
tinct in their faunal character and ecol ogy with resulting 
time- transgressive dispersion of successive chronofau-
nas (Olson 1952).

For a well- resolved answer to questions concerning 
temporal occurrence of fossil taxa, an in de pen dent 
chronology is necessary. Th at is to say, a chronology 
that is not based on the occurrence or evolution of the 
taxa concerned or on information that is likely to be 
correlated with those phenomena. In practice, this 
would mean a chronology that excludes biochronol-
ogy, a constraint that still severely reduces the amount 
of data available for analysis.  Here, we use a diff erent 
 approach. We accept all stratigraphic information of 
 adequate quality as given in the NOW database (Forte-
lius 2009), including mammal biochronology, and in-
vestigate the spatial and temporal distribution of two 
attributes that refl ect the regional development of fau-
nas and environments: faunal resemblance and humid-
ity estimated from mean hypsodonty. We ask whether 
within this biochronologically driven stratigraphic 
framework evidence still exists for diachronous devel-
opment of faunas and environments in diff erent re-
gions. Th is is a conservative approach in that both fau-
nal resemblance and hypsodonty depend on evolution 
over time, as does biochronology. If diachrony is none-
theless detected, the evidence for it must be regarded as 
strong.

Our two- pronged approach also allows us to ask 
whether the faunal resemblance patterns are related to 

Spatial diachrony is a key question in stratigraphic corre-
lation. If taxa appear at diff erent times in diff erent places, 
their fi rst occurrences obviously will not represent useful 
time horizons. For terrestrial mammals, diachrony is 
closely intertwined with the question of faunal provinci-
ality, including how provinces have themselves developed 
over time.

For Eurasia, the modern phase of research into dia-
chrony and provinciality may be said to have begun with 
the 1975 Regional Committee on Mediterranean Neo-
gene Stratigraphy meeting in Bratislava, Czech o slo vak i a. 
Th ere, Pierre Mein produced his fi rst iteration of his 
 famous Eu ro pe an Mammal Neogene (MN) zones (Mein 
1975). Th is biochronologic system recognized reference 
faunas and struck correlations of Eu ro pe an, North Afri-
can, and West Asian vertebrate localities based on char-
acteristic associations and fi rst occurrences of taxa that 
migrated over great geographic distances in short inter-
vals of geochronologic time. However, work in the Late 
Miocene of Maragheh, Iran (Bernor 1978, 1985, 1986), 
and Samos, Greece (Solounias 1981), developed biostrati-
graphic, biochronologic, and geochronologic work that 
did not support isochronic correlations of eastern Medi-
terranean/southwest Asian Turolian large mammal fau-
nas with those of Eu rope (reviewed in Bernor, Solounias, 
et al. 1996 and Fortelius et al. 1996). Th is prompted Ber-
nor and others (Bernor 1978; Bernor et al. 1979; Bernor 
1984; Bernor and Pavlakis 1987) to propose several Eur-
asian and African biogeographic provinces that  were dis-
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DATA AND METHODS

We downloaded the dataset from the NOW database 
on  April 24, 2009 (see  http:// www .helsinki .fi  /science 
/ now). We used all large mammal data between 20.5 Ma 
and 3.4 Ma, encompassing the Eu ro pe an Neogene mam-
mal units MN 3 to MN 15.

Th e fi nal dataset as analyzed for similarity indices 
comprised 358 localities and 516 taxa and is available 
upon request from the authors. We calculated diff erent 
Genus- level Faunal Resemblance Indices (GFRIs) to 
Baode locality 49 and Tunggur- Moergen locality from 
the dataset using PAST (Hammer, Harper, and Ryan 
2001; Hammer and Harper 2006; see  http:// folk .uio 
.no /ohammer /past /). We used Dice, Jaccard, Simpson, 
and Raup- Crick GFRIs to compare diff erences in  the 
overall trends and between diff erent GFRIs. Dice 
FRI  is highly recommended by Archer and Maples 
(1987) and Maples and Archer (1988) and is calculated 
as 2C/(A + B), where C is the number of shared taxa 
between two faunas, and A and B are the total number 
of taxa in the compared faunas. We mapped the re-
sults  only for Dice GFRI and have presented other 
GFRI results (which show similar patterns) in the 
appendix.

We applied the following criteria for undertaking 
these analyses: localities  were excluded when they (1) 
could not be assigned to the temporal span of a single 
“MN- equivalent” unit, (2) had fewer than 7 taxa identi-
fi ed at the genus level, or (3) lacked geographic positional 
data (coordinates). We tested our method with diff erent 
minimum numbers of taxa. We found that when we used 
fewer than 7 taxa the analytical noise increased, and 
when we limited the analysis to localities with 10 or more 
taxa, the number of available localities was low. Overall, 
we found the number of taxa used did not aff ect the spa-
tial geographic patterns.

As provisional common coinage for Eurasian mam-
mal biostratigraphy, we use ad hoc “MN- equivalents” 
(MNEQ ). Th ese are defi ned and computed from mini-
mum and maximum age estimates for the locality ages as 
given, according to where the computed range midpoint 
falls in the correlation scheme in use in the NOW data-
base (Steininger et al. 1996). In this study, we only in-
cluded localities where the age span is less than or equal 
to that of the corresponding MN unit.

Olson (1952, 1958) developed the concept of the 
chronofauna for “a geo graph i cally restricted, natural 
 assemblage of interacting animal populations that 
has  maintained its basic structure over a geologically 

regional diff erences in environmental conditions. We have 
previously shown that the mean “ordinated hypsodonty” 
(i.e., molar crown height assigned to hypsodonty classes; 
see the following section on methods) of large herbivo-
rous mammals indicates major regional diff erences in 
the general trend of Neogene midlatitude aridifi cation 
(Fortelius et al. 2002, 2003, 2006), and that these pat-
terns are due to the genera and species with the highest 
occupancy (relative locality coverage; Jernvall and 
Fortelius 2002). Very recently, we addressed the dy-
namics of land mammal provinciality using faunal sim-
ilarity to chart the origin, rise, acme, decline and ex-
tinction of the Pikermian chronofauna between 12 Ma 
and 5 Ma. We showed that the westward expansion of 
the Pikermian chronofauna from the late Middle Mio-
cene to the medial Late Miocene correlates closely with 
the expansion of arid habitats as well as with the output 
of a paleoclimate modeling study (Eronen et al. 2009). 
We used Olson’s concept of chronofauna in a quantita-
tive sense for a faunal assemblage defi ned by taxonomic 
similarity, as described in the “Data and Methods” 
section.

Here, we turn our attention to the development of the 
Middle and Late Miocene mammal assemblages of East 
Asia, which we refer to as the Tunggurian and Baodean 
chronofaunas, aft er their most classic localities of oc-
currence (Tunggur- Moergen and Baode). Well known 
as the “pre-Hipparion” and “Hipparion faunas” of China, 
they respectively became the bases of the Tunggurian 
and Baodean land mammal ages in East Asia (Li, Wu, 
and Qiu 1984; Qiu and Qiu 1990, 1995).

Th e recently reviewed faunal composition of Tunggur- 
Moergen and Baode locality 49 mammal localities is 
shown in table 29.1. Th e traditional Tunggur “Platybelo-
don fauna” has recently been appointed to the Tunggur- 
Moergen fauna, to distinguish it from the underlying 
Tairum Nor fauna (Qiu, Wang, and Li 2006). Th e 
Tunggur- Moergen locality, the paleomagnetic correla-
tion for which is between chrons C5Ar.3r and C5r.3r 
(13– 11.8 Ma; Wang, Qiu, and Opdyke 2003), is reported 
as being correlative with MN- equivalent 7+8 (Qiu, Wu, 
and Qiu 1999). Th e Baode Red Clay fauna as a  whole is 
now correlated to MN- equivalent 13 (Zhang and Liu 
2005; Kaakinen et al., chapter 7, this volume). Th e paleo-
magnetic age for the Baode Formation in the type area is 
7.23– 5.34 Ma (Zhu et al. 2008), with an estimated age 
for locality 49 at 7.0 Ma (Kaakinen et al., chapter 7, this 
volume). In this chapter, we have selected Tunggur- 
Moergen and Baode locality 49 as the type localities for 
the two chronofaunas.



Table 29.1
Updated Faunal Lists of Tunggur- Moergen and Baode Locality 49

Order Tunggur- Moergena Baode Locality 49b

Carnivora Amphicyon tairumensis Amphicyon indet.
?Melodon indet. ?Melodon incertum
Metailurus mongoliensis Melodon majori
Plithocyon teilhardi Metailurus parvulus
Pseudarctos indet. Felis indet.
Gobicyon macrognathus Machairodus palanderi
Mionictis indet. Megantereon indet.
Martes indet. Adcrocuta eximia
Tungurictis spocki Hyaenictitherium hyaenoides
Percrocuta tungurensis Hyaenictitherium wongii
Sansanosmilus indet. Ictitherium viverrinum

?Lycyaena dubia
Lutra aonychoides
Plesiogulo brachygnathus
Promephitis cf. maeotica
Proputorius minimus

Proboscidea Zygolophodon gobiensis Mammut borsoni
Platybelodon grangeri Mammut indet.

Perissodactyla Anchitherium gobiense “Hipparion” plocodus
Chalicotherium brevirostris “Hipparion” platyodus
Acerorhinus zernowi “Hipparion” hippidiodus
Hispanotherium tungurense “Hipparion” coelophyes
Rhinocerotidae indet. “Hipparion” indet.

Acerorhinus palaeosinensis
Chilotherium indet.
Stephanorhinus orientalis

Artiodactyla Listriodon splendens ?Dorcadoryx lagrelii
Kubanochoerus indet. Gazella dorcadoides
Palaeotragus tungurensis Gazella gaudryi
Stephanocemas thomsoni Gazella indet.
Lagomeryx triacuminatus Gazella ?paotehensis
Euprox grangeri Palaeoryx sinensis
Dicrocerus indet. Urmiatherium intermedium
Micromeryx indet. Cervavitus novorossiae
Turcoceros grangeri Procapreolus latifrons
Turcoceros noverca Honanotherium schlosseri

Palaeotragus microdon
Palaeotragus indet.
Propotamochoerus hyotherioides
Chleuastochoerus stehlini

aWang, Qiu, and Opdyke (2003).
bKaakinen et al. (chapter 7, this volume).
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RESULTS

Th e Tunggurian chronofauna begins to emerge in 
MNEQ 4 (plate 29.1B), when the overall similarity to the 
Tunggur- Moergen locality is still low in all of Eurasia, 
as it was during the preceding interval, MNEQ 3 (see 
plate 29.1A). Th e Sihong- Songlinzhuang fauna (see 
plate 29.1B [SS]), shows a higher similarity to Tunggur 
(Dice 0.28) than Eu ro pe an localities. It shares six gen-
era with the Tunggur- Moergen fauna: Anchitherium, 
Dicroceros, Lagomeryx, Micromeryx, Palaeotragus, and 
Stephanocemas— all brachydont ungulates primarily as-
sociated with closed environments. Tunggur genera with 
the highest incidence of occurrence in the  whole data 
matrix for MNEQ 4 are Anchitherium, Amphicyon, and 
Lagomeryx. Another region of emerging similarity is 
southwestern Eu rope (for geo graph i cal regions, see fi g-
ure 29.1). Córcoles (see plate 29.1B [CC]), Spain (Dice 
0.23) and Bézian (see plate 29.1B [BZ]), France (Dice 
0.23) share Amphicyon, Chalicotherium, Anchitherium, 
Hispanotherium, Lagomeryx, Martes, Mionictis, Plithocyon 
and Stephanocemas with the Tunggur- Moergen fauna. 
Th e humidity analysis from hypsodonty (see plate 29.1I) 
suggests that East Asia (see fi gure 29.1) was humid at this 
time (blue pattern of East Asia in plate 29.1I), with in-
cipient aridifi cation in western Eu rope (notice the green 
pattern of southwestern Eu rope in plate 29.1I). Th is indi-
cates that the “Hispanotherium fauna,” which inhabited 
the seasonal dry conditions of the lower Middle Miocene 
of the Iberian peninsula in Eu rope (Antunes 1979; Agusti 
and Anton 2002), had not yet extended to East Asia.

More Tunggurian elements appear in MNEQ 5 (see 
plate 29.1C); the genera with the highest incidence of oc-
currence are Anchitherium, Amphicyon, and Lagomeryx. 
Th e highest similarity to Tunggur is found for Esvres- 
Marine Faluns (see plate 29.1C [EMF]), France (Dice 
0.38), and the second highest for Kalkaman Lake (see 
plate 29.1C [KL]), Kazakhstan (Dice 0.33). Th ere are 13 
Tunggur- Moergen genera at Esvres- Marine Faluns, a sig-
nifi cant component of western origin and some immi-
grant taxa, including Hispanotherium, Chalicotherium, 
Anchitherium, Lagomeryx, Dicrocerus, Euprox, Amphi-
cyon, Martes, Mionictis, Plithocyon, Pseudarctos, Sansano-
smilus, and Zygolophodon. In China, the Shanwang (see 
plate 29.1C [SW]) fauna (Dice 0.18) retains Lagomeryx 
and Stephanocemas from Sihong- Songlinzhuang fauna, 
suggesting that the climate and environment remained 
stable with little change in humidity (see plate 29.1J).

Th e maximum extent of the Tunggurian chronofauna 
occurred in MNEQ 6 (see plate 29.1D). Hezheng- Laogou 

signifi cant period of time” (Olson 1952:181). We defi ne 
a computational equivalent of this concept in terms of 
faunal resemblance: a chronofauna is a set of localities 
united by faunal similarity to an arbitrarily selected 
type or standard locality. In this exploratory study, 
we  have not set numerical limits to chronofaunas— 
although that would be possible— but have simply 
mapped and described the rise and fall of these entities 
over a series of time steps based on correlation with the 
MN system.

For hypsodonty calculations, we used only large 
 herbivorous mammals; all small mammals (orders Lago-
morpha, Chiroptera, Rodentia, and Insectivora) as well 
as carnivores (orders Carnivora and Creodonta)  were de-
leted. Th ree classes of hypsodonty are recorded in the 
NOW database: brachydont, mesodont, and hypsodont. 
Th e criteria for assigning species to these classes are ulti-
mately up to the taxonomic coordinators of the NOW 
advisory board, but the rule of thumb is based on the 
ratio of height to length of the second molar (upper or 
lower). Brachydont teeth have a ratio of less than 0.8, me-
sodont have a ratio in the range 0.8– 1.2, and hypsodont 
over 1.2. For this study, the hypsodonty classes  were as-
signed the values 1, 2, and 3, respectively. Th is is a rela-
tively conservative procedure, as the diff erence in crown 
height between a hypsodont and a brachydont species is 
usually more than 3:1. Th e mean hypsodonty value (see 
appendix) was calculated for each locality by averaging 
these ordinated scores (excluding localities with a single 
species).

All maps depicting GFRI and hypsodonty values  were 
made in MapInfo Professional 8.5 using the color grid 
interpolation and inverse distance weighted (IDW) algo-
rithm with the following settings: cell size 20 km, search 
radius 600 km, grid border 600 km, number of infl ec-
tions 10, values rounded to 0.01 (0.1 for hypsodonty) 
decimal. Th e infl ection values  were manually set to range 
from 1 to 3 for hypsodonty, from 0 to 0.55 for Baode FRI, 
and 0.5 for Tunggur FRI maps. We used opacity of 25% 
for the color interpolation to show the base map below 
the interpolated values.

“Hipparion”  here is applied to all the species of hip-
parionine  horses that are not explicitly assigned to any 
one of the following genera: Hippotherium, Cremohip-
parion, Cormohipparion, Plesiohipparion, or Proboscidip-
parion. We have presented the shared taxa between 
some major localities and also listed the genera with the 
highest incidence of occurrence in some time intervals 
in order to show the taxa driving the enhanced similar-
ity patterns.



CONTINENTAL- SCALE PATTERNS IN NEOGENE MAMMAL COMMUNITY EVOLUTION AND BIOGEOGRAPHY  633

faunas, the northern Tunggur and southern Chiang 
Muan faunas are now separated by an arid belt (yellow 
pattern of East Asia in plate 29.1L) and have fully dis-
similar faunas.

In MNEQ 9, the Tunggurian signal has essentially 
vanished from Eurasia (mostly blue patterns of no signifi -
cant similarity in plate 29.1F), with some lingering simi-
larity still seen in western Eu rope, including Spanish lo-
calities like Can Ponsic I (see plate 29.1F [CP]) (Dice 
0.29) and Can Llobateres I (see plate 29.1F [CL]; Dice 
0.23). Th e mid- latitude drying in Asia and the eastern 
Mediterranean area continued in MNEQ 9 (orange/red 
patterns in plate 29.1M) and coincided with a replace-
ment of the Tunggurian chronofauna by a “Hipparion 
fauna” of Late Miocene aspect. In MNEQ 10, even the 
low similarity in western Eu rope disappears (dominance 
of blue patterns in plate 29.1G). Th e continued drying 
and cooling in this area (yellowish patterns in plate 
29.1N) causes the extinction of the remaining Middle 
Miocene taxa in western Eu rope known as the Vallesian 
Crisis (Agustí and Moya- Sola 1990; Agustí and Anton 
2002; Agustí, Sanz de Siria, and Garcés 2003) at the MN 
9–10 boundary. In East Asia, continued drying of MNEQ 
10 favored the expansion of the “Hipparion fauna” (plate 
29.2B).

Th e Baodean chronofauna is the East Asian expres-
sion of the Pan- Eurasian “Hipparion fauna” (Kurtén 1952), 

(see plate 29.1D [HL]) in China has the highest similar-
ity to Tunggur (Dice 0.5), while high similarity is also 
seen for the locality Sansan (see plate 29.1D [S]), France 
(Dice 0.35), as well as Catakbagyaka (see plate 29.1D 
[CB]), Turkey (Dice 0.32), and Tongxin- Dingjiaergou 
(see plate 29.1D [TD]), China (Dice 0.32). Th e genera 
with the highest incidence of occurrence are Anchithe-
rium, Listriodon, and Amphicyon. According to the hyp-
sodonty proxy, humidity is uniform in Eurasia at this 
time with the exception of Ayibaligi Mevkii locality (see 
plate 29.1K [AM]) in Turkey, which shows dry condi-
tions (red pattern).

During MNEQ 7+8, the low number of localities with 
high similarity to Tunggur indicates that the Tunggurian 
elements decline, except of course in Tunggur- Moergen 
itself (see plate 29.1E [TM]). Th e genera with the highest 
incidence of occurrence are Listriodon, followed by Eu-
prox, Micromeryx, and Chalicotherium. At this time, the 
latitudinal climate gradient increased and arid belts ap-
peared in the mid- latitudes of Asia (Flower and Kennett 
1994; Liu, Eronen, and Fortelius 2009). In addition, east-
ern Mediterranean and eastern Eu rope (see fi gure 29.1) 
became more arid (notice the yellow patterns in plate 
29.1L). Th e sparse data from southern East Asia (Chiang 
Muan [see plate 29.1E (CM)], Th ailand) show signifi cant 
diff erence from Tunggur- Moergen (Dice 0, no shared 
taxa). Although both areas have yielded primate- bearing 

Figure 29.1 Geo graph i cal regions applied in this chapter. WEU = western Eu rope; EEU = eastern Eu rope; EMED = eastern Mediterranean; WAS 
= western Asia; CAS = central Asia; EAS = eastern Asia; SEAS = southeast Asia; NCH = North China; SCH = South China;  NAF = North Africa; 
SSAF = Sub- Saharan Africa.
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During the middle Turolian (MNEQ 12), the genera 
with the highest incidence of occurrence are Gazella, 
“Hipparion,” Palaeotragus, and Adcrocuta. Th e Baodean 
signal in the Europe– West Asian region grows stronger, 
with more localities showing higher similarity to Baode 
locality 49 (green/yellow pattern in plate 29.2D). Th is is 
the time when the Pikermian chronofauna had its maxi-
mum geographic range in Eurasia (Eronen et al. 2009). 
Surprisingly, the similarity in China itself appears signif-
icantly reduced, with lower similarities (green pattern in 
plate 29.2D) than the previous time slice, although sam-
pling is admittedly sparse. In North China, Dorcadoryx, 
Lantiantragus, Shaanxispira, Schansitherium, and Dino-
crocuta appear (Lantian locality 6; see plate 29.2D [L]). 
Dinocrocuta is apparently a western element, but the large 
bovids and giraff es are all endemic genera. Such signifi -
cant endemism in North China was previously found for 
species and genera of rodents and ungulates by Fortelius 
and Zhang (2006). In South China, some western elements 
do appear, and the similarity accordingly rises some-
what (green pattern in plate 29.2D). From MNEQ 11 to 
MNEQ 12, North China is among the driest areas in Eur-
asia (notice red patterns in plate 29.2J– K), and the en-
demic Chinese ruminant fauna seems to have evolved in 
response to these regionally harsh conditions (Fortelius 
and Zhang 2006).

During MNEQ 13, the genera with the highest inci-
dence of occurrence are still “Hipparion,” Gazella, and 
Adcrocuta. With the onset of red clay deposition at about 
7 Ma (Sun et al. 1998; Qiang et al. 2001; Zhu et al. 2008; 
Kaakinen et al., chapter 7, this volume), approximately 
correlative with the beginning of MNEQ 13, the mam-
mal record of North China improves dramatically (more 
North Chinese localities in plate 29.2E). Th e immigra-
tion of genera from adjoining areas results in a large area 
of high similarity across north central Asia and North 
China (notice red patterns of these areas in plate 29.2E). 
Th e change coincides with a marked increase in humid-
ity (green patterns of plate 29.2L) in northern China, in-
terpreted as a result of a strengthening Asian Monsoon 
by Fortelius et al. (2002). In contrast to northern China, 
northern central Asia is dry at this time (orange pattern 
of this region in plate 29.2L). Similarity in the western 
part of the continent, where conditions in contrast appear 
drier in this interval, is now reduced (compare orange pat-
terns of western Eu rope in plate 29.2L with green pat-
terns of same region in plate 29.2E).

As far as the poor record suggests, the Baodean chro-
nofauna declines drastically and is eff ectively gone dur-
ing MNEQ 14– 15 (no reddish pattern present in North 
China and northern central Asia in plate 29.2F– G). Th is 

corresponding to its western counterpart the Pikermian 
chronofauna (Eronen et al. 2009). At the beginning of 
the Late Miocene (MNEQ 9), genus similarity to Baode 
locality 49 (see plate 29.2E [B]) was still low across Eur-
asia (blue pattern dominant in plate 29.2A). Adcrocuta, 
Gazella, “Hipparion,” Ictitherium, and Machairodus ap-
pear in China, while Chilotherium, Gazella, “Hipparion,” 
and Palaeotragus appear at Sinap in Central Anatolia (see 
plate 29.2A [S]). Th e increasing aridifi cation of the conti-
nent (orange/red patterns in plate 29.2H) favored expan-
sion of open habitats and open- adapted taxa. Gazella, 
“Hipparion,” and Ictitherium had reached the western 
margin of Eurasia at this time (Subsol de Sabadell [see 
plate 29.2A (SS)], Spain).

In MNEQ 10, more Baodean elements (e.g., “Hippar-
ion,” Chilotherium, Gazella, Palaeotragus, Acerorhinus, 
 Adcrocuta, Ictitherium, Machairodus, Hyaenictitherium, 
and Indarctos) appear in Asia and in the eastern 
Mediterranean– West Asian region. Both North Chinese 
localities at this time show high similarity to Baode local-
ity 49 (notice the orange pattern of northern China in 
plate 29.2B, which indicates Dice > 0.3), as do Grebeniki 
(see plate 29.2B [G]), Ukraine, and Poksheshty (see plate 
29.2B [P]), Moldova (Dice > 0.35). Th e Baodean genera 
like Adcrocuta, Cervavitus, Chilotherium, Gazella, Honano-
therium, “Hipparion,” Ictitherium, Machairodus, Metailurus, 
Palaeotragus, Plesiogulo, and Promephitis appear widely in 
Eurasia, except for western Eu rope. Th e low similarity in 
western Eu rope may be related to its more humid climate 
(notice the blue/green pattern of western Eu rope in plate 
29.2I) and the later expansion of the Pikermian chrono-
fauna there (Eronen et al. 2009). Th e genera with the high-
est incidence of occurrence at this time across Eurasia are 
Gazella, “Hipparion,” Chilotherium, and Palaeotragus.

Th e pattern in MNEQ 11 is similar to MNEQ 10 for 
the faunal similarity (see plate 29.2C), but for humidity, 
expansion of arid areas is observed (increase in yellow/
orange patterns in plate 29.2J). Th e genera with the high-
est incidence of occurrence at this time are Gazella, “Hip-
parion,” Chilotherium, Palaeotragus, and Adcrocuta. In ad-
dition to northern Chinese localities, Karacahasan (K), 
Kemiklitepe 1, 2 (KT), and Garkin (G) in Turkey, Th er-
mopigi (T) in Greece, and Novaja Emetovka (NE) in 
Ukraine also show a high similarity (Dice > 0.3) to Ba-
ode locality 49 (see plate 29.2C). Western Eu rope still 
retains a remarkably low similarity to Baode locality 49 
at this time (notice blue patterns of western Eu rope in 
plate 29.2C), and in addition, South China is dissimilar 
to North China (see fi gure 29.1 and plate 29.2C: notice 
light blue pattern in southern China compared to or-
ange/red pattern in North China).
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lingering biogeographic eff ects of the immediately pre-
ceding Mid- Miocene Climatic Optimum (climax time of 
Neogene warmth between 17 Ma and 15 Ma) or whether 
it is a direct result of the contemporary Mid- Miocene 
Cooling event between 14.8 Ma and 14.1 Ma (Flower 
and Kennett 1994; Zachos et al. 2001; Böhme 2003) is 
currently diffi  cult to assess. In MNEQ 7+8, the overall 
similarity defi nitely declines with low number of locali-
ties with high similarity to the Tunggur locality (fewer 
yellow/red patterns in plate 29.1E) compared to the next 
older time slice (see plate 29.1D). Th is is coincidental 
with the incipient development of mid- latitude aridity 
(yellow patterns in plate 29.1L) as the cooling trend 
continues. In this perspective, the Tunggur- Moergen 
fauna (see plate 29.1E [TM]) appears as a last remnant of 
the Tunggurian chronofauna in a stable environment, 
which in the context of overall mid- latitude drying (Liu, 
Eronen, and Fortelius 2009) appears relatively humid 
(notice the light- blue pattern of Tunggur locality [TM] 
in plate 29.1L).

Th e history of the Baodean chronofauna is quite dif-
ferent. Although part of the Pan- Eurasian “Hipparion 
fauna” (Kurtén 1952), the Baodean chronofauna is dis-
tinct from the Pikermian chronofauna in its taxonomic 
content. Th e mature Northeast Asian Baodean chrono-
fauna has a high proportion of immigrants compared 
with its precursors (Fortelius and Zhang 2006) and dif-
fers from the West Eurasian Pikermian chronofauna by 
relative diversity and abundance of mustelids, rhinocero-
tids, and cervids in combination with rarity of primates, 
giraffi  ds, and mastodonts (Deng 2006). In part this may 
simply refl ect its younger age, but growing evidence is 
emerging that the diff erence is also an expression of the 
relatively high endemism of this chronofauna, strongly 
dominated by ruminant and equid lineages that extend 
from the eastern Mediterranean and Balkans to China 
(Fortelius and Zhang 2006; Watabe 1992). In fact, vicar-
iant East Asian radiations paralleling the West Asian 
(Pikermian) ones may be more common than has been 
recognized previously— for example, among the hippari-
onine  horses (Bernor, Koufos, et al. 1996) and acerath-
erine rhinoceroses (Fortelius et al. 2003). Hipparionine 
 horses in par tic u lar show long- distance extensions across 
this range and include species belonging to the genera 
Hipparion, Cremohipparion and later, Plesiohipparion. 
In the Late Miocene, geographic extension of Hipparion 
(especially Hipparion dietrichi and Hipparion campbelli) 
and Cremohipparion (Cr. moldavicum, Cr. mediterraneum, 
Cr. proboscideum, and Cr. matthewi) from western Eurasia 
to East Asia (Hipparion hippidiodus and Cr. licenti) would 
appear to have been followed by vicariance.

is despite little change in humidity of central Asia and 
China in MNEQ 14 (see yellow/red patterns of these re-
gions in plate 29.2M).

DISCUSSION

It appears that the regionally diff erentiated history of 
environmental change is matched by patterns of dia-
chronity in faunal similarity, even within a mainly bio-
chronologic framework expected to minimize diachrony 
in species ranges. As a general fi nding, this is neither un-
expected nor does it have new methodological implica-
tions for biostratigraphy. Th e details are more interesting 
and also potentially of greater practical concern.

Th e two cases that we have described  here are quite 
diff erent. Th e Tunggurian chronofauna appears to have 
originated in and extended from western Eu rope (yel-
low/orange/red patterns in plate 29.1B– E), where its 
early incarnation in the late Early/lower Middle Miocene 
is oft en referred to as the “Hispanotherium fauna.” Its 
strongest expression in East Asia (orange/red patterns of 
this region in plate 29.1D– E) was at the very end of its 
history, in the terminal Middle Miocene, when it had 
 already disappeared from other parts of its earlier range 
(see low similarity patterns of western Eu rope in plate 
29.1D– E). In broad terms, this chronofauna seems to 
have fi rst developed as a response to continental drying 
and increased seasonality (seasonal dryness) in Western 
Eu rope (notice green/orange patterns of this region in 
plate 29.1I– J), and to have followed the widening arid 
belt toward the east (red/yellow patterns in plate 29.1K– 
L). Its successive retreat from the western part of its range 
seems to refl ect increased humidity in western Eu rope 
(notice blue patterns in plate 29.1K– L), which would have 
favored forest adapted taxa. It may also have been im-
pacted by the increased aridity in the eastern Mediterra-
nean (see red/yellow pattern of this region in plate 29.1K– 
L), which evidently drove the concurrent emergence of the 
Pikermian chronofauna there. Similarly, its ultimate ex-
tinction in East Asia (note the demise of yellow/red pat-
terns in plate 29.1F– G and emergence of orange patterns in 
plate 29.2B) also seems to coincide with the expansion of 
the Pikermian- like Baodean chronofauna.

Th e protracted extension of the Tunggurian chrono-
fauna across Eurasia (see change in location of yellow/
orange patterns in plate 29.1C– D) implies a continuum 
of similar environments across its geographic range. Such 
a continuum is suggested by the remarkable uniformity 
of the Eurasian mammal fauna in MNEQ 6 (plate 29.1D, 
notice the yellow/red pattern). Whether this refl ects the 
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evidence that taxon ranges are generally highly diachron-
ous across Eurasia.
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Plate 29.1 Dice similarity index values at the genus level (Dice FRI) of the Eurasian localities compared to Tunggur- Moergen (A– G) and their 
mean ordinated hypsodonty (Hypso) values (H– N) mapped as a grid for MNEQ 3 to MNEQ 10 time intervals. (A) Dice FRI- MNEQ 3; (B) Dice FRI- 
MNEQ 4; (C) Dice FRI- MNEQ 5; (D) Dice FRI- MNEQ 6; (E) Dice FRI- MNEQ 7+8; (F) Dice FRI- MNEQ 9; (G) Dice FRI- MNEQ 10. Yellow/red patterns 
in A– G indicates high similarity to Tunggur locality, while blue represents low similarity; (H) Hypso- MNEQ 3; (I) Hypso- MNEQ 4; (J) Hypso- MNEQ 
5; (K) Hypso- MNEQ 6; (L) Hypso- MNEQ 7+8; (M) Hypso- MNEQ 9; (N) Hypso- MNEQ 10. Yellow/red pattern in H– N indicates increased aridity, 
while blue represents high humidity. SS = Sihong- Songlinzhuang, China; CC = Córcoles, Spain; BZ = Bézian, France; EMF = Esvres– Marine Faluns, 
France; KL = Kalkaman Lake, Kazakhstan; SW = Shanwang, China; TD = Tongxin- Dingjiaergou, China; HL = Hezheng- Laogou, China; S = Sansan, 
France; CB = Catakbagyaka, Turkey; AM = Ayibaligi Mevkii, Turkey; TM: Tunggur- Moergen, China; CM = Chiang Muan, Thailand; CP = Can 
 Ponsic I, Spain; CL = Can Llobateres I, Spain.



Plate 29.2 Dice similarity index values at the genus level (Dice FRI) of the Eurasian localities compared to Baode locality 49 (A– G) and their mean 
ordinated hypsodonty (Hypso) values (H– N) mapped as a grid for MNEQ 9 to MNEQ 15 time intervals. (A) Dice FRI- MNEQ 9; (B) Dice FRI- MNEQ 
10; (C) Dice FRI- MNEQ 11; (D) Dice FRI- MNEQ 12; (E) Dice FRI- MNEQ 13; (F) Dice FRI- MNEQ 14; (G) Dice FRI- MNEQ 15. Yellow/red pattern in A– G 
indicates high similarity to Baode loc. 49, while blue represents low similarity. (H) Hypso- MNEQ 9; (I) Hypso- MNEQ 10; (J) Hypso- MNEQ 11; (K) 
Hypso- MNEQ 12; (L) Hypso- MNEQ 13; (M) Hypso- MNEQ 14; (N) Hypso- MNEQ 15. Yellow/red pattern in H– N indicates increased aridity, while 
blue represents high humidity. S = Sinap, Turkey; SS = Subsol de Sabadell, Spain; G = Grebeniki, Ukraine; P = Poksheshty, Moldova; K = Karaca-
hasan, Turkey; KT = Kemiklitepe 1– 2, Turkey; G = Garkin, Turkey; T = Thermopigi, Greece; NE = Novaja Emetovka, Ukraine; L = Lantian, China; 
B = Baode locality 49, China; Y = Yushe, China.
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