) 

2. Siphlonurus (Siphlonurus) lacustris

Eaton, 1870 

Distribution: PAL; CAU: GEO 

(Mtskheta-Mtianeti), AZE (Nagorno-

Karabakh), RUS (North Ossetia) 

Family: AMETROPODIDAE 

Bengtsson, 1913 

Genus: Ametropus Albarda, 1978 

3. Ametropus fragilis Albarda, 1878

Distribution: PAL; CAU: RUS (North 

Ossetia, Krasnodar Krai) 

Family: AMELETIDAE McCafferty, 

1991 

Genus: Ameletus Eaton, 1885 

4. Ameletus inopinatus Eaton, 1887

Distribution: HOL; CAU: AZE 

(Nakhchivan, Nagorno-Karabakh) 

Family: BAETIDAE Leach, 1815 

Genus: Baetis Leach, 1815 

5. Baetis (Acentrella) joosti

Zimmermann & Braasch, 1979 

Distribution: CAU: ARM 

6. Baetis (Acentrella) inexpectatus

(Tshernova, 1928) 

Distribution: EU; CAU: RUS 

(Krasnodar Krai) 

7. Baetis (Baetis) baksan Soldán, 1977

Distribution: CAU: GEO (Mtskheta-

Mtianeti, Abkhazia, Guria), RUS 

(Kabardino-Balkaria, North Ossetia, 

Krasnodar Krai) 

8. Baetis (Baetis) baroukianus Thomas

& Dia, 1984 

Distribution: LEB; CAU: IR 

9. Baetis (Baetis) buceratus Eaton,

1870 

Distribution: PAL; CAU: ARM, GEO 

(Imereti), AZE (Talysh Mts.), RUS 

(North Ossetia), IR 
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10. Baetis (Baetis) fuscatus (Linnaeus,

1761) 

Distribution: PAL; ARM, GEO 

(Adjara, Guria, Samtskhe-Javakheti, 

Imereti), RUS (Krasnodar Krai), TUR, 

IR 

11. Baetis (Baetis) ilex Jacob &

Zimmermann, 1978 

Distribution: CAU: RUS (Kabardino-

Balkaria, Krasnodar Krai, North-

Ossetia), ARM, GEO (Samtskhe-

Javakheti, Racha-Lechkhumi, 

Samegrelo-Svaneti, Shida Kartli, 

Kvemo Kartli, Mtskheta-Mtianeti) 

12. Baetis (Baetis) lutheri georgensis

Zimmermann, 1981 

Distribution: CAU: ARM, AZE (Talysh 

Mts.), RUS (Krasnodar Krai, Karachay 

Cherkess), GEO (Adjara, Abkhazia, 

Samegrelo-Svaneti, Racha-Lechkhumi, 

Shida Kartli, Mtskheta-Mtianeti, 

Kakheti, Imereti, Guria) 

13. Baetis (Baetis) monnerati Gattolliat

& Sartori, 2012 

Distribution: JOR; IS; CAU: IR 

14. Baetis (Baetis) pentaphlebodes

Ujhelyi, 1966 

Distribution: WPAL; CAU: ARM, AZE 

(Talysh Mts.), GEO (Samtskhe-

Javakheti), IR, TUR 

15. Baetis (Baetis) petrovi Tshernova,

1938 

Distribution: CAU: ARM, AZE 

(Nagorno-Karabakh) 

16. Baetis (Baetis) samochai Koch,

1981 

Distribution: TUR; IS; LEB; SY; CAU: 

IR, ARM 

17. Baetis (Baetis) vardarensis

caucasicus Zimmermann, 1981 

Distribution: CAU: ARM, AZE (Talysh 

Mts., Kura-Aras lowland), RUS 

(Krasnodar Krai), GEO (Shida Kartli, 

Kvemo Kartli, Kakheti), TUR 

18. Baetis (Baetis) vernus Curtis, 1834

Distribution: PAL; GEO, RUS 

(Krasnodar Krai) 

19. Baetis (Rhodobaetis) braaschi

Zimmermann, 1980 

Distribution: UA (Donesk, Kharkov); 

CP; UZ; KAZ; TURK; TAJ; CAU: 

GEO (Mtskheta-Mtianeti, Imereti, 

Kakheti, Shida Kartli, Kvemo Kartli), 

ARM, RUS (Kabardino-Balkaria, 

Krasnodar Krai), TUR, IR  

20. Baetis (Rhodobaetis) cf. gadeai

Thomas, 1999  

Distribution: CAU: GEO (Imereti, 

Samtskhe-Javakheti, Abkhazia, Adjara) 

21. Baetis (Rhodobaetis) gemellus

Eaton, 1885 

Distribution: WPAL; CAU: GEO 

(Racha-Lechkumi, Samegrelo-Svaneti, 

Samtskhe-Javakheti, Shida Kartli, 

Kvemo Kartli, Mtskheta-Mtianeti, 

Kakheti, Abkhazia), ARM, AZE 

(Talysh Mts.) RUS (Kabardino-

Balkaria, Karachay-Cherkess, 

Krasnodar Krai, North Ossetia), TUR 

22. Baetis (Rhodobaetis) rhodani

(Pictet, 1843) 

Distribution: WPAL; CAU: AZE 

(Nakhchivan, Nagorno-Karabakh, 

Greater Caucasus), ARM, GEO 

(Kvemo Kartli, Abkhazia, Racha-

Lechkhumi, Samegrelo-Svaneti, Shida 

Kartli, Kakheti, Mtskheta-Mtianeti, 

Adjara, Guria, Samtskhe-Javakheti), 

RUS (Kabardino-Balkaria, Krasnodar 

Krai, North Ossetia), TUR, IR 

23. Baetis (Rhodobaetis) vadimi

Godunko, Palatov & Martynov, 2015 

Distribution: CAU: GEO (Adjara, 

Imereti), TUR 

24. Baetis (Labiobaetis) tricolor

Tshernova, 1928 

Distribution: PAL; CAU: RUS 

(Krasnodar Krai) 

Genus: Nigrobaetis 

25. Nigrobaetis (Nigrobaetis) digitatus

(Bengtsson, 1912) 

Distribution: PAL; CAU: GEO (Guria, 

Adjara), RUS (Krasnodar Krai) 

26. Nigrobaetis (Nigrobaetis) gracilis

Bogoescu & Tabacaru, 1957 

Distribution: PAL; CAU: AZE (Talysh 

Mts.), RUS (North Ossetia, Stavropol 
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Krai), GEO (Kvemo Kartli, Kakheti, 

Guria, Adjara), IR 

27. Nigrobaetis (Takobia) katerynae

Martynov & Godunko, 2017 

Distribution: CAU: GEO (Adjara) 

28. Nigrobaetis (Takobia) muticus

(Linnaeus, 1758) 

Distribution: WPAL; CAU: ARM, AZE 

(Talysh Mts.), GEO (Racha-

Lechkhumi, Samegrelo-Svaneti, 

Kakheti, Mtskheta-Mtianeti, Samtskhe-

Javakheti, Imereti, Adjara), RUS 

(Kabardino-Balkaria, Karachay-

Cherkess, Krasnodar Krai, North 

Ossetia), TUR, IR 

29. Nigrobaetis (Nigrobaetis) niger

(Linnaeus, 1761) 

Distribution: PAL; CAU: RUS 

(Kabardino-Balkaria, North Ossetia), 

GEO (Kvemo Kartli, Adjara, Guria) 

30. Nigrobaetis (Nigrobaetis) kars

(Kazancı & Thomas, 1989) 

Distribution: TUR; CAU: TUR, ARM 

Genus: Centroptilum Eaton, 1869 

31. Centroptilum luteolum (Müller,

1776) 

Distribution: HOL; CAU: AZE 

(Nagorno-Karabakh, Kura-Aras 

Lowland, Talysh Mts), GEO (Adjara, 

Guria, Abkhazia), ARM, RUS 

(Krasnodar Krai, North Ossetia, 

Stavropol Krai) 

Genus: Cloeon Leach, 1815 

32. Cloeon (Cloeon) cognatum

Stephens, 1836 

Distribution: HOL; CAU: RUS (North 

Ossetia, Kabardino-Balkaria, Krasnodar 

Krai), IR 

33. Cloeon (Cloeon) dipterum

(Linnaeus, 1761) 

Distribution: HOL; CAU: AZE 

(Greater Caucasus, Nagorno-Karabakh, 

Talysh Mts., Kura-Aras Lowland), 

GEO (Samtskhe-Javakheti, Kakheti, 

Adjara, Guria), RUS (Adygea, Chechen 

Republic, Dagestan, Kabardino-

Balkaria, North Ossetia, Stavropol 

Krai), IR, TUR 

34. Cloeon (Cloeon) inscriptum

(Bengtsson, 1914) 

Distribution: PAL; CAU 

35. Cloeon (Similicloeon) simile Eaton,

1870 

Distribution: PAL; CAU: GEO (Adjara, 

Guria, Abkhazia, Kvemo Kartli), AZE 

(Kura-Aras Lowland, Nagorno-

Karabakh), RUS (Stavropol Krai, 

Ingushetia), IR 

Genus: Procloeon Bengtsson, 1915 

36. Procloeon (Procloeon) bifidum

(Bengtsson, 1912) 

Distribution: PAL; CAU: RUS 

(Krasnodar Krai), GEO (Samtskhe-

Javakheti)  

37. Procloeon (Pseudocentroptilum)

caspicum Sroka, 2018 

Distribution: CAU: IR (Gilan province) 

38. Procloeon (Procloeon)

heterophyllum Kluge & Novikova, 

1992 

Distribution: CAU: RUS (Krasnodar 

Krai) 

39. Procloeon (Pseudocentroptilum)

pulchrum (Eaton, 1885) 

Distribution: WPAL; CAU: GEO 

(Adjara, Imereti), RUS (Krasnodar 

Krai) 

40. Procloeon (Pseudocentroptilum)

pennulatum (Eaton, 1870) 

Distribution: HOL; CAU: AZE (Talysh 

Mts.), ARM 

41. Procloeon (Pseudocentroptilum)

unguiculatum (Tshernova, 1941) 

Distribution: PAL; GEO (Imereti), RUS 

(Krasnodar Krai) 

Family: ISONYCHIIDAE Ulmer, 1914 

Genus: Isonychia Eaton, 1871 

42. Isonychia ignota (Walker, 1853)

Distribution: PAL; CAU: RUS (WGC, 

CGC), GEO (Imereti, Kakheti), AZE 

(Nakhchivan, Greater Caucasus), RUS 

(Chechen Republic) 
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Family: OLIGONEURIIDAE Ulmer, 

1914 

Genus: Oligoneuriella Ulmer, 1924 

43. Oligoneuriella rhenana (Imhoff,

1852) 

Distribution: EU; CAU: AZE (Kura-

Aras Lowland, Talysh Mts.), RUS 

(Krasnodar Krai), GEO (Kvemo Kartli, 

Adjara, Guria) 

44. Oligoneuriella tskhomelidzei Sowa

& Zosidze, 1973 

Distribution: CAU: GEO (Adjara, 

Guria), ARM, RUS (North Ossetia, 

Dagestan) 

Family: HEPTAGENIIDAE Needham 

& Betten, 1901 

Genus: Ecdyonurus Eaton, 1868 

45. Ecdyonurus (Helvetoraeticus)

adjaricus Kluge, Godunko & 

Apanaskevich, 2013 

Distribution: CAU: GEO (Adjara), 

TUR 

46. Ecdyonurus (Ecdyonurus)

autumnalis Braasch, 1980 

Distribution: CAU: GEO (Imereti and 

Kakheti), TUR, ARM 

47. Ecdyonurus (Ecdyonurus)

eurycephalus Hrivniak & Godunko 

2018 

Distribution: CAU: ARM 

48. Ecdyonurus (Ecdyonurus)

ornatipennis Tshernova, 1938 

Distribution: TUR; CAU: GEO (Shida 

Kartli, Mtskheta-Mtianeti, Kvemo 

Kartli), ARM, AZE (Nagorno-

Karabakh, Talysh Mts.), RUS (North 

Ossetia), IR 

Genus: Electrogena Zurwerra & 

Tomka, 1985 

49. Electrogena armeniaca (Braasch,

1983) 

Distribution: CAU: ARM 

50. Electrogena azerbajdzanica

(Braasch, 1978) 

Distribution: CAU: AZE (Greater 

Caucasus), GEO (Kakheti) 

51. Electrogena bothmeri (Braasch,

1983) 

Distribution: CAU: IR 

52. Electrogena gibedede Sroka &

Godunko, 2012 

Distribution: CAU: RUS (Adygea) 

53. Electrogena kurarensis (Braasch,

1978) 

Distribution: CAU: GEO (Shida Kartli) 

54. Electrogena meyi (Braasch, 1980)

Distribution: CAU: RUS (Karachay 

Cherkess) 

55. Electrogena monticola (Braasch,

1980) 

Distribution: CAU: RUS (Karachay 

Cherkess, North Ossetia) 

56. Electrogena pseudaffinis

(Braasch, 1980) 

Distribution: CAU: GEO (Mtskheta-

Mtianeti, Kvemo Kartli, Adjara), RUS 

(Krasnodar Krai), IR, TUR, ARM  

57. Electrogena ressli (Braasch, 1981)

Distribution: CAU: IR, TUR 

58. Electrogena squamata (Braasch,

1978) 

Distribution: CAU: GEO (Mtskheta-

Mtianeti, Abkhazia, Imereti, Kvemo 

Kartli, Adjara), RUS (Kabardino-

Balkaria, North Ossetia), IR, ARM, 

AZE (Talysh Mts.) 

59. Electrogena zimmermanni (Sowa,

1984) 

Distribution: CAU: RUS (Karachay 

Cherkess), GEO (Abkhazia), AZE 

(Talysh Mts.) 

Genus: Rhithrogena Eaton, 1882 

60. Rhithrogena (Rhithrogena)

caucasica Braasch, 1979 

Distribution: CAU: AZE (Talysh Mts.), 

GEO (Mtskheta-Mtianeti, Abkhazia), 

RUS (Krasnodar Krai, North Ossetia), 

ARM, TUR 

61. Rhithrogena (Rhithrogena)

dagestanica Braasch, 1979 

Distribution: CAU: AZE (Greater 

Caucasus) 

62. Rhithrogena (Rhithrogena)

decolorata Sinitshenkova, 1973 
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Distribution: CAU: ARM, AZE (Talysh 

Mts.), RUS (North Ossetia, Kabardino-

Balkaria), IR, GEO (Adjara) 

63. Rhithrogena (Rhithrogena)

expectata Braasch, 1979 

Distribution: CAU: RUS (Krasnodar 

Krai, Karachay Cherkess), GEO (Shida 

Kartli, Kvemo Kartli, Mtskheta-

Mtianeti, Abkhazia), TUR 

64. Rhithrogena (Rhithrogena) excisa

Sinitshenkova, 1979 

Distribution: CAU: AZE (Nagorno-

Karabakh), RUS (North Ossetia, 

Kabardino-Balkaria)  

65. Rhithrogena (Rhithrogena) iranica

Braasch, 1983 

Distribution: CAU: TUR, IR 

66. Rhithrogena (Rhithrogena) iridina

kownackii Sowa & Zimmermann, 

1975 

Distribution: CAU: GEO (Mtskheta-

Mtianeti, Adjara), ARM  

67. Rhithrogena (Rhithrogena)

joostiana Sowa & Zimmermann, 1976 

Distribution: CAU: RUS (Kabardino-

Balkaria) 

68. Rhithrogena (Rhithrogena)

klausniczeriana Braasch, 1979 

Distribution: CAU: RUS (Karachay 

Cherkess) 

69. Rhithrogena (Rhithrogena)

laciniosa Sinitshenkova, 1979 

Distribution: CAU: AZE (Nagorno-

Karabakh, Talysh Mts.), RUS (North 

Ossetia) 

70. Rhithrogena (Rhithrogena) lucida

Braasch, 1979 

Distribution: CAU: GEO (Mtskheta-

Mtianeti) 

71. Rhithrogena (Rhithrogena)

potamalis Braasch, 1979 

Distribution: CAU: GEO (Shida Kartli, 

Kvemo Kartli), TUR  

72. Rhithrogena (Rhithrogena)

teberdensis Zimmermann, 1977 

Distribution: CAU: RUS (Kabardino-

Balkaria, North Ossetia, Karachay 

Cherkess) 

73. Rhithrogena (Rhithrogena)

umbrosa Braasch, 1979 

Distribution: CAU: RUS (Karachay 

Cherkess) 

74. Rhithrogena (Rhithrogena)

zhiltzovae Sinitshenkova, 1979 

Distribution: CAU: ARM 

75. Rhithrogena (Epeiron) binerve

Kluge, 1987 

Distribution: CAU: GEO (Kvemo 

Kartli), ARM 

76. Rhithrogena (Epeiron) paulinae

Sartori & Sowa, 1992 

Distribution: CAU: IR 

77. Rhithrogena (Epeiron) znojkoi

(Tshernova, 1938) 

Distribution: LBN; IS; CAU: AZE, 

GEO (Kvemo Kartli), TUR 

Genus: Epeorus Eaton, 1881 

78. Epeorus (Caucasiron) alborzicus

Hrivniak & Sroka, 2020 

Distribution: CAU: IR 

79. Epeorus (Caucasiron) alpestris

(Braasch, 1979) 

Distribution: CAU: GEO (Mtskheta-

Mtianeti), RUS (Karachay Cherkess) 

80. Epeorus (Caucasiron)

bicolliculatus Hrivniak, 2017 

Distribution: CAU: TUR, GEO 

(Abkhazia, Guria, Adjara, Imereti, 

Samtskhe-Javakheti, Racha-

Lechkhumi-Kvemo Svaneti), ARM 

81. Epeorus (Caucasiron) caucasicus

(Tshernova, 1938) 

Distribution: CAU: ARM, AZE 

(Nagorno-Karabakh), GEO (Adjara, 

Samtskhe-Javakheti, Mtskheta 

Mtianeti, Racha-Lechkhumi-Kvemo 

Svaneti), RUS (Kabardino-Balkaria, 

North Ossetia, Karachay Cherkess), 

TUR 

82. Epeorus (Caucasiron) iranicus

(Braasch & Soldán, 1979) 

Distribution: CAU: IR 

83. Epeorus (Caucasiron)

longimaculatus (Braasch, 1980) 

Distribution: CAU: GEO (Mtskheta-

Mtianeti) 
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84. Epeorus (Caucasiron) magnus

(Braasch, 1978) 

Distribution: AM; CAU: AZE (Greater 

Caucasus), ARM, RUS (Krasnodar 

Krai, Kabardino-Balkaria, North 

Ossetia), GEO (Mtskheta-Mtianeti, 

Abkhazia, Adjara, Guria, Samtskhe-

Javakheti, Imereti, Racha-Lechkhumi-

Kvemo Svaneti, Shida Kartli, Kvemo 

Kartli, Kakheti), TUR 

85. Epeorus (Caucasiron) nigripilosus

(Sinitshenkova, 1976) 

Distribution: TUR; CY; CAU: GEO 

(Mtskheta-Mtianeti), RUS (Karachay 

Cherkess), TUR, IR 

86. Epeorus (Caucasiron) shargi

Hrivniak & Sroka, 2020 

Distribution: CAU: IR 

87. Epeorus (Caucasiron)

sinitshenkovae (Braasch & 

Zimmerman, 1979) 

Distribution: CAU: RUS (Kabardino-

Balkaria, Karachay Cherkess), GEO 

(Mtskheta-Mtianeti) 

88. Epeorus (Caucasiron) soldani

(Braasch, 1979) 

Distribution: CAU: GEO (Samegrelo-

Zemo Svaneti, Racha Lechkhumi 

Kvemo Svaneti), RUS (Karachay 

Cherkess) 

89. Epeorus (Caucasiron) turcicus

Hrivniak, Türkmen & Kazancı, 2019 

Distribution: CAU: TUR 

90. Epeorus (Caucasiron) zagrosicus

Hrivniak & Sroka, 2020 

Distribution: IR (Zagros Mts.) 

91. Epeorus (Caucasiron) znojkoi

(Tshernova, 1938) 

Distribution: AM; CAU: GEO 

(Mtskheta-Mtianeti, Abkhazia, Adjara, 

Guria, Semegrelo -Zemo Svaneti, 

Imereti, Racha-Lechkhumi Kvemo 

Svaneti, Kvemo Kartli, Kakheti), AZE 

(Greater Caucasus, Nagorno-Karabakh, 

Talysh Mts.), ARM, IR, RUS 

(Karachay Cherkess, Kabardino-

Balkaria, North Ossetia), TUR 

92. Epeorus (Epeorus) zaitzevi

Tshernova, 1981 

Distribution: AM; IS; IQ; SY; CAU: 

GEO (Adjara, Imereti, Shida Kartli, 

Mtskheta-Mtianeti), ARM, IR, TUR 

Genus: Heptagenia Walsh, 1863 

93. Heptagenia ((Dacnogenia)

coerulans micracantha Kluge 1987 

Distribution: CAU: GEO (Kvemo 

Kartli), ARM  

94. Heptagenia (Heptagenia) flava

Rostock, 1878  

Distribution: PAL; CAU: RUS (North 

Ossetia) 

95. Heptagenia (Kageronia)

fuscogrisea (Retzius, 1783)  

Distribution: PAL; CAU: RUS (North 

Ossetia) 

96. Heptagenia (Heptagenia) samochai

Demoulin, 1973 

Distribution: AM; CP; IS; TUR; CAU: 

RUS (North Ossetia), GEO (Imereti, 

Kakheti, Adjara, Mtskheta-Mtianeti, 

Kvemo Kartli), IR, ARM, AZE (Talysh 

Mts.) 

97. Heptagenia (Heptagenia) sulphurea

(Müller, 1776) 

Distribution: PAL; CAU: GEO 

(Kakheti, Adjara, Guria), AZE (Greater 

Caucasus, RUS (Kabardino-Balkaria, 

North Ossetia) 

Family: LEPTOPHLEBIIDAE Banks, 

1900 

Genus: Habroleptoides Schoenemund, 

1929 

98. Habroleptoides caucasica

Tschernova, 1931 

Distribution: CAU: GEO (Abkhazia, 

Guria), RUS (Krasnodar Krai, North 

Ossetia), TUR 

99. Habroleptoides confusa Sartori &

Jacob, 1986 

Distribution: EU; CAU: ARM, AZE 

(Talysh Mts.), GEO (Adjara), RUS 

(North Ossetia), IR, TUR 

100. Habroleptoides kavron Kazanci

& Turkmen 2011 

Distribution: CAU: TUR 
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101. Habroleptoides pontica Kluge,

1934 

Distribution: CAU: RUS (Krasnodar 

Krai) 

Genus: Leptophlebia Westwood, 1840 

102. Leptophlebia vespertina

(Linnaeus, 1758) 

Distribution: WPAL; CAU: GEO 

(Adjara and Guria) 

Genus: Habrophlebia Eaton 1881 

103. Habrophlebia lauta Eaton, 1884

Distribution: WPAL; CAU: IR, TUR, 

AZE (Talysh Mts) 

104. Habrophlebia fusca (Curtis, 1834)

Distribution: WPAL; CAU: TUR, RUS 

(Kabardino-Balkaria, North Ossetia) 

Genus: Paraleptophlebia Lestage, 1917 

105. Paraleptophlebia submarginata

(Stephens, 1835) 

Distribution: WPAL; CAU: RUS 

(North Ossetia), GEO (Adjara, Guria), 

IR, TUR 

106. Paraleptophlebia werneri Ulmer,

1920 

Distribution: WPAL; CAU: GEO 

(Abkhazia), AZE (Talysh Mts.) 

Genus: Choroterpes Eaton, 1881 

107. Choroterpes (Euthraulus)

caucasicus Kluge, 2012 

Distribution: CAU: RUS (Krasnodar 

Krai) 

108. Choroterpes (Choroterpes) picteti

subcostalis Kluge, 2012 

Distribution: CAU: RUS (Krasnodar 

Krai) 

Family: EPHEMERIDAE Latreille, 

1810 

Genus: Ephemera Linnaeus, 1758 

109. Ephemera danica Müller, 1764

Distribution: WPAL; CAU: GEO 

(Kvemo Kartli, Samtskhe-Javakheti), 

IR, TUR 

110. Ephemera romantzovi Kluge, 1988

Distribution: TUR; CAU: ARM, AZE 

(Talysh Mts.), RUS (Krasnodar Krai) 

111. Ephemera vulgata Linnaeus, 1758

Distribution: PAL; CAU: RUS 

(Adygea, Krasnodar Krai), AZE (Kura-

Aras Lowland), GEO (Adjara, Guria), 

TUR 

Family: POLYMITARCYIDAE Ulmer, 

1920  

Genus: Ephoron Williamson, 1802 

112. Ephoron virgo (Olivier, 1791)

Distribution: PAL; CAU: RUS 

(Adygea)  

Family: PALINGENIDAE Albarda, 

1888 

Genus: Palingenia Burmeister, 1839 

113. Palingenia fuliginosa Georgi 1802

Distribution: UA; SK; IR; CAU: AZE 

(Nagorno-Karabakh), RUS (Krasnodar 

Krai, North Ossetia) 

114. Palingenia longicauda (Olivier,

1791) 

Distribution: EU; TUR; CAU: AZE 

(Kura-Aras Lowland), RUS (North 

Ossetia), GEO (Adjara, Guria), IR 

Family: POTAMANTHIDAE Albarda, 

1888 

Genus: Potamanthus Pictet, 1843 

115. Potamanthus luteus (Linnaeus,

1767) 

Distribution: PAL; OR; CAU: GEO 

(Kvemo Kartli), AZE (Kura-Aras 

Lowland), TUR 

Family: EPHEMERELIIDAE Klapálek, 

1909 

Genus: Ephemerella Walsh, 1863 

116. Ephemerella ignita (Poda, 1761)

Distribution: PAL; CAU: ARM, AZE 

(Greater Caucasus, Kura-Aras 

Lowland, Nagorno-Karabakh), GEO 

(Kakheti, Adjara, Guria), RUS 

(Krasnodar Krai, North Ossetia, 

Kabardino-Balkaria), IR, TUR 

117. Ephemerella maculocaudata

Ikonomov, 1961
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Distribution: EU; IR; CAU 

Genus: Eurylophella Tiensuu, 1935 

118. Eurylophella korneyevi

Martynov, Palatov & Godunko, 2015 

Distribution: CAU: GEO (Adjara) 

Genus: Serratella Edmunds, 1959 

119. Serratella elissa Jacobus, Zhou

& McCafferty, 2009  

Distribution: CAU: IR 

Genus: Torleya Lestage, 1917 

120. Torleya major Klapálek, 1905

Distribution: WPAL; CAU: AZE 

(Talysh Mts.) 

Genus: Teloganopsis Ulmer, 1939 

121. Teloganopsis subsolana (Allen,

1973) 

Distribution: AFG; CAU: IR 

Family: CAENIDAE Newman, 1853 

Genus: Caenis Stephens, 1836 

122. Caenis beskidensis Sowa, 1975

Distribution: EU; CAU: ARM, GEO 

123. Caenis horaria (Linnaeus, 1758)

Distribution: PAL; CAU: ARM 

124. Caenis luctuosa (Burmeister,

1839) 

Distribution: PAL; CAU: GEO (Kvemo 

Kartli), ARM 

125. Caenis macrura Stephens, 1836

Distribution: PAL; CAU: ARM, AZE 

(Kura-Aras Lowland, Nagorno-

Karabakh, Nakhchivan), GEO (Imereti, 

Shida Kartli, Kvemo Kartli, Kakheti, 

Adjara, Guria, Samtskhe-Javakheti), 

RUS (Adygea, Krasnodar Krai, North 

Ossetia, Kabardino-Balkaria), IR, TUR 

126. Caenis pseudorivulorum

Keffermüller, 1960 

Distribution: PAL; CAU: GEO 

(Adjara), ARM 

127. Caenis robusta Eaton, 1884

Distribution: PAL; CAU: GEO (Guria) 

128. Caenis rivulorum Eaton, 1884

Distribution: PAL; CAU: ARM 

Genus: Clypeocaenis Soldán, 1978 

129. Clypeocaenis bisetosa Soldán,

1978 

Distribution: IN; CAU: IR 

Family: PROSOPISTOMATIDAE 

Laméere, 1917 

Genus: Prosopistoma Latreille, 1833 

130. Prosopistoma pennigerum

(Fourcroy, 1785) 

Distribution: PAL; CAU: GEO 

(Kakheti, Kvemo Kartli, Samtskhe-

Javakheti) 

Distribution: BU; GR; TUR; MAC; 

CAU:  GEO (Adjara) 
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