
Introduction

Lagomorphs are one of the ancient groups of mammals 
of Asian origin (Gureev 1964, Dawson 1967). Diversity 
within the Order Lagomorpha supports the recognition of 
six families: Strenulagidae AveriAnov et LopAtin, 2005; 
Mimotonidae Li, 1977; Palaeolagidae Dice, 1929; Prolagidae 
Gureev, 1960; Leporidae Fischer, 1814; and Ochotonidae 
thomAs, 1897. Among these, only two families persist: 
Ochotonidae comprising only the living pika Ochotona, and 
Leporidae with eleven extant genera (Pavlinov 2003).

Early Asian Lagomorphs

The earliest record of the Order Lagomorpha is known 
from the Paleocene of Central Asia (Asher et al. 2005). At 
that time the climate in Asia was warm and humid, with 
mesophytic vegetation and broad-leaved forests (Akhmetiev 
1993). Such conditions enabled the Paleogene stem 
Mimotonidae to differentiate. During the Eocene increased 
diversity of lagomorphs developed in both Asia and North 

America. In Asia, early Eocene taxa include Shamolagus, 
Arnebolagus, and Aktashmys (Averianov and Lopatin 2005, 
Lopatin and Averianov 2006, 2020). Of these, Shamolagus 
persisted into the middle Eocene and was joined by the 
lagomorph genera Lushilagus, Dawsonolagus, Hypsimylus, 
Strenulagus, and Gobiolagus (Zhai 1977, Li and Ting 1983, 
Zhang et al. 2001, Li et al. 2007). Recorded in the Eocene 
of North America are the distinct genera Mytonolagus, 
Procaprolagus, Megalagus, Tachylagus, Chadrolagus, and 
Palaeolagus (McKenna and Bell 1997).

By the close of the Eocene, the climate in Asia became 
more arid, with continental conditions due to the influence 
of the Antarctic glaciation (Wolfe 1971, Baldermann et 
al. 2021). This resulted in reduced diversity of archaic 
lagomorphs near the Eocene-Oligocene transition, but a few 
lineages continued as derived species of Gobiolagus and the 
genus Desmatolagus, and the last of the paleolagids (Meng 
et al. 2005).

At the Eocene-Oligocene transition, with the “Grande 
Coupure” event more than 20 mammal lineages including the 
archaic lagomorph Desmatolagus invaded Europe (López-
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Martínez and Thaler 1974). Under favorable conditions the 
success of the invaders resulted in the diversification of the 
new endemic genera Titanomys and Piezodus, and Amphilagus 
which then flourished in Europe (Tobien 1974, 1975, Heissig 
and Schmidt-Kittler 1975, Mörs and Kalthoff 2010).

Significant paleoenvironmental change in the Oligocene 
of Asia involving aridity developed in the Northern 
Hemisphere from the Caspian Sea across south Kazakhstan 
as far as Mongolia (Akhmetiev 1993). The climate trended 
towards continental conditions, forested areas decreased, 
and open landscapes became more widely distributed. 
Due to global environmental change, significant biotic 
reorganisation may be observed across Central Asia 
(Harzhauser et al. 2017). The characteristic Eocene genus 
Gobiolagus was replaced by the basal leporid Ordolagus, 
but the genus Desmatolagus increased both in species 
diversity and abundance and became dominant among small 
mammals in the Oligocene of Asia (Bohlin 1937, Li and Qiu 
1980, Tong 1989, Wang and Qiu 2000, Bendukidze et al. 
2009, Meng et al. 2013, Erbajeva 2016).

Mid-Cenozoic Lagomorphs of Central 
Mongolia

A pronounced lagomorph turnover can be observed in 
Central Mongolia. Abundant fossil materials known from 
more than 30 sites located in the Valley of Lakes provide 
important information on the sequence of Oligocene to 
Miocene lagomorph assemblages (Daxner-Höck and 
Badamgarav 2007, Erbajeva 2007, Daxner-Höck et al. 
2013, Erbajeva and Daxner-Höck 2014, Daxner-Höck and 
Göhlich 2017).

In the region of Central Mongolia two lagomorph genera 
typified the early Oligocene. The genus Desmatolagus was 
dominant in contrast to Ordolagus and we conclude that 
they were adapted to rather humid conditions with shrubs 
and dense vegetation. Cooler climate and more semi-arid 
conditions led to the development of open landscapes 
inhabited by the early ochotonid genera Sinolagomys 
and Bohlinotona, although they were not numerous. 
Desmatolagins continued as diverse species including 
Desmatolagus gobiensis, D. orlovi, D. youngi, D. robustus, 
D. shargaltensis and D. chinensis. The increasing aridity 
resulted in the widening of open landscapes.

The diversity and distribution of steppe-dwelling 
ochotonids increased in the Early Miocene. The rooted 
genus Bohlinotona with the archaic species Bohlinotona 
pusilla illustrated an early stage in the ochotonid 
evolutionary line. Probably it exploited less arid conditions 
with soft vegetation. In contrast, later more advanced and 
rootless species B. mongolica may have been adapted 
dentally to drier conditions with tougher vegetation. 
Bohlinotona occupied the territory of Northern China and 
Mongolia together with the more modern ochotonid genus 
Sinolagomys. The distribution area of the latter reached 
farther westward into Kazakhstan. The genus Sinolagomys 
demonstrates a relatively high diversity of species in Central 
Asia: Sinolagomys tatalgolicus, S. kansuensis, S. major, S. 
ulungurensis, S. gracilis, S. badamae and S. pachygnathus 
(Bohlin 1937, Li and Qiu 1980, Huang 1987, Tong 1989, 

Erbajeva et al. 2017).
During the Oligocene-Miocene transition significant 

reorganisation of the paleoenvironment and biota of Eurasia 
occurred. Cooling and increasing aridity led to expansion of 
open landscape (Baldermann et al. 2021). After the end of the 
Oligocene, desmatolagins vanished and became extinct, and 
the archaic ochotonid Bohlinotona disappeared completely. 
Some Sinolagomys species persisted past the late Oligocene 
and the derived rootless species S. ulungurensis and S. 
pachygnathus, flourished in the Early Miocene. Hypsodont 
teeth in Sinolagomys may have been an adaptation to 
feeding on harsh grass that had become widely distributed 
in northern Asia.

Mid-Cenozoic Lagomorphs of Europe

In the late Oligocene of Europe, the stem lagomorph 
genus Amphilagus including Amphilagus antiquus pomeL, 
1853, A. ulmensis tobien, 1974 and A. wuttkei mörs et 
KALthoFF, 2010 flourished. During the Early Miocene 
Amphilagus diversified and became widely distributed in 
western and central Europe (Engesser 1972, Topachevsky 
1987, Angelone 2009, Harzhauser et al. 2011, Fostowicz-
Frelik et al. 2012). By the Middle Miocene Amphilagus 
invaded Asia extending eastwards into Kazakhstan, 
Mongolia, eastern Siberia and Japan (Tomida and Goda 
1993, Erbajeva 2013, Erbajeva et al. 2016).

While European genera of basal origin (Titanomys, 
Piezodus, and Prolagus) continued to diversify during the 
Early Miocene (Tobien 1974, 1975) new ochotonid genera 
Eurolagus, Albertona, Marcuinomys, and Lagopsis (Mein 
and Adrover 1982, López-Martínez 1986) appeared. Of 
these, the only advanced genus to thrive successfully in 
Europe was Lagopsis (Bucher 1982); other ochotonids in 
contrast were uncommon.

The Miocene Steppe Lagomorphs of Asia and 
Europe

In Asia, new steppe-dwelling ochotonid species of the 
genera Bellatona and Alloptox are recorded in the Miocene. 
The genus Bellatona included three species – Bellatona 
kazakhstanica, B. yanghuensis and B. forsythmajori, the first 
of which is known from the Early Miocene and the second 
from the Middle Miocene and restricted to China, Mongolia 
and Kazakhstan (Dawson 1961, Zhou 1988, Erbajeva 1988, 
Qiu 1996, Erbajeva and Bayarmaa 2021a). In contrast, the 
genus Alloptox flourished and was distributed more widely 
from Japan (Tomida 2012) and China in the east through 
Mongolia (Erbajeva and Bayarmaa 2021b), and Kazakhstan, 
to the south into Pakistan (Flynn et al. 1997, Wessels et 
al. 2003), and to the west as far as Asia Minor (Turkey), 
Hungary and even North Africa (Ünay and Sen 1976, Sen 
1990, Angelone and Hir 2012).

During the Late Miocene, the climate of the Northern 
Hemisphere became gradually drier and cooler. The average 
annual temperature continued to decrease. Open landscapes 
with true steppes became widespread and provided the main 
habitat for different species. New records previously noted 
as Proochotona occur in eastern Europe (Khomenko 1914, 
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Argyropulo 1948, Gureev 1964, Lungu 1981). Čermák 
(2016) determined that these represent early Ochotona. The 
genus Proochotona is not valid, and the first evidence of 
Ochotona is Miocene.

By the Late Miocene in Europe the insular endemic 
ochotonid Paludotona DAwson, 1959 differentiated but it 
was confined in the Tusco-Sardinian Bioprovince.

The Late Neogene of Asia

The close relative of Ochotona, Bellatonoides eroli 
flourished in Asia Minor (Sen 2003). By the Late Miocene 
Ochotona spread throughout Asia, demonstrating high species 
diversity: O. lagreli, O. minor, O. tedfordi, O. chowmincheni, 
O. guizhongensis, O. ozansoyi (Schlosser 1924, Ji et al. 
1980, Sen 2003, Erbajeva et al. 2006). Ochotonoides and 
new genus Ochotonoma also differentiated by the Pliocene 
as Ochotonoides teilhardi (Wu and Flynn 2017), and as 
Ochotonoma anatolica (Sen 1998). At the Late Miocene-
Early Pliocene transition, the genus Ochotona invaded the 
New World (O. spanglei of Shotwell 1956).

North American leporids had differentiated during 
the Early and Middle Miocene, and dispersed to northern 
Asia in the Late Miocene. They spread apparently widely 
throughout northern Eurasia as Hypolagus and Alilepus 
(Flynn et al. 2014). Leporids dispersed into Africa and South 
Asia after 8 Ma (López-Martínez et al. 2007, Winkler et al. 
2011, Flynn et al. 2019).

While Late Miocene Alilepus spread across Eurasia, the 
leporid Nesolagus differentiated in South China (Jin et al. 
2010) by around 8 Ma. Leporids became rather diverse in the 
Pliocene but were not numerous. They represent, in addition 
to Hypolagus and Alilepus, the genera Pliopentalagus, 
Trischizolagus, Nuralagus, and Oryctolagus. Pentalagus 
clearly differentiated by the end of the Pleistocene in Japan 
(Tomida and Otsuka 1993).

Further gradual cooling in the Northern latitudes and 
orogenic processes resulted in prominent environmental 
reorganization in Eurasia during the Pliocene. Most of the 
Miocene ochotonid diversity diminished, however, the 
genera Ochotonoides and Ochotona survived. During the 
Pliocene, peculiar lagomorph species of the genus Prolagus 
proliferated in the Mediterranean region. This group, here 
defined as the distinctive Prolagidae, includes more than 25 
species occurring mostly in Europe. A few records extended 
into northern Africa (Geraads 1994, Sen et al. 2024) and 
Asia Minor. The time range of Prolagus is Early Miocene 
through Holocene.

During the Pliocene, diverse species of the genera 
Ochotonoides and Ochotona occupied Eurasia. In Eastern 
Europe the new genus Pliolagomys appeared and spread 
quickly eastwards. Pliolagomys flourished through the 
Pliocene and came to occupy the vast plain territories of 
Eurasia, from Romania, Moldavia and the Ukraine eastward 
as far as western Siberia and Kazakhstan. Species of the 
genus Ochotonoides were widely distributed across much of 
Asia from China, Transbaikalia, and Mongolia westward to 
Kazakhstan (Erbajeva 1988). Most genera disappeared by 
the end of the Early Pleistocene, but Ochotona survives up 
to modern times.

The Success of the Pika

Although Ochotona first appeared in the Late Miocene, 
the main features of the skull and the structure of the teeth 
remained unchanged to the present. During the Pliocene, 
Ochotona flourished mostly in Asia, but is recorded in the 
Early Pliocene (MN 14) of Europe (at Maritsa; Bruijn de et al. 
1970). We suppose that Late Pliocene environments favored 
species diversity of pikas distributed all over Eurasia. The 
huge number of species of many sizes indicates preference 
of different habitats: Ochotona antiqua, O. pseudopusilla, 
O. ursui, O. galatica, O. valerotae, O. polonica, O. dehmi, 
O. horaceki, O. kormosi in Europe, and O. gudrunae, 
O. gromovi, O. tologoica, O. intermedia, O. plicodenta, 
O. lingtaica, O. zasuchini, O. zazhigini, O. zhangi in Asia 
(Erbajeva and Zheng 2005, Erbajeva 2016). A few extinct 
ochotonids occur in North America in addition to Ochotona 
spanglei, such as O. whartoni and O. cf. princeps. The 
latter was widely distributed in the great intermountain 
basins of western North America during the Early and 
Middle Pleistocene (Mead et al. 2004). The distribution 
area of O. whartoni was mainly the western Arctic and 
Alaska (Guthrie and Matthews 1971) but the species 
spread into northeast Asia (Kolyma Lowland; Erbajeva and  
Belolyubski 1993).

In the Late Pleistocene the pika Ochotona decreased 
both in abundance and species diversity. Gradually it 
showed reduced area of distribution in Eurasia probably 
due to the appearance of trophic and habitat competitors, 
namely another typically herbivorous group, the different 
arvicolids of the subfamily Microtinae. It is possible to 
suppose that given high explosive radiation, the diverse 
arvicolid species became successful in ochotonid habitats 
of various landscapes – steppes, meadows, open forests 
and others. Probably various arvicolid taxa occupied 
the favorable niches of ochotonids pushing them out of 
their habitat and becoming dominant forms. Ochotonids 
decreased both in diversity and numbers, few ochotonid 
species are known in late Pleistocene faunas of Eurasia. 
These are fossil ancestors of living pikas such as Ochotona 
cf. alpina, O. cf. hyperborea, O. dauurica, O. cf. rufescens 
recorded in Asia. However, during the Late Pleistocene 
the small species Ochotona pusilla did disperse widely in 
the west to the vast plain territories of southern England, 
central Spain, the Netherlands, France, Italy and Greece. 
The species was successful throughout temperate Eurasia, 
as far east as the Prebaikal region of East Siberia (Laplana 
et al. 2015, Erbajeva 2008). At present, this species persists 
only in Northern Kazakhstan and in the restricted steppe of 
the Upper Volga River of Russia (Erbajeva 1988). More than 
40 extinct species of Ochotona are known in the world, but 
29 species persist to the Present (Smith et al. 2018).
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