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Abstract

In the present study we analyse the diversity of the Superfamily Ursoidea during the Neogene of the Iberian Peninsula to further compare
it with that of the Neogene of Western Europe to find the different associations of this group. The results indicate that both the diversity and
the taxonomy amongst these two regions show important variations, thus letting their interpretation in terms of climatic differentiation. We
might relate variations in the abundance of the Ursoidea to the environmental fluctuations taking place during the Miocene and Pliocene.
Therefore, they could enable us to reach the assessment of these biogeographical distributions in order to deduce the preferential niches of
each different group of Ursoidea.
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Resumen

En este trabajo se analiza la diversidad de la Superfamilia Ursoidea durante el Nedgeno de la Peninsula Ibérica, comparandola con la de
Europa Occidental de la misma época, con el objetivo de localizar las diferentes asociaciones de los miembros de este grupo. Los resultados
indican que tanto la diversidad como la taxonomia varian considerablemente entre las dos regiones estudiadas pudiendo interpretarse en tér-
minos de diferenciacion climatica. Estas variaciones en la abundancia de Ursoidea se pueden relacionar con las fluctuaciones ambientales
que tuvieron lugar durante el Mioceno y el Plioceno. Por tanto, nos ayudaran a evaluar las causas de estas distribuciones biogeograficas y

a encontrar los nichos preferentes de cada uno de los diferentes grupos de Ursoidea.

Palabras clave: Carnivora, Hemicyonidae, Ursidae, Peninsula I[bérica, Mioceno, Plioceno

1. Introduction

The Ursoidea (Hemicyonidae and Ursidae) was one of the
most common group of arctoid carnivorans throughout Eura-
sia and North America during the Neogene (Ginsburg and
Morales, 1998; Ginsburg, 1999) with some brief incursions
towards the African continent during the Early Miocene,
Late Miocene/Early Pliocene and finally during the Pleis-
tocene (Hendey, 1977, 1980; Schmidt-Kittler, 1987; Morales
et al., 2005; Geraads, 2008; Werdelin and Peigné, 2010), and
a recent migration into South America (via the Isthmus of
Panama) during the Pleistocene (Woodburne, 2010). Today
this group is restricted to the family Ursidae, subdivided in
three subfamilies (Ursinae, Tremarctinae and Ailuropodi-
nae). Besides the genera Ballusia and Ursavus, which we do
not yet assign to any of the recent subfamilies in the present

work, only the Ursinae and Ailuropodinae were present in
the Neogene European fossil record. In extant faunas, only
two species have been seen living in the same region. Known
are the cases of grizzly bears and American black bears, or
polar bears and grizzly bears, but there are other cases like
the Asian black bear and the sloth bear in regions of India
(Laycock, 1997). In the past, the diversity of the group was
high, especially in Europe during the Miocene, declining in
the Pliocene. During the Neogene, the superfamily Ursoidea
comprised around 45 species, belonging to 13 different gen-
era, with a maximum of seven species per MN biozone. In
the Iberian Peninsula the Ursoidea are present since the lower
Miocene (MN2) (Ginsburg and Morales, 1995, 1998; Fraile
etal., 1997).

The objectives of this study are the following: 1) to inter-
pret the diversity patterns of the Superfamily Ursoidea in the
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Spanish fossil record; 2) to compare the results with the pat-
terns obtained from the Western European record (mainly
French and German localities) and so detect differences both
in diversity and taxonomic composition of these associations;
3) to explore if there is a correlation with climatic changes
registered in the geological record of these two areas during
the Neogene, and finally, 4) the appraisal of these environ-
mental conditions to assign the major groups of Ursoidea a
more precise ecological role. Kostopoulos and Vasileiadou
(2006) worked on a similar approach for the Greek locali-
ties, where the Ursoidea were much less abundant, than in the
Neogene of other parts of Europe.

2. Systematic approach

This section should not be taken as an exhaustive revision
of the Ursoidea, but only as an introduction of the authors’
view of the taxonomic status and a synthesis of the character-
istics of this group.

Superfamily Ursoidea Fischer, 1814

Family Hemicyonidae Frick, 1926

Extinct Family. Ursoidea characterized by a more primitive
and complete dentition than that of the Ursidae, with devel-
oped premolars, a lingual cristid in the p4, relatively sharper
and larger carnassials than in the Ursidae, protocone of P4 in
mesial position, small talonid in the m1, upper molars always
wider than long and presence of a premasseteric fossa in the
more derived taxa.

Subfamily Phoberocyoninae Ginsburg and Morales, 1995

According to Ginsburg and Morales (1995), primitive
Hemicyonidae with a tendency towards hypercarnivory and
well-developed carnassials (P4 and m1).

Subfamily Hemicyoninae Frick, 1926

According to Ginsburg and Morales (1995), Hemicyonidae
with lower carnassials than those of the Phoberocyoninae,
longer upper molars with a tendency towards increasing the
lingual-distal cingulum turning to be more quadrangular than
those found in the Phoberyocioninae, more reduced premo-
lars except for the P4 and an increase in size throughout the
Miocene.

Family Ursidae Fischer, 1814

According to Ginsburg (1999), Ursoidea characterized by
low and long molars, showing a tendency towards a less car-
nivorous diet and therefore with hypocarnivore dentition. The
genera Ballusia and Ursavus have been herein considered as
Ursidae incertaea sedis until a more detailed revision of both
of them (especially Ursavus) will be carried out (Abella, re-
search in progress).

Subfamilia Ursinae Fischer, 1814
Emended diagnosis:

Ursidae with derived dentition that tends to reduce both
the number and complexity of the premolars; we can also
observe a distal elongation of the masticatory surface of the
molars. Moreover, the carnassials, and specially the P4, are
so reduced that in species like Ursus maritimus or Ursus
thibetanus the protocone of the upper carnassial is almost
completely reduced, in other species such as Ursus spelaeus
this character is not so evident. The lower carnassial suffers
a marked reduction of the trigonid with regard to the talonid,
which becomes much longer. They present a quite deep val-
ley between the three cuspids of the trigonid of ml that is
missing in the other subfamilies of Ursidae, and another one
between the trigonid and the talonid, which separates them
completely. All but Helarctos malayanus, have relatively
long and narrow skulls with wide nostrils.

Subfamily Ailuropodinae Grevé, 1894

Emended diagnosis:

Medium sized Ursidae with a more primitive general mor-
phology in the dentition than in the Ursinae and Tremarctinae,
with less reduced premolars, and well-developed carnassials,
except in some teeth of Ailuropoda melanoleuca, which have
severe autapomorphies. Relatively short skull, especially in
the more recent taxons. Mandibles tend to be relatively short
in recent taxa, but they all posses a smooth oval-shaped sym-
physis. Coronoid, articular and angular process located high
in the mandible, and the latter is high and verticalized. Short
and conical canines, premolars not reduced in complexity, or
even with extra cusps, especially in the lingual wall. Well-
developed carnassials both in relative size and complexity.
Parastyle in P4 well built in the more derived forms. Wide
molars, with a square shape, yet somehow elongated, espe-
cially the M2 and the m2. Postcranial skeleton with strong
adaptations towards a climbing habit. Presence of a devel-
oped radial sesamoid, which in the more derived taxa can
be used as a false thumb during the manipulation of the food
(mainly from plant origin).

3. The Ursoidea Fossil Record of Iberian Peninsula and
Western Europe

The diversity data (Fig. 1) have been gathered primarily
from the compilations and systematic reviews of Ginsburg
and Morales (1995, 1998), Fraile et al. (1997), Ginsburg
(1999), Montoya et al. (2001), Abella et al. (2011, 2012),
Koufos (2011) and Fortelius (2012). A figure with the tempo-
ral distribution of the Ursoidea species throughout the Span-
ish Neogene is also shown (Fig. 2).

We carried out the similarity analysis on a total of 37 locali-
ties with 19 species that occur in the Iberian Peninsula, and
74 localities with 31 species from Western Europe, grouped
in MN biozones (Table 1 and Fig. 3).

During the Spanish Neogene we find six main different
Ursoidea associations (Table 2), with two gaps without ur-
soids species. The first gap, which occurred during the lo-
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out the Neogene. Thrice the MN
biozone, name of the taxon and
name of the locality (where the
remains were found) are shown.
The temporal range is not to
scale.

13

Fig. 1.- Comparison between
the number of species of
Ursoidea and humidity,
temperature and age, dur-
ing the Neogene of South-
western Europe and West-
ern Europe. A: Modified
from Calvo et al. (1993),
B: Modified from Béhme et
al. (2011) and C: Modified
Paleoclimate curve from
Zagwijn and Hager (1987)
found in Utescher et al
(2000).

MN Biozone

Localities

Species

\Phoberocyon hispanicus
Cephalogale sp.

\Zaragocyon daamsi

\Phoberogale sp.

\Hemicyon stehlini

Hemicyon goriachensis

\Hemicyon sansaniensis
Hemicyon sp.

\Hemicyoninae indet.

Plithocyon conquense
\Plithocyon armagnacensis

Kretzoiarctos beatrix

Ursavus primaevus

Ursavus brevirhinus

Indarctos vireti
ndarctos arctoides
ndarctos punjabiensis

\griotherium roblesi

\griotherium insigne
Ursus boeckhi
Ursus ruscinienis
Ursus etruscus

Almenara 1

Puebla de Valverde

Rincon
Villaroya

Layna

PLIOCENE

Alcoy

Venta del Moro
Las Casiones

Concud

Valdecebro 5
Los Mansuetos

Puente Minero
Crevillente 2

Terrassa

Masia La Roma 604
Batallones 3
Viladecavalls

Can Llobateres
Can Ponsich

Can Mata
Escobosa
Toril 3

7-8

MIOCENE

Hostalets de Pierola Inf.
Nombrevilla 2

Henares 1

Arroyo del Val
6 | Paracuellos 5

-

Torrijos

Munébrega
Tarazona
La Retama

Puente de Vallecas

Valdemoros 4A

Buriol
Artesilla

Ramblar 3

2 | Loranca del Campo
Cetina de Aragén
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Table 1. Data matrix used for similarity analysis. Using the 13 Genus of
Ursidae, during the Neogene, separated in MN biozones and two re-
gions. IB = Iberian Peninsula. WE = Western Europe. Number shows
the MN biozone, and P = Pleistocene.

cal biozones A and B (MN3-4, Lower Miocene) (Daams and
Freudenthal, 1988), is related to the lack of localities with
macromammal remains in the Spanish continental basins.
The second is correlated with the so-called “Mediterranean
Salinity Crisis” (Latest Miocene). With regard to the Span-
ish record, where there are significant differences in diversity
and composition, the Ursoidea fossil record from Western
Europe is continuous.

4. Results and discussion
The first Ursoidea appeared in Eurasian faunas during

the Oligocene (Qiu, 2003). We find members of this group
in Western Europe, since the MN1, with the presence of the

genera Cephalogale and Phoberogale (de Bonis, 1973; Gins-
burg and Morales, 1995). However, in the Iberian Peninsula
due to a lack of localities of the Oligocene-Miocene bound-
ary, the first records are Early Rambian, equivalent to MN2,
with Zaragocyon, an endemic genus of the Iberian Peninsula
and Phoberogale. In younger localities but still included in
the MN2 biozone both Cephalogale and the oldest represent-
atives of Phoberocyon are recorded.

Since the Early Miocene, prior to the appearance of the true
bears, the Hemicyonidae show a rapid diversification that
made of this group, along with the Amphicyonidae, the pre-
dominant medium to large sized carnivorans until the begin-
ning of the Late Miocene, when they became locally extinct,
coinciding with the appearance of the Ursidae, Hyaenidae
and Machairodontinae felids in the Western Europe faunas.
During the Early Miocene, the Ursoidea communities in both
the Iberian Peninsula and Western Europe were similar. The
presence of tapirs and crocodiles in the deposits (Ginsburg et
al., 1987), suggests the existence of one of the most warm and
humid periods of the Spanish Neogene (Calvo et al., 1993).

During the MN3, fossil localities with large mammals are
very rare in Spain, finding a gap in the record of Ursoidea.
However, both the first record of the genera Hemicyon and
Plithocyon (Family Hemicyonidae), as well as the first record
of an Ursidae, with the genus Ballusia and Ursavus isoire,
characterize the Ursoidea record in Western Europe. The cli-
matic data obtained for this period in Western Europe show
an increase of humidity and temperature during the MN3
likely related to closer and humid environments, ideal for
more hypocarnivore taxa such as Ballusia or Ursavus.

The lower Aragonian (MN4-5) of the Iberian Peninsula is
well represented, with plenty of macro-mammal localities.
Only the absence of representatives of Ursidae marks a pro-
found difference with Western Europe’s fossil record for this
period. In this period the Hemicyonidae show a less hyper-
carnivorous trend in their dentition compared to the Phobe-
rocyoninae, and are also characterized by an increase in their
body size.

The presence of the first Ursidae in Europe, with smaller
size and a more hypo-carnivorous dentition, may have not
affected the diversity of Hemicyonidae. The absence of Bal-
lusia and Ursavus in Spanish sites, considered as hypocar-
nivore taxa (Ginsburg and Morales, 1998; Fortelius, 2012),
may be related to the beginning of the Miocene Climatic Op-
timum, one of the most remarkable climatic episodes (17-15
Ma) within the Neogene. According to Flower and Kennett
(1994), this high temperature climax was followed, between
16.0 and 14.8 Ma, by short-term variations in the East Ant-
arctic Ice Sheet volume, the sea level and the deep ocean cir-
culation and in the global climate (Béhme et al., 2011). A ma-
jor and permanent cooling period occurred between 14.8 and
14.1 Ma, associated to both an increased production of cold
Antarctic deep waters and a major growth of the East Antarc-
tic ice sheet. As a result, the meridional temperature gradient
increased, the boundaries between climatic zones strength-
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MN Biozone | Characteristics Maximum Number
interval of the association of Ursoidea of Species
The most primitive members of the Hemicyonidae, from the Maximum of two species per
I MN2 Phoberocyininae subfamily, genera Phoberogale and Phoberocyon, biozone P P
coexist with the less hipercarnivore Hemicyoninae, genus Zaragocyon. '
II | MN4-MN6 Predominance of the Hemicyoninae, genus Hemicyon and Plithocyon. lg/i[s;(l)?ll;lm of three species per
The first Ursidae enter the Iberian Peninsula Agriarctos beatrix through Maximum of three species per
I | MN7/8 the North-East basins (Calatayud —Daroca). Some populations of the . P p
. i . . biozone.
genus Hemicyon and Plithocyon remain in the central basins.
The Hemicyonidae become extinct locally. Some Ursidae species become | Maximum of three species per
IV | MN9 . . . . .
larger, Indarctos still coexists with small species of the genus Ursavus. biozone.
The small species of Ursidae disappear. The genus /ndarctos becomes
v | MN10-13 even larger in size, but becomes extinct towards the late Turolian Maximum of three species per
(MN13). This extinction coincides with the entrance of the giant biozone.
Hemicyonidae Agriotherium roblesi to the Iberian Peninsula.
The first Ursinae (Ursus boecki) is registered in the fossil record of
Spain. This subfamily will dominate the faunas of Ursoidea throughout Maximum of two species per
VI | MN14-16 . . . . .
the Pliocene until recent (Ursus arctos). Agriotherium has a slow decay biozone.
and finally gets extinct during the MN14-15.

15

Table 2. Different associations with Ursoidea in the Neogene fossil record of Spain.

ened and the aridification of the mid-latitudes increased
(Flower and Kennett, 1994; Béhme 2003; Bohme et al.,
2011). Bohme (2004) suggested strong meridional precipita-
tion gradient during this event based on the palacogeography
of'the distribution of snakehead fish, and elevated (summer-)
precipitation north of the Alpine orogeny (Bohme et al.,
2011). These notions have been supported by pollen records
(Jiménez-Moreno and Suc, 2007), showing an increase of
subdesertic types towards the south, and by the analysis of
the body weight structure in mammalian communities (Cos-
teur and Legendre, 2008), indicating a change from densely
forested environments in the north to open environments in
the south. A temporal difference in the strength of this gradi-
ent was reported by Béhme et al. (2006), who showed that
the precipitation gradient was stronger in the early Middle
Miocene than in the early Late Miocene (but see Bruch et
al., 2007 for low gradients during both intervals). In contrast,
Fauquette et al. (2006) found, based on pollen spectra of se-
lected time slices, that the European latitudinal precipitation
gradient was higher than today and remained unchanged
from the Middle Miocene until the Middle Pliocene. There-
fore, while in Western Europe there were dense forests, the
Iberian Peninsula exhibited drier and more open conditions
(Calvo et al., 1993). This fact prevented the Ursidae, con-
sidered a group of forest dwellers, from reaching the Iberian
Peninsula due to the absence of humid conditions, whereas it
favoured the Hemicyonidae.

During the biozone MNG6 (late Aragonian) the Iberian Ur-
soidea record is also characterized exclusively by large sized

species of the subfamily Hemicyonidae, while in the rest of
Western Europe this group shares their geographical distri-
bution with the less diverse members of the Ursidae fam-
ily (genus Ursavus). Environmental conditions in the late
Aragonian were still very dry and warm (Hernandez-Fern-
andez et al., 2003), as they were during the early and middle
Aragonian.

During the latest Aragonian (biozone MN 7/8) the first ap-
pearance of Ursidae (Kretzoiarctos) is detected in the Iberian
Peninsula (Abella et al., 2011, 2012). The record of this first
true bear coincides with the progressive decadence of the
last Hemicyonidae that become locally extinct during the late
Aragonian, and marks a major change in the Ursoidea asso-
ciations in Spain. This change is also detected for the rodent
faunas in the central basins of the Iberian Peninsula (Lopez-
Guerrero et al., 2008) and in the perissodactyl associations
with the replacement of Anchitherium by gregarious rhinos.
The correlation of both changes with an increase in humidity
is most likely (Hernandez-Fernandez et al., 2003).

A very homogeneous record in the Ursoidea diversity
throughout Europe also characterizes the Vallesian (MNO9-
10), with the same number of species of in both the Iberian
Peninsula and the rest of Western Europe. The oldest record
of a large-sized member Ursidae occurs during the early
Vallesian (MN9) in the Vallés-Penedés Basin (North East of
the Iberian Peninsula) with the species Indarctos vireti and
then subsequently most likely migrates North towards other
parts of Europe. In the Iberian Peninsula, this first species
is substituted by /. arctoides, the first true bear to enter the
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Family Subfamily Characteristics Ecological role
. . . Small-Medium body size. Hunters of close to open environments.
Hemicyonidae | Phoberocyoninae . o . .
Hypercarnivore dentition Similar to extant canids.
. . Medium-very large body size. Hunters and occasional scavengers of open environments.
Hemicyonidae ; . .. .
Hyper/meso-carnivore dentition | Similar to extant hyenas or lions.
. . . Small-large body size. Herbivorous to omnivorous forest dwellers, similar to
Ursidae Ailuropodinae . o . .
Meso/hypocarnivore dentition extant giant pandas, but not so specialised.
. Medium-very large body size. Wide range of diets.
Ursinae . . . .
Hypocarnivore dentition Very adaptable to different environments.

Table 3. Hypothetical ecological roles obtained for the major groups of the Neogene Ursoidea.

central basins (Abella et al., 2013). The Vallesian is a pe-
riod of change in both the carnivorans communities, with the
first occurrence of large hyenas and machairodontinae felids
(Fraile et al., 1997), and in the environmental conditions. The
climate suffered a shift towards maximum humidity and high
temperatures in all Europe, but especially in some basins of
the Iberian Peninsula, allowing the presence of dense and hu-
mid forests. This fact would be the main cause of the local
extinction of the Hemicyonidae and the presence of various
herbivorous ursids of different sizes such as Ursavus and In-
darctos.

With the beginning of the Turolian (MN11-13), the diver-
sity of Ursoidea, now restringed only to the Family Ursi-
dae, suffered a gradual fall in the Iberian Peninsula with the
extinction of all genera except for Indarctos. Furthermore,
this genus was reduced to one only species (I. punjabien-
sis) in the Spanish record (Montoya et al., 2001), whereas
in Western Europe this species coexisted with the medium-
sized ailuropod Agriarctos (Kretzoi, 1942). Indarctos punja-
biensis showed a tendency towards a less herbivorous diet
and postcranial skeleton similar to brown bears (Roussiakis,
2001), which could reflect an adaptation to the more open
and arid environments detected in the Turolian of the Iberian
Peninsula. However, in Western Europe there is a maximum
of humidity present during most of the early Turolian that al-
lowed the presence of smaller and more herbivore taxa, such
as Agriarctos

The latest Miocene (MN13) is a quite complicated time-
span with many faunal substitutions, extinctions and migra-
tions. While the last members of the genus /ndarctos (local
biozone M2, Van Dam et al., 2001) are replaced by the Hemi-
cyonidae genus Agriotherium that arrived at the Iberian Pe-
ninsula during the biozone M3 of the MN13 (recently dated
at 6.23 Ma.; Gibert et al., 2013), the last ailuropod bears be-
gin a relatively quick decay in Western and Central Europe.
During the last part of the MN13 there is a small vacuum in
the Iberian Peninsula without Ursoidea (between the locali-
ties of Venta del Moro and Alcoy, both to the East of Spain).

The severe environmental changes that took place in the
peri-Mediterranean region related to the evaporation and
partial desiccation of the Mediterranean Sea, the commonly
called Messinian salinity crisis (Hsil et al., 1973), were the

main cause of this taxonomic shift. This event caused a deep
impact in the SW European continental fauna due both to the
environmental changes and the immigration of many species
from Asia and Africa. The genus Agriotherium is character-
ized by a huge-size, with quite hypercarnivorous dentition
and long limbs (Treves and Palmqvist, 2007), and were more
adapted to these new environmental conditions than the more
herbivore bears. This genus survives even the Mio-Pliocene
limit in both Southwestern and Western Europe, but becomes
extinct in the Iberian Peninsula during the MN14. However,
some populations of the genus survive until the MN16 in
several regions of France (Helbing, 1932; Lacombat et al.,
2008). On the other hand, the environmental conditions of
Western Europe during this period do not suffer the extreme
variations that took place around the Mediterranean Sea
so there is no gap in the register of the Ursidae, during the
MN13. However, the genus Agriotherium is not registered
until the MN14, contemporaneous with the shift between the
last Ailuropodinae and the first Ursinae.

This new subfamily, along with the early species of the ge-
nus Ursus (U. boeckhi), enters the record during the begin-
ning of the Pliocene (Montoya et al., 2006), a period of dry
climate and a tendency towards cold temperatures. The genus
Ursus has remained in European faunas until present time,
sharing niche with no other member of Ursoidea. Although
some populations of Ursus arctos still remain in Western Eu-
rope, this species is in serious danger of local extinction.

5. Conclusions

The Ursoidea fossil record of Western Europe shows some
significant variations in diversity and geographical distribu-
tion along the Neogene. We can keep in mind four major
steps: 1) Primitives Hemicyonidae (MN1/2). 2) Coexistence
of specialized Hemicyonidae with the first Ursidae (MN3 to
MN7/8). 3) Local extinction of Hemicyonidae and appear-
ance and spread of Indarctos (MN9 to MN13). 4) Ursidae de-
cline, appearance of Ursus occasionally accompanied by the
Hemicyonidae Agriotherium (MN14 to the present). Some
significant differences exist when comparing the association
of Iberian Peninsula with Western Europe; in particular dur-
ing the step 2 and in a lesser degree in step 3, whereas steps
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Fig. 3.- Similarity analysis, performed on a total of 37 localities with
19 species for the Iberian Peninsula, and 74 localities with 31 spe-
cies for Western Europe (grouped in MN biozones). Dice similarity =
2M / (2M+N). Using *M” for the number of matches and N’ for the
total number of taxa with presences in just one column. IB=Iberian
Peninsula. WE= Western Europe. Number shows the MN biozone,
and P= Pleistocene.

1 and 4 exhibit a high homogeneity. The differences between
the two areas can be correlated with the existence of more
arid environments in the Iberian Peninsula than in Western
Europe.

Based on these data and depending on their biological char-
acteristics and environmental conditions, we can group the
Ursoidea into several ecological niches (Table 3). This fact

will help the identification of the ecological roles that each
taxon of Ursoidea had, thus enabling more extensive pale-
oecological analyses.
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