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ABSTRACT

The first fossil record of Vipera “Oriental vipers complex” (Serpentes: Viperidae) in the west-
ern Mediterranean islands is presented. Two large-sized vertebrae were found in an Early
Pliocene karstic deposit located on the eastern coast of Mallorca, close to Cal6 den Rafelino
(Manacor). The centrum length of the trunk vertebra (12.7 mm) represents the largest-sized
known specimen of the European vipers belonging to the “Oriental vipers complex” and it
suggests a body length close or greater than 200 cm. The arrival of this snake to Mallorca
probably took place during the Messinian Salinity Crisis of the Mediterranean Sea (Late
Miocene, 5.6-5.32 My ago) and it should be considered as one of the largest predators in
Mallorca during the Early Pliocene. Although patterns of body size change in island snakes
are unclear, some considerations about the large size of the Cal6é den Rafelino viper and
co-evolution with endothermic preys are proposed.

© 2010 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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* Corresponding author.

La premiére mention fossile de Vipera « complexe des vipéres orientales » dans les iles de
I'Ouest de la Méditerranée est ici présentée. Deux vertébres de grande taille ont été récoltées
dans les dépots karstiques d’age Pliocéne inférieur a I'est de la cote de Majorque, prés de Calé
den Rafelino (Manacor). Lalongueur du centrum de la vertébre troncale (12,7 mm) constitue
la plus grande taille connue pour un spécimen de vipére du complexe des vipéres orientales
en Europe et suggére une longueur corporelle d’environ 200 cm ou plus. L'arrivée de ce
serpent a Mallorque a probablement eu lieu au cours de la crise de salinité du Messinien
de la mer Méditerranée (Miocéne supérieur, entre 5,6 et 5,32 Ma). Ce serpent peut étre
considéré comme le plus grand prédateur de Majorque au Pliocéne inférieur. Bien que les
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diagrammes de changement de taille corporelle des serpents dans les iles restent encore
incertains, un phénomeéne de co-évolution lié a la disponibilité des proies endothermes est
proposé pour expliquer la grande taille de cette vipére.

© 2010 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Until the middle 1990s, the Neogene fossil record of
reptiles from the eastern Balearic Islands (or Gymnesics,
western Mediterranean) was restricted to lizards of genus
Podarcis and tortoises of genus Cheirogaster (e.g. Alcover
et al., 1981, Bate, 1914, Kotsakis, 1981, Pons-Moya et al.,
1981). Several localities of Punta Nati, at the Northwest
coast of Menorca, with a tentative Early-Middle Pliocene
chronology (Quintana, 1998), have increased this record.
Bailon et al., 2002 obtained Vipera sp. in Punta Nati 3 and
12, and described Vipera natiensis (an endemic species from
Menorca, included to the V. aspis complex) in Punta Nati 12.
Garcia Porta et al., 2002 identified Blanus sp. (Amphisbe-
nia) in Punta Nati 12. Finally, Bailon et al., 2005 described
remains belonging to an unidentified Gekkonidae from
Punta Nati 3 and 12, and to Coluber sp. (C. dolnicensis-C.
pouchetti complex) from Punta Nati 12. Additionally, Bailon
etal., 2002 reported an undetermined viperid in Punta Nati
2, a Middle Miocene Menorcan site.

It should be noted the viperids, as Blanus and “Coluber”
are absent from the Balearic Islands today.

Although, snakes, tortoises, anguids, crocodyles and
varanids have been recorded from several Oligocene locali-
ties from Mallorca (Adrover et al., 1977), they are unknown
from the post-Messinian deposits of this island. The goal of
this article is to describe the first fossil remains of snakes
obtained in the Neogene from Mallorca, found in a post-
Messinian site.

2. The site

The fossiliferous bone breccia yielding the fossils here
studied is located on the East coast of Mallorca, close to
Calé den Rafelino, near Cala Morlanda (Manacor; Fig. 1).
The breccia consists of hardened red silts of a col-
lapsed cave excavated in the Upper Miocene reef complex
(Fornés, 1998, Pomar et al.,, 1990). This complex has a
Late Tortonian-Messinian chronology (Bizon et al., 1973).
Although the red silts are filling the whole collapse, the
fossils are concentrated in a very small area, about 1sqm
(Fig. 1).

The stratigraphic evidence suggests a very Early
Pliocene chronology for the Calé den Rafelino site (Bover
et al,, 2007, Quintana et al, in press). The fossiliferous
breccia is the cemented floor sediment on a cave exca-
vated in the limestones of the Upper Miocene. Up to now,
no snakes have been found in the Mallorcan sites con-
taining the mammalian Myotragus pepgonellae (attributed
to Early or Middle Pliocene [MN14 or MN16; Moya-Sola
and Pons-Moya, 1982, Pons-Moya et al., 1979]) and their
descendants. Thus, the Calé den Rafelino infilling should
have been restricted to a very short period, posterior to
the Upper Tortonian-Lower Messinian and previous to

Middle Pliocene (MN16). The mammalian fauna of this
deposit (Bover et al., 2007, Quintana et al., in press) sug-
gests that the colonization event occurred during the
MSC (5.6-5.32 My ago, according to [Clauzon et al., 1996,
Krijgsman et al., 1999]). Consequently, a very Early Pliocene
age is suggested for the site.

The whole fauna obtained at this site is currently under
study. It includes birds, reptiles (two viperids, one of them
described here, a colubrid, a chelonid, two lacertids and an
anguid), and mammals (a bovid, a leporid, a glirid, a cricetid
and an insectivore) (Bover et al., 2007; Quintana et al., in
press).

The material is curated at the Institut Mediterrani
d’Estudis Avancats (IMEDEA), Esporles, Mallorca, Spain.

3. Systematic paleontology

Order Serpentes Linné, 1758.

Family Viperidae Laurenti, 1768.

Genus Vipera Laurenti, 1768.

Vipera sp. “Oriental vipers complex”.

Material: Middle trunk vertebra (IMEDEA90113) and a
cervical vertebra (IMEDEA 90116).

Age: Tentatively very Early Pliocene.

3.1. Description

IMEDEA 90113: Middle trunk vertebra of a large-
sized snake (Fig. 2a-e). Measurements. Centrum Length
(CL)=12.7mm; Minimum Interzygapophyseal Con-
striction (MIC)=13.7mm; Maximum Length between
anterior edge of prezygapophyseal facet and poste-
rior edge of postzygapophyseal facet (ML)=16.6 mm;
Maximum Width between lateral edges of prezy-
gapophyseal facets (PR-PR)=22.44mm; Maximum
Width between lateral edges of postzygapophyseal
facets (PO-PO)=20.84 mm; Total Height (TH)=18.4mm;
Zygosphene Width (ZW)=10.32mm; Cotyle Width
(CTW)=8.28 mm: Cotyle Height (CTH) =7.42 mm; Condyle
Width (CDW)=7.3 mm.

In dorsal view, the vertebra is slightly wider than long
(ML/PR-PR ratio=0.74). The MIC is shallow and slightly
displaced to the posterior half of the vertebra. The right
prezygapophyseal articular facet has a subrectangular
shape, but the left articular facet is eroded. The main axis
of these two facets is slightly inclined in an antero-lateral
direction. The central notch of the posterior edge in the
neural arch is moderately deep and the posterior neural
wings (=aliform process) are well developed, and appar-
ently lack of the epizygapophyseal spine. The anterior edge
of the zygosphene is slightly eroded, but it has a small
central lobe whose dorsal surface is slightly concave. The
neural spine is long, relatively thin, and anteriorly length-
ened on the zygosphene. The neural arch and both sides of
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Fig. 1. Location map (left) and topographic survey (right) of the palaeontological deposit from Cal6 den Rafelino. Arrows and grey colour indicate the exact
location of the fossiliferous breccia. Translation, “secci6” = cross-section, “planta” = plan.
Fig. 1. Localisation (gauche) et topographie (droite) du dépét paléontologique de Cal6 den Rafelino. Les fléches et la couleur grise indiquent la localisation

exacte de la bréche fossilifére. Traduction, « seccié » = section, « planta » = plan.

the neural spine display clearly marked impressions for the
dorsal muscles. These impressions are anteriorly limited by
atenuous bone keel extending from each side, between the
anterior end of the neural spine and the posterior limit of
the prezygapophyseal facets.

In ventral view, the vertebral centrum is slightly shorter
than wide (LC/MIC ratio = 0.93). It is robust, triangular, with
well-defined ventral margins and a flat ventral surface. The
basis of hypapophysis is slightly wide and it extends ante-
riorly in the form of a haemal keel, gradually becoming
wider until it reaches the base of the cotyle. Only a small
subcotylar tubercle on the right side is preserved. The para-
pophyseal process on the same side is also preserved, but
its anterior tip is missing. A deep and narrow groove sep-
arates this parapophyseal process from the cotyle. The left
parapophyseal process is broken at the base. The postzy-
gapophyseal articular facets are rectangular and well
developed. The prezygapophyseal processes are broken
and the diapophysis and parapophysis are strongly eroded.

In lateral view the vertebra is slightly higher than long.
The dorsal border of the neural spine is eroded, but it does
not seem to be broken; thus, this structure was likely longer
than high. Its anterior border originates at the anterior
third of the zygosphenal roof and it is slightly inclined. The
diapophysis and parapophysis are heavily eroded, although

they can be clearly identified. The parapophyseal process is
robust, and it is antero-ventrally inclined and broken at the
anterior top margin. The lateral foramenis located in a deep
longitudinal depression. The subcentral ridge is clearly visi-
ble, but it does not reach posteriorly the base of the condyle.
The hypapophysis is broken at the base, but it can be defini-
tively observed that it is posterior-ventrally directed. The
condyle has a short neck and it is ventrally attached to the
hypapophysis basis.

In anterior view, the articular facets of the prezy-
gapophyses are inclined upward. The zygosphene is robust,
slightly wider than the cotyle, with developed articular
facets and its dorsal edge is slightly concave dorsally. The
paracotylar foramina are clearly visible and the neural
canal is narrow.

In posterior view, the neural arch is depressed. The
postzygapophyses are inclined upwards. The zygantrum is
deep and it displays well-developed articular facets. The
condyle is large and slightly wider than high.

IMEDEA 90116. Cervical vertebra (Fig. 2f-g). A frag-
ment of cervical vertebra has been also recovered from Calé
den Rafelino. Only the centrum and a lateral right portion
of the vertebra (including the lateral wall of the vertebra,
prezygapophysis, diapophysis and parapophysis) are pre-
served. In ventral view, the centrum is robust, with a CL
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Fig. 2. Comparison of the vertebrae of Vipera sp (Oriental vipers complex) from Calé den Rafelino (Manacor, Mallorca), with a trunk vertebra of a Vipera
lebetina of a body length of 1 meter. Middle trunk vertebra IMEDEA 90113: a: dorsal; b: ventral: c: right lateral; d: anterior view; e: posterior views. Cervical
vertebra IMEDEA 90116: f: right lateral; g: anterior views. h: Trunk vertebra of Vipera lebetina (dorsal view).

Fig. 2. Comparaison de la vertébre de Vipera sp. (complexe des vipéres orientales) de Cal6 den Rafelino (Manacor, Majorque), avec une vertébre de Vipera
lebetina d’'un métre de longueur du corps. Vertébre troncale moyenne IMEDEA 90113, vues: a: dorsale ; b: ventrale; ¢: latérale droite ; d : antérieure; e:
postérieure. Vertebre cervicale IMEDEA 90116 vues : f: latérale droite ; g: antérieure. h: Vertébre troncale moyenne de Vipera lebetina (vue dorsale).



S. Bailon et al. / C. R. Palevol 9 (2010) 147-154 151

of 5.5 mm. It displays a flat ventral surface in its anterior
half and the marked subcentral ridges clearly diverge ante-
riorly. In lateral view, this fragment seems to be part of
a vertebra markedly higher than long (a diagnostic char-
acter of cervical vertebrae). The lateral foramen is located
in a deep longitudinal depression. The subcentral ridge is
slightly arched and it reaches the posterior two thirds of the
centrum. The diapophysis is quite eroded and has an oval
outline whose main axis is perpendicular to the longitudi-
nal axis of the vertebra. The parapophysis is broken in the
distal part and it is antero-ventrally inclined. Although the
parapophyseal and hypapophyseal processes are also bro-
ken, and their complete morphology cannot be described,
the hypapophysis seems to be a robust structure postero-
ventrally directed. It is extended anteriorly to the base
of the cotyle through a high haemal keel. In dorsal view,
the prezygapophysis is highly eroded and its morphology
cannot be observed. The prezygapophyseal process is also
broken. Cotyle and condyle are well developed.

3.2. Systematics affinities

The fossil vertebrae from Calé den Rafelino can be
clearly attributed to the family Viperidae. This taxonomic
assignment is suggested by the presence of the following
combination of characters (Fig. 2): vertebrae with:

(1) straight hypapophysis;

(2) posteriorly depressed neural arches;

(3) zygapophyseal articular facets dorsally inclined;

(4) parapophyseal processes antero-ventraly directed;

(5) developed condyles and cotyles;

(6) relatively short centrum,;

(7) condyle ventraly attached to the hypapophysis basis
(see [Bailon, 1991, Szyndlar, 1991, Szyndlar and Rage,
1999])).

Several papers on Viperidae systematics, taxonomy and
phylogeny have been published during the last years. All
of them caused remarkable, and controversial, changes.
On the basis of morphological data (Ashe and Marx, 1988,
Groombridge, 1986, Nilson and Andrén, 1997, Nilson et al.,
1999, Obst, 1983, Saint Girons, 1978), immunological dis-
tances of proteins (Herrmann et al., 1992a, Herrmann et al.,
1992b) and mitochondrial DNA analyses (Garrigues et al.,
2005, Lenk et al., 2001) the genus Vipera (sensu lato) has
been divided in different complexes: Vipera (s.s.), Vipera1,
Vipera2, Pelias, Montivipera, Macrovipera, and Daboia.
Unfortunately, these complexes do not display outstanding
osteological diagnostic differences to clarify relationships
between fossil material, mainly composed by vertebrae,
and extant taxa (Szyndlar, 1991, Szyndlar and Rage, 1999,
Szyndlar and Rage, 2002). Thus, in this article we use
the subdivision of the genus Vipera s.. into complexes
suggested by Szyndlar and Rage, 1999, on the basis of mor-
phological differences in the Viperinae trunk vertebrae:

1- Vipera “Vipera berus complex” (=Pelias in [Nilson and
Andrén, 1997]), in which the trunk vertebrae have a
small size (CL<5 mm). They are relatively long, with a
short neural spine, and a short hypapophysis;

2- Vipera “Vipera aspis complex” (=Vipera1 in [Nilson and
Andrén, 1997]), in which trunk vertebrae show an inter-
mediate morphology and size between the “V. berus
complex” and the “Oriental vipers complex”;

3- Vipera “Oriental vipers complex”, except Daboia
(= Vipera 2 + Macrovipera in [Nilson and Andrén, 1997]),
characterized by larger and more robust vertebrae
(CL>5mm), with a short centrum, generally well
limited laterally, and displaying well developed neural
spine and hypapophysis;

4- Daboia, in which the recent D. russelii (Obst, 1983) and
the fossil D. maxima of MN15 from the Iberian Peninsula
(Szyndlar, 1988) are included. The trunk vertebrae of
this group differ from the previous group by their great
development of the neural spine, which is higher than
long.

The large size of the vertebrae from Calé den Rafe-
lino (CL=5.7 mm for the cervical vertebra and 12.7 mm for
the trunk vertebra), together with the robustness and the
presence of a short and laterally well marked centrum,
with a flat ventral surface, are typical characters displayed
by the viperines of complexes3 and 4 (Vipera “Oriental
vipers complex” and Daboia, respectively). However, the
possible presence of a neural spine longer than high in
the fossil trunk vertebra allows us to identify the fossil as
belonging to the Vipera “Oriental vipers complex” and dif-
ferentiate it from Daboia, which displays a higher neural
spine (Szyndlar, 1988, Szyndlar and Rage, 1999).

The main feature of the Calé den Rafelino snake is
its large size. The trunk vertebra is the largest one so
far described in Europe for Vipera “Oriental vipers com-
plex” (CL=12.7mm). Among the different known fossil
and extant species, only the Pliocene D. maxima (Daboia
complex) from Layna (Spain) has a similar vertebral size
(CL of the holotype=11.8 mm; [Szyndlar, 1988]), while
within the “Oriental vipers complex”, the maximum size
is displayed by the putatively assigned specimens from
Langenau, Germany (Lower Miocene, MN4, maximum
CL=10.5mm, [Szyndlar and Rage, 1999]), Vieux-Collonges,
France (Vipera “Oriental Vipers complex” or Daboia;
Lower/Middle Miocene, MN4/5; CL=10.2 mm, [Szyndlar
and Rage, 1999]) and the specimen from Aetokremnos,
Cyprus (Xth millennium BC, Vipera lebetina, maximum
CL=10.07 mm, [Bailon, 1999]). In this sense, the direct com-
parison of the Mallorcan fossil trunk vertebra with same
vertebra from a specimen of V. lebetina obtusa of 103.5 cm of
total body length (maximum CL=6.32 mm), suggests that
the Mallorcan specimen could have reached a body length
close or greater than 200 cm.

The rest of characters displayed by the fossil vertebra,
such as the limited depth of the interzygapophyseal con-
striction, considerable development of the aliform process,
morphology of the zygosphene with a small central lobe
and whose roof is slightly concave dorsally, strong muscle
impressions observed on the vertebra, and the robustness
of the vertebra, are within the morphological variabil-
ity recorded in fossils (and more frequently in the large
vertebrae) attributed to this complex of snakes. All these
characters are almost certainly related to its large body
size.



152 S. Bailon et al. / C. R. Palevol 9 (2010) 147-154

4. Paleobiogeography and origin of the fossil from
Cal6 den Rafelino

The earliest representative of the “Oriental vipers com-
plex” in Europe comes from the early Miocene (MN4)from
Lisboa (Antunes and Rage, 1974). From the MN4 to the
MN16 this complex had a wide distribution in central
and southern Europe (Czech Republic, France, Germany,
Russia, Hungary, Italy, Moldova, Austria, Ukraine, Iberian
Peninsula, Greece). Szyndlar and Rage, 2002 published a
complete record and chronology of deposits with Vipera
“Oriental vipers complex”, while Bailon and Blain, 2007
mentioned the last representative of the complex in west-
ern Europe (MN16 from Cova Bonica, Iberian Peninsula).
However, no representative of the group had been found
on islands of the western Mediterranean. In island context,
the only fossil records attributed to the “Oriental vipers
complex” come from the Middle Pleistocene of Chios,
where a Viperidae with a similar morphology to the extant
forms V. palestina-V. lebetina has been obtained (Schneider,
1975), and from the Holocene (Pre-Neolithic) of Cyprus
(V. lebetina, [Bailon, 1999]). Currently, V.schweitzeri, pre-
viously considered as a subspecies of V. lebetina, is found
on Chios, while V. lebetina is present in Cyprus.

The initial separation of the Balearic block from con-
tinent occurred likely during the end of the Oligocene, c.
25My ago (e.g. de Bruijn et al., 1979). Although Adrover
et al., 1977 recorded varanids, anguids and snakes in the
Balearic Islands Oligocene, no description of this mate-
rial has been published yet. Otherwise, the earliest known
chronology for the “Oriental Vipers complex” is the MN4,
between 18 and 20 My ago. Thus, it seems reasonable to
suggest that the snake from Calé den Rafelino cannot be
considered as a relict taxon of the fauna that accompanied
the Balearic block during its first separation from the Euro-
pean continent, and the colonization of Mallorca by this
viperid should have been a more recent event. It proba-
bly occurred during some posterior connection between
mainland and the island or by overseas colonization. In
this sense, several episodes of faunal colonization of the
Balearic Islands (and more specifically for Mallorca and
Menorca) have been proposed according to the mammalian
fossil succession (e.g. Bover et al., 2008, Quintana, 1998).
A first colonization event occurred during the Langhian-
Serravallian regression (Middle Miocene, c. 14.2 My ago), as
documented by the faunal assemblage from Sant Llorengo
and Santa Margalida in Mallorca (Adrover et al., 1985, Mein
and Adrover, 1982) and Punta Nati 2 in Menorca (Quintana,
1998, Quintana and Agusti, 2007). In this Menorcan site, a
viperid fang displays a morphology and size similar to those
of the small European vipers has been attributed to Vipera
sp. by Bailon et al., 2002.

During the Messinian Salinity Crisis (MSC) (Upper
Miocene, between 5.6 and 5.32 My ago), the Mediterranean
sea level dropped about 1500m (Clauzon et al., 1996,
Gautier et al., 1994, Krijgsman et al., 1999), establishing
new connection between the mainland and the Balearic
Islands and a second colonization event. A Messinian
chronology has been proposed for the colonization of
the Balearic Islands by Podarcis lilfordi and P. pityusensis
(Alcover and Mayol, 1981, Alcover and Mayol, 1982,

Kotsakis, 1981). Bover et al., 2007 suggested that the arrival
to Mallorca of the fauna found in the Calé den Rafelino took
place during the main regressive episode of the Messinian.
No relationship between the faunal assemblage of the Mid-
dle Miocene from Mallorca (Adrover et al., 1985, Mein and
Adrover, 1982) and the fauna from Cal6 den Rafelino appar-
ently exists.

5. The viperid from Calé den Rafelino and the island
context

Island faunas furnish relevant documentation for
ecologic and evolutionary studies. Body size changes
(gigantism or dwarfism) are among the most remarkable
features displayed by insular species.

The large size observed in the viperid from Cal6é den
Rafelino suggests a putative case of island gigantism. Nev-
ertheless, in the case of snakes, some further considerations
should be taken into account. First, most of the reptil-
ian species have a continuous (though increasingly slow)
growth once sexual maturity is reached (Andrews, 1982).
Second, snakes display a wide range of adult body size,
even within the same population and among different pop-
ulations, as a consequence of the ectothermic metabolism
(avoiding the constraints promoted by the maintenance of
a constant body temperature, as is the case in endother-
mic animals) (Pough, 1980). Third, in the fossil record for
this group of vipers it can be found examples of conti-
nental populations of large size, although slightly smaller
than the snake from Calé den Rafelino (Szyndlar and Rage,
1999). Currently, the maximum body size known for a con-
tinental V. lebetina (“Oriental vipers complex”) is 214 cm,
with a high variability among different populations, while
the insular subspecies V. lebetina lebetina from Cyprus and
V. schweizeri from the Cyclades Islands are generally much
smaller (Mallow et al., 2003).

Patterns of body size change in island snakes are
unclear. Case, 1978 described a trend towards decreas-
ing body size (dwarfism) in island snake populations,
attributed to changes in food availability. Other papers
described an opposite scenario, i.e., snake populations
with larger body size on islands than on mainland
(Forsman, 1991, Mori, 1994, Rodriguez and Drummond,
2000, Schwaner and Sarre, 1988). All these authors related
the size of the snakes to the size of the consumed preys,
the latter being different on islands from that consumed
on mainland (“diet alteration hypothesis” [Boback, 2003]).

Boback, 2003 studied the body size of 30 snake species
and he suggested that body size changes in snakes are
bimodal and mainly influenced by the size of the available
preys, whereas none of the physiographic or phylogenetic
history variables seem to be key factors to determine the
recorded size trends. The distribution of populations of
giant or dwarf snakes differs significantly between the
families Colubridae and Viperidae (Boback, 2003): while
in viperids a reduction of size in island populations is
frequently observed, the foraging style of colubrids (nest-
robbing behaviour) may promote the increase of body size
in island populations. However, almost all viperids stud-
ied by Boback, 2003 belong to the genus Crotalus, and it
cannot definitively be established if the reduction in body
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size on islands affects all Viperidae genera or just species
of Crotalus. According to Boback, 2003, island populations
of Vipera schweizeri (V. lebetina in the Boback paper) from
Cyclades Islands, the only representative of the “Orien-
tal vipers complex” considered by this author, displays a
remarkable decrease in body size. However, Boback and
Guyer, 2003 proposed an empirical model that suggests a
trend for snakes to acquire an optimal body size. In the case
of snakes with continental and island populations, these
authors noted that the species of small body size become
larger in the islands, while the large species on the conti-
nents are smaller in the islands.

Several papers suggested that populations of snakes
that reach a large body size live on islands with abun-
dant endothermic preys, while the body size is ostensibly
reduced in populations living on islands with only ectother-
mic animals (Aubret and Shine, 2007, Bonnet et al., 2002,
Case, 1978, Hasegawa, 2003, Schwaner and Sarre, 1988).

With an unknown mainland ancestor, the interpretation
of the large size of the Cal6 den Rafelino snake is controver-
sial. Its size is close to the maximum end of the body size
range known for the “Oriental vipers complex”, suggesting
that an insular body size decrease should be excluded. In
this sense, the emerging trend of body size change does
not agree with the snake general model of Case, 1978 and
Boback and Guyer, 2003, or of Boback, 2003 model for the
Viperidae. According to these models, the viperid from Mal-
lorca should have displayed a smaller size than its mainland
ancestors.

In our view, the isolation of a viperid on Mallorca after
the MSC, should have produced adaptations to a new diet,
consuming preys of larger size, mainly endothermic ver-
tebrates (birds and mammals), whose size and probably
abundance have been increased through their insular evo-
lution (at least for some of them, as evidenced by the
existence in the deposit of rodents of large size). The great
phenotypic plasticity of this group of snakes should have
selected phenotypes successively adapted to the change of
body size of the preys. A co-evolution process between the
island populations of this group of vipers and endothermic
preys existing in the island could have been the key factor
to explain the large body size displayed by this fossil viper.

This process was probably favoured, although to a lesser
degree, by the existence of favourable ecological condi-
tions, such as the existence of a warm-temperate climate
and perhaps a relatively dry and open landscape. Due to
its large body size, the snake from Calé den Rafelino can
be considered as one of the largest predators in Mallorca
during the Early Pliocene.
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