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ABSTRACT

Three species of colonial scleractinian corals are reported from Early Aptian sandy marls of the so-called
Montlivaltia marls from a section exposed on the SE flank of the Sierra de Sopalmo, south of Jumilla in Murcia,
Spain. While solitary corals of the genus Montlivaltia are extremely common in the marls, colonial corals are
rare. The three colonial coral species presented here (Cryptocoenia sp. n. aff. C. pygmaea, Holocystis elegans,
and Columnocoenia aragonensis) are all common Early Cretaceous species. They range in age from the late Bar-
remian to early Albian with the exception of Columnocoenia aragonensis, which ranges from the Valanginian to
Cenomanian. Their geographical distribution is large and all species were found in the central Tethys as well as
in the Caribbean province. All species were previously found in siliciclastic environments and while Holocystis
elegans occurs primarily in such facies, the other two species occur in pure carbonates as well.
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RESUMEN

Se reporta la presencia de tres especies de corales coloniales en las margas arenosas denominada margas de
Montlivaltia del Aptiense inferior de una seccidn expuesta en la vertiente suroeste de la sierra de Sopalmo en el
sur de Jumilla (Murcia, Espafia). Los corales solitarios del género Montlivaltia son extremadamente abundantes
en las margas, mientras que los corales coloniales son escasos. Las tres especies de corales coloniales (Cryp-
tocoenia sp. n. aff. C. pygmaea, Holocystis elegans, y Columnocoenia aragonensis) son especies comunes del
Cretdcico Inferior. Sus rangos son del Barremiense superior hasta el Albiense inferior, a excepcién de Colum-
nocoenia aragonensis que existio desde el Valaginiense hasta el Cenomaniense. La distribucion paleogeogra-
fica de las tres especies es grande; vivieron en el Tethys central y en la provincia del Caribe. Las tres especies
fueron anteriormente encontradas en ambientes silicicldsticos. Holocystis elegans es una especie que se registra
predominantemente en ambientes silicicldsticos, mientras que las otras dos especies también son comunes en
niveles carbonatos puros.

Palabras clave: Corales, Scleractinia, Cretacico, Aptiense, Jumilla, Murcia, Espafia.

INTRODUCTION low marine colonial corals because the high turbidity re-

duces the light reaching the sea floor and sediment may

Environments with fine to medium coarse siliciclastic cover or even bury the corals. Solitary corals, with their
sediments imply a high rate of turbidity and soft bottoms. comparably larger soft bodies, are generally better adapted
They are not normally colonised by zooxanthellate shal- to such facies as they are better prepared to remove sedi-
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ments from their body (for details and examples see Staf-
ford-Smith & Ormond, 1992; for considerations in the fos-
sil record Sanders & Baron-Szabo, 2005). The small fauna
presented here shows, however, that colonial corals at least
tried to invade such unfavourable environments. The three
colonial corals in this study were found among hundreds
of solitary corals, and were apparently unaffected by the
high sedimentation rate.

STUDY AREA AND MATERIAL

The study material comes exclusively from the Sierra
de Sopalmo area near Jumilla (Murcia, Spain; Fig. 1).
This small mountain range forms part of the larger Betic
Range (Arias et al., 1993) and is tectonically influenced
by the Prebetic Domain. The section exposed at the SE
flank of the Sopalmo anticline ranges in age from the
Aptian to the Campanian with a hiatus from the Turo-
nian to Santonian (Arias et al., 1993; Vilas et al., 1998).
It is composed primarily of marine clastic and carbon-

Figure 1. Study area. Sample location marked with &.

ate sediments. Its second unit consists of a partly sandy
marl intercalated with some banks of calcarenites, which
corresponds to an outer shelf position in relatively deep
water. Informally, these marls are called Margas con
Montlivaltiidae (Montlivaltiidae marls) or Montlivaltia
beds because of the high number of solitary corals of the
genus Montlivaltia Lamouroux, 1821 weathering out from
the marls. Due to the presence of the orbitolinid foramini-
fer Palorbitolina lenticularis (Blumenbach, 1805) it is as-
signed to the Early Aptian.

The marls contain a full marine fauna composed of
three species of Montlivaltia (M. multiformis Toula, 1889,
M. sp. 1, M. sp. 2; Morycowa et al., 2001), some gastro-
pods, bivalves (among others Trigonia sp., Plicatula sp.,
oysters, rudists), cephalopods, brachiopods (terebratulids
and rhynchonellids), echinoids (Discoides sp. and Salenii-
dae), isolated asteroid plates, crinoids (Decameros sp.) and
a fauna of benthic and planktonic foraminifers. Whereas
the solitary corals of the genus Montlivaltia are very com-
mon, all other elements of the macro fauna are rare, ex-
cept for the brachiopods.
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The colonial corals presented here are all isolated finds.
Due to the inclined outcrop area and the high rate of ero-
sion, horizontal sampling of macrofossils is almost impos-
sible. Attached sediment identifies the samples clearly as
being derived from the Montlivaltia beds; one colonial cor-
al is even attached to a Montlivaltia coral. Colonial corals
are extremely rare in this area and the samples presented
here were found during three years of continuous search
in the outcrop area by the second author.

The three coral samples were collected by the second
author and were transferred to the collection of the Museo
Geoldgico del Seminario de Barcelona, Spain (MGSB).
Thin sections were obtained from two specimens. One
specimen was too small for this type of study.

DESCRIPTION OF MATERIAL

The following institutional abbreviations are used:

ERNO, Universidad Nacional Autonoma de México, Insti-
tuto de Geologfa, Estacion Regional del Noroeste, Hermosillo,
Mexico;

GPIB, Geologisch-Paldontologisches Institut Bremen, Ger-
many;

IRScNB, Institut Royal des Sciences Naturelles de Belgique,
Brussels, Belgium;

MB, Museum fiir Naturkunde der Humboldt-Universitit,
Berlin, Germany

MHNG, Muséum d’histoire naturelle de la Ville de Genéve,
Switzerland;

PU, Museo di Geologia e Paleontologia dell’ Universita di
Torino, Italy;

SLD, H. Loser Collection, Dresden, Germany (being trans-
ferred to the Bayerische Staatssammlungen Miinchen, Germa-
ny)

ZSH, Zumsteinhaus (H. Scholz Collection), Kempten, Ger-
many

The following abbreviations are used to describe the dimen-
sions of the corals: c, calicular diameter; ccd, distance of calicu-
lar centres; s, number of septa; sc, number of costae

The following abbreviations are used in the synonymy lists:
v = the author has seen the material belonging to this citation;
* = first publication. A year in italic typesetting indicates that the
citation was provided without description and illustration.

Order SCLERACTINIA Bourne, 1900
Suborder STYLININA Alloiteau, 1952
Family Cyathophoridae Vaughan & Wells, 1943
Genus Cryptocoenia d’Orbigny, 1850

Cryptocoenia sp. n. aff. C. pygmaea

(Volz, 1903)
Fig. 2a, 2b

v 1976 Cyathophora miyakoensis (Eguchi 1936); TurnSek
and Buser, p. 11, 38, pl. 1: 3-5.

1981 Cyathophora pygmaea Volz 1903; TurnSek and
Mihajlovi¢, p. 18, pl. 13: 1, 2.
v 1998 Adelocoenia fontserei (Bataller 1947); Schollhorn, p.
74, pl. 18: 7, pl. 27: 2-4.
2001 Pseudocoenia sp.; Morycowa et al., fig. 4h.
v 2003 Confusaforma weyeri Loser, 1987; Baron-Szabo and
Gonzdlez Leon, p. 207, fig. 7B.
v 2008 Cryptocoenia aff. pygmaea (Volz, 1903); Tomads et
al., fig. 14A.

Dimensions: ¢ 0.9 - 1 mm, ccd 1.4 - 1.5 mm, s 6-9, sc 12.

Description: A small but very well preserved specimen that
shows no trace of sediment. The attachment area is small. The
coral was probably attached to a shell or other small solid object
that is no longer preserved. Calices small, round, with a clear
coenosteum that is filled with the non-confluent to sub-conflu-
ent costae and thin dissepiments. Margins of the calices slightly
elevated above the colony surface. Only the first cycle of very
short septa is complete. The septa reach between 10 and 20 per-
cent of the calicular diameter. The beginning of a second sep-
tal cycle can be traced. The septa are very short and only form
ridges. Up to 12 costae were counted. Endotheca is well devel-
oped and shows tabulae. Budding extracalicular.

Remarks: The type material of Cyathophora pygmaea
Volz, 1903 got lost during the Second World War. A study
on the coral fauna of the type area (Morycowa, 1971) did
not yield material comparable to the description given by
Volz (1903). The characteristics of Cyathophora pygmaea
are only known from the literature. Volz gives a good de-
scription: calicular diameter between 0.5 and 0.75 mm,
one to two septal cycles. The present material (and the
material given in the synonymy list and under occurrenc-
es) has slightly larger calicular dimensions and does not
fit the dimensions of C. pygmaea. Besides the lost type
material of C. pygmaea, samples of comparable dimen-
sions are also known (syntype PU 18113 of Polytremacis
kiliani Prever, 1909; material collected by the first author
from the Early Albian of Mexico). It is therefore assumed
that two species exist, with the present material belonging
to a previously undescribed species.

Material: MGSB 73673.

Occurrence: Early Cretaceous of Slovenia (Levpa, Banjs-
ka planota). Early Aptian of Serbia (Sopot) and Spain (Va-
lencia, Castellon, Benicasin, La Venta). Early Late Aptian
of Spain (Cataluiia, Montsec de Rubies, La Cabrua, SLD
6312; Catalufia, Alt Urgell, Senyus). Late Aptian of Spain
(Cataluna, Alt Penedes, Can Pascual, SLD 6295). Early Al-
bian of Mexico (Sonora, Arizpe/Cucurpe/Sierra San Jose/
Tuape, ERNO L-4488, L-4278, L-4411, L-4428).

Range: Aptian to Early Albian.

Genus Holocystis Lonsdale, 1849
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Holocystis elegans (Lonsdale, 1849)

4
1847
*yv o 1849
non 1883
1927

Fig. 2¢

Astrea ? elegans Fitton, p. 296 [nomen nudum,
non Astrea elegans Goldfuss, 1826].
Cyathophora ? elegans Lonsdale, p. 83, pl. 4, figs
12-15.

Tetracoeniaelegans;de Fromentel,p.520,pl. 139, fig. 1.
Holocystis elegans (Fitton); Ryder, p. 120, figs 1-
9.

v? 1964

v? 1989

v non 1998

v 2003

v 2006

Holocystis bukowinensis Volz, 1903; Morycowa,
p- 25, pl. 3, fig. 3, pl. 5, fig. 1.

Holocystis bukowinensis Volz, 1903; Morycowa,
p- 61, pl. 19, fig. 2.

Holocystis elegans (Lonsdale 1849); Schollhorn,
p. 76, figs 36, pl. 18, figs 4-5, pl. 21, figs 1-3, plL.
27, fig. 1.

Holocystis elegans (Lonsdale, 1849); Baron-Szabo
& Gonzdlez-Ledn, p. 204, figs 6A-B.

Holocystis elegans (Lonsdale, 1849); Loser, p. 294,
fig. le-g [see here for more detailed synonymy].

Figure 2. a-b, Cryptocoenia sp. n. aff. C. pygmaea (Volz, 1903); a, surface; b, acetate peel. ¢, Holocystis elegans (Lonsdale, 1849);
thin section. d, Columnocoenia aragonensis (Alloiteau, 1946/47); thin section. All scales 2 mm.
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Dimensions: ¢ 2.5 - 2.7 mm, ccd 4 mm, s 8-12, sc 16-20.

Description: The pillar-like colony is attached to a Montlivaltia
and partly overgrew this solitary coral. Calices in plocoid ar-
rangement, with a wide coenosteum, made of the non-confluent
or sub-confluent costae. Calices round or rectangular, very reg-
ular in form and size. Septa in four systems. Those of the first
cycle are long, almost reaching the centre of the calice. Those
of the second cycle are much shorter, reaching only 10% of the
calicular diameter. Septal faces smooth. Septa of both cycles al-
ways straight and free. The third cycle of up to four septa can
be traced as small ridges. There may be more costae than septa,
they can be long and interconnected with costae of other calices.
Wall septo-parathecal. Endotheca well developed and made up
by tabulae. Budding extracalicinal.

Remarks: In other locations the species has been found in
facies with an input of siliciclastica. Based on its dimen-
sions, the specimen fits completely in the range of H. ele-
gans. This is the first indication of this species in Spain.

Material: MGSB 73675 with one thin section.

Occurrence: Early Aptian of the United Kingdom (Isle of
Wight, Atherfield/Atherfield point). Late Barremian-Ear-
ly Aptian of Mexico (Sonora, Municipio Ures, Cerro de
Oro). Early Albian of Mexico (Sonora, Municipio Ures,
Cerro de Oro).

Range: Late Barremian to Early Albian.
Suborder FAVIINA Vaughan & Wells, 1943

Family Placocoeniidae Alloiteau, 1952
Genus Columnocoenia Alloiteau, 1952

Columnocoenia aragonensis
(Alloiteau, 1946/47)

Fig. 2d
v 1926 Astrocoenia asteriscus Weissermel; Dietrich, p.
96.
* v 1946-47 Stephanocaenia aragonensis Alloiteau, p. 208,
pl. 3: 10.

1959 Stephanocaenia aragonensis Alloiteau 1947,
Bataller, p. 28, text-fig. 790.
\% 1989 Columastrea striata (Goldfuss 1829); Loser, p.
116, text-fig. 22, pl. 25: 1.

v 1994  Columnocoenia ksiazkiewiczi Morycowa 1964;
Loser, p. 19, text-fig. 10.
v 2008 Columnocoenia aragonensis Alloiteau, 1946-47;

Tomds et al., fig. 14E.
Dimensions: ¢ 2 mm, ccd 2 - 2.5 mm, s 24.

Description: Fragment of a large poorly preserved colony. At-
tachment area not preserved. Colony plocoid. Calices round.
Coenosteum narrow. Septa compact, thin, in six systems. Those
of the first cycle reach to the centre of the calice and bear pali-

forme lobes that may unite in the centre of the calice hide a small
circular columella. The septa of the second cycle are slightly
shorter and slightly thickened in the middle. The septa of the
third cycle are short, reaching only half the length of those of
the second cycle. Often they are connected to those of the sec-
ond cycle (which clearly causes the swellings). The septal fac-
es bear rare thorns. Septal upper border unknown. The costae
are non-confluent. Endotheca made of dissepiments. Budding
extracalicinal.

Occurrence: Late Barremian to Early Aptian of Mexico
(Sonora, Municipio Ures, Cerro de Oro, ERNO L-4321).
Early Aptian of Egypt (Shebh Gezirat Sena, Maghara Mt,
GPIB SMO1), Germany (Bayern, Allgiduer Helvetikum,
ZSH H-KU 793) and Spain (Valencia, Castellén, Benica-
sin, La Venta). Early Late Aptian of Spain (Aragon, Las
Aras). Late Aptian of Mexico (Sonora, Municipio Ures,
Cerro de Oro, ERNO L-4362) and Tanzania (Tanganyi-
ka, Nambawala plateau, Pilepile). Early Albian of France
(Aude, Padern, SLD 4514) and Spain (Castilla la Vieja,
Cabo de Ajo, SLD 4686).

Early Albian Mexico (Baja California Norte, El Pro-
greso; ERNO L-4391). Early Cenomanian of Germany
(Nordrhein/Westfalen, Miilheim/Ruhr; Sachsen, Meiflen-
Zscheila) and Greece (Kozani, Nea Nikopolis, SLD 5876).
Middle Cenomanian of Belgium (Hainaut, Montignies-sur-
Roc, IRScNB 1. G. 4919 / LOE 5).

Range: Late Barremian to Middle Cenomanian.

SUMMARY

The coral species described here are common cosmo-
politan species found during the same general time span,
with the exception of Columnocoenia aragonensis, which
spans a wider period. All species were found elsewhere
in comparable facies (such as the Early Aptian of the Isle
of Wight, the Early Cretaceous of Tanzania, the Albian of
Padern in France or Cabo de Ajo in Northern Spain, Ceno-
manian of Germany and Belgium), but also in transitional
zones (such as the outcrops in Mexico) and pure carbonates
(Early Cretaceous of Slovenia and Serbia, Early Aptian of
Benicassim in Spain). Their morphology (plocoid colony
with reduced coenosteum, small calices) suggests that they
should be considered species that are well adapted to dif-
ficult environments (Sanders & Baron-Szabo, 2005).
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ABSTRACT
Costapalmate leaf adpressions of Sabalites cf. longirhachis have been recently discovered from the Upper Cre-
taceous sites of Fumanya (Bergueda) and Pinyes (Alt Urgell) in the Eastern Pyrenees. Moreover, the Fumanya

outcrops supply significant data for the habitat of this plant in brackish coastal swamps.

Keywords: Arecaceae, Sabalites, Fumanya, Eastern Pyrenees, Maastrichtian.

RESUMEN

En los yacimientos del Cretdcico Superior de Fumanya (Bergueda) y Pinyes (Alt Urgell), en el Pirineo Oriental,
se han descubierto recientemente adpresiones de hojas costapalmadas atribuidas a Sabalites cf. longirhachis. El
yacimiento de Fumanya proporciona datos relevantes sobre el hdbitat de esta planta en marismas costeras salo-
bres.

Palabras clave: Arecaceae, Sabalites, Fumanya, Pirineo Oriental, Maastrichtiense.

INTRODUCCION

Los restos mds antiguos de palmeras fosiles consisten
en hojas costapalmadas del Coniaciense-Campaniense in-
ferior de América del Norte y Europa (Berry, 1905, 1911,
1914; Kvacek & Herman, 2004). Desde finales del Creta-
cico superior la mayoria de taxones dentro de Arecaceae,
familia de monocotiledéneas que incluye las palmeras, ya
estdn presentes en el registro fosil (Harley, 2006). En gene-
ral, las monocotiledoneas son relativamente escasas en el
registro de macroflora, siendo mds abundantes en las pali-

nofloras. Sin embargo, los restos fésiles de hojas, troncos,
raices, frutos y semillas atribuidos a la familia Arecaceae
estan bien documentados en la literatura (ver revision en
Harley, 2006). En un articulo reciente sobre la flora de la
Formacién Griinbach (Alpes orientales, Austria) se docu-
mentan unos de los restos mds antiguos de palmeras en
Europa (Kvacek & Herman, 2004). Se trata de restos de
hojas costapalmadas del Campaniense inferior, clasifica-
dos como Sabalites longirhachis (Unger, 1850) Kvacek &
Herman, 2004. Los mismos autores sugieren incluir dentro
de este parataxon a Juranyia hemiflabellata Tuzson, 1908,
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del Maastrichtiense de Rumania, ya que presenta también
morfologia costapalmada. En el sur de Francia Sabalites
longirhachis (Unger, 1850) Kvacek & Herman, 2004 fue
citado previamente en el Campaniense-Maastrichtiense
de la localidad de Fuveau (Saporta, 1890) y, en el Piri-
neo Oriental, ha sido citado en las cercanias del pueblo
de Isona (cuenca de Tremp) a partir de material fragmen-
tado (Vicente, 2002).

Sabalites longirhachis (Unger, 1850) Kvacek & Her-
man, 2004 representaria la forma primitiva a partir de la
cudl pudieron evolucionar las hojas pinnadas y palmadas
(Kvacek & Herman, 2004). Esta forma estarfa caracteri-
zada por presentar una morfologia costapalmada, indupli-
cada, simple y con segmentos foliares totalmente fusio-
nados o, a veces, minimamente diseccionados en su parte
apical (Kvacek & Herman, 2004). Aunque no se conoce
con certitud el pariente vivo mds cercano de Sabalites, se
ha sugerido, en base a datos moleculares, que la subfami-
lia Coryphoideae, que contiene palmeras con hojas costa-
palmadas, seria uno de los grupos basales dentro de Are-
caceae (Lewis & Doyle, 2001). Sin embargo, otros estu-
dios moleculares indican que Coryphoideae seria el grupo
hermano de las subfamilias Arecoideae y Ceroxyloideae,
quedando s6lo Nypoideae y Calamoideae como grupos
basales (Hann, 2002; Asmussen et al., 2006).

Recientemente, se han descubierto impresiones de hojas
de palmeras costapalmadas en los yacimientos del drea de
Fumanya, en los municipios de Figols y Vallcebre (Ber-
gueda, Barcelona) y de Pinyes, en el municipio de Coll de
Narg6 (Alt Urgell, Lleida) (Fig. 1). En el presente trabajo

describimos la morfologia de estos especimenes y presen-
tamos por primera vez una hipétesis tafondmica y auteco-
l6gica sobre el hdbitat de Sabalites longirhachis (Unger,
1850) Kvacek & Herman, 2004.

CONTEXTO GEOLOGICO

Los yacimientos de Fumanya (sinclinal de Vallcebre)
fueron descubiertos en 1985 (Viladrich, 1986) y consisten
en cuatro afloramientos de capas subverticales donde se
pueden observar millares de icnitas y varias decenas de
rastros asignados a saurépodos titanosaurios (véase refe-
rencias en Vila et al., 2005). Los afloramientos donde se
han localizado las impresiones de hojas son Fumanya Sur
y Mina Esquirol. Ambas localidades se localizan en los
materiales basales de la Formacién Tremp (Mey et al.,
1968), dentro del cldsicamente llamado “Garumniense”
gris (Rosell et al., 2001). En el sinclinal de Vallcebre, los
restos vegetales estudiados se incluyen en la parte superior
de la unidad “Calizas margosas” conocida como “cemen-
tos”, de acuerdo con Aepler (1967) y Rosell et al. (2001),
y que presenta una edad Maastrichtiense inferior (Oms et
al., 2007) (Fig. 2). Ademds de las calizas margosas, la uni-
dad regional del Garumniense gris presenta una alternancia
de calizas lacustres con margas orgdnicas y carbones (lig-
nitos) que se deposité bajo condiciones reductoras, en un
ambiente de marisma supra-mareal (Rosell ez al., 2001).
La presencia de carofitas de aguas salobres (poblaciones
homogéneas de Feistiella sp.) en niveles inmediatamente

Figura 1. Localizacién geogréfica de los yacimientos de Fumanya y Pinyes.

Geographic location of Fumanya and Pinyes sites.
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Figura 2. Serie estratigrfica sintética de Fumanya (modificada de Vila et al., 2005) con la localizacion del nivel rico en hojas de
Sabalites cf. longirhachis (Unger, 1850) Kvacek & Herman, 2004.
Synthetic stratigraphy of Fumanya (modified from Vila et al., 2005) with the location of the level rich in leaves of Saba-
lites cf. longirhachis (Unger, 1850) Kvacek & Herman, 2004.
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suprayacentes a los que han proporcionado las hojas de
palmeras sugieren que en la marisma predominaban las
condiciones salobres. Feist & Colombo (1983) también
sefialan la presencia de una fauna de ostrdcodos salobres
en estos niveles (Cyprideis sp., Neocyprideis durocorto-
riensis Apostolescu, 1956). La presencia de niveles mo-
nopespecificos de Corbicula laletana Vidal, 1874 viene a
apoyar igualmente el cardcter salobre de la sucesion.

El yacimiento de Pinyes es conocido por su abundan-
te registro de huevos y puestas de dinosaurios (Escuer et
al., 2003). En el drea de Coll de Narg6 los restos vege-
tales se incluyen en el tramo de calizas basales y margas
grises, con niveles de carbones. Estratigraficamente se en-
cuentran por encima de los materiales costeros de la For-
macién Areniscas de Arén. Su edad podria variar entre
Campaniense superior y Maastrichtiense inferior (Feist &
Colombo, 1983).

PALEONTOLOGIA SISTEMATICA

Clase LILIOPSIDA Scopoli, 1760
Orden ARECALES Bromhead, 1840
Familia Arecaceae Schultz-Schultzenstein, 1832
Género Sabalites Saporta, 1865

Sabalites cf. longirhachis (Unger, 1850)

Kvacek & Herman, 2004
Fig. 3, Tab. 1

Material: Los ejemplares estudiados son los siguientes: B-
FUMI15 (IPS-41681), impresién de ldmina conservada casi to-
talmente (Fig. 3a); B-FUM16 (IPS-41682), impresion de hoja
completa, incluyendo el peciolo (Fig. 3b); V-FUMS86, impre-
sién parcial de ldmina y de un fragmento de peciolo (Fig. 3c);
V-FUM137, impresién de unas % partes de la ldmina y peciolo
(Fig. 3d); V-FUM185, impresion bastante erosionada de la mitad
basal de la ldmina y una parte del peciolo (Fig. 3e); V-FUM?223,
impresion parcial de ldmina donde la parte mds completa corres-
ponde a la mitad de la base (Fig. 3f); IPS-41683, impresion de
la parte basal de la ldmina y parte del peciolo (Fig. 3g). Las im-
presiones originales se encuentran en los yacimientos de Mina
Esquirol (B-FUMI15, B-FUM16, V-FUM223), Fumanya Sur
(V-FUMS86, V-FUM137, V-FUM185) y Pinyes (sin catalogar).
Algunos de los ejemplares, especialmente en los afloramientos
de Fumanya, no se han excavado completamente debido a su

fragilidad, pues su extraccion supondria su destruccion y la ex-
posicion total a la intemperie puede suponer su pérdida irrever-
sible por erosién a corto-medio plazo. Se han realizado répli-
cas de los especimenes de Fumanya (B-FUM15 y B-FUM16)
y de Pinyes, que se encuentran depositadas en el Institut Catala
de Paleontologia bajo las siglas (IPS-41681, IPS-41682 y IPS-
41683 respectivamente). El molde se realizo con silicona y fibra
de vidrio y la réplica con resina soluble en agua. Las medidas
se han realizado directamente en las impresiones excepto en V-
FUM185 y V-FUM223, recurriendo en estos casos a la ayuda
de fotografias debido a las dificultades de acceso. Los dngulos
de insercion de los segmentos se han medido a partir de foto-
grafias en todos los casos.

Descripcion: Las hojas son costapalmadas y ovalo-lanceoladas.
Las ldminas mds completas (Fig. 3a 'y b) miden entre 43 y 75 cm
de longitud y entre 10 y 41 cm de ancho. Estdn formadas por
entre unos 25 (B-FUM16) y 30 (B-FUM15) pares de segmen-
tos foliares opuestos, induplicados (su seccion transversal tie-
ne forma de V), rectilineos (o ligeramente curvados en la base)
y totalmente fusionados o, a veces, ligeramente diseccionados
en los mdrgenes (Fig. 3a y b). Los segmentos que nacen en la
parte basal de la ldmina son mds delgados que los de las partes
medial y apical. En B-FUM15 miden un promedio de 44 cm y
en B-FUM16 unos 20 cm de longitud mientras que la anchu-
ra de los segmentos varfa entre 0,35 y 1,4 cm. Los segmentos
pueden ser mds estrechos en su base que en los mdrgenes de la
ldmina (Fig. 3a), se unen en la costa formando un dngulo agu-
do (entre 10-30° en hojas pequefias y entre 30 y 50° en las ho-
jas de mayor tamafo) y son ligeramente decurrentes en la parte
apical de esta estructura (Fig. 3a). La costa es larga (hasta 35
cm de longitud), delgada y se introduce hasta aproximadamente
la mitad de la ldmina (Fig 3a y b). En los segmentos se puede
distinguir un nervio central y otros de érdenes inferiores para-
lelos, a cada lado del principal. El peciolo tiene mas de medio
metro de longitud y puede superar la longitud de la ldmina (Fig.
3b). Puede presentar finas estriaciones longitudinales (Fig. 3d).
Las medidas efectuadas en los diferentes especimenes se resu-
men en la Tabla 1.

Discusion: De acuerdo con Read & Hickey (1972), el gé-
nero Sabalites incluye hojas de arecdceas de morfologia
costapalmada. Sin embargo este tipo de morfologia tam-
bién aparece en otros géneros como el extinto Geonomi-
tes Lesquereux, 1878 (Campaniense) y el actual Sabal
Adanson, 1763. A falta de una revision detallada, el gé-
nero Geonomites se diferencia de Sabalites en caracteres
sutiles como la mayor longitud de las bases decurrentes de
los segmentos foliares al unirse a la costa. Las diferencias

Figura 3. Sabalites cf. longirhachis (Unger, 1850) Kvacek & Herman, 2004 del Cretdcico Superior del Pirineo Oriental. Impresiones
de las hojas estudiadas en este trabajo. a, B-FUMI15 (IPS-41681); b, B-FUM16 (IPS-41682); ¢, V-FUM&86; d, V-FUM 137,
e, V-FUM18S; f, V-FUM?223; g, IPS-41683. Las escalas son las siguientes: 5cmenayc; 15cmenb y f; 6 cmen d; 25

cm en e. La brocha de g mide 20 cm.

Sabalites cf. longirhachis (Unger, 1850) Kvacek & Herman, 2004 from the Upper Cretaceous of Eastern Pyrenees. Impres-
sions of leaves studied. a, B-FUM15 (IPS-41681); b, B-FUM16 (IPS-41682); ¢, V-FUMS86, d, V-FUM137; e, V-FUM185;
f, V-FUM223; g, IPS-41683. The scale bars correspond to: 5 cm in a and ¢; 15 cm in b and f; 6 cm in d; 25 ¢cm in e.

The paintbrush from g is 20 cm long.
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B-FUMI15 B-FUM16 V-FUMS86 | V-FUM137 | V-FUM185 | V-FUM223 | IPS-41683
(IPS-41681) | (IPS-41682)

Longitud total (cm) - 96 - - - - -
Longitud ldmina (cm) 75% 43 - 50-60 - - -
Anchura ldmina (cm) 41 10 - - 60 - -
Longitud peciolo (cm) - 53 - - - - -
Anchura peciolo (cm) - 2,15-4,7 5,6 2.5 - - -
Longitud costa (cm) 30 15 10,3 20 - - 35
Anchura costa en la base (cm) 3,6 2,0 - 1,85 - - 3,2
Longitud segmentos (cm) 42-47 18-22 - - - - -
Anchura segmentos (cm) 1,0-14 0,35-0,6 0,4-0,8 0,6 - - 0,4-1,0
Angulo segmentos-costa 30°-50° 10°-25° 25°-300%* 10°-30° - 300%** 15°-45°

Tabla 1. Valores de las medidas efectuadas en las hojas costapalmadas de los yacimientos de Fumanya y Pinyes. Leyenda: * ldmi-
na casi completa; ** en segmentos de la mitad apical y parte medial de la costa; *** en segmentos de la parte medial de

la costa.

Size values of costapalmate leaves from Fumanya and Pinyes sites. Caption: *almost complete lamina, **in segments from
half apical and medial part of costa, *** in segments from the medial part of costa.

respecto a Sabal son mds evidentes ya que en este género
los segmentos estdn profundamente diseccionados mien-
tras que en Sabalites estdn fusionados prdcticamente has-
ta los mdrgenes de la ldmina. Ninguno de los caracteres
que diferencian Geonomites y Sabal estd presente en los
ejemplares de Fumanya y Pinyes. En Kvacek & Herman
(2004) se indican los principales caracteres morfoldgicos
que pueden ser diagndsticos para distinguir el parataxon
estudiado en este trabajo de las paraespecies descritas en
el Cretdcico Superior y Paledgeno de América del Norte.
Sabalites carolinensis Berry, 1914, del Santoniense de Ca-
rolina del Sur (Estados Unidos) presenta una costa corta y
segmentos estrechos en forma de cufia y divididos en los
extremos. Sabalites ungeri (Lesquereux, 1878) Dorf, 1939,
del Paleoceno de Nuevo México (Estados Unidos) presenta
una costa robusta y estriada. Las otras especies paledgenas
aceptadas por Read & Hickey (1972) se caracterizan por
tener una costa muy corta en comparacion con Sabalites
longirhachis (Unger, 1850) Kvacek & Herman, 2004, se-
gin (Kvacek & Herman, 2004). Sabal dortchii Daghlian,
1978, del Eoceno de Tennessee (Estados Unidos) presenta
una costa alargada pero puede diferenciarse de Sabalites
a partir de caracteristicas de la cuticula.

Las caracteristicas morfoldgicas de los especimenes
descritos en este trabajo coinciden en su totalidad con la
mayoria de caracteres diagndsticos de Sabalites longirha-
chis (Unger, 1850) Kvadek & Herman, 2004. La diagno-
sis de esta especie se basa en: (1) hojas costapalmadas,
induplicadas y lanceoladas; (2) hojas con costa larga y
estrecha; (3) segmentos fusionados, algunas veces lige-
ramente diseccionados en los mdrgenes de la hoja, recti-
lineos, ligeramente mds anchos hacia el dpice, uniéndose

a la costa en un dngulo agudo y unidos decurrentemente
a la parte apical de esta estructura (Kvacek & Herman,
2004). Segtin estos autores, la diagnosis de Sabalites lon-
girhachis también se basa en caracteres histoldgicos y de
morfologia celular: cada segmento tiene un nervio princi-
pal central y otros paralelos a este organizados en cuatro
ordenes diferentes, las cuticulas abaxial y adaxial tienen
células alongadas y la cuticula abaxial estomas tetraciti-
cos. Las convergencias morfoldgicas son menos probables
en estos ultimos caracteres pero hasta el momento no se
dispone de detalles cuticulares en los ejemplares del Piri-
neo. En este sentido, de acuerdo con los caracteres mor-
foldgicos disponibles, asignamos los ejemplares descritos
en este trabajo a Sabalites cf. longirhachis.

TAFONOMIA Y PALEOAUTECOLOGIA

Los especimenes de Fumanya representan el material
mds completo a nivel macroscépico de este parataxdn
descrito hasta el momento. Los ejemplares descritos por
Vicente (2002) en Isona y por Kvacek & Herman (2004)
en Austria son fragmentados y en ningtin caso conservan
el peciolo en conexién anatémica con el limbo. Es muy
probable que las partes que faltan en los ejemplares es-
tudiados [excepto B-FUM16 (IPS-41682), que se ha con-
servado en su totalidad] se hayan perdido por erosién y
que originalmente las hojas fosilizaran enteras. Desde el
punto de vista tafondmico la presencia de la hoja ente-
ra, incluyendo ldmina y peciolo en conexién anatdmica,
son muy significativos ya que la mayoria de palmeras
presentan hojas marcescentes, que se degradan sobre la



MACRORRESTOS DE Sabalites cf. longirhachis EN EL CRETACICO DEL PIRINEO 13

planta una vez muertas, incluso recubriendo el tronco
en su totalidad, lo que dificulta su entrada en el registro
fosil en un buen estado de conservacion (Martin-Closas
& Gomez, 2004). La conservacion de la hoja entera in-
dicarfa un tipo de produccién tafonémica traumdtica y
un hdbitat cercano al ambiente deposicional (marisma
litoral salobre).

Otro dato interesante de las impresiones de hojas de Fu-
manya es la posible conservacién de diversos estadios de
crecimiento. A partir de las dimensiones de la ldmina, de la
costa y de los dngulos de insercion de los segmentos a la
costa (Tabla 1), se sugiere que las impresiones B-FUM16
(IPS-41682), V-FUMS86 y V-FUM137 corresponderian a
hojas jovenes y el resto a hojas adultas. La conservacién
de diferentes estadios de crecimiento en el mismo nivel
viene a apoyar la hipétesis de un hébitat cercano al medio
deposicional para los restos estudiados.

CONCLUSIONES

Se describe la presencia de hojas costapalmadas muy
bien conservadas de Sabalites cf. longirhachis en el Cam-
paniense y Maastricthiense del Pirineo oriental. Estas hojas
representan el macrorresto mds completo hallado hasta el
momento de este parataxdn. Los fdsiles son parautdcto-
nos en los niveles de margas intercaladas con lignitos de
la Formacién Tremp en los afloramientos de Fumanya,
Mina Esquirol y Pinyes. Estos niveles se han atribuido a
facies de marisma pardlica salobre, en las que se sugiere
que viviria la planta.
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ABSTRACT

The Cretaceous/Paleogene (K/Pg) boundary marks one of the largest mass extinctions in the Fanerozoic, affec-
ting both marine and terrestrial communities. Most scientists accept that the K/Pg boundary extinction was cau-
sed, at least in part, by a meteorite impact north of Yucatan peninsula. Such an impact would trigger a series
of anomalous deposits, with different characteristics depending on the distance from the impact site; moreover,
it triggered a series of dramatic biological, oceanic and climatic changes. Although the impact hypothesis has
been broadly accepted, it has originated an intense debate as to the direct or indirect mechanisms that caused the
extinctions. Whereas planktic foraminifera and calcareous nannoplancton suffered important mass extinctions,
benthic foraminifera do not show any mass extinction across the K/Pg boundary, but temporal changes in the
composition of their assemblages. A synthesis of the evolution of benthic foraminiferal assemblages across the
K/Pg boundary in sections and cores from the Gulf of Mexico and North Atlantic, as well as from more distal
areas such as Northern Pacific, South Atlantic and Tethys, is here presented.

Changes in benthic foraminiferal assemblages across the K/Pg boundary have been interpreted as the result
of the collapse of the pelagic food web and the scarcity of food supply to the benthos, resulting from the mass
extinction of calcareous plankton. However, changes in the composition of benthic assemblages after the K/Pg
boundary were geographically variable, and there is no agreement as to the detailed paleoenvironmental inter-
pretation of the assemblages (anoxic or eutrophic conditions in Spanish sections, oligotrophic conditions in Tu-
nisian sections, high and unstable organic flux in N Pacific, etc).

There is evidence that productivity and food transfer to the sea floor recovered much faster than assumed:
assemblages from the lower Danian contain short quantitative peaks of opportunistic species that indicate envi-
ronmental instability, which could be related to the occurrence of blooms of certain primary producers as soon
as the light conditions recovered after the impact. This could account for the lack of mass extinctions of benthic
foraminifera. Paleoenvironmental changes in the deep sea thus varied geographically, with important differences
in the degree and duration of the primary productivity collapse expressed in terms of biomass rather than in ter-
ms of diversity. Paleoenvironmental conditions did not recover in the studied sections and cores until, at least,
~300 ky after the K/Pg boundary.

Keywords: Benthic foraminifera, Cretaceous, Paleogene, paleoenvironmental changes, impact hypothe-
sis.

RESUMEN

El Iimite Cretdcico/Paledgeno (K/Pg) marca una de las mayores extinciones en masa del Fanerozoico, tanto en
medios marinos como en medios continentales. La mayoria de los cientificos acepta que la extincion del limi-
te K/Pg fue al menos en parte originada por el impacto de un meteorito al Norte de la peninsula de Yucatdn. El
impacto originaria una serie de depdsitos anomalos, cuyas caracteristicas varian en funcién de la distancia al lu-
gar de impacto; asimismo, provocd una serie de drdsticos cambios bioldgicos, ocednicos y climdticos. Aunque
la hipétesis impactista ha sido ampliamente aceptada, se ha generado un intenso debate sobre los mecanismos
directos o indirectos mediante los cuales el impacto habria causado las extinciones. Mientras los foraminiferos
plancténicos y el nanoplancton calcdreo sufrieron importantes extinciones en masa, los foraminiferos bentonicos
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no experimentaron extinciones masivas en el limite K/Pg, pero si muestran cambios temporales en la composicién
de sus asociaciones. En este trabajo se muestra una sintesis de la evolucion de las asociaciones de foraminiferos
bentdnicos halladas en materiales del transito K/Pg procedentes de varios cortes y sondeos del drea del Golfo de
Meéxico y Atlantico Noroeste, asi como de dreas mds distales como el Pacifico Norte, Atldntico Sur y Tethys.

Los cambios experimentados por los foraminiferos bentdnicos en el limite K/Pg han sido interpretados como
resultantes del colapso de la cadena alimenticia peldgica y de la escasez de aporte alimenticio al medio benténi-
co, como consecuencia de la extincion en masa del plancton calcdreo. No obstante, los cambios en la composi-
cion de las asociaciones bentdnicas tras el limite K/Pg fueron geogrdficamente variables, y no existe un consen-
so en cuanto a la interpretacion paleoambiental detallada de las asociaciones (condiciones andxicas o eutroficas
en secciones espafolas, oligotrofia en perfiles tunecinos, un flujo de nutrientes muy alto e inestable en el Paci-
fico Norte, etc).

Existen evidencias de que la productividad y la transferencia de alimento al fondo marino se recuperaron
mds rdpido de lo que se asume: las asociaciones del Daniense basal contienen cortos picos cuantitativos de es-
pecies oportunistas que indican inestabilidad ambiental, y que podrian estar relacionadas con la proliferacion de
determinados productores primarios en cuanto se recuperaran las condiciones de luz tras el impacto. Todo ello
podria explicar la ausencia de extincién de foraminiferos benténicos. Asi, los cambios paleoambientales en me-
dios profundos variaron geogrédficamente, con importantes diferencias en el grado y duracién del colapso en la
productividad primaria expresada en términos de biomasa mds que en términos de diversidad. Las condiciones
paleoambientales no se recuperaron en los cortes y sondeos estudiados hasta, por lo menos, unos 300 ka tras el
limite K/Pg.

Palabras clave: Foraminiferos benténicos, Cretacico, Paledgeno, cambios paleoambientales, hipotesis im-

pactistas.

INTRODUCCION

Durante las tltimas décadas, se han estado investigando
de forma intensiva cortes y sondeos del Cretdcico Supe-
rior y Paledgeno inferior distribuidos por todo el mundo,
debido a que en el limite Cretdcico/Paleégeno (K/Pg) se
produjo una de las mayores extinciones en masa de todo el
Fanerozoico. Las hipdtesis sobre la causa de las extinciones
tanto en medios continentales como en medios marinos,
sobre el origen de los depdsitos caracteristicos del K-Pg
y sobre la evolucién paleoambiental siguen siendo objeto
de debate. La mayoria de los autores aceptan la hipétesis
de un impacto meteoritico (Alvarez et al., 1980; Smit &
Hertogen, 1980) en la peninsula de Yucatdn (Sureste de
México) como la principal causa de las extinciones y de
las concentraciones andmalas de iridio, cuarzos de choque
y microesférulas en el limite K/Pg (Smit & Ten Kate, 1982;
Hildebrand et al., 1991; Sharpton et al., 1992). Mientras
en dreas lejanas al lugar de impacto se observa una capa
centimétrica de arcillas con una concentracion andmala de
iridio, en dreas mds préximas (Golfo de México, Caribe y
Atldntico Noroeste) se deposité un complejo cldstico que
ha sido ampliamente aceptado como resultado del impacto,
que desestabilizé los margenes continentales (Bohor, 1996;
Smit et al., 1996; Bralower et al., 1998; Soria et al., 2001;
Arz et al., 2004). Sin embargo, un reducido grupo de in-
vestigadores no apoya la hipdtesis impactista, y sugieren
que las extinciones no fueron catastroficas sino escalona-
das, comenzando en el Maastrichtiense (Keller, 1989 a,
b, 2003). Segtin estos autores, la unidad cldstica del K/Pg
se deposité como resultado de cambios relativos del nivel

del mar o de la tectdnica regional (Keller & Stinnesbeck,
1996; Keller et al., 1997). No obstante, el patron de ex-
tincion gradual y el depdsito de los sedimentos del K/Pg a
lo largo de un extenso periodo de tiempo resultan de una
incorrecta interpretacion del registro f6sil, y son resultado
de discontinuidades, bioturbacion, y reelaboracion de los
fosiles (Signor & Lipps, 1982; Alegret et al., 2003).

El impacto de un cuerpo extraterrestre en coincidencia
con el limite K/Pg generd una serie de drdsticos cambios
biolégicos, ocednicos y climdticos (Hsti e al., 1982; Hsii
& McKenzie, 1985; Smit & Romein, 1985; d’Hondt, 2005)
que se han interpretado como causantes de las extinciones.
Mientras los foraminiferos plancténicos y el nanoplanc-
ton calcdreo sufrieron importantes extinciones en masa
(ej., Smit, 1990; Gardin & Monechi, 1998; Molina et al.,
1998; Hollis, 2003) y muestran baja diversidad y abundan-
cia a comienzos del Paleoceno, los foraminiferos bentd-
nicos muestran cambios temporales en la composicion de
sus asociaciones, extincion de sélo unas pocas especies,
y son comunes tras el limite K/Pg (Culver, 2003; Alegret
& Thomas, 2005). Los foraminiferos bentonicos, ademas
de ser unos excelentes marcadores paleobatimétricos, son
dtiles como marcadores del aporte de nutrientes y de las
condiciones de oxigenacién en el fondo marino, constitu-
yendo por tanto una importante herramienta para inferir
los cambios paleoambientales en el trdnsito K/Pg.

Los cambios temporales en la estructura de las asocia-
ciones de foraminiferos bentdnicos de medios profundos
han sido interpretados como resultantes del colapso de
la cadena alimenticia peldgica y de la escasez de aporte
alimenticio al medio benténico (ej., Kuhnt & Kaminski,
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1993; Thomas, 1990a, b; Alegret et al., 2001, 2003). No
obstante, en algunos cortes el aporte alimenticio aparen-
temente aumento tras el limite K/Pg (ej., cortes de Cara-
vaca, Coccioni et al., 1993; y de Agost, en Espafia, Ale-
gret et al., 2003; sondeo DSDP Site 465 en el Pacifico,
Alegret & Thomas, 2005). En algunas de estas localidades
(Caravaca, Agost) los sedimentos depositados justo tras
el limite K/Pg reflejan condiciones anoxicas (sedimentos
laminados), como ocurre en zonas de alta productividad
en los océanos actuales. Existen por tanto considerables
diferencias regionales en los efectos del evento del K/Pg
sobre el flujo alimenticio al fondo ocednico.

Resulta dificil comprender cémo los relativamente es-
casos y reversibles cambios en las asociaciones de fora-
miniferos bentonicos pudieron ser la respuesta a un colap-
so de la productividad ocednica, que supuestamente durd
cientos de miles de afios (Strangelove Ocean; Hsii et al.,
1982; Hsii & Mackenzie, 1985), segtin se ha deducido de
la desaparicion del gradiente de los is6topos del carbono
benténico y planctonico (ej. Arthur et al., 1979). Posible-
mente, los foraminiferos bentonicos finicretacicos tenian
una relacion con el medio peldgico menos estrecha que en
la actualidad (Thomas et al., 2000), pero deberian de haber
sufrido cambios mucho mds drdsticos si el aporte alimen-

ticio hubiera permanecido extremadamente bajo durante
cientos de miles de afios.

Por otro lado, muchos de los cortes situados en areas
préximas al crdter de impacto estdn incompletos debido
a los procesos de desprendimiento de masas, slumps y
deslizamientos submarinos relacionados con la desesta-
bilizacion de los mdrgenes continentales ocasionada por
el impacto en Chicxulub (Bralower et al., 1998; Klaus et
al., 2000; Soria et al., 2001). La comparacién de las aso-
ciaciones de foraminiferos bentonicos de estos cortes con
otros situados en dreas mds distales al crdter de impacto
proporcionard un registro mds completo de la evolucién
faunistica y paleoambiental en el trdnsito K/Pg.

MATERIALES Y METODOS

Se han estudiado las asociaciones de foraminiferos
benténicos halladas en materiales del trdnsito K/Pg pro-
cedentes de varios cortes y sondeos del drea del Golfo
de México y Atldntico Noroeste, asi como de dreas mds
distales como el Pacifico Norte, Atldntico Noreste y Su-
reste, y el Tethys (Fig. 1). Los cortes y sondeos analiza-
dos, la sintesis estratigrdfica de los sedimentos del transito

Figura 1. Distribucién paleogeogrifica de las masas continentales y de las cuencas ocednicas en el limite K/Pg (modificada de Den-
ham & Scotese, 1987). Se muestra la posicién de la estructura de Chicxulub (peninsula de Yucatdn, México) y de los cor-

tes y sondeos estudiados.

Paleogeographical distribution of continental masses and oceanic basins at the K/Pg boundary (modified from Denham & Sco-
tese, 1987). The location of the Chicxulub structure (Yucatdn peninsula, México) and the studied sections and cores are shown.
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Sintesis estratigrfica de los sedimentos del transito K/Pg, paleobatimetrias correspondientes (basadas en el andlisis de los

Tabla 1.

faunales en los cor-

z

Onicos in

1 porcentaje de morfogrupos de foraminiferos bent

z

,y variacién en e

foraminiferos benténicos)

tes y sondeos analizados.

Stratigraphic synthesis of K/Pg boundary sediments, paleobathymetry (based on benthic foraminiferal analyses), and chan-

ges in the percentages of infaunal benthic foraminiferal morphogroups in the studied sections and cores.
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K/Pg, y sus paleobatimetrias correspondientes (basadas
en el andlisis de los foraminiferos bentdnicos) se detallan
en la Tabla L.

Mientras en dreas lejanas al lugar de impacto, incluido
el corte estratotipico de El Kef (Ttinez), se observa una
capa centimétrica de arcillas con una concentracion ano-
mala de iridio (Fig. 2), en dreas mds proximas (Golfo de
Meéxico, Caribe y Atldntico Noroeste) se deposité un com-
plejo cldstico cuyo origen se ha relacionado con la des-
estabilizacion de los mdrgenes continentales ocasionada
por el impacto meteoritico en Chicxulub (Bralower et al.,
1998; Soria et al., 2001). La energia del impacto provo-
carfa enormes olas-tsunami, afectando principalmente a
las dreas costeras adyacentes (Golfo de México, Caribe y
Atldntico Noroeste; Bourgeois et al., 1988). El resultado
serfa el depdsito de un complejo cldstico muy caracteris-
tico con evidencias de impacto, fundamentalmente micro-
tectitas (Smit et al., 1996).

Como consecuencia de los procesos de desprendimiento
de masas, slumps y deslizamientos submarinos relaciona-
dos con la desestabilizacion de los mdrgenes continentales,
muchos de los cortes situados en dreas proximas al crater
de impacto estdn incompletos (Soria et al., 2001; Alegret
& Thomas, 2005). Por este motivo es interesante estudiar
cortes y sondeos mds alejados del drea de impacto, don-

de la serie estratigrdfica se encuentra mds completa; ade-
mds, en algunas regiones localizadas (ej. Agost y Carava-
ca en Espafia) se observan arcillas laminadas oscuras con
evidencias de anoxia justo en la base del Daniense (Ale-
gret et al., 2003). La comparacion de cortes proximos al
crdter de impacto con cortes y sondeos situados en dreas
mds lejanas permitird obtener un registro mds completo
de la evolucidén de los foraminiferos bentdnicos y de las
condiciones paleoambientales a través del trdnsito K/Pg.
Para ello, en el presente trabajo se realiza una sintesis de
la evolucion de los foraminiferos benténicos y de las in-
ferencias paleoambientales obtenidas en diversos cortes
y sondeos del Golfo de México y Atldantico Noroeste, asi
como de dreas mas distales como el Pacifico Norte, At-
lantico Noreste y Sureste, y el Tethys (Fig. 1). Ademads, se
aportan datos inéditos sobre las asociaciones de forami-
niferos benténicos del corte estratotipico del limite K/Pg,
situado en El Kef (Tunez).

En todos los casos se ha tratado de realizar muestreos de alta
resolucion. Las muestras fueron disgregadas en agua con H,0,
y lavadas a través de un tamiz de 63 pym para la obtencién de
los microfésiles. Para realizar los estudios cuantitativos de las
asociaciones se separaron unos 300 ejemplares de foraminiferos
bentonicos de cada muestra, en la fraccion mayor de 63 ym. To-
dos los ejemplares fueron montados en celdillas para su conser-
vacion e identificacién. La clasificacion de los foraminiferos a

Figura 2. Distribucién y abundancia relativa de las especies de foraminiferos benténicos mds caracteristicas del transito K/Pg en el
corte estratotipico de El Kef (Tdnez). P.= Plummerita; G. cre.= Giiembelitria cretacea; Pv.= Parvularugoglobigerina;
Ps.= Parasubbotina. Bioestratigrafia de Molina et al. (2006).
Distribution and relative abundance of the most characteristic benthic foraminiferal species across the K/Pg transition at
the stratotype section of El Kef (Tunisia). P.= Plummerita; G. cre.= Gliembelitria cretacea,; Pv.= Parvularugoglobigerina,
Ps.= Parasubbotina. Biostratigraphy by Molina et al. (2006 ).
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nivel genérico sigue los criterios de Loeblich & Tappan (1987).
Cuando fue posible, los foraminiferos bentdnicos se identifica-
ron a nivel de especie. En la figura 2 se muestra la abundancia
relativa de las especies de foraminiferos benténicos mds carac-
teristicas identificadas en el corte de El Kef; en el apéndice I se
ha incluido una lista taxondémica con las referencias originales
de las especies representadas en la figura 2. Ademds, se calculd
la abundancia relativa de las especies, el indice de diversidad
Fisher-a y el de heterogeneidad H(S) Shannon-Weaver (Murray,
1991). En la figura 3 se muestran las variaciones de estos indi-
ces en el corte estratotipico del limite K/Pg (El Kef), y en las
figuras 4 y 5 se muestran fotograffas de los taxones mds repre-
sentativos en dicho corte.

Los foraminiferos benténicos son buenos indicadores
en reconstrucciones paleobatimétricas. La comparacién
entre asociaciones fésiles y actuales, la presencia y abun-
dancia de especies relacionadas con la profundidad, y sus
Iimites superiores (ej., Van Morkhoven et al., 1986; Ale-
gret et al., 2003) han permitido inferir la paleobatimetria.
Todos los ejemplares de foraminiferos benténicos han sido
asignados a morfogrupos siguiendo los criterios de Cor-
liss (1985), Jones & Charnock (1985) y Corliss & Chen
(1988). La comparacidn de asociaciones fosiles y actuales,
y el andlisis morfotipico, permiten inferir los microhdbitats
y los pardmetros ambientales como el aporte de nutrientes
al fondo marino o la oxigenacién en las aguas del fondo
(ej., Bernhard, 1986; Jorissen et al., 1995, 2007; Fonta-
nier et al., 2002). No obstante, hay que tener cierta cautela
con la interpretacion de estas comparaciones, porque no
sabemos hasta qué punto las asociaciones del Cretdcico y
Paledgeno inferior eran andlogas a las actuales (ej., Tho-
mas et al., 2000), e incluso en las actuales no se conoce
con certeza el microhdbitat de muchas especies de medios
profundos (ej., Buzas et al., 1993).

RESULTADOS Y DISCUSION

Las asociaciones de foraminiferos bentdnicos del Maas-
trichtiense superior son diversas en todos los cortes y son-
deos estudiados, incluyendo el corte estratotipico (Fig. 3),
estdn dominadas por morfogrupos infaunales (o infaunales
y epifaunales), e indican condiciones ambientales estables
y mesotréficas. La abundancia relativa de los morfogrupos
infaunales se incrementa hacia el Maastrichtiense terminal
en los perfiles mexicanos, sugiriendo un mayor flujo en el
aporte de nutrientes al fondo marino a finales del Cretdci-
co. Sin embargo, la abundancia de buliminidos en Blake
Nose (50%) y Hess Rise (hasta 40%) indica que la pro-
ductividad en el Atldntico Noroeste y Pacifico Norte fue
mayor que en el Golfo de México. Los buliminidos toleran
bajas concentraciones de oxigeno, aunque su abundancia
estd relacionada fundamentalmente con un abundante flujo
alimenticio y con fluctuaciones anuales o estacionales en
el aporte al fondo marino (ej., Fontanier et al., 2002; Jo-
rissen et al., 2007). El alto porcentaje de buliminidos y de

Figura 3. Indices de diversidad, heterogeneidad y riqueza gené-

rica de foraminiferos bentdnicos en el corte estrato-
tipico de El Kef (Tunez). P.= Plummerita; G. cre.=
Giiembelitria cretacea;, Pv.= Parvularugoglobigeri-
na, Ps.= Parasubbotina. Bioestratigraffa de Molina
et al. (20006).
Diversity, heterogenety and genus richness indices of
benthic foraminifera at the stratotype section of El
Kef (Tunisia). P.= Plummerita, G. cre.= Gliembelitria
cretacea, Pv.= Parvularugoglobigerina, Ps.= Para-
subbotina. Biostratigraphy by Molina et al. (2006 ).

morfogrupos infaunales en Blake Nose, y la escasez de es-
pecies tipicas de medios batiales oligotréficos, como Sten-
sioeina beccariiformis (White, 1928), Cibicidoides hypha-
lus (Fisher, 1969), Nuttallides truempyi (Nuttall, 1930) y
Gyroidinoides globosus (Hagenow, 1842), sugieren que
este sondeo se situaba en un drea de corrientes de surgen-
cia (Alegret & Thomas, 2004). El porcentaje de taxones
aglutinados es mayor en los cortes mexicanos (30-62%)
que en el resto de cortes y sondeos, e indica un importante
flujo de detritos hacia la cuenca en esta zona.

Los foraminiferos hallados en la capa de esférulas en
Blake Nose, y en las unidades cldsticas de los perfiles
mexicanos y cubanos varfan mucho en el tipo de conserva-
cion, y las asociaciones consisten en una mezcla de espe-
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cies tipicas de medios neriticos y otras de medios batiales
(Alegret et al., 2001, 2005). Estas asociaciones debieron
ser el resultado del arrastre de sedimentos desde la pla-
taforma y su transporte a lo largo del talud, como conse-
cuencia del impacto del limite K/Pg. La presencia de com-
ponentes neriticos, aldctonos, apoya la hipétesis de que el
depdsito de estas unidades en la parte media e inferior del
talud fue originado por un evento tinico y geolégicamente
instantdneo relacionado con extensos desprendimientos de
masas y slumps (Alegret et al., 2001, 2005; Soria et al.,
2001; Arenillas er al., 2002).

Mientras los foraminiferos plancténicos y el nanoplanc-
ton calcdreo fueron afectados por una extincidén en masa
catastrofica en el limite K/Pg (ej. Arz et al., 2001; Are-
nillas et al., 2002), las tasas de extincion de los forami-
niferos benténicos no superan el 10% en ninguno de los
cortes estudiados. Mds que una extincion en masa, los fo-
raminiferos benténicos muestran una reorganizacion de la
estructura de sus comunidades, incluyendo la desaparicion
temporal de taxones Ldzaro y un drdstico descenso en la
diversidad, heterogeneidad y riqueza de géneros (Figs. 2 y
3). En coincidencia con el limite K/Pg se registra un drds-
tico descenso en el porcentaje de los morfogrupos infau-
nales (25-45%) en los cortes mexicanos y espafoles, asi
como en el sondeo de Blake Nose (Atldntico Noroeste).
Este descenso, y el descenso en el porcentaje de bulimi-
nidos, sugiere una drdstica disminucién en el aporte ali-
menticio al fondo marino, relacionado con la extincion del
plancton calcdreo en el limite K/Pg (d’Hondt et al., 1998;
Alegret et al., 2001). Una situacion similar se observa en
los perfiles tunecinos; en el corte de El Kef, el porcentaje
de los morfogrupos infaunales descendié un 30% en co-
incidencia con el limite K/Pg (Fig. 3). No obstante, esta
disminucién en el aporte alimenticio fue menos drdstica en
Blake Nose (Atldntico Noroeste) y en Hess Rise (Pacifico
Norte), donde las asociaciones no reflejan condiciones oli-
gotroficas severas, sino un descenso moderado en el aporte
alimenticio seguido de una rdpida recuperacion.

Al contrario de lo que ocurre en la mayoria de los cor-
tes (incluyendo el corte estratotipico de El Kef, Fig. 3) y
sondeos, no se observan cambios en la composicion de
los morfogrupos en el limite K/Pg en el sondeo 1262 de
Walvis Ridge (Atldntico Sureste), donde el aumento de
los morfotipos infaunales “redondeados planispiralados”
y “esféricos” como Pullenia Parker & Jones, 1862, Glo-
bulina d’Orbigny, 1839 o Quadrimorphina Finlay, 1939
compensa la pérdida de morfotipos infaunales “alargados
y cilindricos” (Alegret & Thomas, 2007). En este sondeo,
el drdstico descenso en la tasa de acumulacion de forami-
niferos bentonicos en el limite K/Pg, y el descenso en el
porcentaje de buliminidos, sugieren una disminucion en
el aporte alimenticio, pero esto se contradice con la au-
sencia de cambios en el porcentaje de los morfogrupos
infaunales. La abundancia de taxones oportunistas, y las
fluctuaciones en la diversidad, heterogeneidad y en la tasa

de acumulacion de foraminiferos benténicos, sugieren que
tras el limite K/Pg hubo un periodo de fuertes fluctuacio-
nes en el aporte alimenticio.

Aunque algunos autores (Kyte et al., 1980; Kajiwara &
Kaiho, 1992) han sugerido que el fondo del océano pudo
ser andxico tras el limite K/Pg, Unicamente existen eviden-
cias de anoxia local o regional (ej., en la Fish Clay de Di-
namarca, Coccioni & Galeotti, 1998; o en varias localida-
des del Tethys, Martinez-Ruiz et al., 1992; Coccioni et al.,
1993; Kaiho et al., 1999). No obstante, la anoxia o disoxia
no se extendid a lo largo de todo el Tethys (Peryt et al.,
2002). No se han hallado evidencias de baja oxigenacion
en los cortes tunecinos (incluyendo el corte estratotipico
de El Kef), donde la abundancia de especies con gran-
des poros en sus conchas como Cibicidoides pseudoacu-
tus (Nakkady, 1950) (Fig. 4d-e) es tipica de medios bien
oxigenados. Tampoco se observan condiciones de escasa
oxigenacion en los perfiles mexicanos ni en Blake Nose,
aunque un corto episodio de anoxia podria haber desapa-
recido de su registro sedimentario como resultado de los
desprendimientos de masas registrados en esta zona (ej.,
Klaus et al., 2000; Alegret & Thomas, 2005).

La anoxia ha sido relacionada por algunos autores con
un exceso de biomasa, resultante de los organismos que
murieron en las extinciones (Kyte et al., 1980; Coccioni et
al., 1993; Coccioni & Galeotti, 1998), pero Alegret et al.
(2003) discutieron que esta hipotesis es cuantitativamente
improbable, dado que la biomasa ocednica en la actualidad
supone so6lo una pequeiia fraccion de la biomasa total, y
la oxidacion de incluso toda la biomasa ocednica no lle-
garfa a consumir suficiente oxigeno como para mantener
los ocednos andxicos durante miles de afios. Una expli-
cacion para la anoxia podria ser la oxidacién del metano
de los gases hidratados liberados por la desestabilizacion
de los mdrgenes continentales tras el impacto del K/Pg
(Alegret et al., 2003).

Al igual que en el corte estratotipico de El Kef, en
otros cortes y sondeos del Tethys (ej. Caravaca, Agost, Ain
Settara), del Atldntico Sureste (Walvis Ridge), del Pacifico
Norte (Hess Rise), Atldntico Noroeste (Blake Nose) y At-
lantico Noreste (Bidart, Bahia de Loya), las asociaciones
del Daniense basal contienen cortos picos cuantitativos
(<Zona Pa) de especies oportunistas que indican inesta-
bilidad ambiental, concretamente en el aporte alimenticio
(Alegret & Thomas, 2005, 2007; Alegret, 2007). Aun asf,
queda abierta la pregunta de qué cambios paleoambien-
tales provocaron la aparicion de estos picos de especies
oportunistas a nivel global. En numerosas localidades, el
aporte alimenticio al medio bentoénico (segun los indices de
foraminiferos benténicos) disminuy6 durante varios miles
de afios tras el limite K/Pg, pero en Hess Rise el aporte
alimenticio parece haber aumentado; en algunos cortes del
Tethys (ej., Caravaca, Agost) el desarrollo de condiciones
de baja oxigenacion refleja un incremento ain mayor en el
flujo de carbono orgdnico. La ausencia de extinciones de
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foraminiferos bentdnicos en medios profundos indica que
no hubo anoxia global tras el limite K/Pg, y que no sélo
el aporte alimenticio se recuperd mds rdpido de lo sugeri-
do (modelo Strangelove Ocean; Hsii & McKenzie, 1985),
sino que también su transporte al fondo marino se recuperd
mds rdpido que los resultados obtenidos en el modelo del
“Océano vivo” propuesto por Coxall et al. (2006).

La biomasa de los productores primarios en los océanos
y el flujo de materia orgdnica al fondo debieron de recupe-
rarse mds rdapido que la diversidad de la biota planctonica,
a través de la proliferacion masiva de taxones oportunistas
restringidos a regiones determinadas, tal y como muestra
la distribucion geogrédficamente limitada de arcillas negras
laminadas. Estos cortos picos de fitoplancton generaron un
aporte de alimento al fondo ocednico muy variable en ca-
lidad y cantidad, provocando estrés medioambiental en las
asociaciones bentoénicas. Dicho estrés pudo deberse a un
alto aporte alimenticio por parte de productores primarios
que serfian dificiles de digerir por los foraminiferos bento-
nicos, como diversas especies de dinoflagelados (Alegret
et al., 2003; Alegret & Thomas, 2004). Asi, los cambios
paleoambientales en medios profundos variaron geografi-
camente, con importantes diferencias en el grado y dura-
cién del colapso en la productividad primaria expresada
en términos de biomasa mds que en términos de diversi-
dad. Las condiciones paleoambientales no se recuperaron
en los cortes y sondeos estudiados hasta, por lo menos, la
segunda mitad de la Biozona de Parasubbotina pseudobu-
lloides (unos 300.000 afios tras el limite K/Pg).

El registro de los isétopos del carbono en conchas de
foraminiferos benténicos y en la fraccidon carbonatada fina
reflejan un rdpido colapso de los valores superficiales has-
ta igualar los valores de las aguas profundas en el limite
K/Pg debido a un descenso en los valores del sedimento
y un incremento en los valores bentonicos. Este registro
concuerda con la sefial esperada durante un corto colapso
de la productividad primaria en el limite K/Pg. Sin em-
bargo, en algunos sondeos como el Sondeo 1262 de Wal-
vis Ridge (Atldntico Sureste), tras el colapso del limite
K/Pg se observa un gradiente inverso, con valores muy

negativos en los isétopos del sedimento, que muestran un
pico unos 200.000 afios tras el limite K/Pg (Thomas et
al., 2007). Una posible explicacion del gradiente inverso
en los isétopos del carbono seria la presencia de corrien-
tes de surgencia locales o regionales, que en los océanos
actuales confieren a los foraminiferos plancténicos valo-
res de los isétopos de carbono mds negativos que los que
presentan los foraminiferos benténicos (Smart & Thomas,
2006). En Walvis Ridge, la alta tasa de acumulacién de
foraminiferos bentdnicos tras el limite K/Pg indica un ele-
vado aporte alimenticio al fondo ocednico. Sin embargo,
en las mismas muestras se registran valores minimos de
0"3C en el sedimento y bajos incides de diversidad, lo que
sugiere que se trataba ademds de un medio de gran estrés
y amplias fluctuaciones ambientales con alteraciones en
la estratificacion ocednica.

Si la productividad y la transferencia de alimento al fon-
do marino se recuperaron mds rdpido de lo asumido hasta
el momento, se podria explicar la ausencia de una extin-
cién masiva en los foraminiferos bentdnicos. En ese caso,
no obstante, se ha de encontrar una explicacidn para la per-
sistente ausencia de los gradientes de los isotopos de car-
bono benténicos-plancténicos. Son necesarios mds andlisis
del 8"C en el bentos y en el plancton para explicar por qué
estos valores confluyen, e incluso los valores superficiales
se llegan a hacer mds ligeros que los benténicos (gradiente
inverso) en numerosas localidades, lo que supone la adicién
de isétopos ligeros del carbono al sistema océano-atmosfera
durante largos periodos de tiempo (10° afios). Para concluir,
no existe actualmente una explicacion de los registros de
los isétopos del carbono a través del Iimite K/Pg. Es nece-
sario realizar andlisis de mayor resolucidn para documen-
tar si el gradiente negativo se produjo a nivel global (refle-
jando por tanto el ciclo de carbono global) o a nivel local
o regional (reflejando la productividad o el transporte de
materia orgdnica), o si fue aleatorio (reflejando efectos de
la diagénesis). El estudio detallado de las asociaciones de
foraminiferos bentonicos puede aportar informacion sobre
los cambios en los medios ocednicos y en el ciclo del car-
bono ocednico durante el limite K/Pg.

Figura 4. Fotograffas de microscopio electrénico de barrido de los foraminiferos bentdnicos mds caracteristicos hallados en el cor-

te estratotipico de El Kef (Tunez). al-2, Alabamina wilcoxensis Toulmin, 1941 (muestra Kef 12,7). b1-2, Anomalinoides
susanaensis (Browning in Mallory, 1959) (muestra Kef 21,95). ¢1-2, Anomalinoides rubiginosus (Cushman, 1926) (mues-
tra Kef 21,95). d1-2, Cibicidoides pseudoacutus (Nakkady, 1950) (muestra Kef 12,7). el-2, Cibicidoides pseudoacutus
(Nakkady, 1950) (muestra Kef 21,95). f, g1-2, Stensioeina beccariiformis (White, 1928) (muestra Kef 21,95). h1-2, Sii-
teria varsoviensis Gawor-Biedowa, 1992 (muestra Kef 3). il-2, Anomalinoides ammonoides (Reuss, 1844) (muestra Kef
21,95). j, Oridorsalis plummerae (Cushman, 1948) (muestra Kef 21,95). Las escalas equivalen a 100 micras.

Scanning electron-microscope photographs of the most characteristic benthic foraminifera from the stratotype section of
El Kef (Tunisia). al-2, Alabamina wilcoxensis Toulmin, 1941 (sample Kef 12,7). b1-2, Anomalinoides susanaensis (Brow-
ning in Mallory, 1959) (sample Kef 21,95). cI1-2, Anomalinoides rubiginosus (Cushman, 1926) (sample Kef 21,95). d1-2,
Cibicidoides pseudoacutus (Nakkady, 1950) (sample Kef 12,7). el-2, Cibicidoides pseudoacutus (Nakkady, 1950) (sample
Kef 21,95). f, gl-2, Stensioeina beccariiformis (White, 1928) (sample Kef 21,95). h1-2, Sliteria varsoviensis Gawor-Bie-
dowa, 1992 (sample Kef 3). il-2, Anomalinoides ammonoides (Reuss, 1844) (sample Kef 21,95). j, Oridorsalis plummerae
(Cushman, 1948) (sample Kef 21,95). Scale bars: 100 microns.
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CONCLUSIONES

Mientras los foraminiferos plancténicos y el nanoplanc-
ton calcdreo sufrieron importantes extinciones en masa du-
rante el limite K/Pg, los foraminiferos benténicos no ex-
perimentaron extinciones significativas, pero si muestran
cambios temporales en la composicion de sus asociaciones.
Los cambios experimentados por los foraminiferos bento-
nicos en el limite K/Pg han sido interpretados como resul-
tantes del colapso de la cadena alimenticia peldgica y de
la escasez de aporte alimenticio al medio benténico, como
consecuencia de la extincion en masa del plancton calcédreo.
Sin embargo, los cambios en la composicién de las asocia-
ciones bentdnicas tras el limite K/Pg fueron geogréaficamente
variables, y no existe un consenso en cuanto a la interpreta-
cién paleoambiental detallada de las asociaciones.

Existen evidencias de que la productividad y la trans-
ferencia de alimento al fondo marino se recuperaron mads
rdpido de lo que se asume, a través de la proliferacion de
determinadas especies de fitoplancton limitadas a regio-
nes determinadas, que generaron un aporte de alimento al
fondo ocednico muy variable en calidad y cantidad, pro-
vocando estrés medioambiental en las asociaciones ben-
ténicas. Dicho estrés pudo deberse a un elevado aporte
alimenticio por parte de productores primarios que serfan
dificiles de digerir por los foraminiferos benténicos, como
diversas especies de dinoflagelados. Como resultado, las
asociaciones del Daniense basal contienen picos cuantita-
tivos de especies de foraminiferos benténicos oportunistas
que indican inestabilidad ambiental.

El desarrollo de un gradiente inverso en los is6topos del
carbono benténicos-plancténicos en algunos sondeos, como
en Walvis Ridge, podria deberse a la presencia de corrientes
de surgencia locales o regionales. El gradiente inverso des-
aparecio gradualmente, y las condiciones paleoambientales
no se recuperaron en los cortes y sondeos estudiados hasta,
por lo menos, la segunda mitad de la Biozona de Parasubbo-
tina pseudobulloides (~300 ka tras el limite K/Pg).
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Apéndice I. Lista taxondmica con las referencias originales de las especies de foraminiferos bentdnicos representadas en la figura 2.
Taxonomic list including the original references of the benthic foraminiferal species plotted in figure 2.

Alabamina wilcoxensis Toulmin
1941 Alabamina wilcoxensis Toulmin, p. 603, lam. 81, figs. 10-
14; textfig. 4A-C.

Anomalinoides acutus (Plummer)
1926 Anomalina ammonoides (Reuss) var. acuta Plummer, p.
149, 1dm. 10, figs. 2a-c.

Anomalinoides ammonoides (Reuss)
1844 Rotalina ammonoides Reuss, p. 214.

Anomalinoides rubiginosus (Cushman)
1926 Anomalina rubiginosa Cushman, p. 607, 1dm. 21, figs. 6a-c.

Anomalinoides susanaensis (Browning)
1959 Cibicides susanaensis Browning (en Mallory, 1959), p.
271, lam. 32, figs. 11, 12.

Arenoturrispirillina tunisiana Peryt, Alegret & Molina.
2004 Arenoturrispirillina tunisiana Peryt, Alegret & Molina, p.
402, lam. 1, figs. 5-7.

Bolivinoides delicatulus Cushman
1927 Bolivinoides decorata (Jones) var. delicatula Cushman, p.
90, lam. 12, fig. 8.

Bolivinoides draco (Marsson)
1878 Bolivina draco Marsson, p. 157, lam. 3, fig. 25.

Bulimina strobila Marie
1941 Bulimina strobila Marie, p. 265, lam. 32, fig. 302.

Cibicidoides abudurbensis (Nakkady)
1950 Cibicides abudurbensis Nakkady, p. 691, lam. 90, figs.
35-38.

Cibicidoides alleni (Plummer)
1926 Truncatulina alleni Plummer, p. 144, lam. 10, fig. 4.

Cibicidoides ekblomi Brotzen
1948 Cibicidoides ekblomi Brotzen, p. 82, 1am. 13, fig. 2.

Cibicidoides howelli (Toulmin)
1941 Cibicides howelli Toulmin, p. 609, lam. 82, figs. 16-18.

Cibicidoides hyphalus (Fisher)
1969 Anomalinoides hyphalus. Fisher, p. 198, fig. 3.

Cibicidoides proprius Brotzen
1948 Cibicidoides proprius Brotzen, p. 78, ldm. 12, figs. 3, 4.

Cibicidoides pseudoacutus (Nakkady)
1950 Anomalina pseudoacuta Nakkady, p. 691, lam. 90, figs.
29-32.

Coryphostoma decurrens (Ehrenberg)
1854 Grammostomum? decurrens Ehrenberg, p. 22, lam. 30, fig.
17 (fide Ellis & Messina, Cat. Foram.)

Coryphostoma incrassata (Reuss)
1851 Bolivina incrassata Reuss, p. 45, 1am. 4, fig. 13.

Coryphostoma incrassata gigantea (Wicher)
1949 Bolivina incrassata Reuss, forma gigantea Wicher, p. 57,
ldm. 5, figs. 2-3.

Eouvigerina subsculptura McNeil & Caldwell
1981 Eouvigerina subsculptura (nomen novum) McNeil & Cald-
well, p. 21, 1dm. 18, figs. 20, 21.

Gaudryina pyramidata Cushman
1926 Gaudryina laevigata Franke var. pyramidata Cushman, p.
587, lam. 16, figs. 8a-b.

Gyroidinoides beisseli (White) emend. Alegret & Thomas,
2001
1928 Gyroidina beisseli White, p. 291-292, 1am. 39, figs. 7a-c.
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Gyroidinoides depressus (Alth)
1850 Rotalina depressa Alth, p.266, lam. 13, fig. 21.

Gyroidinoides girardanus (Reuss)
1851 Rotalina girardana Reuss, p. 73, lam. 5, fig. 34.

Gyroidinoides globosus (Hagenow) emend Alegret & Thomas,
2001
1842 Nonionina globosa Hagenow, p. 574.

Loxostomoides applinae (Plummer)
1926 Bolivina applini Plummer, p. 69, 1ldm. 4, fig. 1.

Nuttallides truempyi (Nuttall)
1930 Eponides truempyi Nuttall, p. 287, ldm. 24, figs. 9, 13, 14.

Oridorsalis plummerae (Cushman)
1948 Eponides plummerae Cushman, p. 44, 1ldm. 8, fig. 9.

Osangularia plummerae Brotzen
1940 Osangularia plummerae Brotzen, p. 30, textfig. 8.

Paralabamina lunata (Brotzen)
1948 Eponides lunata Brotzen, p. 77, lam. 10, figs. 17, 18.

Praeglobobulimina quadrata (Plummer)
1926 Bulimina quadrata Plummer, p. 72, 1am. 4, figs. 4, 5.

Pseudouvigerina plummerae Cushman

1927 Pseudouvigerina plummerae Cushman, p. 115, ldm. 23,
fig. 8.

Pulsiphonina prima (Plummer)
1926 Siphonina prima Plummer, p. 148, ldm. 12, fig. 4.

Pyramidina prolixa (Cushman & Parker)
1935 Bulimina prolixa Cushman & Parker, p. 98, lam. 15, fig. 5.

Repmanina charoides (Jones & Parker)
1860 Trochammina squamata Jones & Parker var. charoides Jo-
nes & Parker, p. 304.

Sitella cushmani (Sandidge)
1932 Buliminella cushmani Sandidge, p. 280, ldam. 42, figs. 18-19.

Sitella fabilis (Cushman & Parker)
1936 Buliminella fabilis Cashman & Parker, p. 7, 1am. 2, fig. 5.

Sliteria varsoviensis Gawor-Biedowa
1992 Sliteria varsoviensis Gawor-Biedowa, p. 156, ldm. 33,
figs. 9-13.

Spiroplectammina spectabilis (Grzybowski)
1898 Spiroplecta spectabilis Grzybowski, p. 293, ldam. 12, fig. 12.

Stensioeina beccariiformis (White)
1928 Rotalia beccariiformis White, p. 287, 1dm. 39, figs. 2a-4c.

Tappanina selmensis (Cushman)
1933 Bolivinita selmensis Cushman, p. 58, ldm. 7, figs. 3, 4.

Valvalabamina lenticula (Reuss)
1845 Rotalina lenticula Reuss, p. 35, lam. 12, fig. 17.
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ABSTRACT

The notion that anthracotheres had hippo-like body proportions, locomotion and lifestyles has been in the lit-
erature for so long, and has been repeated so many times, that it has taken on the aura of unquestionable truth.
However, right from the beginning of studies into hippo-anthracothere relationships over a century and a half
ago, observations were made that revealed the existence of fundamental differences in dental, cranial and post-
cranial anatomy in the two groups. From 1836 to 1991 two skeletal characters (a descending plate at the angle of
the mandible, and raised orbits) have overshadowed all others in suggesting close relationships between hippos
and a single anthracothere genus (Merycopotamus) later to be joined by a second genus, Libycosaurus, in 1991
for the descending angle, and 2003 for the raised orbits (Lihoreau, 2003; Pickford, 1991). Close examination of
these structures reveals that they are not homologous in the two groups, yet they have played an inordinately
stubborn role in interpretations of the relationships between them, featuring in papers as recently as 2005. The
rest of the skeleton and many cranio-dental features revealed, as early as 1836, that anthracotheres did not look
particularly similar to hippos, either in gross body plan, or in details of the skeletal anatomy, observations that
have been confirmed at irregular intervals ever since. Yet, despite the divergent morphology, most authors con-
tinued to attribute hippo-like locomotion, behaviour and ecology to the anthracotheres that they studied, whether
anthracotheriines or bothriodontines.

Two broad themes have run side by side in the long history of study of hippo-anthracothere relationships,
«homology versus convergence» and «early versus late divergence», early divergence implying the existence of
a ghost proto-hippo lineage of some 30 million years duration. Indeed these two themes are linked together, in
the sense that proponents of early divergence have tended to interpret the similarities between hippos and an-
thracotheres as convergences, whereas those who have proposed late divergence usually took the perceived sim-
ilarities to represent homologies.

All these interpretations were played out within the context of a much broader background debate about mono-
phyly or paraphyly of the artiodactyls, which was actively discussed in the Victorian era just as it is today. More
recently, molecular studies have altered the scope of the debate, principally by indicating closer affinities between
whales and hippos than between hippos and other artiodactyls. In the search for the ghost lineage that should
link hippos to whales, some authors have recently suggested that anthracotheres fill the role «robustly», whereas
others have suggested that anthracotheres are not closely related to hippos, whilst yet others have proposed that
palaeochoerids or cebochoerids may represent the missing lineage. The aim of this paper is to review the possible
role of anthracotheres in the evolution of hippopotamids. It is concluded that they played no part in it, whereas
palaeochoerids could well represent the ghost lineage that has evaded scientists for more than a century.

Keywords: Hippopotamidae, Anthracotheriidae, Palaeochoeridae, evolution, homology, convergence, ear-
ly/late divergence, history, phylogeny.

RESUMEN

La idea de que los antracoterios tienen proporciones, locomocion y modo de vida similar a los hipopdtamos se
encuentra desde hace tiempo en la bibliografia, y se ha repetido en tantas ocasiones que ha alcanzado un aura de
verdad incontestable. Sin embargo, desde el inicio de los estudios de las relaciones entre hipopotamos y antraco-
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terios, hace mds de 150 afios, las observaciones realizadas han revelado que existian diferencias fundamentales
entre ambos grupos en la anatomia dental, craneal y postcraneal. Desde 1836 a 1991 dos caracteres esqueléticos
(rama mandibular prolongada inferiormente en su dngulo y drbitas elevadas) han obscurecido a todos los demads
a la hora de sugerir la proximidad entre hipopdtamos y un tnico género de antracoterios (Merycopotamus), al
que después se le ha unido un segundo género, (Libycosaurus), por la prolongacién inferior del dngulo de la
mandibula (Pickford, 1991) y por las 6rbitas elevadas (Lihoreau, 2003). El examen detallado de estas estructuras
revelan que nos son homoélogas en estos dos grupos, aunque de manera constante hayan jugado un importante
papel en las interpretaciones de las relaciones entre ambos grupos, figurando incluso en trabajos del afio 2005.
El resto del esqueleto y muchos caracteres craneodentales conocidos ya desde 1836 revelan que los antracote-
rios no son particularmente semejantes a los hipopStamos, ni en la morfologfa corporal gruesa ni en detalles de
la anatomia esquelética; estas observaciones se han confirmado repetidas veces desde entonces. A pesar de esta
morfologia divergente todavia hay numerosos autores que contindan atribuyendo a los antracoterios, sean antra-
coterinos 0 botriodontinos, una locomocién, comportamiento y ecologia similar a los hipop&tamos.

Dos ideas principales han ido paralelas a lo largo de la historia de los estudios sobre las relaciones entre hi-
popd6tamos y antracoterios, “homologia versus convergencia” y “divergencia temprana versus divergencia tardia”;
una divergencia temprana implicarfa la existencia de un linaje proto-hipopStamo fantasma, con una duracion de
unos 30 millones de afios. Sefalar que estas dos ideas estdn muy ligadas, en el sentido de que los que propug-
nan una divergencia temprana tienden a interpretar las similitudes entre hipopétamos y antracoterios como con-
vergencias, mientras aquellos quienes propugnan una divergencia tardfa usualmente consideran las similitudes
percibidas como homologfas.

Todas estas interpretaciones también juegan un papel muy importante en un contexto mucho mds amplio del
debate sobre la monofilia o parafilia de los artioddctilos, que se viene discutiendo activamente desde la era Vic-
toriana hasta la actualidad. Recientemente, los estudios moleculares han alterado el dmbito del debate, princi-
palmente al sefialar una mayor afinidad entre las ballenas y los hipop6tamos que entre éstos y los artioddctilos.
En la bisqueda de este linaje fantasma que deberia enlazar hipop6tamos y ballenas, algunos autores han sugeri-
do que los antracoterios no tendrian una relacién cercana con los hipop6tamos, mientras otros sugieren que los
paleoquéridos o ceboquéridos podrian representar el linaje perdido. La idea de este trabajo es revisar el posible
rol jugado por los antracoterios en la evolucién de los hipopotdmidos. La conclusion es que los antracoterios
no juegan ningtin papel en ella, ademads los paleoquéridos bien podrian representar el linaje fantasma, que se ha
evadido a las pesquisas de los cientificos durante mds de un siglo.

Palabras clave: Hippopotamidae, Anthracotheriidae, Paleochoeridae, evolucion, homologia, convergencia,
divergencia temprana/tardia, historia, filogenia.

INTRODUCTION

The origin of Hippopotamidae has been the subject of
enquiry for more than a century and a half, yet at the be-
ginning of the 21st Century it is still a matter for lively
debate. Once it was realised that pachyderms [an early con-
cept (Cuvier, 1822) linking divergent mammalian groups
on the basis of their thick skin] in which hippos were once
classified, was not a natural grouping (or clade) the fam-
ily Hippopotamidae has been included in the Order Ar-
tiodactyla (or conceptual precursors of this order such as
Paridigitata) on account of its even toed acropodes, dou-
ble-trochleated talus, the keeled occipital condyles and
the presence of a three-lophed d/4 in the milk dentition,
and usually within the Suborder Suiformes because of its
pig-like talar anatomy, bunodont cheek teeth and non-ru-
minating digestive system.

Recent molecular work has stimulated interest in the
family because the analyses suggest that hippos have mo-
lecular signatures that are closer to those of whales than
to those of other artiodactyls, including other Suiformes.

Underpinning the long debate about hippopotamid origins
is the enduring uncertainty about the monophyly of the
Order Artiodactyla. In the Victorian era, the debate was
lively, although not couched in the same terms that we
would use today. Nevertheless, much of the literature of
the period reveals that many fossil artiodactyls did not fit
into the two broadly accepted suborders - Suiformes and
Ruminantia -into which extant forms could be classified.
Because of this researchers tended to look for evidence
to link their fossils either with the ruminants or with the
suiforms [groups such as Pachysimia (eg Lydekker, 1883)
which were for a time linked with Artiodactyla, are no
longer recognised as being valid — genera such as Cebo-
choerus Gervais, 1848, formerly classed within them have
been absorbed into the Suiformes]. Hippopotamidae were
classified by most workers in Suiformes (or variants of the
same, such as Suina) clearly distinguished from Ruminan-
tia by the talar morphology among other features (denti-
tion, cranial morphology, non-ruminating stomach).

The challenge of hippo-whale relationships was taken
up by Boisserie et al. (2005a, 2005b) who postulated that
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anthracotheres, in particular bothriodonts, represent the
ghost lineage linking the base of the whale radiation (ca
55 Ma) to that of the hippos (ca 15 Ma). Two characters
in particular (raised orbit and descending angle of the jaw)
featured prominently in these papers, just as they did in
publications by Lydekker (1876, 1883) more than a cen-
tury ago. However, Boisserie (pers. comm. 2006) agrees
that these two characters are not synapomorphies shared by
hippos and anthracotheres, and that they should no longer
be used as such in cladistic analyses.

The history of interpretations of the Artiodactyla is
extremely complicated, mainly because the order is rich
in species and has a lengthy fossil record (ca 55 million
years) and is geographically widespread (all continents
except Antarctica and Australia) (Matthew, 1934). Since
molecular biologists entered the arena, the diversity of in-
terpretations has increased.

The Victorian view of a rather clearcut subdivision of
living Artiodactyla into two broad subgroups (ruminants
and non-ruminants) (Kowalevsky, 1874; Lydekker, 1883)

was rendered less evident once fossils were included, be-
cause there were some groups, notably the anthracotheres,
that showed a puzzling mixture of characters, some such
as the talar morphology suggesting affinities to Suiformes,
others such as the selenodont dentition indicating relation-
ships to Ruminantia (Lydekker, 1883). For a while the
intermediate nature of anthracotheres was taken by those
who considered Artiodactyla to be monophyletic, as evi-
dence that they linked the Suiformes to the Ruminantia
(Lydekker, 1883) thereby supporting their hypothesis of
monophyly, but others such as Kowalevsky (1873, 1874)
considered that the Suiformes (his Paridigitata bunodon-
ta or Suina) and Ruminantia (his Paridigitata selenodon-
ta) diverged before the Eocene (note that at the time, the
Eocene was considered to be preceded immediately by
the Cretaceous and succeeded by the Miocene) (Fig. 1).
This led Lydekker (1877) to comment that «according to
Kowalevsky’s plan of evolution there can have been no
connection between the original stocks of Hippopotamus
Linnaeus, 1758, and Merycopotamus Falconer & Cautley,

Figure 1. Artiodactyl phylogeny published by Kowalevsky (1874). In the interests of clarity, I have omitted the Imparidigitata (peri-

ssodactyls) and some of the morphological comments.
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1848, since the lower Eocene period». Lydekker (1876,
1883) envisaged a much closer «cousinship» as he put
it, linking these genera as recently as the end of the Mi-
ocene or even the Pliocene. The geologically youthful
linking of these genera has recently resurfaced (Boisserie
& Lihoreau, 2006; Boisserie et al. 2005a, 2005b) but the
phylogenetic context has changed. In the latest scenario,
the anthracotheres were envisaged as representing the
missing link between Cetacea and Hippopotamidae, with
other artiodactyls considered as outgroups of a Hippo-
Whale clade within Cetartiodactyla (combined Cetacea
and Artiodactyla).

It is within this changing panorama of artiodactyl phy-
logeny that researchers have endeavoured to resolve the
issue of hippopotamid origins. It is not only the concepts
and contents of the Order Artiodactyla that have changed
over the years, but also the concepts and contents of lower
rank groups such as families within it. The family Suidae
provides a fine example. In the early part of the last cen-
tury, Matthew (1929b, 1934) wrote that hippos certainly
did not descend from anthracotheres but from Suidae. At
the time of his writing the family Suidae was an amalgam
of what we would today classify into four or five different
families [Suidae (sensu stricto), Tayassuidae (New World
Peccaries), Sanitheriidae and Palaeochoeridae (Old World
Peccaries), and possibly Cebochoeridae depending on how
one reads his 1934 chart]. Even though Matthew has been
credited with the suid hypothesis of hippo origins (Col-
bert, 1935) detailed reading of his works indicate that he
envisaged a closer relationship between North American
Oligo-Miocene peccaries and hippos than between true
pigs and hippos, although his 1934 chart is not consist-
ent with his 1929b text. This did not prevent subsequent
authors from comparing hippos only with pigs and an-
thracotheres (Colbert, 1935) just as Lydekker (1876) had
done before him, neglecting the Oligo-Miocene peccaries
and other suoids, thereby compromising their research ef-
forts, and as a result producing incomplete comparisons
and flawed results.

Since the advent of cladistics, it has become evident,
if it weren’t before, that sample choice is of primordial
importance for any phylogenetic analysis. The problem
of missing taxa and missing data (of included taxa) is
universal, and renders all phylogenetic analyses liable to
modification. Thus Colbert’s (1935) analysis of hippopota-
mid origins was bound to fail, because he did not include
all the relevant groups in his study. Recent propositions
by Boisserie et al. (2005a, 2005b) are compromised for
much the same reason, the Palaeochoeridae (although not
named as such) in their analyses being represented by a
single genus, for which more than 22% of the charac-
ters analysed could not be scored, while the post-cranial
skeleton was represented by only the talus and the distal
metapodials.

MATERIALS AND METHODS

This examination of the relationships between hippopotamids,
palaeochoerids and anthracotheres is based on comparative os-
teology and odontology, but because the palacochoerids and an-
thracotheres are extinct, it mentions only briefly the debate con-
cerning the place of hippopotamids in the Cetartiodactyla based
on molecular analyses. The approach is basically historical and
summarises the various hypotheses of hippopotamid origins and
the evidence used to support those hypotheses.

A WORD ABOUT Palaeochoerus AND
THE FAMILY PALAEOCHOERIDAE

The attribution of certain fossils from St-Gérand-le-
Puy, Allier, France, to the genus Palaeochoerus erected by
Pomel (1847) has caused unending problems which still
bedevil the interpretation of the suoid fossil record. In ef-
fect, there are at least two genera of pig-like suoids at the
locality (Orliac, pers. comm. suggests that there are four
suoid taxa at the site) a small form with two cusps in the
upper P4/, no pentacone in the M3/ and no ridges on the
anterior aspect of the distal metapodial epiphysis. These
are genuine Palaeochoerus by definition (see discussion
in Ginsburg, 1974). In contrast the larger fossils with tri-
cuspid P4/s, M3/s with a pentacone, and distal metapodial
epiphyses with a well developed anterior crest belong to
Hyotherium Von Meyer, 1834. Both Kowalevsky (1874)
and Pearson (1927) and many other researchers (see a par-
tial list in Van der Made, 1996) failed to notice the mi-
sattribution of these fossils, as did Viret (1961) who even
erroneously identified the large skull of Hyotherium as
the type specimen of Palaeochoerus typus Pomel, 1847.
It wasn’t until Ginsburg’s (1974) publication that the con-
fusion was clarified, although his correction passed almost
unnoticed because it is hidden in the general discussion
of his paper. Van der Made (1996) erroneously includes
Ginsburg’s (1974) paper among those that failed to make
the distinction, despite the fact that his was the first paper
since Pomel (1847) to correctly identify the skull. The con-
fusion has proved remarkably difficult to eradicate as it is
still present in papers by Boisserie et al. (2005a, 2005b).

Matthew (1924) erected the subfamily Palacochoeri-
nae for a subgroup of Suidae comprising Palaeochoerus
from Europe, and Perchoerus Leidy, 1869, Thinohyus
Marsh, 1875, Bothrolabis Cope, 1888, and Chaenohy-
us Cope, 1879, from America. This name initially failed
to make any impact for two reasons. Firstly, New World
Peccaries were already classified in Tayassuidae (Palmer,
1897) or Dicotylidae (Gray, 1868) depending on the re-
searcher, and secondly, most scientists considered that Pal-
aeochoerus was a suid, being confused by the mix-up in
the material from St-Gérand-le-Puy, as explained above.
Naturally, interpretation of Palaeochoeridae will differ if
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Figure 2. Lateral view of skeleton of Hippopotamus Linnaeus, 1758, showing the deep barrel-shaped thorax and the short limbs

(modified from de Blainville, 1846).

one includes the skull and postcranials of Hyotherium in
it or excludes them.

Van der Made (1996, 1997) resurrected the name, rais-
ing it to family rank (Palaecochoeridae) but he excluded the
North American taxa from it.

A WORD ABOUT AMPHIBIOUS
ADAPTATIONS OF HIPPOPOTAMIDS
AND THE IMPORTANCE
OF POST-CRANIAL BONES

Kowalevsky (1874) Lydekker (1876) and Matthew
(1929a) were all of the opinion that for gaining an under-
standing into the relationships between artiodactyl gen-
era, it was essential to examine the post-cranial skeleton.
The main interest in the post-cranial bones, apart from
the evidence they provide of a systematic nature, lies in
what they can reveal about body proportions and locomo-
tor repertoires as was shown by Kowalevsky (1874) for
the Anthracotheriinae, Geais (1934) for the bothriodon-
tine anthracotheres, and Boekschoten & Sondaar (1966,
1972), Houtekamer & Sondaar (1979) and Spaan (1996)
for the hippopotamids.

Hippopotamids possess a unique set of features of the
post-cranial skeleton and soft anatomy linked to their am-
phibious lifestyle, which requires that they move efficient-
ly in water as well as on dry land. On the one hand their
limbs and body show adaptations for terrestrial locomo-
tion of up to several km per night while they forage and

on the other they show adaptations for streamlining the
body and limbs for efficient aquatic locomotion. In order
to minimise the effects of drag, hippos have developed
a unique body plan in which the body is barrel-shaped
with such a deep rib cage that the humerus does not ex-
tend downwards beyond the ribs, but lies alongside them
(Fig. 2). The humerus thus has skin covering only its lat-
eral side, the medial part being entirely within the body.
Indeed, in adults even the proximal part of the radio-ulna
is within the body when the forearm is in flexed positions
(Figs 3, 4). During swimming, the joints of the fore limb
are hyperflexed onto each other to such an extent that the

Figure 3. Hippopotamus amphibius Linnaeus, 1758, swim-
ming. Note the position of the humerus and the
proximal end of the radio-ulna retracted into the re-
gion of the thorax (the elongated appearance of the
body is due to optical distortion by the lens of the
camera).
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Figure 4. Choeropsis liberiensis (Morton, 1849) swimming.
Note the fully retracted humerus and proximal ra-
dio-ulna, and the hyper-flexed metapodials and feet
of the forelimbs as well as the streamlined position-
ing of the hind limbs, all of which minimise drag.

proximal half of the radius and ulna are withdrawn into
the body around a deep fold in the skin, leaving only the
distal part outside but held close to the rib cage beneath
the neck, with the carpals, metapodials and phalanges
folded back beneath, thereby reducing their coefficient
of drag to a minimum (Figs 3, 4). The hind limbs do not
pose a significant streamlining problem, because during
underwater swimming, they are pointed backwards in line
with the rear of the barrel-shaped body. However, the fe-
mur is largely enveloped in a fold of skin that continues
the profile of the side of the body, so that when the leg
is swung forwards during underwater walking or swim-
ming, only the distal part of the tibia, the metapodials and
phalanges are exposed to the water column (Fig. 4). This
unique limb system of hippos resembles a semi-retracta-
ble undercarriage.

Furthermore, for an animal of its size and bulk, the
hippopotamus is incredibly agile (Figs 3, 5) both on land
and in the water, being well known for its ability to turn
‘on a dime’, roll over in the water and twist and turn rap-
idly during ritual or real agonistic encounters with con-
specifics. Hippos are however, unable to jump when on
land and won’t even step over low hurdles in their path.
Hippos are exposed to predation in aquatic and terrestrial
environments and the ability to turn rapidly is an impor-
tant factor in predator avoidance.

The body of hippopotamids is slightly denser than
water, but is bouyant enough that relatively minor forces
are required to raise the body to the surface or to move it
through the water. Hippos have been described as ‘danc-

Figure 5. Hippopotamus amphibius Linnaeus, 1758, running on
land. Note that even in the fully extended position,
the humerus does not extend beneath the thorax.

ing’ or ‘gliding’ above the bottom of the lakes and rivers
that they inhabit, the limbs touching the ground relatively
lightly to provide thrust, with the body ‘floating” above the
bottom (Fig. 3) often with all four legs off the ground while
the body is moving forwards (Fig. 4). During «swimming»,
the front legs can be actively used for propulsion (broad
radio-ulna, webbed foot) but foot contact with the bottom
usually provides the main propulsive force.

Detailed examination of the anatomy of hippopotamid
limb bones reveals that amphibious adaptations have oc-
curred at several scales, from the overall shape and length
of the diaphyses to the orientation of the articular epiphyses
on the diaphyses, all of which increase the possibility of
hyperflexion of the joints compared with the same joints in
exclusively terrestrial artiodactyls. Other Suiformes, such
as suids and anthracotheres, have proportionally longer
limbs, straighter long bones with the epiphyses more in
line with the diaphyses, less well developed potential for
hyperflexion of the articulations, and the humerus extends
well outside the body of the rib cage, and is completely
surrounded by skin. In detail therefore, anthracotheres
(Figs 6, 7) did not have locomotor repertoires like those
of hippopotamids, but more like those of suids and even
some ruminants.

Given that many anthracothere fossils occur in lignites
and other swamp deposits, it is possible that they lived
somewhat like the extant sitatunga (Tragelaphus spekei
Speke, 1863) an African bovid with comparable body pro-
portions that spends much of its life in papyrus swamps
and reed beds, foraging on dry land in the evenings, at
night and in the early morning. Other ruminants with
somewhat comparable habits are the Swamp Deer [Blas-
tocerus dichotomus (Illiger, 1815)] of South America, the
Sambar [Cervus unicolor (Kerr, 1792)] of India, and the
Lechwe [Kobus leche (Gray, 1850)] of Africa. The ma-
jor difference between these water-loving ruminants and
hippos, is that they habitually keep the head and body
emergent from the water, whereas hippos generally com-
pletely submerge their heads and bodies for long periods.
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Figure 6. Anthracotherium magnum Cuvier, 1822, lateral view of skeleton, showing the elongated aspect of the limbs which extend
well beneath the thorax (modified from Kowalevsky, 1874).

Figure 7. Elomeryx borbonicus (Gervais, 1852) lateral view of skeleton, showing the elongated aspect of the limbs which extend
well beneath the thorax, as in suids and ruminants (modified from Geais, 1934).
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Even the huge Water Buffalo (Bubalus bubalis Linnaeus,
1758) of India, which has about the same dimensions as
the large bothriodont, Brachyodus aequatorialis Mac-
Innes, 1951, usually retains much of its body as well as
its head emergent from the water, even when lying down
in rivers and ponds.

When disturbed or threatened while in the water, Blas-
tocerus, Cervus unicolor and Kobus leche all bound away,
generally lifting the entire body well clear of the water at
each bound. Hippos in contrast, when disturbed in shal-

low water or on land, generally rush towards deeper water
where they immediately submerge their heads and bodies
completely. The strategies for dealing with danger in these
two groups are thus radically different, and this is reflect-
ed in the locomotor apparatus and overall body plan. Be-
cause their post-cranial skeletons more closely resemble
those of ruminants than hippos, bothriodont anthracotheres
possibly behaved more like water-loving ruminants than
hippos, generally keeping their bodies emergent while in
shallow water, and usually avoiding deep water.

Figure 8. Choeropsis liberiensis (Morton, 1849) distal view of skull and mandible showing that the mandible is broader than the
cranium, a feature unique to hippopotamids among mammals.
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THE FLARED REAR
OF THE MANDIBLE IN HIPPOS

In hippos, the back of the mandibles flare laterally to
a marked extent, producing a morphology unique among
mammals, in that the back of the lower jaws is wider than
the cranium (Fig. 8). In ventral view, the flared mandibles
resemble the prow of a ship (Fig. 9) and in terms of am-
phibious locomotion, this peculiar morphology might play
a role in reducing drag at the front of the body by stream-
lining the profile of the head and neck onto the barrel-like
body. However, it is more likely that the flaring of the base
of the mandible relates to the extraordinary gape that hip-
pos have, especially during ritual “agonistic” or «intimi-
dation» behaviour (inappropriately named the «yawning»
display) (Fig. 10). If the distal part of the base of the two
rami of the mandible were not flared, they would impinge
on the neck when gape is wide, but splaying them later-
ally allows the jaw to be opened wide without interfering
with it, the flared parts coming into position beside the
neck. In extremely wide gape positions, the axis vertebra
comes to lie between the upper parts of the flared plates
of the lower jaw, something that would not be possible
without the flaring.

MOLECULAR EVIDENCE
FOR AFFINITIES OF HIPPOPOTAMIDS

During the 1990s, almost contemporary with the dis-
covery of primitive fossil cetaceans preserving talar anat-
omy that suggested links between artiodactyls and whales
(Thewissen et al., 1983, 1998, 2001; Gingerich et al., 2001)
molecular biologists added to the debate about hippopot-
amid origins (Grauer & Higgins, 1994; Xu et al., 1996;
Gatesy, 1997, 1998; Gatesy et al., 1996, 1999; de Jong,
1998; Hasegawa & Adachi, 1996; Hasegawa et al., 1997;
Milinkovitch & Thewissen, 1997; Montgelard et al., 1997a,
1997b; Shimamura et al., 1997, 1999; Milinkovitch et al.,
1998; Nomura et al., 1998; Ursing & Arnason, 1998; Klei-
neidam et al., 1999; Miyamoto, 1999; Nikaido et al., 1999;
Nomura & Yasue, 1999; Arnason et al., 2000, 2004; Sh-
edlock et al., 2000; Ursing et al., 2000; Naylor & Adams,
2001, 2003). Most molecular biologists have found the mo-
lecular evidence in support of a whale-hippo clade to be
compelling, although not all morphologists agree with them
(Geisler & O’Leary, 1997; Geisler & Luo, 1998; Luckett
& Hong, 1998; Gingerich & Uhen, 1998; O’Leary, 1998,
1999, 2001; O’Leary & Geisler, 1999; O’Leary & Uhen,
1999; Gatesy & O’Leary, 2001; Geisler, 2001; Langer,
2001; Geisler & Uhen, 2003, 2006; O’Leary et al., 2003;
Meisner et al., 2005; Theodor & Foss, 2006). The molecu-
lar viewpoint culminated in the proposal of a Cetartiodac-
tyla clade, the reality of which is the subject of debate, as
are the details of relationships within this clade.

HISTORICAL REVIEW:
OSTEOLOGICAL STUDIES

Falconer & Cautley

Falconer & Cautley (1836) were the first authors to de-
scribe fossil remains of what was eventually to be called
Merycopotamus dissimilis (Falconer & Cautley, 1836). In
their initial paper they classified the fossils in the genus
Hippopotamus, subgenus Hexaprotodon Falconer & Caut-
ley, 1836, but recognised that in some features, notably
the dentition, it resembled ruminants more than hippos.
They furthermore noted that the mandible was «pecu-
liar» when compared to that of Hippopotamus, mainly in
the slenderness of the ramus and the presence of a large
notch between the descending plate at the angle of the jaw
and the rest of the body (Fig. 11a, 12) in contrast to the
«straight, thick, massive jaw» of hippos. They also noted
the «elevated ridge pointing angularly forwards and push-
ing forward a nearly flat surface to the centre of the rear
tooth» (Fig. 11a). After discussing the marked differences
in breadth between the upper and lower molars, the authors
closed by proposing to «establish a species with (in this
respect) rather unusual peculiarities. To this smaller spe-
cies we propose the name dissimilis, from the differences
of form from the rest of the genus» (Hippopotamus). The
authors also noted the ruminant-like narrowness of the
lower molar row compared with the much broader upper
molars, whereas suoids and hippos have less divergent
molar row breadths.

The same authors erected the genus Merycopotamus in
1845 combining the Greek words for ruminant (merux) and
river (potamos) (in Owen, 1845) but without naming a type
species. Lydekker (1886) nominated the species dissimilis
as the type species of the genus Merycopotamus, although
the combination had been in use for some time before this
publication (Falconer, 1868; Lydekker, 1876, 1883).

From these first hesitant interpretations of the fossils
emerged the extremely tenacious but erroneous view that
Merycopotamus was a hippo-like creature, even though
Falconer & Cautley (1836) recognised from the outset that
within a hippo context it was «peculiar» and that it pos-
sessed ruminant-like features of the dentition (repeated in
Owen, 1845). Falconer (1868) summarised Merycopota-
mus, stressing the ruminant-like aspect of the cheek denti-
tion, contrasting with the hippo-like «cranium, incisors and
canines, together with the leafy expansion of the angle of
the lower jaw». His conclusion was that «Merycopotamus
is a most interesting and well-marked genus, connecting
Hippopotamus with Anthracotherium», a conclusion that
was supported by Huxley (1871) and which echoes to this
day (Boisserie et al., 2005a, 2005b). But is the skull, man-
dible, and anterior dentition of Merycopotamus similar to
those of Hippopotamus, and if so, are the resemblances
due to commonality of descent or to convergence?
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Figure 9. Hippopotamus amphibius Linnaeus, 1758, ventral view of skull and mandible showing the prow-shaped flare of the rear
of the mandibles. The same morphology occurs in Choeropsis Leidy, 1853, but is unknown in anthracotheres and all other
artiodactyls.
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Figure 10. During the yawning display, Hippopotamus amphibius Linnaeus, 1758, opens the mouth extremely widely making a right
angle between the cranium and the neck, and between the upper and lower jaws (left image skull and mandible in gape
position, right image in the flesh). The live hippo on the left of the sparring pair has its jaws opened about 5-10° wider

than in the mounted skull and mandible.

The combination of the word potamus (Greek for river)
in the generic name Merycopotamus - with its repetition
in Hippopotamus - and the word dissimilis for the spe-
cies, epitomises the ambivalence that has characterised
interpretations of the relationship between these two taxa
for over a century and a half, alternatively approaching
Merycopotamus to Hippopotamus, or distancing it from
it. In parallel with this phylogenetic ambivalence there
has been a chronological one, those authors who approach
the two genera to each other demanding a Late Miocene
of Pliocene descendence of hippos from anthracotheres
(Owen, 1845; Lydekker, 1876, 1883; Matthew, 1934; Bois-
serie et al., 2005a, 2005b) whilst those who distance the
two genera from each other envisage a much more ancient
dichotomy (Kowalevsky, 1873, 1874; Stehlin, 1899-1900,
1908; Pearson, 1927, 1929). The tension between early
divergence and late divergence has been ever present in
the study of hippo-anthracothere relationships, spiced with
divergent interpretations about the polarity of the morpho-
logical characters examined.

But were the early morphological observations valid?
In some instances they were, but in others they were not.
For instance, Falconer & Cautley (1836) wrote that in Hip-
popotamus dissimilis the cross section of the lower canine
was «pear-shaped» as in Hippopotamus sivalensis Falconer
& Cautley, 1836, which strengthened their opinion that the
species dissimilis was a kind of Hippopotamus. But exami-
nation of the sections of lower canines of these two spe-
cies reveals that they are not the same. Hippopotamus has
canines that are D-shaped, with the upright of the D (the

lingual surface) concave (sometimes described as reniform
or kidney-shaped). Furthermore the dentine in hippo ca-
nines is hemicentrically organised (in section looking like
semi-circular onion rings, joined along a slightly curved
junction between the buccal and lingual halves) (Fig. 13)
and the pulp cavity is narrow except at the growing ex-
tremity. In Merycopotamus, in contrast, the lower canine
section is ovoid with a distal crest, has no concavity on
the lingual aspect, the dentine is massive, and the pulp
cavity invades the tooth further than it does in Hippopot-
amus, and there is no subdivision between buccal and lin-
gual halves. On account of their internal structure, lower
canines of hippos tend to split longitudinally when they
become desiccated, whereas those of Merycopotamus and
other anthracotheres do not.

Kowalevsky

Kowalevsky (1873, 1874) published two monographs
on the Anthracotheriidae, in which he made extensive com-
parisons of their dental, cranial and post-cranial anatomy
with those of other artiodactyls. He did not enter into much
detail about hippopotamid origins because he considered
that the family belonged to a separate «suborder» [Pari-
digitata bunodonta (Suina)] from anthracotheres [Paridig-
itata selenodonta] and was therefore of peripheral inter-
est to the focus of his research. In his second monograph
(Kowalevsky, 1874, chart opposite p. 152) he postulated a
dichotomy among primitive artiodactyls at the base of the
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Figure 11. Mandibles of (a) Merycopotamus dissimilis (Falconer & Cautley, 1836) showing the notch in the base of the ramus an-
terior to the descending plate and a well developed ridge delimiting the masseteric fossa, and (b) Hippopotamus mada-
gascariensis Guldberg, 1883, showing absence of notch at the base of the ramus in front of the descending plate and the
absence of a pre-masseteric ridge on the lateral aspect of the jaw (scale: 10 mm).

Eocene, giving rise to these two «suborders». Note that at
the time of his study Kowalevsky (1874) considered that
the Eocene immediately succeeded the Cretaceous and that
the order Paridigitata (ie Artiodactyla) originated during
the Cretaceous. The Oligocene had not been recognised
by the time of his work, so in his chart the Eocene is fol-
lowed directly by the Miocene. His phylogenetic schema
(Fig. 1) was soon criticised by Lydekker (1883) who pre-
ferred a much closer relationship between anthracotheres

and hippopotamids, with the dichotomy envisaged as oc-
curring during the Late Miocene.

It should also be noted that Kowalevsky (1873, PL. 7)
was among the first scientists to record that the metapodials
of Choeromorus Gervais, 1848, from the Middle Miocene
of Sansan, France, (his Choerotherium Lartet, 1851, for a
while also known as Taucanamo Simpson, 1945) did not
possess a ridge on the anterior aspect of the distal epiph-
ysis. Kowalevsky (1874) accepted the status of the Pal-
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Figure 12. Anterior and dorsal views of mandibles of (a, b) Merycopotamus dissimilis (Falconer & Cautley, 1836) showing the
vertical orientation of the descending plate (modified from Falconer & Cautley, 1848), (c) anterior view of mandible of
Choeropsis liberiensis (Morton, 1849) and (d) dorsal view of mandible showing the flared orientation in Hippopotamus
amphibius Linnaeus, 1758, (a) and (b) modified from Falconer & Cautley, 1848, (d) modified from de Blainville, 1846)
(not to scale).

aeochoerus Pomel, 1847, fossils from St-Gérand-le-Puy, ridge on the anterior aspect of the distal epiphysis that
France, unaware that some of the fossils belonged to Hyo- he attributed to Palaeochoerus, belong in fact to Hyoth-
therium. Thus the metapodials with a strongly developed erium. This generic misattribution, like that of the skull
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Figure 13. Transverse sections through lower canines of (a) Hippopotamus major Cuvier, 1804, Palermo, Italy, and (b) Meryco-
potamus dissimilis (Falconer & Cautley, 1836). Note the hemicentric arrangement of the dentine in the hippo canine and
the distinct curved junction between the buccal and lingual halves of the tooth in the hippo, and the massive dentine in

Merycopotamus (not to scale).

of the same species (Pearson, 1927; Viret, 1961) greatly
influenced interpretations of the Early Miocene suoids of
Europe for more than a century (Ginsburg, 1974) and has
caused an inordinate amount of confusion. Recent inter-
pretations of the phylogenetic relationships of hippopota-
mids and anthracotheres (Boisserie et al., 2005a, 2005b)
are affected by this misidentification.

In his 1874 paper, Kowalevsky depicted a reconstruc-
tion of the skeleton of Anthracotherium magnum Cuvier,
1822, based on fossils from La Rochette (Fig. 7). This
drawing is interesting in that it shows limb proportions
and thorax depth that differ markedly from those of hip-
popotamids. In hippos, the humerus does not emerge be-
yond the deep barrel-shaped thoracic mass, but is envel-
oped inside the thick skin that covers the body, being part
of the streamlining adaptation of the animal. When in the
water hippos expose only the distal half of the radio-ulna,
wrist and foot outside the barrel-like body mass, thereby
reducing to a minimum the effect of drag due to limb ex-

posure. In the anthracotheriine Anthracotherium magnum
the humerus extends clearly beneath the thoracic cage,
as in suids, to such an extent that most of the humerus
is visible outside the thoracic mass and when in water, it
and the rest of the forelimb would have presented a large
surface area with a consequently large coefficient of drag.
The bothriodontine Elomeryx borbonicus (Gervais, 1852)
has a similar long-limbed and slender rib cage aspect to
its body plan (Geais, 1934).

Lydekker

Richard Lydekker wrote extensively on Siwalik mam-
mals, in particular the artiodactyls. He was especially in-
terested in the suprageneric relationships of the species that
came under his investigation, the end of the 19th Century
being a period during which many investigators includ-
ing Huxley (1871) and Kowalevsky (1873) were research-
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ing such higher taxonomic issues. Nowadays we would
describe the debate in terms of questioning whether the
Artiodactyla are monophyletic or paraphyletic. Lydekker
focussed in particular on the subdivision of the Artiodac-
tyla into non-ruminating and ruminating animals. He evi-
dently considered, like many of his contemporaries, that
the former equate with the bunodont types and the latter
with selenodont types, although he stressed that extinct
forms were sometimes intermediate in dental morphology
and thus could not be easily classified into one or other
of the groups.

The comprehensive collection of anthracotheres that he
had available, in particular that of Merycopotamus dissi-
milis from the Plio-Pleistocene Upper Siwaliks of India,
posed particular problems to Lydekker, on account of the
presence of what he took to be hippopotamoid features
in the skull, mandible and dentition indicating to him the
possibility of links to Hippopotamidae, yet showing many
features that differed fundamentally from hippos, not only
in the cranium, but also in the dentition and post-crani-
um (Table 1). His writings on the subject of the affinities
of Merycopotamus and its relationships to Hippopotamus
show a curious ambivalence, with the text sometimes high-
lighting similarities to hippos whereas the tables show
Merycopotamus to be an anthracothere, well removed from
the hippos, not only at the family level but also at a higher
superfamilial or even subordinal level (Bunodontia versus
Selenodontia for example) (Table 2).

Lydekker’s publications reveal a person struggling to
make sense of what we would today refer to as derived
or primitive morphology (apomorphies or plesiomorphies
respectively) and homology and homoplasy (similarities
due respectively to common ancestry or to convergence).
To Lydekker (1876, 1877) the exaggeratedly descending
angle of the mandible in Merycopotamus, for example, rep-
resented shared derived morphology found only in Hippo-
potamus and Merycopotamus among the artiodactyls and
thereby denoting cousinship (as he put it) between these
two genera. Many subsequent authors such as Colbert
(1935) concurred with Lydekker’s opinion. In his detailed
description of the osteology of Merycopotamus, Lyddeker
(1876) compared the fossil Merycopotamus remains with
extant Hippopotamus and Sus Linnaeus, 1758, and barely
mentioned other artiodactyls. Colbert (1935) made a simi-
lar restricted comparison (Merycopotamus, Hippopotamus,
and the suid Conohyus Pilgrim, 1925) and came to a simi-
lar conclusion, the sample analysed almost guaranteeing
the result. As a consequence of the sample choice, Meryc-
opotamus appeared to Lydekker to have greater affinities
with hippos than with suids from which he was “inclined
to place the genus in the family Hippopotamidae, form-
ing a link between that and the Anthracotheridae (sic)”. In
subsequent publications he noted that the words “Hippo-
potamidae” and “Anthracotheridae” had been transposed
in the 1876 paper, completely altering the conclusion by

removing Merycopotamus from Hippopotamidae and clas-
sifying it in Anthracotheriidae, but being more consistent
with his subsequent writings. The suprageneric categories
that Lydekker was employing were at the time a subject of
active debate, with very little consensus emerging about
how to arrange the artiodactyls into subordinal categories,
and this shows clearly in Lydekker’s own results.

Superficial resemblances between Hippopotamus man-
dibles and those of Merycopotamus were noted as soon
as fossils of the latter genus were discovered (Falconer &
Cautley, 1836) which is why the discoverers initially clas-
sified the remains as Hippopotamus dissimilis. Lydekker
(1876) was so impressed by the descending angle of the
jaw that he repeatedly remarked on its significance, taking
it to be an apomorphy shared by the two genera. How-
ever, he made a peculiar error (Lydekker, 1883) when
describing the ‘angle’ in the mandibles of Hippopotamus
and Merycopotamus, which he wrote was, in both genera,
«produced into a large plate, preceded by a deep notch in
the inferior border of the horizontal ramus». This notch
is present in Merycopotamus (Fig. 11a) but not in Hippo-
potamus in which the jaw deepens beneath the m/3 (Fig.
11b). Furthermore, the descending plate in Merycopota-
mus is oriented almost vertically, not splayed out lateral-
ly as in Hippopotamus (Fig. 12) in which it is part of the
adaptation for opening the jaw extremely widely during
ritual displays. In Merycopotamus there is a well defined,
almost rectilinear, obliquely descending ridge of bone on
the lateral aspect of the mandible that is in line with the
leading edge of the descending plate and its upper end
points towards the middle of the m/3 (Falconer & Caut-
ley, 1836). Superiorly this ridge, which marks the ante-
rior margin of the insertion of the masseter, terminates in
the upper third of the ramus, the area above it being flat
(Fig. 11a). In hippos there is no corresponding ridge of
bone, the jaw being smooth in the equivalent region (Fig.
11b). These differences reveal that the derived structures
of the angular region of the mandible in Merycopotamus
and Hippopotamus are not homologous. The resemblances
of the descending plate and its surrounding structures in
the two genera are superficial, and are due to convergence
rather than to commonality of descent.

Despite these rather prominent differences, already
evoked by Falconer & Cautley (1836), Lydekker (1877)
evidently considered the similarities in mandibular mor-
phology of hippos and Merycopotamus to be homologous.
He wrote that “the very remarkable similarity in the form
of the mandible of Hippopotamus and Merycopotamus ....
admit that these two genera must have descended from
some common ancestor which had a similarly shaped man-
dible”. He mentioned that “no other pig-like animal, either
recent or fossil has a similarly shaped lower jaw, though
there is a very slight rudiment of the descending process
in the American Peccari and Hyopotamus”. Because of
the supposed homology of the mandibular characters of
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Skeletal Character Merycop us Hippopotamus
Profile of occipital crest to nasals evenly sloping evenly sloping
Depth of the upper portion of cranium slight slight

Zygomatic arches wide wide

Sagittal crest deep, strong deep, strong

Muzzle slightly expanded enormously expanded
Orbits elevated elevated

Orbits closed posteriorly closed posteriorly
Position of inferior portion of orbit unusually far forwards (over M1/) backwards (over M2/)
Proximal extremity of nasals low high

Distal extremity of nasal acute with re-entering angle expanded

Facial surface of nasals nearly flat rounded

Facial surface of nasals at right angles to lateral surface of maxilla no angle

Nasal articulation with premaxilla small longer

Premaxilla long short

Naso-maxilla suture straight not straight
Premaxilla overlap of facial surface of nasals none none

Foramen for 5th nerve above P4/ anteriorly positioned
Jugal continuous with maxilla overhangs maxilla
Maxillary process for articulation with jugal none present

Lachrymal elongated different proportions
Lachrymal foramen single single

Position of lachrymal foramen

close to angle of lachrymal bone

not close to angle of lachrymal bone

Frontals in front of orbits

expanded laterally

not expanded laterally

Supraorbital foramen

above centre of orbits

above centre of orbits

Hinder portion of parietals

greatly longer

short

Sagittal crest

long

short

Cranial and facial portions of skull

approximately equal

facial part much longer than cranial

Temporal fossa

in line with lateral edge of orbit

inside lateral edge of orbit

Form of occiput close to Sus unlike Sus

Occiput breadth to height ratio less more

Occipital surface of squamosal more advanced of supraoccipital plane less advanced of supraocciptal plane
Median groove on basi-occiptal absent present

Tubercles on basi-occiptal absent two present

Tympanic bulla larger smaller

Distal extension of palatines behind M3/ behind M3/

Upward bend of palato-maxillary suture rounded elongated

Tooth rows nearly parallel diverging anteriorly
Glenoid cavity flat, large large flat

Jugal process bordering glenoid none none

Posterior extremity of mandible descending descending

Incisors small large

Canine position close to i/3 in line with molars outside line of molars
Canine section trihedral not trihedral

Upper canine no posterior groove posterior groove present
Axis vertebra long short

Axis rim connecting facets for the atlas less developed greater development
AxXis transverse processes slightly wider narrower

Femur greater trochanter high low

Femur greater trochanter recurved straighter

Femoral head orientation on neck more nearly perpendicular not perpendicular
Femur digital fossa deeper shallower

Femur distal trochlea elongated short

Femur distal trochlea parallel to long axis of bone not parallel to long axis of bone
Tibia, region between the two articular surfaces notched not notched

Tibia posterior border of proximal end notched not notched

Talus breadth/length ratio long (b=1/21) short (b =2/31)

Talus trochlea surface for calcaneum oblong almost square

Talus pit between calcanear and tibial articulations shallower deeper

Calcaneum similar similar

Metacarpal distal articulation similar similar

Foot position relative to line separating 3rd and 4th digits | less symmetrical symmetrical

Ist phalanx similar similar

Humerus greater tuberosity less developed more developed
Humerus bicipital groove unusually wide narrower

Humerus bicipital groove less closed in by bone more closed in by bone
Deltoid ridge strong strong

Posterior extension of greater tuberosity

more continuous

less continuous

Distal humerus ridge on radial half of trochlea

more prominent

less promient

Ulnar condyle of humerus

more prominent

less prominent

Fusion of radio-ulna not ankylosed ankylosed
Radius mid-shaft not contracted contracted
Distal ulna enlarged enlarged

Table 1.

Osteological comparison between Merycopotamus and Hippopotamus summarised from Lydekker (1876) (some of these
characters such as orbital closure, are now known to be variable — I have summarised them as Lydekker reported).
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I - SUINA
A - Bunodontia
1. Suidae

Sus, Porcula, Babirusa, Hippohyus (?), Sanitherium (1), Amphichoerus (2), Heterohyus (3),
Choeromorus (4), Potamochoerus, Palaeochoerus (5)

2. Dicotylidae

Dicotyles, Hyotherium (?) (6), Thinohyus, Platygonus

3. Acotherulidae
Acotherulum, Leptacotherulum
4. Phacochoeridae (7)
Phacochoerus
5. Entelodontidae
Entelodon, Tetraconodon (8), Achaenodon
6. Hippopotamidae
Hippopotamus, Choeropsis
9

Leptochoerus, Parahyus, Eohyus, Helohyus

B - Selenodontia
a. Pentacuspidati
1. Anthracotheridae (sic)

Anthracotherium, Hyopotamus, Rhagatherium, Choeropotamus, Hemichoerus

(?) 2. Mixtotheriodontidae
Mixtotherium
(7) 3. Diplopidae
Diplopus
b. Tetracuspidati
1. Merycopotamidae

Merycopotamus, Choeromeryx, Hemimeryx, Sivameryx (9)

2. Oreodontidae

Oreodon, Eporeodon, Agriochoerus, Merycochoerus

c. Anoplotherina
1. Anoplotheridae

Anoplotherium, Eurytherium, etc.

(N 11 - PACHYSIMIA
Cebochoeridae
Cebochoerus
III - RUMINANTIA

Notes:

1 Sanitherium is now classified in its own family Sanitheriidae
2. Amphichoerus is no longer considered a suid.

3. Heterohyus is no longer considered a suid.

4. Choeromorus is now classed in Palaeochoeridae (for a while it was called Taucanamo).

5. Palaeochoerus is the type genus of Palacochoeridae and is not a suid.
6. Hyotherium is now classified in Suidae.
7. Phacochoeridae is a synonym of Suidae. Phacochoerus is a suid.

8. Tetraconodon is now classified as Suidae, being the type genus of the subfamily Tetraconodontinae.

9. Sivameryx is pentacuspidate.

In addition, Lydekker (1877) noted similarities between the upper molars of the giant suid Hippopotamodon and those of Hippopotamus, hence the name of
his new genus, which did not figure in his 1883 chart, although he evidently considered it to be allied to the hippos.
These changes affect the context of the comparative arguments of Lydekker outlined above.

Table 2. Lydekker’s 1883 classification of the Suina relative to the Pachysimia and Ruminantia.

Hippopotamus and Merycopotamus, Lydekker (1877) was
forced to question Kowalevsky’s thesis that the Bunodonta
separated from the Selenodonta during the Eocene, and he
surmised that “the Bunodonta and Selenodonta are more
closely connected than Kowalevsky supposes”. Further-
more, the selenodont dentition of Merycopotamus indicated
to Lydekker that its ancestor “must have been selenodont
or hemi-selenodont” and therefore that “Hippopotamus is
descended from a selenodont and not a bunodont ances-
tor” providing “an instance of reversion to an older type”.

But countering this explanation in his summary, Lydekker
(1877, p. 81) classed the pigs and hippopotamoids as Suina
Bunodonta (sic) and the hyopotamoids (ie anthracotheres)
and anoplotherioids as Suina Selenodonta (sic).

Table 1 reveals that the morphology of the postcra-
nial skeleton of Merycopotamus is highly divergent from
that of Hippopotamus except in the calcaneum, distal end
of the metapodials and phalanges, and that the skull and
mandible are overall rather different, but with some simi-
lar features, and the dentition is highly divergent (seleno-
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dont as opposed to bunodont, as well as in details of tooth
position, incisor and canine morphology, etc). To this list
should be added that the p/1 is close to p/2 in Merycopota-
mus and well separated from p/2 in Hippopotamus and that
the morphology of the limb bones of Merycopotamus are
nearer to those of anthracotheres, whereas those of hippos
are far from anthracotheres (Lydekker, 1883).

When Lydekker (1876, 1877, 1883) was discussing su-
pra-generic relationships he cast aside most of the detailed
osteological comparisons that he made between Meryco-
potamus, Sus and Hippopotamus which showed that in
many features Merycopotamus differed fundamentally
from Hippopotamus (Table 1) and instead his classifica-
tory decisions were based almost exclusively on the form
of the angle of the lower jaw. In 1883, Lydekker’s classi-
fication shows Merycopotamidae in Selenodontia (Tetra-
cuspidati) well separated from Hippopotamidae which is
classed in the Bunodontia, yet in the text in the previous
page (Lydekker, 1883, p. 145) he lamented that in the ta-
ble “the relationship of Hippopotamus to Merycopotamus
is not apparent” the former genus being placed nearer to
Pachysimia (ie Cebochoeridae) which is closer to Hyoth-
erium (questionably classified in Dicotylidae by Lydekker)
and Acotherulum Gervais, 1850 (Acotherulidae) both of
which are included in Bunodontia by Lydekker. There is
thus a curious ambiguity in Lydekker’s writings, alterna-
tively linking Merycopotamus to, and distancing it from,
Hippopotamus. This ambiguity is highlighted by the sen-
tence (Lydekker, 1883, p. 166) “The intimate resemblance
of the molars (of Merycopotamus) to those of the Anthra-
cotheridae and Oreodontidae leaves, however, little doubt
but that the true position of the genus is in immediate
juxtaposition to those families: the form of the mandible
indicates, on the other hand, a distant cousinship with the
hippopotamus”.

Stehlin

Stehlin (1899-1900) considered that the hippo lineage
emerged from Eocene Suiformes on the basis of the mor-
phology of the back of the skull and the milk dentition,
which reflected that of Choeromorus (not the Middle Mi-
ocene Sansan material, but Eocene fossils that are today
referred to the Cebochoeridae or at the beginning of the
20th Century to Choeromoridae). He considered that the
hippo ancestor would have been of medium size, bunodont,
with a distally open orbit, flat skull roof, normal zygomatic
arch, moderately elongated extremities and four toes. He
stressed that the difficulty with «Choeromorus» resided in
insufficient knowledge of Eocene skulls, and the lack of
useful Oligocene or Miocene forms, but proposed «pos-
sibly at the end of the Eocene, one of the Choeromoridae,
nearly related to Acotherulum, found a refuge in the south-
ern continent (ie Africa) where during the Oligocene and

Miocene periods it gradually farther differentiated in the
direction of the Hippopotamidae» (translation in Forsyth
Major, 1902). Recent support for a choeromorid ancestry of
hippos has been published by Theodor & Foss (2006).

Andrews

C. W. Andrews (1906) wrote a paper that unduly influ-
enced subsequent research into hippo origins, despite his
comments about hippo-anthracothere relationships being
based on similarities between a single bone (the pelvis)
of each group. Colbert (1935) for instance was greatly
impressed with the paper and cited from it in extenso in
support of his thesis that hippos descended from anthraco-
theres. In fact, Andrews (1906, p. 186) restricted his com-
ments to the pelvis, which he noted was of similar con-
struction in Ancodon Pomel, 1847, Brachyodus Depéret,
1895, and Hippopotamus. None of the other bones of
Ancodon from the Fayum, Egypt, described by Andrews
(1906) resemble in detail those of hippopotami. The few
resemblances that there are, are due to the fact that both
are suiform artiodactyls. The cranium and dentition of An-
codon gorringei Andrews, 1906 (later put into the genus
Brachyodus) and Hippopotamus are entirely divergent as
are most of the post-cranial bones (long and slender in
Ancodon, short and robust in Hippopotamus).

Joleaud: Depéret

Joleaud (1920) proposed that the Indian hippo lineage
descended from Aprotodon Forster Cooper, 1915, a genus
from the Oligocene of Baluchistan, an idea reiterated by
Depéret (1921). As it happens, Aprotodon is a rhinocerotid
(McKenna & Bell, 1997; Guérin, pers. comm.).

Pearson

Pearson (1927, 1929) compared the basicranium and
otic region of a wide diversity of artiodactyls, making a
significant contribution to the understanding of the relation-
ships of the genera to each other. Unfortunately she failed
to realise that what she described as a skull of Palaeoch-
oerus from St-Gérand-le-Puy, was in fact a cranium of
Hyotherium, a suid. This misattribution in no way detracts
from her anatomical analysis of the specimen, but it does
affect her conclusions regarding the relationship between
«Palaeochoerus» and other artiodactyls. This misattribu-
tion has confused many subsequent workers (Boisserie et
al., 2005a, 2005b) even though the correct identification
was first published in 1974 by Ginsburg, and confirmed
by Van der Made (1996, 1997).
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Pearson (1927, 1929) who carried out extremely detailed
comparisons on many artiodactyls, considered that hippos
were most likely descended from Cebochoerus Gervais,
1848, although she noted several similarities between the
skulls of peccaries and hippos. She was adamant that Meryc-
opotamus was radically divergent from Hippopotamus, go-
ing to the extent of making a detailed study of the hinder
part of the skull of the two genera. This study resulted in
Merycopotamus being reclassed as an anthracothere. Where
its basicranium and occiput differed from that of other an-
thracotheres (and in her opinion, it did not differ much) it
was not in the direction of Hippopotamus. The cebochoerid
hypothesis has taken on renewed interest (Theodor & Foss,
2006) with the realisation that it and some close relatives
possess deciduous dentitions which recall cetacean teeth.

Dietrich

Dietrich (1928) described the fossil Pleistocene hip-
popotami from Tanzania, and briefly discussed the origin
of the family. He dismissed Joleaud’s (1920) derivation
of hippos from Aprotodon rather harshly «fiihrt zu phan-
tastischer Absurditéit» explaining that the natural sequence
of reduction of the incisors would be Hexa — Tetra — Di
— A — protodon, which is the opposite of the sequence
proposed by Joleaud. Dietrich seems to have been una-
ware that Aprotodon is in fact a rhinocerotid. He appears
to have agreed more or less with Stehlin’s (1899-1900,
1908) views on hippo origins, and went on to propose that
in its appearance, the ancestor of the hippos would have
approximately resembled Tayassu Fischer de Waldheim,
1814, among the living suids (at the time New World pec-
caries were included in suids by some authors) but he did
not venture to identify any possible ancestor.

Matthew

Matthew (1929b, 1934) wrote of hippo origins «Their
derivation has been supposed to be from the anthraco-
theres, through Merycopotamus. This is quite certainly
wrong . They are derived from the Suidae.... The small-
er Pleistocene species ... are very suggestively like mid-
Tertiary Suidae in construction of molars and premolars.
This is especially true of Hyopotamus minutus Blainville,
1847, from Cyprus and Crete collected by Miss Bate,
which strongly reminds one of such primitive Suidae as
Desmathyus Matthew, 1907, etc. out of the Upper Rose-
bud and Lower Sheep Creek of the Western United States».
Given that Matthew (1934, chart) included in Suidae
what we would today classify as palaeochoerids, tayas-
suids and suids (and possibly cebochoerids as well) and
the fact that the Cypriot fossils are now attributed to the
genus Hippopotamus, his conclusion is not far from the

mark. It requires nuancing, but this is often the case with
scientific hypotheses. Matthew (1929a) insisted that post-
cranial evidence is essential for the proper assessment of
relationships between artiodactyl families, but his advice
has generally been ignored by subsequent researchers, al-
though two papers published recently (Theodor & Foss,
2006; Geisler & Uhen, 2006) included many post-cranial
characters, which led to the conclusion that hippos were
not the sister-group of anthracotheres.

Geais

Geais (1934) was able to reconstruct the skeleton of
Elomeryx borbonicus (at the time attributed to Brachyodus)
on the basis of numerous skeletal parts from St-Henri, near
Marseille (Fig. 7). She documented the elongated limb el-
ements of the species and the neck in which the atlas and
axis resembled that of the wild boar [Sus scrofa (Linnaeus,
1758)] in general aspect and dimensions. Despite these dif-
ferences from hippopotamids, she envisaged that the spe-
cies, which was about the size of a pig, lived like hippos in
troops in swampy areas, passing part of the day swimming in
water and emerging onto the banks to eat and rest. Although
Geais did not specifically address the origins of hippos, her
reconstruction of the lifestyle and ecology of Elomeryx bor-
bonicus helped to perpetuate the view that anthracotheres
looked, moved and behaved like hippos, despite the differ-
ences in their body plan and limb bones.

Colbert

In his discussion on the origin of the Hippopotamidae,
Colbert (1935) put great weight on the form of the mandi-
ble. As he described it «In Merycopotamus the symphysis
is very heavy and broad, and the angle is produced ven-
trally in a manner extraordinarily similar to the ventrally
produced angle in the Hippopotamidae». However, the
symphyseal characters were already shown by Falconer &
Cautley (1836) not to be like those of hippos when they
described it as being slender and narrow, so it is somewhat
surprising to find Colbert (1935, p. 12) insisting so strongly
on their resemblance to those of hippos. It is perhaps due
to the fact that he compared only three genera, Meryco-
potamus, Hippopotamus and a highly derived suid, Cono-
hyus. In this restricted comparison, Merycopotamus does
indeed come out more similar to Hippopotamus, but since
there are many other suoids that could (and should) have
been included in the comparison, then Colbert’s analysis
[like Lydekker’s (1876) one] is inadequate. What is even
more surprising is that Colbert (1935, Fig. 3) like Falcon-
er & Cautley (1847) before him, incorrectly reconstructed
the angle in the hippo mandible to look similar to that of
Merycopotamus, introducing a rising notch in the ventral
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margin of the ramus immediately anterior to the descend-
ing angle, something that does not exist in Recent hip-
popotami. The rest of his analysis of the skull, dentition
and post-cranial skeleton is likewise flawed, and in any
case was extremely cursory. It ignored Lydekker’s (1876)
detailed descriptions and interpretations of the osteology
of Merycopotamus, and it did not delve in any detail into
Pearson’s (1927, 1929) work on the basicranium and otic
region of the skull, simply dealing with it in a paragraph
of 8 lines. Because of the missing taxa and missing data
for those taxa included in the study, it was inevitable that
Colbert’s (1935) study would be compromised. His conclu-
sion that hippos descended from anthracotheres similar to
Merycopotamus was thus not a convincing demonstration
of hippopotamid phylogenetic relationships.

Lavocat: Viret

Lavocat (1955) did not enter into much detail about
hippo origins, but he did write that «they evidently came
from primitive bunodont ungulates». In contrast to Lavocat
(1955), Viret (1961) arranged the Hippopotamidae among
the Bunoselenodonta, but «without conviction» because,
as he explained «It is clear that the method which consists
of comparing the ends of branches, and which in addition,
are the ends of branches with the same secondary adapa-
tion (in the case of Hippopotamus and Merycopotamus)
cannot lead to a solution of the problem, the resemblances
due to parallelism risking being taken for the expression
of relationship» (my translation). The end of the sentence
is particularly perspicaceous and prescient.

Leakey: Thenius

Leakey (1966) did not specifically discuss the ques-
tion of hippopotamid origins, but reported the discovery
of teeth at Fort Ternan, Kenya, with affinities to anthraco-
theres and hippopotamids, and this led to comments being
published by Thenius (1969) and Gaziry (1987a) but both
these authors were unaware that the Fort Ternan specimens
are in fact the milk teeth of the proboscidean Afrochoero-
don Pickford, 2001, and are thus irrelevant to the debate
about relationshiops between hippos and anthracotheres.
In his paper, Thenius (1969) rejected the close relationship
between hippos and Merycopotamus proposed by Colbert
(1935) and implied by Leakey (1966) and wrote that the
latter genus could not represent the ancestor of hippos.

Pickford

Pickford (1983) erected the genus Kenyapotamus for
two species of extremely primitive hippopotamids from

Maboko (16 Ma), Fort Ternan (13.7 Ma), Ngeringerowa
(10-9 Ma), and Nakali (10-9.5 Ma), all sites in Kenya
[the genus was subsequently discovered in the Sambu-
ru Hills, Kenya (Nakaya et al., 1987; Tsujikawa, 2005)]
and at Beglia, Tunisia (Pickford, 1990, 2006). At the time
of the study these were by far the earliest known hippo-
potamids, the previous oldest specimens being about 7
Ma. This prompted Pickford to re-examine the question
of hippopotamid origins, partly because it was clear that
Kenyapotamus Pickford, 1983, was not only older than
Merycopotamus, the previous contendor for ancestry of
hippos (Falconer & Cautley, 1836, 1848; Colbert, 1935)
but also because its dentition and talus were radically dif-
ferent from those of Merycopotamus. Examination of the
literature and fossil material resulted in the view that hip-
pos were closer to the Suoidea than to any other artiodac-
tyls, as maintained by Pearson (1927, 1929) and Matthew
(1929b) so Pickford (1983) proposed a descendence from
what were known at the time as Old World Tayassuidae
(not to be confused with New World Tayassuidae). He re-
alised that hippos did not descend from New World Ta-
yassuidae, counter to the hypothesis of Matthew (1929b)
(see above) but proposed that they were derived from a
different family of suoids (now known as Palaeochoeri-
dae) that is known mainly from Europe.

It has been appreciated for at least 15 years that the
so-called «Old World tayassuids» or as they were some-
times called «doliochoerines» are not closely related to
New World Tayassuidae (Pickford & Morales, 1989) and
that they warranted full familial status (Pickford, 1993, Fig.
1, 2). Pending formal publication of this, Pickford (1993)
followed Simpson’s (1945) classification, as did Ginsburg
(1974) Hellmund (1992) and Sudre (1995) but he was clear
in his writings that doliochoeres were not particularly close
to New World tayassuids, having separated from them
during the basal Oligocene or earlier. Alas, application of
the word «tayassuid» to the Old World doliochoeres has
caused a great deal of confusion, with many authors fail-
ing to understand the implications of the qualifying prefix
«Old World» in front of it (Randi et al., 1996; Lihoreau &
Boisserie, 2004; Boisserie et al., 2005a, 2005b). In retro-
spect it is evident that Pickford should at the outset have
scrapped the word «tayassuid» when discussing doliocho-
eres, but because of the historical precedent, the word re-
mained attached to the group until Van der Made’s (1996,
1997) papers. The latter papers seem to have escaped the
notice of many molecularists and palaeontologists.

It was not until detailed studies of Early Miocene suoids
of Europe had been published (Ginsburg, 1974; Hellmund,
1992; Van der Made, 1996, 1997) that it was possible to
resolve the systematic issue in a satisfactory way. Until
these works were completed, there remained considerable
doubt about the familial status of the genus Palaeochoerus
and some of the other suoids from the Late Oligocene and
Early Miocene. The formal recognition of the separate fa-
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milial status of the «Old World Tayassuidae» took place
22 years after Ginsburg’s (1974) breakthrough, in papers
published by Van der Made (1996, 1997) who resurrected
Matthew’s (1924) subfamily Palacochoerinae (Matthew,
1929a) which has priority over Simpson’s (1945) Dolio-
choerinae, but he raised it to family rank on account of
the rather fundamental differences in cranial, dental and
post-cranial morphology that these suoids have from New
World Tayassuidae. He also excluded all the North Ameri-
can genera that Matthew listed in the subfamily.

Pickford (2007) erected the genus Palaeopotamus for
hippopotamid material more primitive than Kenyapota-
mus. The type species is Palaeopotamus ternani (Pickford,
1983) from Fort Ternan (ca 13.7 Ma) a species which is
also present at Maboko (ca 16 Ma) and Kipsaraman (ca
14.7 Ma). Among Artiodactyla, the teeth of P. ternani
are morphologically most similar to those of Palaeoch-
oerus typus (see Hellmund, 1992), but they are appreci-
ably larger.

Gaziry

Gaziry (1982, 1987b) proposed that hippopotamids and
Merycopotamus both descended from Hyoboops Troues-
sart, 1904 (now known as Sivameryx Lydekker, 1883) but
he noted that even if his suggestion were the case, the lin-
eage terminating in Merycopotamus must have separated
from that leading to hippos at the time that Hyoboops lived
(ie Early Miocene or base of the Middle Miocene). He
noted that the latter genus did not possess a downturned
mandibular angle, and that therefore the morphological
similarities between hippos and Merycopotamus must be
due to parallelism, a point he reiterated in a companion
paper (Gaziry, 1987a). He envisaged an Asiatic origin of
Merycopotamus followed by migration to Africa where
it is represented by two species Merycopotamus anisae
(Black, 1972) and Merycopotamus petrocchii (Bonarelli,
1947) both of which are now classified in the genus Liby-
cosaurus Bonarelli, 1947 (Pickford, 1991). He envisaged
an entirely separate African origin for Hippopotamus. On
the basis of the supposed morphological similarities and
a supposed common ancestor, he proposed that hippos
should be classified as a subfamily of Anthracotheriidae.
Alternatively, he argued that if this relationship was not
correct, then hippos must have descended from Dichobu-
nidae, citing the analysis of Pilgrimella Dehm & Oettnin-
gen-Spielberg, 1958, from the Eocene of Pakistan.

Gentry & Hooker

Gentry & Hooker (1988) analysed many artiodactyl
taxa using a cladistic approach and concluded that the
’ Anthracotheriidae’ ... become paraphyletic by the nesting

of Hippopotamidae within them” and that the “old clas-
sic primary division of artiodactyls into Bunodontia and
Selenodontia is supported”. These authors, unlike Kowa-
levsky (1873, 1874) thus support the inclusion of hippos
within the Selenodontia.

Van der Made

Van der Made (1999) classified the Families Anthraco-
theriidae and Hippopotamidae in the Superfamily Hippo-
potamoidea, on the supposed basis that «<numerous dental,
cranial and postcranial characters, as well as the characters
of the soft tissues argue against (Pickford’s) model» (that
anthracotheres and hippos belong to two separate super-
families). However, Van der Made (1999) provided no de-
tails of the numerous characters, which makes his claim
somewhat unsatisfactory, mainly because no soft tissues
of anthracotheres are known, and because in anthracoth-
eres and hippos there are manifest differences in cranial,
dental and postcranial morphology.

Boisserie, Lihoreau & Brunet

Because of the perceived refutation of the «peccary»
hypothesis of hippo origins by molecularists, Lihoreau
& Boisserie (2004) and Boisserie et al. (2005a, 2005b)
re-examined the question of hippo origins, and came to
the conclusion that hippos were most closely related to
bothriodontine anthracotheres. They envisaged that hip-
pos descended from bothriodontine anthracotheres (ie the
selenodont ones) with either Merycopotamus or the pair
Merycopotamus plus Libycosaurus, as the sister group of
hippos. They explicitly rejected the tayassuid and cebo-
choerid hypotheses of hippo origins. However, examina-
tion of their analyses reveals several areas of weakness,
notably the problems of missing taxa, missing charac-
ters among the included taxa and insufficient background
knowledge of the Suoidea. Their analyses focussed heav-
ily on the cranium and dentition, the postcranial skeleton
being represented only by the talus and the distal end of
the metapodials.

Major difficulties emerge from the studies of Bois-
serie et al. (2005a, 2005b) as they themselves recognised.
One is that hippo descendance from bothriodont anthra-
cotheres would imply a «spectacular reversion» of dental
morphology. In order to retain this possibility, the authors
invoked the concept of «dental plasticity» which is itself
somewhat contentious as a hypothesis. Secondly, their
hypothesis ignores the many fundamental morphological
differences that exist in almost all the bones and teeth of
hippos and anthracotheres, even the supposed sister taxa
Merycopotamus and Libycosaurus. As Lydekker (1876)
Pearson (1927, 1929) and others have pointed out, the
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resemblances between hippos and anthracotheres are su-
perficial, whereas detailed examination of their morphol-
ogy reveals pervasive differences throughout the skeletal
and dental systems.

A further difficulty with the research programme of
Boisserie et al. (2005a, 2005b) and Boisserie & Lihoreau
(20006) is that they failed to test the palaeochoerid hy-
pothesis (which used to be called the Old World Tayas-
suidae hypothesis). Admittedly the literature on suoids
is somewhat confusing, but it has been known for two
decades that the Old World Tayassuidae differed at the
family level from the New World Tayssuidae (Pickford,
1993). Once sufficiently detailed studies of European
late Oligocene and Early Miocene suoids had been done
(Hellmund, 1992) it became clear that their relationships
to Tayassuidae (sensu stricto — ie the American forms)
was no longer as close as Pearson (1927) and Simpson
(1945) thought, but for the time being they continued
to be classified in the same family (Hellmund, 1992;
Sudre, 1995). Eventually, Van der Made (1996, 1997)
resurrected the name Palacochoeridae (Matthew, 1924)
for the European taxa.

Boisserie et al. (2005a, 2005b) did not refer to these
developments, and furthermore, used a skull of Hyoth-
erium (a suid) to score the characters for Palaeochoerus.
The history of this particular skull and some postcrani-
al remains from the same locality (St-Gérand-le-Puy) is
confusing, because for over a century they were attrib-
uted to Palaeochoerus (see Kowalevsky, 1873, 1874;
Pearson, 1927; Lavocat, 1955; Viret, 1961). However,
Ginsburg (1974) realised that they belonged to the ge-
nus Hyotherium (see also Van der Made 1996, 1997).
Transposing the Palaeochoerus data to Hyotherium in
the papers of Boisserie et al. reduces the representation
of Palaeochoeridae in their analyses to a single genus,
Doliochoerus Filhol, 1882, for which over 22% of the
characters are missing. Examination of real specimens of
Palaeochoerus (see Hellmund, 1992) reveals rather diver-
gent scoring of characters, all of which show similarities
to hippopotamids. Inclusion of Palaeochoerus and other
Palaeochoeridae in the cladistic analysis will certainly
result in radically different phylogenies from those pro-
posed by Boisserie et al. (2005a, 2005b) and Boisserie
& Lihoreau (2006).

Theodor & Foss: Geisler & Uhen

Recently, Theodor & Foss (2006) have noted dental
similarities between cebochoerids and whales, which in-
dicates that Stehlin’s (1899-1900) and Pearson’s (1927,
1929) hypotheses need re-examining in detail, as suggested
by Pickford (1989). Theodor & Foss (2006) and Geisler &
Uhen (2006) concluded that anthracotheres are not closely
related to hippopotamids.

DETAILED COMMENTARY
ON THE RECENT HYPOTHESIS THAT
ANTHRACOTHERIIDAE IS THE SISTER
GROUP OF HIPPOPOTAMIDAE

Systematic problems

Lihoreau & Boisserie (2004) and Boisserie et al.
(2005a, 2005b) approached the question of hippopotamid
origins as a choice between two alternative hypotheses:
Anthracotheriidae or Tayassuidae (the cebochoerid hy-
pothesis was mentioned in the latter two papers but was
not retained). This summary of the problem is incomplete,
because it omits Palaeochoeridae (until recently called Old
World Tayassuidae) previously the strongest contendor for
ancestral status (Pickford, 1983, 1993; Pickford & Morales,
1989). In addition to the classificatory and nomenclatural
problems, there are numerous difficulties with the character
analyses presented by Boisserie et al. (2005a, 2005b).

Taxon choice

The problem of which taxa to include in any phyloge-
netic analysis is ever present. Boisserie et al. (2005a) in-
cluded 32 taxa comprised of three extant peccaries, two
fossil peccaries, a single palacochoerid (listed as a tayas-
suid), four suids, six hippopotamids, eight anthracotheres,
two archaeocetes, a cebochoerid, four ruminants and the
genera Archaeotherium Leidy, 1850, and Diacodexis Cope,
1882. Palaeochoeridae did not feature as such in their anal-
ysis, which is regrettable since it is the group that Pickford
(1983) considered to be the source of the hippopotamids.
There are at least 7 genera of Palaeochoeridae known,
of which two are represented by parts of the post-crani-
al skeleton. In contrast Theodor & Foss (2006) included
51 taxa in their analysis and Geisler & Uhen (2006) 73
taxa, many of which are not the same as those analysed
by Boisserie et al. (2005a) only 14 taxa being common
to the Boisserie et al. (2005a) study and one or both of
the other two teams.

Character choice

Lydekker (1876) already showed that the post-cranial
skeleton of Merycopotamus was markedly divergent from
that of Hippopotamus. In the former the neck, basipodes
and metapodials are elongated, whereas in the latter they
are short. Most articulations and neighbouring osseous
anatomy of the stylopodes and zeugopodes of Meryco-
potamus differ in morphology from those of Hippopotamus
indicating divergent locomotor repertoires. Echoing the
publications of Lydekker (1876) and Kowalevsky (1873,
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1874), Matthew (1929a) wrote that post-cranial evidence
is essential for the proper assessment of relationships be-
tween artiodactyl families. Omission of most of the post-
cranial skeleton compromises the analyses of Boisserie et
al. (2005a, 2005b) as shown recently by Theodor & Foss
(2006) and Geisler & Uhen (2006).

Because of this, perhaps the most questionable as-
pect of the Boisserie et al. (2005a, 2005b) studies is the
choice of characters used in the analyses. Only 8 out of
80 characters analysed by this team represent post-cranial
features, confined to the talus (4 characters), the navicu-
lar and cuboid (1 character), the distal end of the metapo-
dial (1 character), and the manual digits (2 characters).
The remaining 72 characters were cranial (42 characters),
mandibular (5 characters), and dental (25 characters). In
their second paper dealing specifically with hippo ori-
gins, Boisserie et al. (2005b) included only two postcra-
nial characters (astragalus and lateral digits) among a to-
tal of 37 characters. In the same paper 21 characters were
scored for cranial morphology, 4 for the mandible and 10
for dental morphology.

Missing data

Missing data is a fundamental problem in phylogenetic
analysis (Gatesy & O’Leary, 2001) and omission of taxa or
of features from most of the skeleton renders hypotheses of
relationship open to modification, often quite radically.

Among the anthracotheres analysed by Boisserie et
al. (2005a) there were relatively few missing characters
(Table 3) whereas in the only palacochoerid in the analy-
sis almost a quarter of the characters (22.5%) could not
be scored.

Scoring of characters

Among the characters that could be discerned for Pal-
aeochoerus some were scored incorrectly. For example,
character 8 in Boisserie et al. (2005a) (position of poste-
rior nasal spine) is described as being in line with or an-
terior to the rear end of M3/, yet in Palaeochoerus typus
it is well behind the M3/ (Hellmund, 1992, P1. 2, Fig. 1).
Boisserie et al. (2005a, 2005b) did not score the position
of the infra-orbital foramen (character 10) but it is clear
from Hellmund (1992, PL. 1, Fig. C) that it is in an ante-
rior position above the P3/ and should be scored as (0).
Character 42 (mandibular symphysis fusion) should have
been scored as (0) rather than missing. Character (52) (ca-
nine dimorphism) should have been scored (1) instead of
missing (Hellmund 1992, PI1. 8). Character 58 (lower ca-
nine section) in Palaeochoerus is «D-shaped» (Hellmund
1992, PI. 8) and it should therefore be scored as (1) rath-
er than missing. In my opinion, character 60 (wrinkled
or smooth enamel) in Palaecochoerus should have been
scored as (0) instead of (1). Character 61 (root of P1/) is
clearly doubled in Palacochoerus (Hellmund, 1992, Pl.
1). Character 62 (form of talon of P3/, should have been
scored (0) (Hellmund, 1992, Pl. 1). The P4/ of Palaeo-
choerus has two main cusps and a small posterior buccal
one that is detached from the main cusp. The scoring cat-
egories defined by Boisserie et al. does not cater for this
morphology of the P4/, but in Palaeochoerus and other
palaeochoerids such as Schizochoerus and Choeromorus,
it is closer to but not identical to their category (0) than to
(1) or (2). Boisserie et al. (2005a, 2005b) scored it as (1)
which I consider to be misleading. Character 65 (position
of paraconule) was scored as being absent (0) whereas it
is present, even if reduced in dimensions, and thus should

Taxon Missing characters Cranial Dental Post-cranial
(Total when (Total when complete (Total when (Total when
complete = 80) =47) complete = 25) complete = 8)
Doliochoerus 18 15 0 3
Xenohyus 50 42 1 8
Kenyapotamus 59 46 8 5
Palaeochoerus* 22 9 5 8
Libycosaurus 2 2 0 0
Merycopotamus 1 1 0 0
Anthracokeryx 7 3 0 4
Microbunodon 2 1 0 1
Elomeryx 5 2 0 3
Brachyodus 5 3 2 0

* All the characters scored for Palaeochoerus refer in fact to the suid Hyotherium.

Table 3. Missing characters in analyses of Suiformes by Boisserie et al

. (2005a).
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have been scored as (1). Finally as concerns the dentition,
the pentacone of M3/ is absent in Palaeochoerus, not
present as scored by Boisserie et al. (2005a). Boisserie
et al. (2005a, 2005b) did not score any of the postcranial
characters for Palaeochoerus.

These contradictions and omissions led me to search
for the reason why my assessment of the morphology of
Palaeochoerus is so divergent from that of Boisserie et al.
(2005a, 2005b). It transpires that they based their deter-
minations on cranial remains published by Pearson (1927)
unaware that the said material belongs to the suid Hyoth-
erium (see Ginsburg, 1974; Van der Made, 1996).

The only Palaeochoeridae included in the analysis by
Boisserie et al. (2005a, 2005b) was Doliochoerus quer-
cyi Filhol, 1882, some of the characters of which need
nuancing. For example, the short gap of 3 mm between
the lower canine and the anterior premolar in Dolioch-
oerus is not the same order of magnitude as the diastema
in Tayassuidae (Dechaseaux, 1959) and in my opinion
should be scored differently from the simple «absent» or
«present» categories used by Boisserie et al. (2005a). Four
other characters (wrinkling of the cheek tooth enamel, the
number of cusps in P4/, the quantity of roots in P4/ and
the presence or absence of a paraconule in the upper mo-
lars) need to be reassessed. Apart from that, the only post-
cranial bone of Doliochoerus analysed was the talus (four
characters scored).

Cranial evidence

Boisserie et al. (2005a, character 18; 2005b, character
8) like Lydekker (1876, 1877, 1883) before them, were
impressed by the superficial similarities between parts of
the skulls of some anthracotheres, such as Libycosaurus
and Merycopotamus on the one hand and those of Hippo-
potamus on the other. In particular they focussed on the
elevation of the upper margin of the orbits above the dor-
sal profile of the skull, and concluded that this represented
shared derived morphology denoting a close phylogenetic
relationship between the two families. Boisserie (2005, Fig.
8) however, wrote that the same character was derived in-
dependently in three different lineages of hippopotamines
due to convergence. There is therefore a contradiction be-
tween conclusions reached in successive publications by
Boisserie (2005) and Boisserie ef al. (2005a, 2005b). For
elevated orbits to be convergently derived in distinct lin-
eages of hippos, then the ancestors must have had low
orbits, and this is indeed the case, both Archaeopotamus
Boisserie, 2005, and Saotherium Boisserie, 2005, among
the fossils and Choeropsis Leidy, 1853, among the extant
hippopotamids having non-projecting orbits. In this case
the fact that some hippos and some anthracotheres have
elevated orbits, means that this condition must be due to
convergence, and is not due to shared ancestry between

anthracotheres and hippos. Apart from this, the orbits in
Libycosaurus are not particularly strongly elevated, and
their form is different from that of hippos.

Lihoreau (2003, Fig. 1.57B, 1.69B) recorded an unu-
sual orbital morphology in Libycosaurus, with the inferior
post-orbital process issuing from the squamosal. This in-
habitual construction is reported to occur in two species
from Chad, Libycosaurus petrocchii (Bonarelli, 1947) and
Libycosaurus sp. nov. In contrast, in hippos this process
rises from the jugal and the squamosal does not participate
in the construction of the orbital margin (Frechkop, 1955).
If correctly reported, then the squamosal morphology of
Libycosaurus distances it from all other artiodactyls.

Boisserie et al. (2005a, 2005b) proposed that the an-
thracothere pair Libycosaurus and Merycopotamus formed
a clade which was the sister-group of hippos. The sup-
posed close relationship between Merycopotamus and
hippos harks back to the work of Colbert (1935) and his
predecessors (Falconer & Cautley, 1848; Lydekker, 1876,
1877, 1883) who saw in Merycopotamus a close relation-
ship to hippos. However, in 1929, Pearson had already
shown that the basicrania of Merycopotamus and Hippo-
potamus were not similar to each other, particularly in the
form and position of the glenoid and surrounding struc-
tures, nor in the occipital region. She pointed out when
discussing the basicranium and occiput «The hinder region
of the skull of Merycopotamus shows only slight differ-
ences from that of all anthracotheres, and these differences
are not in the direction of Hippopotamus». This is a fairly
clear statement that distances the hippos from the anthra-
cotheres, including Merycopotamus. As far as I can judge
from the morphology of the basicranium and occiput of
Libycosaurus anisae (Black, 1972) (Pickford, 20006) it is
also a typical anthracothere, and does not approach the
morphology of hippos. This is confirmed by examination
of the dorsal aspect of the skulls. In anthracotheres the
braincase is elongated and endowed with a long sagittal
crest which curves ventrally as it approaches the occipital,
whereas in hippos the braincase is shortened and the short
sagittal crest bends upwards as it approaches the occiput
(Fig. 14). The latter morphology is functionally related to
the ritualised contests that hippos practice, in which they
raise the head vertically, at the same time that they open
their mouths wide to expose the incisors, canines and pink
tissues within the mouth. It is unlikely that Libycosaurus
or any other anthracothere could extend their heads so far
backwards over the neck as do hippos.

The sagittal crest in Libycosaurus is antero-posterior-
ly elongated (Pickford, 2006) whereas in Choeropsis it is
short and in Hippopotamus remarkably so. Palaeochoeri-
dae such as Palaeochoerus from St-Gerand-le-Puy and
Choeromorus from Sansan that could be scored for this
morphology are similar to Hippopotamus. Sagittal crest
morphology thus supports the palacochoerid hypothesis
at the expense of the anthracothere one.
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Figure 14. Comparison of sagittal crest morphology in (a) Merycopotamus Falconer & Cautley, 1848, and (b) Hippopotamus Linnae-
us, 1758 (modified from Falconer & Cautley, 1848). Anthracotheres are klinorhynch and have elongated crests, whereas
hippos are airorhynch and as a result have shortened crests (not to scale).

Linked to the orientation of the sagittal crest is the
orientation of the basicranium, both being related to the
way that the splanchnocranium is hafted onto the neuro-
cranium. Hippos, like suids and palacochoerids, are airo-
rhynch, with the splanchnocranium rotated dorsally with
respect to the brain case, and as a result the basicranium
is entirely above the plane of the molars. In anthracoth-
eres in general and bothriodonts such as Merycopotamus
and Libycosaurus in particular, the opposite is the case,
with the splanchnocranium rotated ventrally with respect
to the brain case, with the result that the basicranium is
beneath the occlusal plane of the molars. Anthracotheres
are therefore klinorhynch.

Because hippos are airorhynch and anthracotheres are
not, the shape of the squamosal is quite different in the
two groups (Fig. 15). In hippos the zygomatic process of
the squamosal is bent dorsally rather sharply, imparting a

V-shaped outline to the upper profile of the bone in lateral
view (Frechkop, 1955) whereas in anthracotheres the arch
curves gently upwards towards the distal base of the orbit
(Lihoreau, 2003) and is thus of an open C-shape.

The splanchnocranium of Libycosaurus is marked by
two structures that do not occur in hippopotamids, the pres-
ence of a facial tuberosity separated from the facial crest,
and the presence of an extensive canine fossa (Lihoreau,
2003, Fig. [.57B). Furthermore, the infraorbital foramen in
Libycosaurus is located far anterior from the facial crest
of the jugal, with the facial tuberosity interposed between
the two elements, whereas in hippos it is immediately in
front of the anterior termination of the facial crest. In ad-
dition, the facial crest in Libycosaurus rises steeply (ca
45° to the tooth row) from distal to proximal, whereas in
hippos it is at a shallower angle (ca 30° to the tooth row)
(Fig. 15).
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Figure 15. Squamosal and facial morphology in (a) Hippopotamus Linnaeus, 1758 (from Blainville, 1847) and (b, c) two species of
Libycosaurus Bonarelli, 1947 (modified from Lihoreau, 2003). The squamosal morphology (light grey) reported in Liby-
cosaurus is unique among artiodactyls, this bone participating in the orbital margin. In hippos the squamosal is deeply
recurved (reflecting the airorhynch hafting of the splanchnocranium onto the neurocranium) whereas in anthracotheres its
shape is not markedly different from that of other artiodactyls. The morphology of the maxillary root of the zygomatic
arch and the absence of a facial tubercle distance the hippo from Libycosaurus (scale for Libycosaurus: 10 cm).
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In palatal view, Libycosaurus has a deep channel in the
palate extending from the anterior premolar where it is shal-
low, towards the premaxillae deepening considerably as it
goes (Pickford, 1991). This channel is bordered each side
by sharp, curved crests of bone, the alveolar ridges, that
extend between the anterior premolar and the disto-medial
base of the canine jugum (Fig. 16). Proximal to the anterior
cheek tooth, the ridges converge towards each other before
diverging towards the canine bases. In hippos in contrast, the
palatal depression (character 6 in Boisserie et al., 2005a) is
considerably shallower, does not deepen anteriorly to any
great extent and is not bordered by sharp, incurved alveolar
marginal crests (Fig. 16). These depressions are therefore
not homologous, and they should not be scored in the same
way. Indeed the morphology of this part of the snout in hip-
pos and Libycosaurus is so divergent that it distances the
two from each other, rather than approaching them together
as suggested by Boisserie & Lihoreau (2000).

In artiodactyls in general the palatine foramen is locat-
ed opposite the molars at the contact of the palatine bone
with the maxilla. The greater palatine artery and the pala-
tine nerve emerge from this foramen (Sisson & Grossman,
1953). In hippos and peccaries the bony opening for this ar-

tery and nerve is considerably further forwards, the palatine
canal being «buried» within the maxilla, but with abundant
small connections to the surface along its route (Pickford,
1983). According to Boisserie & Lihoreau (2006) this is
clearly a derived morphology among the artiodactyls, which
agrees with Pickford’s (1983) assessment of the character.
However, according to Boisserie & Lihoreau (2006) only
Libycosaurus among the anthracotheres possesses such
an anterior opening (described as an intercanine palatine
groove, not to be confused with the intercanine palatal de-
pression) but in the matrix of characters a few other anthra-
cotheres are scored as possessing the same morphology.
Even though the morphology is clearly derived within an
artiodactyl context the question is, is its presence in hippos
and Libycosaurus a synapomorphy or not ? The major dif-
ferences in the morphology of the palate between the canines
and premolars of hippos and Libycosaurus suggests that it
is most likely a convergence, and is not homologous.

In basicranial view, the paroccipital process of the ex-
occipital in hippos is short and is directed obliquely pos-
tero-ventrally. The medial edge is in line with the lateral
edge of the occipital condyles and in posterior view the
two processes are almost parallel to each other. In Libyco-

Figure 16. Morphology of the anterior portion of the palate in (a) Libycosaurus Bonarelli, 1947, (b) Choeropsis Leidy, 1853, and
(¢) Hippopotamus Linnaeus, 1758. In the anthracothere the morphology of the palate between the canines and anterior
premolars is completely different from the pattern expressed in hippos (not to scale).
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saurus in contrast, the paroccipital processes (mastoid apo-
physis of the exoccipital in Lihoreau, 2003) are longer and
terminate lateral to the occipital condyles, and they appear
to diverge from each other at a marked angle (Lihoreau,
2003, Fig. 1.58B, C).

The glenoid fossa in hippos is interrupted laterally by
the lateral glenoid tuberosity, a low, roughened swelling of
bone that extends about 1/3 of the latero-medial extent of
the glenoid surface, separating the articular surface from
the zygomatic process. As a result, the glenoid surface
descends slightly ventrally towards its lateral extremity.
In Libycosaurus, in contrast, there is no tuberosity, but a
smooth transition from the articular surface into the zygo-
matic process, and the lateral extremity curves gently dor-
sally. Furthermore, in hippos, the retro-glenoid process is
restricted to the inner 1/3 of the extent of the glenoid sur-
face and it faces somewhat antero-laterally, being inter-
posed between the glenoid articulation and the posterior
part of the tympanic bulla. In Libycosaurus, the retro-gle-
noid process is appreciably broader medio-laterally, extend-
ing over more than half the extent of the glenoid surface,
and it faces more anteriorly. It is more laterally positioned
compared with hippopotamids, its medial root being lateral

to the tympanic bulla, whereas in hippos it overlaps about
1/3 of the bulla. Another point that needs to be made is the
extremely posterior position of the glenoid articulation in
hippos. In lateral view, the retro-glenoid process terminates
behind much of the nuchal plane, whereas in anthracotheres
it is positioned further anteriorly. In Choeropsis it is slightly
further forwards than in Hippopotamus, but not as much as
in anthracotheres. The differences between the basicrania
of Merycopotamus and Hippopotamus were dealt with in
detail by Pearson (1929) (Fig. 17).

In anthracotheres the tympanohyal pit is located ante-
rior from the stylomastoid foramen, within the same de-
pression between the tympanic bulla and the post-tympanic
process of the squamosal. In hippos in contrast, the tym-
panohyal pit is separated from the stylomastoid foramen
and is lateral and slightly posterior from it.

Mandibular evidence
Boisserie et al. (2005b) state that Pickford (1983) made

two errors concerning mandibular fusion in anthracotheres
and hippos. What the latter palaecontologist wrote was that

Figure 17. Morphology of the glenoid surface and occiput in (a, b) Merycopotamus Falconer & Cautley, 1848, and (c, d) Hippopota-
mus Linnaeus, 1758 (modified from Pearson, 1929) (not to scale).
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hippo and palaecochoerid mandibles are fused soon after
birth, whereas in most anthracotheres they usually remain
unfused even in senile individuals. In Libycosaurus anisae
the lower jaws of individuals with deeply worn third molars
show no signs of symphyseal fusion in contrast to young
hippo mandibles still containing the deciduous dentition,
where the two halves of the jaw are difficult to separate
from each other (Weston, 2003) just as they are in suids and
palacochoerids. There seems to be a problem with compre-
hension of the word «fused», arising in part from the litera-
ture. What Laws (1968) reported was that hippo mandibles
remain unfused (or «open») until about 10-13 years of age.
This has sometimes erroneously been taken to mean that
the two halves of the jaw are separated from each other
until this age, which appears to be the interpretation that
Boisserie et al. have adopted. However, what Laws (1968)
wrote was that fusion is not completed until 10-13 years of
age, his criterion being that the two halves of the jaw can be
moved with respect to each other until that age (scored by
him as «open») after which they generally cannot (scored
by him as «closed»). As it happens, hippo mandibles show
progressive fusion of the symphysis, as in all mammals in
which there is fusion between two bones or parts of bones.
What differentiates hippos from Libycosaurus is that in the
former the separation of the two halves of the mandible be-
comes difficult or impossible 3-4 years after birth or even
earlier, whereas in the latter, the mandibles remain easily
separable, even in senile individuals. Lihoreau (2003) re-
port that the symphysis of Libycosaurus petrocchii from
Chad is unfused, whereas that of Libycosaurus sp. nov. of
Lihoreau (2003) is fused. This is interesting, because in the
larger sample from Beglia, Tunisia, none of the Libycosau-
rus petrocchii mandibles is fused (Libycosaurus anisae in
Pickford, 2006, submitted) in which case symphyseal fu-
sion in the genus Libycosaurus developed after about 10
Ma. Except for one aged individual in the Natural History
Museum, London, and another at Harvard University in
America (Lihoreau, 2003) the mandibular symphysis of
Merycopotamus, like that of Libycosaurus, is generally not
fused, even in adult individuals. It is difficult to escape the
conclusion that life history (in this case, growth) variables
in hippos and anthracotheres, such as fusion of the symph-
ysis, differed radically.

In hippopotamids, the descending plate of the mandib-
ular angle flares outwards at a marked angle. This mor-
phology allows the jaw to be opened extremely widely,
the angle of the jaw not interfering with the neck when
the jaw is wide open, as for example in the open-jawed
ritual display that typifies hippopotamid social interactions.
The descending plate in the mandible of Merycopotamus
in contrast, does not diverge to any great extent, if any-
thing they converge slightly ventrally, as in pigs and other
anthracotheres. Under these circumstances, Merycopota-
mus would not have been able to open its jaws nearly as
widely as hippos do, from which I conclude that the ritual

display system in this genus (if it had any) would have
been quite different from that of hippos.

Dental evidence

Boisserie et al. (2005a, 2005b) illustrated differences
between molar morphology of the New World peccary,
Tayassu, on the one hand and those of hippos and Liby-
cosaurus, among other Suiformes, on the other. The dem-
onstration that Tayassu has molars that are morphologi-
cally divergent from those of hippos does not refute the
palaeochoerid hypothesis (Pickford, 1989) although it does
weaken the tayassuid one.

The lower incisors of Libycosaurus were depicted by
Boisserie ef al. (2005a) as having prolonged to permanent
growth, a description that was used to support the inference
of a close relationship between this genus and hippos. Hippo
lower incisors are hypselorhyzic, the crown rapidly disap-
pearing with wear, leaving an elongated cylindrical root that
continues to erupt throughout life (the pulp canal at the root
apex remains open throughout life). Lower incisors of Liby-
cosaurus petrocchii in contrast are of the usual mammalian
kind, with a crown that erupts to gingival level, after which
the tooth stops erupting (Fig. 18). As in many other mam-

Figure 18. Lower incisors of Libycosaurus petrocchii Bonarel-
li, 1947 [L. anisae (Black, 1972) in Pickford, 2006]
(scale: 10 mm).
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mals root growth continues until maturity when the apex of
the root closes off (Pickford, 2006, in press).

The upper canines of Libycosaurus petrocchii were de-
scribed by Boisserie et al. (2005a, character 55) as being
vertically oriented. My examination of the species (Liby-
cosaurus anisae in Pickford, 2006) reveals that the ca-
nine root is almost horizontal in the maxilla, its apex ly-
ing slightly above palatal level and lateral to the roots of
the premolars, the apex lying beside the roots of P3/, and
the crown is procumbent, although it does develop a ver-
tical wear facet by abrasion against the lower canine. The
orientation of the canine in Libycosaurus is thus radically
different from that of hippos in which the internal apex of
the canine (which incidentally has no root: ie is hypselo-
dont) teminates well above palatal level.

The canines of Libycosaurus were described as ever-
growing by Boisserie et al. (2005b) as in hippos. However,
the canines of Libycosaurus petrocchii from Beglia, Tuni-
sia (hitherto known as Libycosaurus anisae) are not perma-
nently growing, neither is their growth prolonged (Fig. 19,
20). Pickford (2006, in press) showed that upper and lower
canines in Libycosaurus petrocchii are normal mammalian
canines in which the crown is clearly differentiated from
the root by a cervix, and that the root of the canine is closed
once maturity is reached. The crowns of these teeth erupt

to gingival level, and then stop erupting, a major difference
from hippo canines, which are hypselodont (arhyzic) and in
which growth and eruption continue throughout life.

Character 58 in Boisserie et al. (2005a) concerns the
lower canine section. Libycosaurus petrocchii is scored
as having a triangular or ‘D-shaped’ section, which is
surprising because material of this species from Tunisia
has an ovoid section with a sharp distal crest (Pickford,
2006). The same acute distal crest is observed in the ge-
nus Merycopotamus.

Boisserie et al. (2005b) described the transverse sec-
tional shape of the canines of most Bothriodontinae as be-
ing not very different from that of hippopotamids. Howev-
er, the lower canines of Libycosaurus petrocchii are mark-
edly divergent from the ‘kidney-shaped’ (or ‘D-shaped)
section that typifies hippo lower canines (Fig. 13). Pickford
(2006) described the canines of Libycosaurus petrocchii (at
the time identified as L. anisae) in detail and showed that
the crown is canted on the root at an angle of about 30°
such that in anterior view the two crowns form a dihedral
angle of 60° with respect to the roots which are almost par-
allel to each other, very different from the almost vertically
oriented lower canines of hippos as seen from the front in
which there is no sign of canting of the tooth. Furthermore,
in hippos, the lower canine is composed of two parts (buc-

Figure 19. Male canines of (a) Hippopotamus amphibius Linnaeus, 1758 and (b) Libycosaurus petrocchii Bonarelli, 1947, lateral
view; (b) is from Pickford, 2006) (scale for Libycosaurus: 10 mm).
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Figure 20. Anterior views of right canines of (a) Hippopotamus amphibius Linnaeus, 1758, (b) Libycosaurus petrocchii Bonarelli,
1947, and (c) Choeropsis liberiensis (Morton, 1849). Note the orientation of the teeth (almost vertical in hippos and di-
hedral in Libycosaurus) and the tendency for hippo lower canines to split longitudinally (scales: 10 mm).

cal and lingual) that are poorly bound to one another, so
that the teeth easily split longitudinally, especially when
they become desiccated (Fig. 20). Anthracothere canines
are seldom if ever found split in half like those of hippos
(Fig. 20). Examination of the dentine of lower canines of
Merycopotamus and Libycosaurus reveal that it is massive
and homogeneous, whereas it is hemicentrically layered
in hippopotamids. In the latter group the lower canine is
comprised of lingual and buccal halves which are weakly
joined along a slightly curved longitudinal junction, the

dentine in each part being independently hemicentrically
layered. This explains the difference in splitting tendency
of these teeth. Surface morphology and internal structure
of lower canines comparable to those of hippopotamids is
unknown in any anthracotheres, including Libycosaurus
and Merycopotamus. This finding weakens the scenario
of a close relationship that Boisserie ef al. (2005a) postu-
lated between hippos and the latter genera.

A lower canine of Kenyapotamus Pickford, 1983, from
Beglia, Tunisia, shows typical hippopotamid morphology



62 PICKFORD

(Pickford, 2006), meaning that this type of canine existed
in kenyapotamines about 12-10 Ma contemporary with
Libycosaurus petrocchii.

Boisserie et al. (2005a) concluded that hippo canines,
like those of anthracotheres, are sexually dimorphic, con-
trary to what Pickford (1989) wrote. There appears to be
some confusion here between the concepts of dimorphism
and bimodality. Although many authors use the word di-
morphism for size and/or morphological differences be-
tween elements of the two sexes, it is better to differen-
tiate between size differences (bimodality) and morpho-
logical differences (dimorphism) and not to amalgamate
the two concepts into one word. In fact what Pickford
(1989) wrote was that hippo canines were weakly di-
morphic, and this is indeed the case, the shapes of male
and female canines being similar. Hippo canines are also
weakly bimodal, there being a great deal of overlap be-
tween the dimensions in males and females. In anthra-
cotheres in general, and in Libycosaurus in particular,
the canines are highly sexually dimorphic (Fig. 21) and
extremely bimodal (Pickford, 1991, 2006). There is thus
a major difference between the degree of canine dimor-
phism and bimodality in this genus of anthracotheres and
hippopotamids.

Every specimen of Libycosaurus preserving the ante-
rior part of the adult upper cheek dentition or the alveolar
margin, reveals that this genus was characterised by the
presence of an accessory premolar (P*¢ in Pickford, 2006).

This was first noted in the Beglia species Libycosaurus pet-
rocchii (= L. anisae) (Fig. 22) and in Libyan Libycosau-
rus petrocchii by Pickford (1991) and was subsequently
reported to occur in Chadian Libycosaurus petrocchii and
Libycosaurus sp. nov. (Lihoreau, 2003). The presence of
five premolars in Libycosaurus is unique among Artiodac-
tyla, the primitive number of premolars being four, with
many lineages, including hippopotami, possessing a ten-
dency to reduce the number of premolars starting at the
front of the row.

Boisserie er al. (2005a) referred to one of the characters
(comparison of the relative importance of cingular height
in palaecochoerids and hippopotamids) used by Pickford
(1989) to link palacochoerids to hippos as being «mean-
ingless». The employment of this adjective suggests that
the authors have failed to understand the significance of
what Pickford was describing. The molars of some pal-
aeochoerids, like those of early hippopotamids such as
Palaeopotamus ternani (Pickford, 1983) (Pickford, 2007)
have a crown which sits atop a solidly fused root base,
the apices of the roots only separating from this substan-
tial base some distance beneath cervix. In such forms the
cingulum is deeper than it usually is in those artiodactyls
which have completely unfused roots, including anthra-
cotheres, particularly Libycosaurus. This morphology is
relatively rare among mammals, but is common in pal-
aeochoerids (Palaeochoerus, Choeromorus, Lorancahyus
Pickford & Morales, 1998) and typifies kenyapotamines

Figure 21. Canine dimorphism in Libycosaurus petrocchii Bonarelli, 1947, (a) female, (b) male, lingual views (from Pickford, 2006)

(scale: 10 mm).
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Figure 22. Accessory upper premolar in Libycosaurus petroc-
chii Bonarelli, 1947. The bicuspid P4/ is preceded
by four unicuspid premolars that diminish in size
anteriorly (scale: 10 mm).

(Palaeopotamus Pickford, 2007, Kenyapotamus Pickford,
1983) and in a somewhat subdued form also occurs in
hippopotamines. In my opinion such a character provides
important evidence of relationships between some palaeo-
choerids and hippopotamids, and should not be dismissed
out of hand as being meaningless.

The upper third molars of Suidae often have a talon
(pentacone) behind the four main cusps, and Boisserie et
al. (2005b) rightly pointed this out as a significant dif-
ference from hippopotamids. However, in their character
matrix they scored it as present in the palacocheorid Pal-
aeochoerus, yet it is absent (Hellmund, 1992) a differ-
ence that affects their cladistic analysis. The pentacone
is also absent in Propalaeochoerus Stehlin, 1899, and
Choeromorus (which used to be called Taucanamo) and
there is a small cingular cusplet but not a true pentacone
in Schizochoerus Crusafont-Pairo & Lavocat, 1954, all of
which are Palaeochoeridae. Neither Kenyapotamines nor
Hippopotamines have a pentacone in the M3/, a fact that
reinforces the possibility of a relationship between the hip-
pos sensu lato and the palaeochoerids. Re-examination of
the fossils attributed to Xenohyus Ginsburg, 1980 (Gins-
burg et al., 1988; Pickford & Morales, 1989; Bouvrain &
de Bonis, 1999) indicates that they are suids, which mod-
ifies the evidential basis of the palacochoerid hypothesis
of hippopotamid origins, but does not result in refutation
of the hypothesis itself.

Boisserie et al. (2005a, 2005b) considered that pustulate
and/or wrinkled tooth enamel was an important character,
scored as present in Kenyapotamus, Choeropsis, Hippo-
potamus, Hexaprotodon, Libycosaurus, and Brachyodus
among other taxa analysed, but absent from tayassuids,
Doliochoerus and Xenohyus. However, the finely wrin-
kled enamel that typifies the cheek teeth of the anthraco-
theres Libycosaurus and Brachyodus is not homologous to
the more coarsely wrinkled enamel that occurs in Palaeo-
potamus, Kenyapotamus and other hippos. Furthermore,
the denticles on the premolars of Libycosaurus are not the
same as the pustules on the premolars of hippopotamids.
Not only do they occur in different parts of the dentition,
but also their structure is divergent, denticles being com-
pressed and sharp edged when unworn and pustules be-
ing blunt and rounded when unworn. Thus character 60
in Boisserie et al. (2005a) which is the same as character
31 of Boisserie et al. (2005b) represents an amalgam of
two categories of morphology a) type of wrinkling (coarse
versus fine) and b) enamel ornamentation (pustules ver-
sus denticles) which are not homologous in the taxa ex-
amined (Pickford, in press). Therefore inferences drawn
about proximity of relationships based on the presence
of the amalgamation of these characters in the taxa are
invalid. The denticulation of the premolars of Libycosau-
rus led Bonarelli (1947) to classify this anthracothere as
a dinosaur, hence its name. It appears that these denticles
continue to cause confusion.



64 PICKFORD

As was already noted by Falconer (1868) finely wrin-
kled enamel similar to that in the molars of Meryco-
potamus occurs in other ruminants, such as the giraffe
and the sivathere. Indeed, it was this feature, together
with the selenodont morphology and wear pattern of the
teeth, and the great difference in the breadths of up-
per and lower cheek teeth, that prompted Falconer (in
Owen, 1845) to name the genus Merycopotamus «mer-
ico» meaning ruminant in Greek. In herbivorous mam-
mals wrinkling of enamel in cheek teeth is often associ-
ated with a cover of cementum, the wrinkles providing
a rugose surface onto which the cementum is bound.
Without such a roughened substrate the cementum would
tend to spall off during chewing. Fine wrinkling of the
enamel such as occurs in Brachyodus and Libycosaurus
occurs in many mammalian groups, such as elephantids,
suids, hippos and ruminants including cervids, giraffids
and some bovids. Taken on its own, this character has
almost no phylogenetic signal. Given the widespread
occurrence of finely wrinkled enamel in artiodactyls its
use by Boisserie et al. (2005a, 2005b) to draw infer-
ences about close relationships between anthracotheres
and hippos is suspect.

Pickford (1991) already responded to other proposals
that linked the evolution of hippo dentitions from those
of anthracotheres.

Dental plasticity

Boisserie et al. (2005b) wrote that hippo cheek tooth
derivative from selenodont teeth of the Bothriodontinae
would necessitate a spectacular reversion. In a search for
support for this hypothesis which they recognised as being
“poorly parsimonious” they appealed to Naylor & Adams
(2001) who wrote that «mammalian teeth could be more
plastic than classically suspected, therefore often found to
be homoplasic and therefore notably responsible for the
discrepancies between molecular and morphological data
bearing on cetacean relationships».

I agree that if hippo teeth evolved from an anthraco-
there dental ‘grundplan’ (in particular a bothriodontine
one) then this would indeed represent a spectacular case
of dental plasticity. But before accepting such a sce-
nario, I would like to see evidence for it. Derivation of
hippopotamid dental morphology from a palacochoerid
ancestor would require relatively modest adjustments to
the dental ‘grundplan’, with Palaeopotamus and Kenya-
potamus providing evidence of how this was achieved
(Pickford, 2007). For this reason I am unable to agree
with Boisserie et al. (2005b) when they write that «the
absence of any known anthracotheriid lineage that also
gradually and simultaneously developed hippo-like cra-
nial and dental morphologies is not a decisive argument
to reject the strongly supported relationship between

Hippopotamidae and Anthracotheriidae». The concept
of dental plasticity strongly opposes the observation by
Kowalevsky (1873, p. 24) that «Every mammalogist is
aware of how constant are the dental characters in large
groups of Mammalia».

Finally, in contrast to the hypothesis of dental plastic-
ity, Boisserie (2005) wrote that «hippo cheek teeth show
only minor variations, and these variations can be found in
most of the known species» thereby confirming constancy
of dental morphology among hippopotamines in agreement
with Coryndon’s (1976, 1977, 1978a, 1978b) and other
researchers’ writings (Harris, 1991; Pickford, 1993; Har-
rison, 1997). As such, the concept of dental plasticity as
employed in support of derivation of hippopotamids from
anthracotheres is unsustainable.

Intermolar size relationships

Falconer & Cautley (1836) noted that in Merycopotamus
the relationship between the breadths of the lower molar
row compared to the upper molar row was comparable to
that observed in ruminants (ie lower molars are very narrow
compared with uppers) and differed from that in hippos and
suids in which the lower molars are not as exaggeratedly
narrow. Matthew (1929a) noted that the “bunodont™ Arti-
odactyla possessed molars which had similar lengths and
breadths whereas anthracotheres did not. Examination of
the dentitions of bunodonts and anthracotheres reveals that
the first molar in anthracotheres is appreciably smaller than
the second and third molars, whereas in hippos (Fig. 23)
suids, palaeochoerids and peccaries the first molar is only
slightly smaller than the second and third ones. If anthra-
cotheres are to be the ancestors of hippos, then they would
not only have to have undergone “spectacular” modifica-
tion of their dentitions (Boisserie et al., 2005a) but they
would also have had to have modified the intermolar size
relationships convergently with other bunodonts at the same
time as broadening the lower cheek teeth relative to the up-
per ones. It is perhaps more parsimonious to conclude, as
did Falconer & Cautley (1836) and Matthew (1929b) that
hippo dentitions resemble those of bunodonts, not only in
morphology, but also in intermolar relations, because they
are part of the same group.

Postcranial evidence

The neck

Lydekker (1876) first recorded the presence of a long
neck in Merycopotamus based on the elongation of the
axis vertebra, which he described as being akin to that of
a ruminant. Geais (1934) reported that the neck of Elom-
eryx borbonicus was similar to that of the wild boar in



HYPOTHESES OF HIPPOPOTAMID ORIGINS 65

Figure 23. Intermolar size relationships of anthracotheres and hippopotamids, (a) Anthracotherium Cuvier, 1822, from Pondaung,
Burma, (b) Anthracotherium magnum Cuvier, 1822, from France, (c) Hippopotamus amphibius Linnaeus, 1758, (d) Liby-
cosaurus petrocchii Bonarelli, 1947, from Beglia, Tunisia (modified from Tsubamoto et al., 2002; de Blainville, 1846;

and Black, 1972, respectively) (not to scale).

aspect and dimensions which suggests that the neck was
relatively more elongated than it is in hippopotamids. The
atlas vertebra of Libycosaurus anisae from Beglia, Tuni-
sia (now classified as L. petrocchii) was first described
as a giraffid vertebra (Crusafont-Pairo, 1979) which un-
derlines the observation made by Lydekker (1876) about
neck length in bothriodonts, although further evidence
about anthracothere neck length would be welcome. A
recently discovered cranium of Brachyodus aequatoria-
lis associated with parts of the post-cranial skeleton in-
cluding the vertebral column, reveal that this bothriodont
possessed a long neck.

Limbs

The failure to include any suiform long bones in the
analysis by Boisserie et al. (2005a, 2005b) is a major
weakness of their research programme, mainly because it
is essential to include the postcranial skeleton when de-
ducing relationships between artiodactyl groups (Kowa-
levsky, 1873, 1874; Lydekker, 1876; Matthew, 1929a).
Lihoreau (2003) who wrote that, with the exception of the
talus and metapodials, he could not distinguish the post-
cranial bones of the bothriodont anthracothere, Libycosau-

rus, from those of hippos. In contrast, Pickford (2006) de-
scribed many differences between the limb bones of hippos
and Libycosaurus petrocchii from Beglia, Tunisia, a find-
ing that is supported by further research on other bothri-
odonts (see below).

Humerus

Lydekker (1876) showed that the morphology of the
proximal humerus in Merycopotamus was different from
that of hippos, notably in the relation of the bicipital groove
to the tuberosities and the head, which affects the open-
ness of the groove (Fig. 24).

The morphology of the distal humerus of Libycosaurus,
like that of Merycopotamus (Falconer & Cautley, 1848)
is markedly divergent from those of Choeropsis and Hip-
popotamus. In Hippopotamus amphibius there is a deep-
ly excavated anterior fossa between the epiphysis and the
diaphysis. Because of the great depth and expanded sur-
face area of this fossa, hippos can hyperflex their forearm
onto the humerus, probably part of the hippopotamid ad-
aptation for running rapidly from land into water and for
underwater locomotion (when hyperflexed, the foreleg
retracts largely within the thoracic mass leaving only the
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Figure 24. Morphology of proximal humeri of Hippopotamus Linnaeus, 1758, sp. (a) from Sicily) and Merycopotamus dissimilis
(Falconer & Cautley, 1836) (b) from the Upper Siwaliks, India) (not to scale).

distal radio-ulna and feet exposed, thereby streamlining
the outline of the body and reducing drag). The distal hu-
meral fossa in Choeropsis is shallower than in Hippopot-
amus, and thus forearm flexion was less extreme than in
the more amphibious hippos. In Hippopotamus madagas-
cariensis Guldberg, 1883, the anterior fossa is also large
and in many adult individuals the lateral pillar of the hu-
merus sports a wide groove where the lateral anterior lip
of the radius slots into the fossa (Fig. 25). This groove is
due to remodelling of the bone rather than to abrasion.
This morphology shows an extreme flexion of the forearm
towards the humerus in both the Madagascan and African
hippos. The fossa in Libycosaurus and Merycopotamus is
much less marked, is shallower, and has a smaller surface
area. Forearm flexion in these genera was of the ordinary
terrestrial mammalian kind, suggesting that in these forms
foreleg drag was a likely hindrance to efficient underwa-
ter locomotion.

The medial epicondyle in hippo humeri is a low swell-
ing medial to the trochlear margin. In Libycosaurus and
Merycopotamus in contrast, the medial epicondyle is ex-
tensive and salient, flaring well away from the trochlear
margin. There are more subtle differences between the hu-
meri of anthracotheres and hippos, such as the position of

the weight-bearing anterior ridge of the diaphysis, which
passes slightly medial of the trochlea in hippos, and in
line with the medial edge of the trochlea in Libycosau-
rus. Functionally, the humeri of hippos and Libycosaurus
are quite different in detail, the morphological features
of the elbow joint indicating divergent locomotor reper-
toires, a greater degree of flexion of the forearm towards
the humerus in hippos, and much less in Libycosaurus
and Merycopotamus. Examination of three distal humeri
of Brachyodus onoideus (Gervais, 1859) revealed overall
similarities to those of Libycosaurus and differences from
Hippopotamus.

In posterior view the two distal pillars of the humerus
of Libycosaurus form an almost symmetrical Y-shape with
respect to the long axis of the diaphysis (Pickford, 2006)
(Fig. 26). In hippos, the lateral pillar is in line with the dia-
physis, while the medial one diverges strongly (Fig. 26). In
lateral view the distal articulation of Libycosaurus is less
offset anteriorly than it is in hippos. The deltoid crest is
well developed in hippos and descends close to the distal
end, but is weakly expressed in Libycosaurus in which it
terminates more proximally on the humerus. In the gen-
eral morphology of the distal humerus hippos are closer
to Suoidea than they are to Anthracotherioidea.
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Figure 25. Morphology of distal humeri, anterior views (a) of Choeropsis liberiensis (Morton, 1849), (b) Libycosaurus petrocchii
Bonarelli, 1947, from Pickford (2006) and (c) Hippopotamus amphibius Linnaeus, 1758. Note the enlarged, deepened
fossa above the distal articulation of hippo humeri, and the shallow fossa in Libycosaurus, the usual artiodactyl condition

(scale for Libycosaurus: 10 mm).

Radio-Ulna

The radio-ulna of Merycopotamus, unlike that of hip-
popotamids, is not ankylosed (Lydekker, 1876). The ole-
cranon process in anthracotheres such as Ancodon is quite
straight, almost like those of ruminants (Andrews, 1906)
whereas in Hippopotamus and Choeropsis its apex is mark-
edly recurved medially and overhangs an expansive medial
fossa (Fig. 27). The olecranon process of Merycopotamus
has not been described but the main part of the ulna and
the radius are more elongated than the corresponding bones
in Hippopotamus (see Lydekker, 1883).

Proximal femur

In the proximal femur, the anthracothere Libycosau-
rus petrocchii possesses a prominent and robust tubercle
of bone on the anterior aspect of the diaphysis close to the
greater trochanter, called the femoral tubercle by Pickford
(2006). Somewhat similar overall morphology occurs in

Brachyodus onoideus. Hippos possess a low ridge of bone
in roughly the same place, but its form and shape are dif-
ferent. This tubercle is the insertion point of connective tis-
sue that extends between the proximal femur and the pelvis,
and serves to prevent the hip joint from becoming disartic-
ulated. In both Hippopotamus and Choeropsis the femoral
neck is long whereas in Libycosaurus it is remarkably short
(Fig. 28) and this is probably why the tubercle anatomy in
the two taxa is different. The greater trochanter in hippos is
low and in anterior view does not extend proximally above
the head of the femur, whereas in anthracotheres, it is elon-
gated proximally, extending well above the femoral head
(Fig. 29). There are thus significant anatomical differences
between the proximal femur of this anthracothere on the
one hand, and those of hippos on the other.

The hip joint in hippos is more flexible than that of
Libycosaurus, which translates into a greater degree of
movement of the joint in hippos than in the anthracothere.
This is confirmed by the greater sphericity of the femoral
head posed on a long femoral neck in hippos, and a slightly
less spherical head on a shorter neck in the anthracothere.
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Figure 26. Morphology of distal humeri, posterior views (a) of Choeropsis liberiensis (Morton, 1849), (b) Hippopotamus amphibius
Linnaeus, 1758, and (c) Libycosaurus petrocchii Bonarelli, 1947. Note the divergent almost symmetrical pillars in the
anthracothere and the asymmetric pillars in hippos, the different development of the lateral pillar of the humerus and the
weak deltoid ridge in Libycosaurus Bonarelli, 1947, compared to the large ridge in hippopotamids (scale for Libycosau-

rus: 10 mm).

From the combined evidence of the elbow and hip joints,
it is inferred that hippos had quite a different locomotor
style from anthracotheres, with adaptations for running
rapidly from land into water, rapid turning and underwater
locomotion being better expressed in the hippos.

Distal femur

NHM M 2712 and NHM M 17979 are distal right
femora from the Siwalik Hills, India (Falconer & Cautley,
1848; Lydekker, 1885) (Fig. 30, 31). The most striking fea-
tures of NHM M 2712 are the extensive and deep supra-
condyloid fossa, the subequal development of the trochlear
lips, the greater development of the lateral supratrochlear
ridge in contrast with that of the medial supratrochlear
ridge, and the well defined supratrochlear depression.

The supracondyloid fossa is about 16 mm broad and 45
mm long and has an extremely rugose surface comprised of
dense bony tubercles. Its margins are steep and overhang the
fossa, unlike the shallow depression that occurs in hippos
and the lack of depression in suids. In this feature the speci-
men more closely resembles equids than other artiodactyls.
The two condyles are subequal in dimensions.

In most ungulates the lateral supratrochlear ridge is
lower and more weakly developed than the medial one.
However, in NHM M 2712, the lateral ridge is higher and
thicker than the medial one, and it closes off the supratro-
chlear depression on its lateral side. As a result, the su-
pratrochlear fossa is narrow and deep and does not slope
markedly laterally. With the femoral condyles posed flat
on a horizontal surface, it is seen that the trochlear gully is
not as steeply inclined as it usually is in ungulates, in this
respect being closer to the situation in suids than in other
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Figure 27. Morphology of the proximal ulna in anthracotheres
(a) Ancodon gorringei Andrews, 1906, from the
Fayum, Egypt, and hippopotamids (b) Hippopota-
mus sp. from Cyprus. The straight and medio-lat-
erally flattened olecranon process of Ancodon con-
trasts strongly with the curved process of the hippo
which is deeply excavated on its medial side (scale
for Ancodon Pomel, 1847: 10 mm).

suiforms. The medial trochlear lip is slightly inflated and
is marginally bigger and taller than the lateral one. This
conformation is quite different from the greatly expanded
medial lip that occurs in hippos and most ruminants, and
in this feature the Siwalik specimen is closer to suids than
to other artiodactyls.

In NHM M 2712, the fossa for the femoro-metatarsal
ligament is well developed, invaginating between the base
of the trochlea and the lateral condyle. Damage in this
area does not reveal whether there is a continuity between
the trochlear and condyloid articular surfaces, although it
seems likely that there was. The popliteal fossa is a well
developed hemispherical depression.

NHM M 17979, a distal left femur (Falconer & Cautley,
1848; Lydekker, 1885) is not as well preserved as NHM
M 2712, but on the basis of its dimensions and morphol-
ogy it evidently belongs to the same species (Fig. 30). The
condyles and trochlea have been abraded, and there is still
matrix in the supracondyloid fossa and the depression for
the femoro-metatarsal ligament. The outline of the supra-
condyloid fossa indicates that it is deep and has overhang-
ing walls. The supratrochlear fossa is extensive and even
though the supratrochlear ridges are abraded it is evident
that the lateral one was originally taller and broader than
the medial one. Sediment filling the fossa for the femoro-
metatarsal ligament prevents proper assessment of its mor-
phology, but what is visible conforms with the situation in
NHM M 2712. The popliteal fossa is shallow and weak.
Lydekker (1876) described the condyles of this specimen
as being sub-equal in size. This is indeed so, even though
abrasion to the condyles has altered their appearance.

NHM G 12 is a distal left femur from Gebel Zelten,
Libya, attributed to Sivameryx africanus (Andrews, 1914),
a species which is common at the locality (Pickford,
1991). In general it is well preserved but it has suffered
slight damage near the zone of the origin of the femoro-
metatarsal ligament (Fig. 31). The supracondyloid fossa
is deep with overhanging walls and its surface is adorned
with dense bony tubercles. The fossa is 20 mm broad,
but its length cannot be determined as its proximal part
is broken off. In cranial aspect it is clear that the lateral
supratrochlear ridge is taller and broader than the medial
one, whereas the medial trochlear lip is more inflated and
slightly taller than the lateral one. The fossa for the fem-
oro-metatarsal ligament is deep and broad, but its medial
edge is damaged so it is not possible to determine wheth-
er the trochlear and condylar articular surfaces were con-
tinuous or not. The popliteal fossa is weakly expressed.
In distal view, it is possible to see that the intercondyloid
fossa is separated into two moieties by a well developed
ridge which separates the insertions for the cruciate liga-
ments. The crest delimiting the insertion of the medial
head of the gastrocnemius is well defined. With the two
condyles placed horizontally, the trochlear gulley is seen
to be more weakly inclined than it is in hippos and most
other artiodactyls other than suids. The two condyles are
subequal in size.

Specimen OMD 93°28, housed in the Oranjemund Mu-
seum, Namibia (Pickford, 2003) is an almost complete fe-
mur of Brachyodus aequatorialis Maclnnes, 1951, lack-
ing only the head and neck, collected at Auchas, Orange
River valley from deposits aged about 19 Ma (Fig. 30).
It is reconstructed from three pieces, and there is some
plaster-of-paris infilling missing pieces of cortex, includ-
ing parts of the supracondyloid fossa. It has a large and
deep supracondyloid fossa, judging from the proximal
and distal portions which are well preserved. The medial
supratrochlear ridge is slightly higher and better devel-
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Figure 28. Femoral neck length in (a) Hippopotamus amphibius Linnaeus, 1758, right femur and (b) Libycosaurus petrocchii Bonarelli,
1947, right femur from Beglia, Tunisia. The femoral neck is long in hippos and short in anthracotheres (scale: 10 mm).

Figure 29. Projection of the greater trochanter above the femoral head in (a) Hippopotamus madagascariensis Guldberg, 1883, left
femur, and (b) Merycopotamus Falconer & Cautley, 1848, right femur from the Upper Siwaliks, India. The femora are
oriented with the anterior border of the diaphyses parallel to each other. In hippos the trochanter terminates beneath the
level of the head, whereas in anthracotheres it projects well above the head (scale: 10 mm).
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Figure 30. Distal femora of anthracotheres and hippos, (a) OMD 93°28, Brachyodus aequatorialis Maclnnes, 1951, left femur from
Auchas, Orange River Valley, Namibia, (b) NHM M 4953, Hippopotamus sp. left femur from Itampulu Vé, Madagasacar,
(c) NHM M 2712, Merycopotamus dissimilis (Falconer & Cautley, 1836), right femur from the Siwalik Hills, India (scale
bar: 10 mm).
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Figure 31. Distal femora of anthracotheres and hippos, (a) NHM G 12, Sivameryx africanus (Andrews, 1914), left femur from Gebel
Zelten, Libya, (b) NHM M 17979, Merycopotamus dissimilis (Falconer & Cautley, 1836), right femur from the Siwalik

Hills, India (scale bar: 10 mm).

oped than the lateral one, and the supratrochlear depres-
sion is shallow and slopes slightly laterally. The medial
supratrochlear lip is low dorsally, although the specimen
is abraded in this part which makes it difficult to inter-
pret. However, the dorsal part of the lip was probably not
very much higher than the lateral one. With the condyles
placed horizontally, the trochlear groove is only slight-
ly inclined. The popliteal fossa is shallow but extensive,
and the fossa for the femoro-metatarsal ligament is deep
and extensive, separating the articular surface of the tro-
chlea from that of the lateral condyle. The two condyles
are sub-equal in dimensions and the intercondyloid fossa
is broad and has a wide transverse ridge separating the
proximal and distal fossae for the cruciate ligaments. The
posterior fossa for the cruciate complex is closed distally
by a sharp edged ridge.

In overall morphology the Auchas anthracothere femur
resembles that of Merycopotamus and Sivameryx, despite
its considerably greater dimensions. The only significant
difference is that the medial supratrochlear ridge is higher
than the lateral one but the difference in development of
these ridges is much less than it is in Hippopotamus.

NHM M 4953, a femur of Hippopotamus from Itampu-
lu V€, Madagascar, was studied because it is from a small
species, its femur being about the same dimensions as that
of Merycopotamus dissimilis described above (Fig. 30).
The supracondyloid fossa is shallow and does not show
any signs of overhanging walls. The bone surface in the
fossa and its surroundings is roughened by low crests and
fine tubercles. The medial trochlear lip is much higher and
more inflated than the lateral one, as in Hippopotamus am-
phibius. The medial supratrochlear ridge is much higher
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and broader than the lateral one. The supratrochlear fossa
is well developed and slopes laterally. The fossa for the
femoro-metatarsal ligament is shallow and there is a gap
between the articular surfaces of the trochlea and the lat-
eral condyle. The popliteal fossa is weak, barely discern-
ible. In this specimen, as in other hippo femora studied,
the lateral condyle is considerably smaller than the medial
one, such that when the condyles are posed horizontally,
the trochlear gulley is more inclined than it is in Sivam-
eryx from Gebel Zelten, Brachyodus from Auchas and
Merycopotamus from the Siwaliks.

Tibia

The morphology of the proximal epiphysis of the tibia of
hippos and anthracotheres (in particular that of Merycopota-
mus) are radically different (Fig. 32). In Hippopotamus, the
medial articular surface is more expansive than it is in an-
thracotheres, extending anteriorly and laterally further than
in the anthracothere. The lateral articular surface in contrast,
is appreciably smaller in the hippo than in anthracotheres.
Related to these articular differences, are the position and
shape of the notch at the proximal end for the politeal and
the peroneus tertius (femoro-metatarsal ligament) which in
anthracotheres is narrow, close to the anterior tuberosity and
opens more anteriorly than laterally, whereas in Hippopota-
mus, it is considerably wider and opens laterally.

The proximal tibia of Merycopotamus dissimilis was
already compared by Lydekker (1876) to those of hippos
and suids. In proximal view the most striking difference
between Merycopotamus and Hippopotamus concerns the
relative sizes of the medial and lateral articulations for the
femoral condyles. In the anthracothere, the two surfaces
are subequal in dimensions, whereas in hippos the lateral
articular surface is considerably smaller than the medial
one, paticularly in its antero-posterior dimensions. As a
result of this, the groove for the popliteal muscle and the
femoro-metatarsal ligament opens antero-laterally in the
anthracothere whereas it faces largely laterally in hippos.
Furthermore the groove is relatively narrower in anthra-
cotheres than in hippos. Linked to this morphology is the
position of the fossae for the cruciate ligaments, which
are located in the antero-posterior midline of the proxi-
mal surface in anthracotheres, whereas in hippos the an-
terior fossa is positioned well laterally from the midline,
the posterior one being in the midline.

In Brachyodus aequatorialis from Gebel Zelten (NHM
M 17) the two articular surfaces of the proximal tibia are
subequal, the popliteal groove is narrow and opens ante-
ro-laterally, and the two fossae for the cruciate ligaments
are aligned with the antero-posterior midline of the bone.
The same conformation is seen in a specimen from Arongo
Uyoma (NHM M 32726) and Rusinga (NHM M 32938)
(Kenya) (Fig. 32).

Interpretation of the musculo-tendinal system
of the knee joint of anthracotheres

The morphology of the distal femur and proximal tib-
ia of bothriodonts stands out from the remainder of the
suiform artiodactyls to such an extent that it suggests that
their locomotor repertoires were markedly different. The
great development in the femur of the supracondyloid fos-
sa together with its extremely rugose denticulate surface
indicates that the superficial flexor of the digits was rela-
tively more powerful than in other suiform artiodactyls.
The insertions for the gastrocnemials (lateral and medial
heads) are well developed and extensive. This combination
indicates that leaping or bounding were probably an impor-
tant element of the locomotor repertoire of bothriodonts,
analogous in ways to the gallop and jumping performed
by equids. The fossa for the femoro-metatarsal ligament
(peroneus tertius) in bothriodonts is deep and large, as in
equids, whereas in suids and hippos its area of origin is
relatively smaller. In horses this ligament comprises part
of the lower limb stabilising mechanism that allows them
to sleep in a standing position (Sisson & Grossman, 1953).
It also acts as a spring-like ligament automatically bringing
the metatarsals into an extended position during locomo-
tion. The position of the fossae for the cruciate ligaments
in the anthracothere proximal tibia suggests a parasagit-
ally constrained flexion-extension movement of the knee
joint in anthracotheres, whereas in hippos the movement
is strongly oblique to the parasagittal plane.

Talus

The proximal extension of the sinovial fossa in the
talus (the digital fossa in Boisserie et al., 2005a, 2005b)
is highly variable in artiodactyls. In general large artio-
dactyls such as Bos Linnaeus, 1758, and Syncerus Hodg-
son, 1847, have a fossa that extends proximally well into
the region between the lateral and medial tibial articular
facets, sometimes as far as the proximal extremity of the
bone, whereas smaller artiodactyls tend to have a small
extension proximally or none at all, although there are ex-
ceptions such as Capra Linnaeus, 1758. Thus a compari-
son between hippos on the one hand, both extant genera
of which are large mammals, and Potamochoerus Gray,
1854, and Sus on the other, both of which are medium
sized suids, would be expected to show allometric differ-
ences in sinovial fossa extension proximally. As soon as
we include larger suids in the comparison, the distinction
tends to break down, species such as Libycochoerus mas-
sai Arambourg, 1961, sometimes having a marked but not
very deep extension.

Among the 22 tali of Brachyodus onoideus from the
French Faluns (Dineur, 1981) that I studied 19 had no
sign of a proximal extension of the sinovial fossa, and
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Figure 32. Proximal tibia of anthracotheres and hippos, (a) NHM M 17980, Merycopotamus dissimilis (Falconer & Cautley, 1836),
left tibia from the Siwalik Hills, India, (b) Hippopotamus sp. Itampulu V€, Madagascar, (c) NHM M 17, Brachyodus
aequatorialis Maclnnes, 1951, left tibia from Gebel Zelten, Libya, (d) Hippopotamus amphibius Linnaeus, 1758, NHM,
un-numbered specimen, right tibia, (¢) NHM M 32938, Brachyodus aequatorialis, proximal left tibia from Rusinga (RS
23a) Kenya (note broken caudal part of medial articulation) (f) NHM M 32826, Brachyodus aequatorialis, damaged right
tibia from Arongo Uyoma, Kenya (scale bar: 10 mm).
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three had a shallow roughened area between the lateral
and medial articulations for the tibia, somewhat similar to
the condition in the suid Libycochoerus massai. Boisserie
et al. (2005a) scored the proximal extension as present in
the species Brachyodus aequatorialis but it is absent in
the Egyptian and Namibian specimens attributed to the
closely allied species Brachyodus depereti Fourtau, 1918
(Fourtau, 1920, Fig. 55; Pickford, 2003, PI. 3). Although
Maclnnes (1951) did not illustrate the talus of this species,
in the description he made no mention of the existence
of the proximal extension of the sinovial fossa, although
he did say that the talus was «similar in form to that of a
hippopotamus, though distinctly more elongate». My own
observation of tali of Brachyodus aequatorialis from Rus-
inga, Kenya, shows no evidence of the anterior extension
of the sinovial fossa, and there is none in specimens from
Gebel Zelten (Libya), Wadi Moghara (Egypt) and Grillen-
tal (Namibia). Its absence in another closely related species
Brachyodus onoideus from Europe (Zbyszewski, 1949, Pl.

10) indicates that it has probably been incorrectly scored
by Boisserie et al. (2005a). The value of this character for
phylogenetic analysis is thus minimal, perhaps worthless
without more precise definition.

Examination of anthracothere and hippopotamid tali
reveals that they are not particularly similar to each other,
as has often been assumed in the past. Similarities exist,
but that is because they are Suiformes, but their detailed
anatomy and proportions diverge significantly (Fig. 33,
34). For example, tali of anthracotheres such as Brachyo-
dus usually possess a prominent projection on the lateral
side. Most hippopotamids do not have a comparable pro-
tuberance, or if they do it is of low stature. The tibial tro-
chleae of anthracothere tali are of uniform width through-
out their extent, whereas hippo tali broaden abruptly later-
ally towards their anterior proximal extremity and have an
extensive swelling of bone lateral to this broadening. The
distal tibia shows concordant differences in morphology.
The length-breadth proportions of the tali are extremely

Figure 33. Length-breadth relationships of 102 anthracothere (below the sloping line) and 142 hippopotamid tali (above the line)
from many different localities and time periods. All hippopotamid tali, including those of Kenyapotamus Pickford, 1983,
are broader relative to length than all anthracothere tali, regardless of the overall dimensions or the geological age of the
specimens measured. (Left tali illustrated are in anterior view: proximal is to the right) (scale 10 mm).
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Figure 34. Comparison of tali of (a, b) Merycopotamus dissimilis (Falconer & Cautley, 1836), left talus from the Upper Siwaliks,
India, images reversed; (c, d) Libycosaurus petrocchii Bonarelli, 1947, left talus from Locality 6, Beglia, Tunisia, images
reversed and (e, f) Hippopotamus sp. right talus from HEK II, Olduvai, Tanzania (scale: 10 mm).

different, with those of anthracotheres being narrow and
elongated, somewhat like those of suids, whereas those
of hippos are shorter and broader. The angulation of the
joint surfaces is different, with hippos having more oblique
cuboid and navicular surfaces than those of anthracotheres.
In anterior view the angle between the tibial and navicu-
lar-cuboid trochleae is more accented in the hippo than
in the anthracothere. These differences translate into dif-
ferent rotatory trajectories of the foot relative to the tibia
during locomotion, with anthracotheres having their feet
oriented slightly beneath the body, whereas hippos have
the feet closer to the sagittal plane.

Navicular and cuboid

The cuboid of Brachyodus aequatorialis possesses two
prominent internal, almost horizontal facets for articula-
tion with the navicular, such that in anterior and posterior
views, the two bones imbricate with each other for about
a quarter of their width. In hippos in contrast the facets are
small, often reduced to one small sloping facet, or to two
vertically oriented facets, so that when articulated there
is little imbrication of the two bones. The latter combi-
nation in hippos is closer to that of suids and palaeoch-
oerids than to that of anthracotheres. This translates into
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a more stabilised talar/navicular-cuboid joint in anthraco-
theres than in hippos.

Metapodials

The distal ends of the metapodials of palaeochoerids
do not have keels on the dorsal surface, unlike those of
Tayassuidae and Suidae which do (Fig. 35) (Kowalevsky,
1873, 1874). The Sansan fossils attributed to Choeroth-
erium (now classified in Choeromorus after being called
Taucanamo for half a century) illustrated by Kowalevsky
(1874, PL. 7, Fig. 6) show this clearly (confirmed by M.
Orliac, pers. comm.). The grouping of Doliochoerus and
Palaeochoerus with Tayassuidae and Suidae respective-
ly, by Boisserie et al. (2005b, Fig. 7) is thus inconsistent
with the anatomy. It should be noted that the metacarpals
of Palaeochoerus illustrated by Kowalevsky (1874, P1. 7,

Fig. 7) are in fact those of Hyotherium (the same confusion
of names occurred with the large skull from St-Gérand-
le-Puy for a long time identified as Palaeochoerus). This
mis-identification has misled researchers for more than 150
years and continues to do so, even though the misattribu-
tion was pointed out more than 30 years ago by Ginsburg
(1974). Another difference between the metapodes of hip-
pos and anthracotheres concerns the proximo-distal length
of the metapodials. In metacarpals and metatarsals which
have comparable dimensions of the articular surfaces, the
length of the diaphysis is considerably greater in anthra-
cotheres than in hippos.

Summary of post-cranial evidence

In conclusion, Libycosaurus, which has recently been
interpreted to represent the sister-group of hippos (Bois-

Figure 35. Anterior views of suoid axial metapodials showing presence of anterior keel in the distal epiphysis in tayassuids (a) and
the lack of anterior keel in palaeochoerids (b-d); (a) Tayassu pecari (Link, 1795), (b) Choeromorus mammillatum Filhol,
1851, from Sansan, France, (c) and (d) Palaeochoerus typus Pomel, 1847, from St-Gérand-le-Puy, France (scale: 10 mm).
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serie et al., 2005a, Fig. 2) possesses cervical, humeral, some life history (growth) parameters such as ankylosis
femoral, tibial, ankle and metapodial anatomy that does not of the radio-ulna in hippos, and non-fusion of these bones
accord with the scenario of a close phylogenetic relation- in Merycopotamus and other anthracotheres. In brief, an-

ship between the two (Fig. 36). To this should be added thracotheres possessed long limbs, shallow thoracic cag-

Figure 36. Summary of cranio-dental and skeletal characters discussed in this paper. Characters 1 and 7 (descending plate of man-

dible and elevated orbits) have been interpreted by several authors as synapomorphies of Libycosaurus Bonarelli, 1947,
and Hippopotamus Linnaeus, 1758, but they are not homologous. Characters 1, 3, 4, 5 and 6 represent morphologies
which are different in hippos on the one hand, and Merycopotamus Falconer & Cautley, 1848 ; and Libycosaurus on the
other. Characters 9 and 10 (lower incisors and canines) were interpreted by some authors to be apomorphies shared by
Libycosaurus petrocchii and Hippopotamus but the description for Libycosaurus is erroneous. The cheek teeth of anthra-
cotheres and hippopotamids (character 10) differ markedly from each other (Libycosaurus even possesses an accessory
premolar unique among artiodactyls). Character 19 (pelvis) has been said to link anthracotheres and hippopotamids, but
the morphological similarities are possibly due to allometric scaling in large suiforms, and if so are not homologous in
the two groups. Character 22 (talus breadth / length ratio) is derived in hippopotamids, but is primitive in anthracotheres,
palaeochoerids, suids, sanitheriids and tayassuids. Characters 18 and 23 (absence of anterior keel on distal epiphyses of
the axial metapodials and the corresponding morphology of the anterior epiphysis of the 1st phalanges) are plesiomor-
phic in anthracotheres, palacochoerids and hippopotamids. In all other post-cranial characters listed, hippos are different
from anthracotheres, indicating highly divergent locomotor repertoires.
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es, and long necks (Kowalevsky, 1873; Geais, 1934) (Fig.
37) whereas hippos have short legs, a deep barrel-shaped
thoracic cage and a short neck (Blainville, 1846) (Fig. 2).
These findings run counter to the observation of Lihoreau
(2003) that apart from the talus and metapodials, the post-
cranial bones of Libycosaurus and Hippopotamus cannot
be distinguished from each other.

Scenario of locomotion and habitat
of bothriodont anthracotheres

Taking into account the great development of the su-
pracondyloid fossa of the femur, which houses the attach-
ment of the digital extensors, the subequal dimensions of
the trochlear lips, the relatively great depth of the fossa
for the femoro-metatarsal ligament, and the lesser incli-
nation of the trochlear groove, it is suggested that these
anthracotheres were adapted for a bounding type of loco-
motion (Fig. 38). The closest analogy that springs to mind
regarding the depth and extent of the supracondyloid fossa
is that of equids, which also have a large and deep fossa
with overhanging walls. Springing and bounding are ac-
tivities unknown to occur in hippopotamids, which don’t
even step over low obstacles in their path.

Given that bothriodont remains are almost always found
associated with lignites, paludal clays and fluviatile deposits,
it is likely that they lived close to or in shallow water bod-
ies. The fact that their limbs are elongated suggests that for
most of the time they tended to keep their head and body out
of the water, with only the lower limbs submerged (Fig. 38)
a completely different strategy from that of hippopotamids,
which have short limbs, and habitually keep the body sub-
merged beneath the surface when in deep enough water.

At present there are several artiodactyl species that live
preferentially in such settings, deriving not only adequate

food resources from the water bodies and their surround-
ings, but also a certain degree of security from terrestri-
al predators (Fig. 38). Such species which spend most of
their lives in shallow water, are difficult to take by sur-
prise, and when approached by predators, can bound away
through the water with much greater ease than carnivores
(Fig. 38). In India, the closest analogy to Merycopotamus
dissimilis in terms of overall body size and limb propor-
tions is provided by the Sambar [Cervus unicolor (Kerr,
1792)] which spends most of its life in shallow water and
the banks close to such water bodies. In South America,
an analogous artiodactyl is the Swamp Deer [Blastocerus
dichotomus (Illiger, 1815)]. In Africa, the closest analogy
to Sivameryx africanus (Andrews, 1914) in terms of body
size, is the reduncine bovid, the Lechwe (Kobus leche
Gray, 1850) which has similar habitat requirements to the
Sambar, but tends to live in large herds. The Sitatunga
(Tragelaphus spekei Speke, 1863) is another African an-
telope that spends most of its time in water, but unlike the
Lechwe and the Sambar, it often submerges its body when
threatened or surprised, although it too will frequent shal-
low water bodies in which case its body is emergent.

Smaller anthracotheres, such as Afromeryx zelteni Pick-
ford, 1991, which was about the size of a wild boar [Sus
scrofa (Linnaeus, 1758)] but with more elongated legs and
feet, may have occupied niches similar to those of the Chi-
nese Water Deer [Hydropotes inermis (Swinhoe, 1870)]
and the Water Chevrotain [Hyemoschus aquaticus (Ogilby,
1840)]. These two ruminants live near water bodies in dense
forest. They spend much of their time out of the water but
when threatened or surprised will plunge into water to es-
cape, often remaining submerged for considerable periods
of time during which they breath every few minutes by pok-
ing the nostrils up through floating vegetation.

In India, a suitable habitat and ecological analogy for the
larger bothriodonts, such as Brachyodus onoideus (Gervais,

Figure 37. Reconstructions of the skeletons of three species of bothriodont anthracotheres: Afromeryx zelteni Pickford, 1991, Sivam-
eryx africanus (Andrews, 1914), and Brachyodus aequatorialis Maclnnes, 1951, based on fossils from Gebel Zelten, Lib-
ya, and the Winam Gulf region, Kenya, using the reconstruction of the skeleton of Elomeryx borbonicus Gervais, 1852,
by Geais (1934) as a template. Note the elongated limbs and the humerus emergent beneath the rib cage.
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Figure 38. Extant aquaphilous ruminants, (a) Sitatunga (Tragelaphus spekei Speke, 1863) feeding on subaqueous plants in shallow
swamp,(b) Lechwe [Kobus leche (Gray, 1850)] male bounding through shallow water (note the splayed front legs, a typi-
cal posture adopted during water-bound bounding locomotion), (c) Lechwe (Kobus leche) male and two females in shal-
low water, (d) Sambar [Cervus unicolor (Kerr, 1792)] male in shallow swamp, (¢) Swamp Deer [Blastocerus dichotomus
(Iliger, 1815)] in shallow swamp, (f) Water Buffalo (Bubalus bubalis Linnaeus, 1785) mixed herd lying in shallow water.
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1859), which are over a metre tall at the shoulder, is the Wa-
ter Buffalo (Bubalus bubalis Linnaeus, 1758) which spends
much time half submerged in water and mud (Fig. 38).

SUMMARY OF THE DEBATE ABOUT
HIPPOPOTAMID ORIGINS

Table 4 summarises the debate about hippopotamid
origins. It is clear that the most contentious hypothesis is
the one in which hippos are considered to be derived from
anthracotheres, with many proponents for it and an almost
equal quantity of contestors against it.

TAPHONOMICAL AND
ENVIRONMENTAL CONSIDERATIONS

Boisserie et al. (2005a, 2005b) suggested that hip-
pos, anthracotheres and whales probably had affinities for

Hypothesis First mention Supported by

Lydekker, 1876
Huxley, 1871

Colbert, 1935

Gentry & Hooker, 1988
Van der Made, 1999
Boisserie et al, 2005a,
2005b Boisserie, 2006

Stehlin, 1899- Pearson, 1929
1900 Theodor & Foss, 2006

Falconer &
Cautley, 1836

1. Anthracotheriidae

2a Choeromoridae

2b Cebochoeridae Pearson, 1927 Pearson, 1929

Theodor & Foss, 2006

3. Suidae (sensu lato) Matthew, 1934*%*  No-one

4. Tayassuidae (sensu Matthew, 1934 No-one

stricto)

5. Palacochoeridae™** Pickford, 1983

Pickford & Morales, 1989

aquatic environments right from the outset of their evo-
lution 50-60 million years ago (Boisserie et al., 2005a,
2005b). The earliest known Hippopotamidae (Kenya-
potaminae) are seldom found in sediments deposited under
aquatic conditions (Pickford, 2007). Most have been found
in palaeosols, and only the Tunisian material aged ca 12-
10 Ma is associated with fluvial deposits, and in contrast
to anthracotheres, their fossils are rare therein. Despite the
abundance of lacustrine, fluvial and paludal deposits in
Africa ranging in age from 23 million to about 8 million
years, very few hippo fossils have been found in them. Yet
in deposits that accumulated later than 7 million years ago,
virtually every African waterlain deposit is replete with
hippo remains. The conclusion that I draw is that prior to
7 Ma hippos were not particularly potamophile, certain-
ly not as amphibious as extant hippos, a suggestion that
finds support from studies by Harris (1991) and Weston
(2003) who showed that even some of the Late Miocene
hippopotamines were not as well adapted to aquatic envi-
ronments as the extant Hippopotamus is. As soon as hip-
pos occupied fluvio-paludal and shallow lacustrine envi-

Contested by Evidence for

Stehlin, 1899-1900
Pearson, 1929

Evidence against

Descending angle  Major differences in

of mandible, raised virtually all skeletal and
Matthew, 1929 orbits, pelvic dental morphology
Pickford, 1983 morphology, some

Theodor & Foss, 2006 dental features*.

Geisler & Uhen, 2006

Colbert, 1935 Dental and cranial Some differences in

Pickford, 1983 features cranial and dental
Boisserie et al, 2005a, morphology

2005b

Colbert, 1935 Dental and Some differences in

Pickford, 1983
Boisserie et al, 2005a,
2005b

Colbert, 1935 General features
Pickford, 1983 of the skull and
Boisserie et al. 2005a, dentition

2005b

Colbert, 1935
Pickford, 1983
Boisserie et al. 2005a,
2005b

basicranial features cranial and dental
morphology

Many differences in the
skull and post-cranial
bones

General features of Many differences in
the skull and teeth  dentition, skull and
post-cranial skeleton

Minor differences
in cranial and dental
morphology

Boisserie et al. Cranial, dental
2005a, 2005b, but no  and postcranial
adequate test has been morphology
performed

*  Some dental features used in support of this hypothesis, such as supposedly permanently growing canines and prolonged growth of incisors in
Libycosaurus are either incorrectly observed or are not homologous with hippopotamid morphology.
** At the time of Matthew’s publications, Suidae was an amalgam of four distinct families, Suidae, Sanitheriidae, Palacochoeridae, Tayassuidae (and

possibly a fifth, Cebochoeridae. See chart in Matthew, 1934).

***Initially separated at the family level from New World Tayassuidae by Pickford, 1983, but under the rather awkward term Old World

Tayassuidae.

Table 4. Summary of the debate about hippopotamid origins.
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ronments on a semi-permanent or permanent basis during
the Late Miocene, their remains were from then onwards
frequently preserved for the simple reason that they were
now inhabiting the environments where waterlaid sedi-
ments were accumulating, thereby greatly enhancing the
chances of their bones being preserved as fossils. Thus,
the fossil and taphonomic evidence points to a relatively
recent development of obligate potamophily and amphiby
in hippos, and certainly not to one dating from the Palae-
ocene or Eocene. This finding indicates that the few cra-
nial similarities between extant hippos and Libycosaurus
noted by Boisserie et al. (2005a, 2005b) are likely to be
due to the fact that both were amphibious, rather than to
proximity of descent. Neither Saotherium nor Archaeo-
potamus show the derived amphibious morphology of the
cranium that occurs in Hippopotamus and Hexaprotodon
among the hippos on the one hand, and the independently
derived morphology observed in Libycosaurus and Meryc-
opotamus among the anthracotheres, on the other.

TESTING THE PALAEOCHOERID
AND ANTHRACOTHERE HYPOTHESES
OF HIPPOPOTAMID ORIGINS

Because anthracotheres are extinct, molecularists are
unable to test the hypothesis of Boisserie et al. (2005a,
2005b) that the anthracotheres represent the phylogenetic
link between whales and hippos. It is doubly unfortunate
that the proposed sister-group of hippos in the palacoch-
oerid hypothesis is also extinct, meaning that molecular
biologists have no way of testing which one of the hypoth-
eses is more «robust». This means that the only source
of information must come from the fossil record. Given
the available dental, cranial and post-cranial data, I con-
clude that the most likely hypothesis of hippo origins is
one in which Palaeochoeridae or something close to them
played a significant role, leaving the anthracotheres as a
more distantly related group of artiodactyls. This does
not necessarily mean that anthracotheres were not related
to cetaceans, but does imply that if they were, then they
went extinct without issue. As this manuscript was nearing
completion, work by Theodor & Foss (2006) and Geisler
& Uhen (2006) was published, suggesting that anthraco-
theres are not closely related to either whales or hippos.
The few resemblances in cranial morphology identified
by Boisserie et al. (2005a, 2005b) in support of their hy-
pothesis of sister-group relationships between hippos and
anthracotheres are better explained by convergence, hip-
pos eventually coming to inhabit the same kind of envi-
ronment as anthracotheres, and thus developing weakly
comparable cranial osteological adaptations such as raised
orbits and high external auditory meatus, but retaining
clear dental and post-cranial evidence of their palacoch-
oerid-like ancestors.

UPDATE OF ASPECTS OF THE
PALAEOCHOERID HYPOTHESIS
OF HIPPOPOTAMID ORIGINS

The hypothesis of derivation of the hippopotamids from
Palaeochoeridae needs to be updated. A relatively minor
change is that I agree that Xenohyus is a suid and should
be removed from further consideration in the quest for
hippo origins. It sports a pentacone on the M3/, has a tri-
cuspid P4/, and a distal cusplet on the I1/. These features
align the material with the genus Hyotherium, a suid, and
distance it from palaeochoerids. Hellmund (1992) pub-
lished a paper on Palaeochoerus and Propalaeochoerus
which threw a great deal of light on the cranio-dental
anatomy of these suoids, but like many authors before
him (Dechaseaux, 1959; Ginsburg, 1974) and some af-
ter him (Sudre, 1995) he retained them in Tayassuidae.
Van der Made (1996, 1997) articulated what had been in
the air since Pickford’s (1983) paper, that what were be-
ing called Old World Tayssuidae, should have a name of
their own, the earliest available one for this group being
Matthew’s (1924) Palacochoerinae, which Van der Made
raised to family rank. But, in contrast to Matthew’s con-
cept, which included Miocene American peccaries along
with Palaeochoerus in the subfamily, Van der Made ex-
cluded New World forms, and restricted it to Old World
lineages. I consider this to be essentially correct. The
family contains Propalaeochoerus Stehlin, 1899, Palaeo-
choerus Pomel, 1847, Lorancahyus Pickford & Morales,
1998, Choeromorus Gervais, 1848 (which used to be
called Taucanamo Simpson, 1945, and/or Choerotherium
Lartet, 1851), Schizochoerus Crusafont-Pairo & Lavocat,
1954, Morotochoerus Pickford, 1998, and Yunnanochoerus
Van der Made & Han, 1994 (if the latter is different from
Schizochoerus). Doliochoerus Filhol, 1882, possibly be-
longs to the family, although its tympanic bullae are more
inflated than in other genera which preserve evidence of
this structure.

Palaeochoerids have no pentacone in the M3/, the P4/
is bicuspid, sometimes with a low disto-buccal cusplet,
the 11/ has no distal cusplet, the upper canine jugum is
inflated and forms a prominent projecting structure on the
surface of the maxilla, the zygomatic process of the max-
illa projects laterally, the palatines extend distally well be-
yond the level of the rear of the M3/, the glenoid surfaces
are close to the rear of the skull and have a retro-glenoid
process which faces antero-laterally, the sagittal crest is
strong but antero-posteriorly short, the splanchnocranium is
much longer than the neurocranium. In some taxa, such as
Schizochoerus, the upper canine has a distal groove similar
to that of Hippopotamus and the upper incisors are per-
manently growing. In the post-cranial skeleton, the distal
epiphysis of the metapodials does not have a ridge, and
the abaxial metapodials are long but slender. Whilst many
of these characters are probably primitive at the level of
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Suoidea, some such as the ratio of splanchnocranium to
neurocranium, clearly projecting canine jugum, and short
sagittal crest are probably derived. The combination of
characters differentiates the palaecochoerids from the oth-
er Suiformes which possess derived morphology for most
of these features (Suidae, Anthracotheriidae, Tayassuidae,
Sanitheriidae).

A similar combination of features (where preserved in
the fossils) also occurs in Palaeopotamus and Kenyapota-
mus, which both share a number of derived characters with
Hippopotamus and Choeropis such as the upper and lower
canine morphology (Pickford, 2006) the upper incisor mor-
phology, the trefoliate occlusal outline of the molar cusps
and the shortened and broadened talus. Other features are
inherited from their ancestral group, including the lack of
pentacone on M3/, the bicuspid P4/ (sometimes with a low
distal cusp) and the form of the distal talar trochlea for the
navicular and cuboid among others. Finally it should be
noted that derivation of hippopotamids from palacochoerids
does not require any reversion of characters, but does imply
an increase in body size and some relatively modest changes
in dental, cranial and post-cranial morphology.

DISCUSSION

Whatever the merits or otherwise of the supposed close
relationship between hippopotamids and cetaceans based
on molecular evidence, it is concluded that hippos are
not particularly closely related to anthracotheres but are
considerably closer to Palacochoeridae. Theodor & Foss
(2006) and Geisler & Uhen (2006) have independently
come to the same conclusion that hippos are not closely
related to anthracotheres. The former authors found evi-
dence which lends support to the cebochoerid hypothesis of
hippo origins on the basis of a study of the deciduous den-
tition of Eocene cebochoerids, supporting Pearson (1927).
The latter authors reported that anthracotheres were more
closely related to Suiformes than to hippos or whales.

On the basis of fossils from India, Thewissen et al.
(2007) concluded that whales originated from aquatic ar-
tiodactyls in the Eocene. The presence of derived cetacean
morphology in the raollid Indohyus, including the presence
of an involucrum in the auditory bulla, can be interpreted
in alternative ways. Thewissen et al. (2007) opted to re-
tain Indohyus in the Artiodactyla, but they pointed out that
it could be included in Cetacea. Whatever the case, this
interpretation weakens the hypothesis that anthracotheres
represent the group that links hippos to whales; not only
because the Eocene age of Indohyus makes it as old or
older than most anthracotheres, but also because anthra-
cotheres possess auditory bullae with typically artiodactyl
morphology (Pearson, 1929). Bothriodont anthracotheres,
in particular, are therefore unlikely to represent the miss-
ing link between whales and hippos.

As Gatesy & O’Leary (2001) pointed out, missing data,
whether from missing skeletal elements of included taxa, or
from missing taxa, can greatly affect the outcome of phy-
logenetic analyses. In my opinion, characters 10, 58 and
61 of Boisserie et al. (2005a) could be scored for Palaeo-
choerus, yet were missing from their analysis and no post-
cranial evidence for Palaeochoerus was scored. A major
problem with the character scoring of Palaeochoerus by
Boisserie er al. (2005a) is that it was based on Pearson’s
(1927) analysis of a suid skull (Hyotherium) that was mi-
sattributed to Palaeochoerus (see Ginsburg, 1974; Van der
Made, 1996). Cranial material attributed to Palaeochoerus
typus Pomel, 1847, was described by Hellmund (1992) but
only one specimen retains part of the basicranium, consist-
ing of the glenoid region. Even though this skull was cu-
rated in the Natural History Museum, London, at the time
of Pearson’s (1927) study, apparently she did not examine
it or if she did, then she could not find enough informative
evidence in it to include in her study, because the basicra-
nium and much of the otic region is missing.

So can incorrect scoring of characters radically change
the outcome of phylogenetic analyses. In the case of Pal-
aeochoerus 8 characters (N°s 8, 42, 52, 60, 62, 64, 65 and
71) were incorrectly scored by Boisserie et al. (2005a)
while most of the neurocranial and basicranial characters
that they listed (N°s 9, 17, 24, 26, 27, 36, 37, 39, 40) are
suspect as they do not pertain to Palaeochoerus but to
the suid Hyotherium, an error inherited from Pearson’s
(1927) initial misidentification of the fossils that she ex-
amined (Van der Made, 1996). Some of the latter charac-
ters may fortuitously be correct, but this cannot be dem-
onstrated on the currently available fossils of Palaeoch-
oerus. The mis-scoring of the proximal extension of the
sinovial fossa in tali of Brachyodus also affects the out-
come of the analysis.

A serious problem in defining character states is in-
herent in the wording used to describe morphology. For
example, without additional information the words “ele-
vated orbits” imply similar morphology, yet it is known
than many unrelated animals possess orbits with the up-
per margin elevated above the dorsal profile of the skull,
including gavialid crocodiles, phacochoerine suids, Kva-
bebihyrax Gabunia & Vekua, 1966 (a late Miocene hyra-
coid from Georgia), Hippopotamus amphibius, and to a
lesser extent Libycosaurus. Whilst elevated orbits in all
these animals represent derived morphology within their
respective groups, in none of them is the raised orbit ho-
mologous. Thus scoring “elevated orbits” in two unre-
lated animals in the same way in a phylogenetic analysis
on the grounds that such a morphology is “derived” will
lead to the invalid conclusion that the character is synapo-
morphic, as was done by Boisserie et al. (2005a, 2005b).
Similarly, by scoring hypsorhyzic lower incisors (in hip-
pos) and lower incisors with elongated roots (in Libyco-
saurus) in the same way, Boisserie et al. (2005a, 2005b)
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imposed synapomorphy on non-comparable morphology.
Ditto the descending plate of the mandible in hippos and
Merycopotamus. In essence, the problem is one of circu-
larity of argument, similar terminology at the input stage
of the analysis emerging as synapomorphies at the output
stage, which is then taken to support the phylogeny.

Imperfections of the fossil record are significant in
any phylogenetic analysis. In their studies Boisserie et al.
(2005a, 2005b) not only omitted characters from includ-
ed taxa, but they also omitted taxa, including most of the
known genera of the family Palacochoeridae. The fossil
record of the latter family is poor when compared to the
much better represented Anthracotheriidae, so poor indeed
that it was only in 1983 that enough evidence was obtained
to indicate that it required removal from Tayassuidae and
warranted the creation of its own family, which was for-
mally published in 1996. Even though its fossil record
is poor, the fossils attributed to Palacochoeridae share a
number of morphological features with hippopotamids,
including dental, cranial, and post-cranial ones. Improve-
ment of their fossil record would be welcome, but even
the limited amount of available evidence indicates that it
is not necessary to invoke «spectacular reversion» of den-
tal anatomy in order to explain the origin of hippopotamid
dentitions, something which is necessary if the hippo an-
cestor were a bothriodont anthracothere. The few dental
characters that were claimed to support the inferences of
Boisserie et al. (2005a, 2005b) such as ever-growing ca-
nines and prolonged growth of the incisors in anthracoth-
eres are incorrectly reported. Others such as wrinkled and
pustular enamel in the premolars are not homologous in
the two families. Instead, rather modest changes are all that
are required to evolve the hippopotamid dentition from a
palaeochoerid precursor.

Boisserie & Lihoreau (2006) proposed some new sce-
narios of hippopotamid origins based on their 2005 anal-
yses. These scenarios are compromised for the same rea-
sons that their previous conclusions are.

CONCLUSIONS

Boisserie et al. (2005a, 2005b) did not refute the pal-
aeochoerid hypothesis of hippo origins —they barely ad-
dressed it, as shown by the title of their first publication
on the question, which was «Where do hippos come from:
anthracotheres or peccaries?» (Lihoreau & Boisserie, 2004)
and the fact that only one palaeochoerid figures in their
2005 paper (Boisserie et al., 2005a). Subsequent publica-
tions do not differ fundamentally from this résumé of their
initial research programme.

For a scientific hypothesis to be refuted it has to be
tested. Needless to say, in a scientific milieu, any tests
applied to a hypothesis need to be appropriate. Firstly,
Boisserie et al. (2005a, 2005b) appear to have been una-

ware of the separate familial status of the Palaeochoeridae,
which therefore does not feature as such in their analysis.
The family name has been formally applied to the group
since 1996, even though the concept of a separate family
has been in the literature since at least 1983, albeit un-
der the somewhat confusing name «Old World Tayassui-
dae». Secondly, the characters included by Boisserie et
al. (2005a, 2005b) for the genus Palaeochoerus, which is
the type genus of the family Palacochoeridae, came from
skulls and jaws of the suid Hyotherium, which is why,
in the phylogenetic tree (Boisserie et al., 2005a, Fig. 2)
the genus falls close to Suidae and far from Tayassuidae.
Thirdly, the only palaeochoerid in their analysis was Do-
liochoerus, for which only 62 out of 80 characters were
scored (of which three were ambiguous). I disagree with
the scoring of four of the dental characters. The postcra-
nial skeleton of palaeochoerids was only represented by
the talus (4 characters out of a possible seven) in one ge-
nus Doliochoerus.

Because of the absent taxa, missing morphological
evidence for the taxa that were included in the analyses,
questionable homologies and incorrectly reported mor-
phology of some characters, the conclusions of Boisserie
et al. (2005a, 2005b) are unsustainable. They do not rep-
resent a valid refutation of the hypothesis of a close re-
lationship between palaeochoerids and hippopotamids. A
counter hypothesis of sister-group relationship between
anthracotheres and hippopotamids evoked by Boisserie et
al. (2005a, 2005b) is supported in part by incorrect obser-
vations of the morphology of anthracotheres (prolonged
or ever-growing incisors and canines for example) but is
in large measure due to convergent evolution, hippos and
anthracotheres being potamophile and amphibious (crani-
al features such as elevated orbit and high external audi-
tory meatus for example are due to convergence and are
not synapomorphies) or to the retention of primitive mor-
phology (some aspects of the morphology of the talus and
metapodials, for instance).

In short, the palaeochoerid ancestry of hippopotamids
is not a dead issue. It does not require «spectacular rever-
sions» in dental anatomy (nor for that matter a wholesale
reorganisation of morphology of the post-cranial skeleton)
a major weakness of the contrasting hypothesis that anthra-
cotheres represent the group from which hippos emerged.
In brief, hippopotamids are airorhynch, have the splanch-
nocranium appreciably longer than the neurocranium, pos-
sess bunodont cheek teeth, have short necks, short carpal
and tarsal complexes and shortened metapodials, whereas
bothriodontine anthracotheres are klinorhynch, have the
splanchnocranium about the same length as the neuroc-
ranium, possess selenodont cheek dentitions, have long
necks, elongated carpal and tarsal complexes and elon-
gated metapodials. These major differences in body plan
are accompanied by many detailed differences in the mor-
phology of virtually all the cranial and postcranial bones,
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and in growth variables such as of fusion of the mandibu-
lar symphysis and ankylosis of the radio-ulna. In all these
features, hippos are closer to palaeochoerids than they are
to anthracotheres.

The study of hippopotamid origins highlights the am-
biguities that can arise during interpretion of morphologi-
cal characters, some of which appear at face value to be
synapomorphies linking two groups, but which turn out on
closer inspection to be due to convergence. In the particular
case of hippos and the anthracothere genus Merycopota-
mus, it is perhaps unprecedented that in the minds of so
many researchers, only two superficially similar features
(descended mandibular angle, and raised orbits) should
have far outweighed in terms of phylogenetic signal, all the
manifest differences that occur in the dentition, skull and
post-cranial skeleton, thereby spuriously linking together
two distinct groups which in reality separated from each
other early during the Eocene, if not before. In fact these
two supposed synapomorphies arose only during the late
Miocene, once in hippos and independently once or per-
haps twice in anthracotheres (Merycopotamus which pos-
sesses an upward notch in the mandibular base immediate-
ly anterior to the descending angle and Libycosaurus which
does not). Apart from these two genera no other known
anthracothere possesses a deeply descending mandibular
angle, be it from the Eocene, Oligocene or Miocene, an
observation already made by Lydekker in 1877.

The complexity of the history of study of hippo-anthra-
cothere relationships is due partly to imperfections of the
fossil record, partly to divergence of opinions about the
polarity of available morphological features and partly to
sample choice and analytical methods used. But the com-
plexity has been exacerbated by incorrect observations of
morphology, misidentification of fossils and the tendency
for errors to propagate through the literature for extended
periods of time. All this history has been played out against
the backdrop of a much broader question which has direct-
ly or indirectly influenced virtually all researchers, «Are
the Artiodactyla monophyletic or paraphyletic ?». The un-
certainty appears to be as flagrant today in the molecular
age as it was during the decades that followed Darwin’s
publication on the origins of species. Although it is still
not clear whether Artiodactyla are monophyletic or para-
phyletic (Thewissen et al., 2007), a degree of consensus
is emerging concerning the age of the hippopotamid-an-
thracothere divergence, with «early divergence» gaining
ground over «late divergence» scenarios.
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ABSTRACT

The great diversity of small mammals in the Upper Pleistocene and Holocene deposits of El Mirén Cave, with
a total of 26 species belonging to 6 mammalian orders (Erinaceomorpha, Soricomorpha, Chiroptera, Carnivora,
Rodentia and Lagomorpha), makes this an important sequence for the study of the development of small mam-
mal associations during the Pleistocene-Holocene transition; what it allows us to know the evolution of the cli-
mate and the landscape in the Cantabrian Region. At the end of the Quaternary, the last extinction of Pleistoce-
ne microfauna is registered, like the one of the vole Pliomys lenki, related to present day Dinaromys, the Balkan
Snow (or Martino’s vole). Also local extinction are documented like the disappearance from Spain of cold-cli-
mate mammals characteristic of the steppe-tundra ecozones of Northern Europe and Siberia namely Microtus
oeconomus and M. gregalis. The extinctions can be explained by the climatic changes that occurred at the end
of the Quaternary, without discarding the competition with species inmigrants, of similar ecology. Late in the
Holocene, human activity —especially deforestation and cereal agriculture— is reflected at El Mirén in a decline
in species diversity among the small mammals.

Key Words: El Mirén cave, Biostratigraphy, Paleoclimate, small mammals, Quaternary, Cantabrian Re-
gion, Spain.

RESUMEN

La gran diversidad en pequefios mamiferos del Pleistoceno superior y Holoceno de la Cueva del Mirén, con un
total de 26 especies pertenecientes a seis érdenes de mamiferos (Erinaceomorpha, Soricomorpha, Chiroptera, Car-
nivora, Rodentia y Lagomorpha) hace de la secuencia del Mirén un importante documento sobre la distribucién
de las asociaciones de pequefios mamiferos durante la transicion Pleistoceno-Holoceno; lo que nos permite co-
nocer la evolucién del clima y del paisaje en la Region Cantdbrica. Al final del Cuaternario se registra la dltima
extincién de microfauna Pleistocena, como la del topillo Pliomys lenki, relacionado con el actual Dinaromys, el
topillo nival de los Balcanes o de Martino. También se documentan extinciones locales, como la desaparicion del
territorio espafiol de los mamiferos caracteristicos de las estepas del Norte de Europa y Siberia, como Microtus
oeconomus 'y M. gregalis. Estas extinciones se pueden explicar por los cambios climdticos ocurridos al final del
Cuaternario, sin descartar la competencia con especies inmigrantes, de ecologia similar. El final del Holoceno,
la actividad humana, sobre todo la deforestacion y la cultura cerealistica, se refleja también en la disminucién
de la diversidad especifica de los pequefios mamiferos.

Palabras clave: Cueva del Miron, Bioestratigrafia, Paleoclima, pequeiios mamiferos, Cuaternario, Corni-
sa Cantabrica, Espaiia.
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LOS PEQUENOS MAMIFEROS
DEL PLEISTOCENO SUPERIOR
Y HOLOCENO DE ESPANA

El estudio sistemdtico de las faunas de pequefios ma-
miferos de yacimientos arqueo-paleontolégicos del Pleisto-
ceno superior espafiol comenzo con los trabajos de Altuna
(1970, 1972, 1981, 1986) seguidos en la década de los 80 y
hasta mediados de los 90 por los trabajos de Alcalde Gurt
(1982), Alcalde & Brunet (1985), Gil & Sesé (1985), Pe-
man (1985, 1987, 1988, 1990a, b), Alcalde (1986, 1988),
Agusti et al. (1987), Gil & Lanchares (1988), Alvarez et
al. (1992), Guillem (1995a, b, 1999), y ya en la dltima dé-
cada, son algo mds numerosos los trabajos sobre peque-
fios mamiferos con el objeto de reconstruir la evolucién
de los ecosistemas terrestres del Pleistoceno superior y los
cambios ambientales de esta reciente etapa de la historia
terrestre (Pokines, 1998, 2000; Guillén, 2001; Sesé, 2005;
Loépez-Garcia, 2006; Zubeldia Garmendia, 2006; Lopez-
Garcia & Morales Hidalgo, 2007). Sin embargo, los es-
tudios sobre los pequefios mamiferos son escasos en los
yacimientos arqueoldgicos de edad Holocena y ni siquiera
son mencionados como componentes de los niveles exca-
vados, ya que pasan desapercibidos. Como una excepcién
podemos mencionar los trabajos de Morales Muiiiz (1986),
Pemadn (1987, 1988, 1990 a, b), Laplana Conesa & Cuen-
ca-Bescds (1995), Morales Muiiiz et al. (1997), Morales
& Rodriguez (1997), Riquelme Cantal & Morales Muiiiz
(1997) y Altuna et al. (2004).

En general los pequefios mamiferos del Pleistoceno es-
paiiol han sido analizados por su interés en bioestratigrafia
(Cuenca-Bescos et al., 1995, 1997, 1999; Oms et al., 2000;
Ruiz Bustos, 2004). Recientemente, el refinamiento e in-
cremento de técnicas de datacion radiométrica, hace que
los pequefios mamiferos sean ttiles ademds por su valor
como indicadores paleoecoldgicos y paleoclimdticos (Sesé
& Sevilla, 1996; Lépez Antoflanzas & Cuenca-Bescos,
2002; Cuenca-Bescos et al., 2005; Sesé, 2005).

Los pequeiios mamiferos son parte elemental de los
ecosistemas terrestres: forman parte de la dieta de nume-
rosos predadores como mamiferos carnivoros (hurones,
martas, comadrejas, zorros, lobos), aves de presa (btihos,
lechuzas, mochuelos, ratoneros, halcones) e incluso de
otros pequefios animales no especializados en la caza de
vertebrados como el lirdn careto, ratas, corvidos, alcaudo-
nes (Chaline, 1972; Ruiz & Camacho, 1973; Nores, 1979;
Moreno & Rey, 1980; Arrizabalaga i Blanch et al., 1986;
Herndndez et al., 1987; Andrews, 1990; Vargas & Palomo,
1990; Gosalbez, 1993; Eastham, 1995; Pokines, 1998; Fra-
fjord, 2003; Carvalho & Gomes, 2004; Herndndez, 2005;
observaciones personales). Los pequefios mamiferos son
los herbivoros (roedores y lagomorfos) y predadores (in-
sectivoros, murciélagos, pequefios carnivoros) mds peque-
fos en la cadena tréfica de los vertebrados. Su pequefio
tamafio los excluye como componentes de la dieta huma-

na (al menos durante el Pleistoceno superior y Holoceno
inicial) por lo que su presencia en los yacimientos se debe
a los factores ya mencionados de acumulacién, como el
de la predacion. Hay que resaltar que, aunque los casos
de comensalismo son raros durante el Pleistoceno y gran
parte del Holoceno, Pokines (1998) propone una posible
relacion entre la presencia del erizo (Erinaceus Linnaeus,
1758), o la de los lirones (gris: Myoxus Brisson, 1762, y
careto: Eliomys Wagner, 1840) y las ocupaciones humanas.
Asi mismo, Eastham (1995) plantea el aprovechamiento de
la piel del topo comun europeo (Talpa europaea Linnaeus,
1758) por parte de los humanos; para explicar la notable
cantidad de restos de este pequefio mamifero en los niveles
Magdalenienses de Dufaure (acantilados de Pastou, con el
notable conjunto de yacimientos Magdalenienses de Du-
faure, Duruthy Les Pastous) en Les Landes, Gascogne, no
lejos de la frontera Franco-Espafiola. Al final del Holoceno
y sobre todo en la actualidad, se conoce bien la estrecha re-
lacion de comensalismo con los humanos, de los ratones y
las ratas (Mus Linnaeus, 1758, y Rattus Fischer, 1803; ver
Morales & Rodriguez, 1997). Por otra parte hay especies
que se propagan con la expansion del cultivo de cereales
o arboles frutales como el raton espiguero, Micromys mi-
nutus (Pallas, 1771) (Morales Muiiz & Rodriguez, 1997;
Palomo & Gisbert, 2002; Nores, 2003).

Es interesante resaltar que el cultivo o el uso de cerea-
les en el Neolitico del Mirén (Pefia-Chocarro et al., 2005)
no parece haber influido en la entrada de estas faunas co-
mensales en la Cornisa Cantdbrica, ya que lo hacen mucho
mas tarde, al final del Holoceno; sin haberse encontrado
hasta ahora en los niveles estudiados del Mirén. La mayor
parte de los restos de pequefios mamiferos acumulados en
cuevas como la del Mirén son el resultado de la actividad
bioldgica de las aves de presa, con algtin aporte ocasional
por parte de mamiferos carnivoros y ocasionales visitan-
tes/habitantes (Andrews, 1990).

En este trabajo se presenta por primera vez un estudio
completo de los pequefios mamiferos de la secuencia es-
tratigrifica del Mirdn y se analiza la evolucién de la fauna
durante la transicion Pleistoceno—Holoceno, la extincion
de fauna Pleistocena y la aparicion de la fauna moderna
en Cantabria. Este andlisis permite conocer la evolucion
del clima y del paisaje en la Cornisa Cantdbrica al final
del Cuaternario.

LA CUEVA DEL MIRON

El Mirén se encuentra en las proximidades de Rama-
les de la Victoria, en el valle del Rio Ason, en Cantabria
(Figs. 1y 2). Es una cavidad cuya boca tiene cerca de 20
metros de altura, con un desarrollo total de 130 m. For-
ma parte del sistema cdrstico del Monte Pando, donde se
desarrollan otras cuevas como La Cullalvera, La Luz, El
Horno, La Haza, y Covalanas, éstas dos tltimas bien cono-



PALEOCLIMA Y PEQUENOS MAMIFEROS CUATERNARIOS DE CANTABRIA 93

Figura 1. Situacion Geogrdfica del yacimiento Cuaternario de
la Cueva del Mir6n
Geographic situation of the El Miron Cave Quater-
nary site.

cidas por sus pinturas rupestres de “perfilados con puntos
rojos” (Leon Garcia, 1998; Straus et al., 2006). La Cueva
del Mir6n se encuentra a 260 m por encima del actual ni-
vel del mar, a 3°27" al Oeste de Grenwich y 43°16° Norte
(Figs. 1 y 2). La entrada, estaba orientada hacia poniente
y relativamente cerca del litoral (unos 27 km de la paleo-
linea de costa) durante el dltimo mdximo glacial (LGM:
17 Ka antes del presente, BP en el resto del texto). Su po-
sicién, montana pero cercana al mar, su orientacion y su
amplitud, pudieron ser las causas de que la cueva del Mi-
ron haya sido utilizada con cierta continuidad por los seres
humanos (el hombre de neandertal primero y el hombre
moderno después), al menos desde el Musteriense (40 Ka
BP) (Straus & Gonzalez Morales, 2001a, b, 2003; Altuna
et al., 2004, Straus et al., 2006).

La cueva fue descubierta a comienzos del siglo XX,
aunque su excavacion sistemdtica comenzo en 1996. Desde
entonces, un equipo de unas 15-25 personas excava, duran-
te los dos meses de la campafia de campo, en cuatro zonas
distintas (Fig. 3): la Cabaiia, la Trinchera, el Corral del gran

Figura 2. La Cuenca Hidrogréfica del Rio Asén y principales

yacimientos Cuaternarios (Paleoliticos y Mesoliti-
cos), asf como otros detalles geogréficos y politicos.
1: La Fragua, El Perro, San Carlos; 2: La Trecha;
3: El Otero; 4: Cobrantes; 5: La Chora; 6: El Valle;
7: Sotarriza, Covanegra; 8: Morro, Pondra, Arco A,
B y C; 9: Venta de la Perra, Polvorin; 10: Cullalve-
ra; 11: Ramales yacimiento de exterior, La Haza, El
Miron, Covalanas, El Horno; 12: Tarrerdn; 13: Los
Emboscados, Patatal, Cubio Redondo; 14: Cubera.
La linea discontinua indica el limite entre las pro-
vincias de Burgos, Vizcaya y Cantabria. Este 1imite
marca también el limite geogrdfico entre la Mese-
ta y la Cordillera Cantdbrica, que se comunican por
el estrecho paso de Los Tormos, el Camino Real
(mapa dibujado por R. Stauber, del original de L.G.
Straus).
River Ason Drainage Basin and main Quaternary
(Paleolithic and Mesolithic) sites, as well as other
political and geographic details. 1: La Fragua, El
Perro, San Carlos; 2: La Trecha, 3: El Otero; 4:
Cobrantes; 5: La Chora; 6: El Valle; 7: Sotarriza,
Covanegra; 8: Morro, Pondra, Arco A, B & C; 9:
Venta de la Perra, Polvorin; 10: Cullalvera; 11: Ra-
males open-air site, La Haza, El Miron, Covalanas,
El Horno; 12: Tarreron; 13: Los Emboscados, Pa-
tatal, Cubio Redondo; 14: Cubera. Legend: Black
circles, habitation site; blawhite circless, cave art
sitess; black and white losanges, cave art and habi-
tation sites. The striped line in the South marks the
limit between Burgos, Vizcaya and Cantabria. This
limit is also the geographic boundary between the
Upland Spain and the Cantabrian Mountains, that
are communicated by the Los Tormos Pass, The Real
Road. (drawing of R. Stauber, after an original of
L.G. Straus).
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Figura 3. Plano de la Cueva del Mirén. Las zonas de excavacion son, de Oeste a Este: Cabafa (Cuadros H-K); Trinchera (Cuadros
L-P); Corral (Cuadros Q-V) y el Sondeo de la Rampa (cuadros W-X) que comunica el Vestibulo de la Cueva del Mirén

con la zona hipogea, oscura.

Map of the El Miron site. The excavation areas are, from West to East: Cabin or Outer Vestibule or Vestibule Front (Squa-
res H-K); Trench or Mid-vestibule Trench (Squares L-P); Vestibule Rear (Squares Q-V), and the Sondage of the Footslo-
pe (Squares W-X) that communicates the Vestibule of El Miron with the dark zone of the Cave.

vestibulo soleado y la Rampa, una pendiente erosional que
sube hacia la parte interior y oscura de la caverna (Straus
& Gonzdlez Morales, 2001a, b, y en este trabajo).

ESTRATIGRAFIA Y DISTRIBUCION
DE LA MICROFAUNA
EN LA SECUENCIA DEL MIRON

Courty & Valverdd (2001) y Straus et al. (2001) descri-
ben en detalle ciertos aspectos sedimentoldgicos y estrati-
grdficos de la Cueva del Mirén que completan la descrip-
cién que damos en este trabajo. Se sigue una descripcion
algo distinta de la utilizada tradicionalmente en geologia
pues empezamos describiendo los niveles desde el techo
hasta la base de la excavacion, la cual no coincide con la
de la seccidn; ya que no se ha alcanzado el sustrato rocoso
en ninguna de las zonas (Figs. 3 a 7). La prospeccion geofi-
sica que hizo el Dr. Jaime Clapés nos indica que la base se
encuentra a 9 m de profundidad (a partir de la superficie
inicial de la cueva, en el Corral). Hasta ahora se ha exca-

Tabla 1.

vado una profundidad que varia de 3 a 5 m. La potencia de
los niveles es variable (Figs. 4 a 7). El nimero de muestras
para el andlisis de los micromamiferos tomado en cada ni-
vel responde mds a la estrategia de la excavacion arqueo-
légica que a un muestreo paleontolégico. Por ejemplo, en
los niveles en los que los materiales arqueoldgicos son muy
abundantes, hay un nimero de muestras mayor puesto que
la excavacidn se divide en un nimero mayor de “tallas” o
tramos arqueoldgicos (spits). Debido a su gran superficie,
la excavacidn, se ha dividido en cuatro zonas (Fig. 3). La
distribucidn estratigrafica de las asociaciones de pequefios
mamiferos se muestra en las Tablas 1 y 2. Para facilitar la
lectura, la cronologia de los Niveles Culturales del final del
Cuaternario se sintetiza en la Tabla 3.

Zona de la Cabana (Outer or Vestibule Front). Cua-
dros H-K/1-4

Descripcion de los niveles, 1 a 17, de techo a base (Fig. 4):

Nivel 1: Nivel gris de relleno final de cueva, compuesto por
materia orgdnica procedente de la cabafia reciente y bloques de
la caliza de las paredes y techo de la cueva. Nivel de ocupa-
cion actual.

Listado de los pequefios mamiferos actuales de la Cornisa Cantdbrica (izquierda), y del registro fosil del Cuaternario del

Miron (derecha). La columna central es la de los autores de los taxones.
In the first column is the inventory of the extant small mammals of the Cantabrian Region, Spain. In the third column are
these in the fossil record of the Quaternary of El Miron. The central column gives the name of the author of each taxa.



PALEOCLIMA Y PEQUENOS MAMIFEROS CUATERNARIOS DE CANTABRIA

95

Cuaternario El Mirén

Autor

Actual Regién Cantabra

Orden Erinaceomorpha

Gregory, 1910

Familia Erinaceidae

Fischer von Waldheim, 1817

Erinaceus europaeus

Linnaeus, 1758

Erinaceus europaeus

Orden Soricomorpha

Gregory, 1910

Familia Soricidae

Fischer von Waldheim, 1817

Crocidura russula

(Hermann, 1780)

Crocidura russula

(Pallas, 1811)

Crocidura suaveolens

Neomys fodiens

(Pennant, 1771)

Neomys fodiens

Sorex minutus

Linnaeus, 1766

Sorex minutus

Sorex gr. coronatus-araneus

Linnaeus, 1758

Sorex araneus

Millet, 1828

Sorex coronatus

(Savi, 1822)

Suncus etruscus

Familia Talpidae

Fischer von Waldheim, 1817

Galemys pyrenaicus

(E. geoffroy, 1811)

Galemys pyrenaicus

Talpa europaea

Linnaeus, 1758

Talpa europaea

Orden Chiroptera

Blumenbach, 1779

Quiroptera indet.

Familia Vespertilionidae

Gray, 1821

Myotis

Kaup, 1829

Myotis

(Borkhausen, 1797)

Myotis myotis

(Kuhl, 1817)

Myotis bechsteinii

(E. Geoffroy, 1806)

Myotis emarginatus

(Tomes, 1857)

Mbyotis blythii

(Kuhl, 1817)

Myotis nattereri

(Schreber, 1774)

Barbastella barbastellus

(Schreber, 1774)

Eptesicus serotinus

(Kuhl, 1817)

Nyctalus leisleri

(Schreber, 1774)

Nyctalus noctula

(Keyserling y Blasius, 1839)

Pipistrellus nathusii

(Linnaeus, 1758)

Plecotus auritus

(Fischer, 1829)

Plecotus austriacus

Familia Rhinolophidae

Gray, 1825

Blasius, 1853

Rhinolophus euryale

(Schreber, 1774)

Rhinolophus ferrumequinum

(Bechstein, 1800)

Rhinolophus hipposideros

Familia Molossidae

Gervais, 1856

(Rafinesque, 1814)

Tadarida teniotis

Familia Miniopteridae

Dobson, 1875

Miniopterus schereibersii

(Kuhl, 1817)

Miniopterus schereibersii

Orden Carnivora

Bowdich, 1779

Familia Mustelidae

Fischer von Waldheim, 1817

Mustela nivalis

Linnaeus, 1766

Mustela nivalis

Orden Rodentia

Griffith, 1827

Familia Sciuridae

Hemprich, 1820

Sciurus vulgaris

Linnaeus, 1758

Sciurus vulgaris

Familia Muridae

Illiger, 1815

Subfamilia Arvicolinae

Gray, 1821

Arvicola terrestris

Linnaeus, 1758

Arvicola terrestris cantabrae

Arvicola sapidus

Miller, 1908

Arvicola sapidus

Chionomys nivalis

(Martins, 1842)

Chionomys nivalis

Clethrionomys glareolus

(Schreber, 1780)

Clethrionomys glareolus

Microtus agrestis

(Linnaeus, 1761)

Microtus agrestis

Microtus arvalis

(Pallas, 1778)

Microtus arvalis asturianus

Microtus oeconomus

(Pallas, 1776)

Microtus gregalis

Pallas, 1779

Terricola pyrenaicus-gerbei

Terricola lusitanicus

(Gerbe, 1879)

Terricola lusitanicus

Pliomys lenki

Heller, 1930

Subfamilia Murinae

Illiger, 1815

Apodemus sylvaticus-flavicollis

(Melchior, 1834)

Apodemus flavicollis

(Linnaeus, 1758)

Apodemus sylvaticus

(Pallas, 1771)

Micromys minutus

Linnaeus, 1758

Mus musculus

Lataste, 1883

Mus spretus

(Berkenhout, 1769)

Rattus norvegicus

(Linnaeus, 1758)

Rattus rattus

Familia Myoxidae

Gray, 1821

Eliomys quercinus

(Linnaeus, 1766)

Eliomys quercinus

Myoxus glis

(Linnaeus, 1766)

Myoxus glis

Orden Lagomorpha

Brandt, 1855

Familia Leporidae

Fischer von Waldheim, 1817

Pallas, 1778

Lepus europaeus

(Linnaeus, 1758)

Oryctolagus cuniculus
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Nivel 2: Color beige. Constituye una mezcla con el suelo de
la cabafa reciente. Estd constituido por arcilla, arena y bloques
de piedra. Abundan huesos de grandes mamiferos domésticos.

Conjunto 3: Complejo de niveles numerados del 3 al 3.4, con
14 cm de potencia en total. Son niveles discontinuos de arcilla,
que varfan de color gris oscuro a claro, blanco, crema amarillo
e incluso rojo. Tienen en comtn el aumento de la diversidad de
pequefios mamiferos con respecto a los niveles 1 y 2. Mencién
aparte merece el sub-nivel 3.5, un relleno de canal o trinchera
antropica, que erosiona a los niveles 7, 6, 5, 4, 3 'y 3.2, por lo
que parece un evento posterior a todos ellos (Fig. 4). Aparente-
mente, los niveles actuales 1 y 2 se encuentran encima de 3.5
por lo que seria anterior a éstos. Su formacién podria estar li-
gada a la fase de acumulacién de la edad del hierro, conocida
como Edad Fria del Bronce (2900-2300 ka BP). Ha sido detec-
tada en el NE de Espafia en medios abiertos (Gutiérrez Elorza
& Pefia-Monné, 1998) y descrita como un momento frio y hu-
medo, coincidente con la expansién de los glaciares y una ma-
yor precipitacion, previa al periodo cdlido Subatldntico, que se-
rfa un periodo erosivo.

Nivel 4: Horizonte de incendios o fuegos (fumiers) en el
que alternan lentejones de ceniza gris-blanquecina cementada
localmente. Tiene niveles de carbones y fragmentos quemados
de madera y bloques de piedras quemados y agrietados por el
fuego. Hay cerdmica alrededor, alguna quemada. Hay perfora-
ciones o ;jmadrigueras? bordeando alguna de las hogueras. Los
pequefios mamiferos son menos diversos en este nivel (Tabla 2)
que en el Complejo 3.

Conjunto 5: conjunto de niveles oscuros de limo arcilloso
gris-marrén con materia orgdnica abundante y carbén. Compren-
de los sub-niveles 5y 5.1 a 5.4. El 5 es el mds rico en restos de
pequenos vertebrados.

Conjunto 6: nivel de ceniza blanca con fragmentos de car-
bén. Aunque hay también un nivel 6.1, la microfauna sélo se
encuentra en 6.

Conjunto 7: es también un complejo formado por los sub-ni-
veles 7 a 7.5. Esta compuesto fundamentalmente por ceniza rica
en materia orgdnica con fragmentos de carbén. En 7 predomina
una arcilla limosa, de interior de cueva. La microfauna es escasa
y representa un cambio con respecto a otros niveles (Tabla 2).
Los arvicolinos disminuyen, siendo el unico nivel en el que falta
la rata de agua nortefia, Arvicola terrestris (Linnaeus, 1758).

Conjunto 8: De color claro, con dos unidades, la 8, arcilla
gris-beige con fragmentos de carbdn y la 8.1, lentejon de ceniza
con carbon y fragmentos de roca. Los pequefios mamiferos sélo
estdn en 8. Es uno de los pocos niveles con evidencias directas
de agricultura, por el hallazgo de granos de trigo, al igual que
en los niveles 303, 303.2, 303.3 de la Trinchera (Pefia-Choca-
rro et al., 2005).

Conjunto 9: Compuesto por 9 unidades, 9 a 9.8, de arcilla
con cenizas y carbon.

Nivel 10: Limo blanco con mds continuidad lateral que la
que presentan los niveles anteriores, es de cardcter menos len-
ticular.

Tabla 2.

Figura 4. Estratigrafia de la Zona de la Cabafia. Los niveles

estdn representados por los nimeros dentro del es-
quema estratigrdfico. Los nimeros de la Columna
de la derecha indican la profundidad de excavacion
en centimetros (cm P).
Stratigraphy of the Outer Vestibule or Cabin Area.
The levels are represented by the numbers inside the
stratigraphic scheme. The numbers at the rigth co-
lumn indicate the deepness of the excavation in cm
(cm P).

Nivel 10.1: Formado por arcilla limosa con ceniza. Tiene de
8 a 9 cm de potencia. Al igual que el nivel 10 tiene mds conti-
nuidad lateral que los niveles anteriores. Los niveles 10 y 10.1
son litolégicamente parecidos, aunque de cronologia muy dife-
rente: 6.600 y 9.000 afios BP respectivamente. Hay un hiato (o
hiatos) deposicional importante entre los niveles 10 y 10.1. Este
aspecto no fue reconocido durante el sondeo inicial hecho en la
Cabafia. También hay diferencias en las asociaciones de pequefios
mamiferos: en el nivel 10 hay Sorex minutus Linnaeus, 1766 y
quirdpteros que estdn ausentes en 10.1. La presencia del peque-
fo murcié€lago de cueva del nivel 10, Miniopterus schreibersii
Kuhl, 1817, puede indicar que la cueva era temporalmente des-
habitada por humanos entre los 5.690 y 5.570 afios, ya que en
general los murciélagos no cohabitan con los humanos (también
podria ser un problema de muestreo dado el pequefio tamafio y
la fragilidad de los restos dseos de los quirdpteros). También
es de notar la presencia de Arvicola sapidus Miller, 1908 en el
nivel 10. Esta serfa la primera entrada holocena de la rata de
agua ibérica en el norte de la peninsula ibérica. Tres citas indi-

Distribucién estratigrafica de los pequefios mamiferos del Mirén. En la columna de la izquierda sélo estdn representa-

dos los niveles estratigraficos que contienen fosiles de pequefios mamiferos. Las dataciones de radiocarbon provienen de

Straus & Gonzdlez Morales (2003, 2007).

Stratigraphic distribution of the small mammals of El Miron Cave. On the left column, there are only the stratigraphic
levels with small mammal contents. The radiocarbon data are after Straus & Gonzdlez Morales (2003, 2007).
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Cultura 14CKaB.P.
Medieval 1,1-1,4
Bronce 3,2-3,7
Calcdlitico 3,7-4,1
Neolitico 4,7-5,8
Mesolitico 8,4-9,6
Azilian 9-11,5
Magdaleniense Superior 11,5-13
Magdaleniense Inferior 13-17
Solutrense 17-20
Gravetiense 20-28
Aurifiaciense Superior 28-35
Chatelperroniense 35
Aurifaciense Inferior 35-40
Musteriense 41-

Tabla 3. Cronologia en miles de afos (Ka), datos de radiocar-
bon (C'* BP) de los Niveles culturales del Paleolitico
y Neolitico Europeos (Straus, 2005; este trabajo).

Chronology in thousand of years (Ka), radiocarbon
data (C™ BP) of the Cultural levels of the European

Paleolithic and Neolithic (Straus, 2005, this work).

can la presencia de Arvicola sapidus en yacimientos cdntabros
del Pleistoceno superior: en los niveles Solutrenses de La Rie-
ra (Altuna, 1986) y Las Caldas asi como en el Magdaleniense
de Rascaiio 7 (Pokines, 1998). También la encontramos en el
Pleistoceno superior del Mirén, en el Magdaleniense inicial, ni-
vel 17 (Tabla 2). Ademas de lo comentado sobre A. sapidus, en
10.1, es de notar la falta de Microtus arvalis (Pallas, 1779), So-
rex Linnaeus, 1758, Crocidura Wagler, 1832 y los quirdpteros
Myotys Kaup, 1829 y Miniopterus Bonaparte, 1837. Ademds es
el unico nivel de toda la secuencia en el que se encuentra la ar-
dilla comun, Sciurus vulgaris Linnaeus, 1758. La ardilla es un
habitante de bosque mds o menos denso, y suele ser raro en los
yacimientos ya que constituye una presa dificil para la mayoria
de los predadores causantes de las acumulaciones. Asi que este
dato podria ser tomado como una presencia extraordinaria, li-
gada a la mayor continuidad lateral de este nivel, lo que supone
un drea de muestreo mayor. Desde el punto de vista arqueold-
gico el nivel 10 carece de cerdmica, pero tiene industria litica y
huesos (Straus & Gonzdlez Morales, 2001a).

Conjunto 11: Arcilla arenosa de color anaranjado a marrén
claro, con cantos angulosos medianos a gruesos (>10-20 cm).
En el cuadro I3, por debajo del nivel 11, se diferencian los sub-
niveles 11.1, de color gris oscuro, y 11.2, de color amarillento
claro, arcilloso, con cantos. Hay una disminucion de la diversi-
dad de pequefios mamiferos con respecto a los niveles anterio-
res, y esta pobreza en el nimero de taxones se mantiene hasta
el nivel 17.

Nivel 12: Arcilla de colores anaranjado y marrdn-beige claro.
Contiene cantos y gravas asi como huesos, un arpén Magdale-
niense, y artefactos liticos, especialmente a techo.

Nivel 13: Arcilla amarillento-anaranjada con gravas y cantos
que desaparecen hacia la base. Casi estéril en cuanto a contenido
arqueoldgico, a excepcion de algunos huesos y silex, que podrian
ser contaminacion por percolacion. En la base se encuentran can-
tos de gran tamafio con algunos silex asociados.

Nivel 14: arcilla compacta y pldstica, de color amarillento-
beige, similar a la del nivel 13. Se diferencia de éste mds por su
contenido arqueoldgico, pues presenta una mayor concentracion
de silex, que por su cardcter sedimentoldgico. A pesar de que el
numero de muestras es relativamente elevado, tanto los niveles
13 y 14 siguen siendo pobres en cuanto al nimero de especies
de pequefios mamiferos.

Nivel 15: arcilla semejante a la de los niveles 13 y 14, con
mayor contenido en cantos angulosos. Es un nivel rico en ele-
mentos arqueoldgicos.

Nivel 16: arcilla prismdtica, arenosa, de color marrén oscuro,
con cantos angulosos (<5 cm). Contiene artefactos, huesos tritu-
rados y cantos redondeados, de tamafio centimétrico.

Nivel 17: Limo gris-marrén con arena, cantos angulosos y
algunos redondeados. Rico en silex y utensilios de hueso; astas
y abundantes huesos largos y craneos de cabra montesa. Algunas
dreas, de color mds oscuro, presentan acumulaciones de cantos
redondeados, muchos rotos y/o rubefactados a causa del fuego.

Zona de la Trinchera (Mid-Vestibule Trench). Cuadros
R7, O-P/6 y continuacién de N-K/5. Niveles 300 a 314
(Fig. 5)

La diversidad en pequefios mamiferos de esta zona de la Cue-
va del Mirén es menor que en las demds zonas, hecho probable-
mente relacionado con el menor nimero de muestras estudiado
(Tabla 2). Es interesante notar que las especies minoritarias en
las demds zonas (Arvicola sapidus, Microtus gregalis, lagomor-
fos, quirépteros, Mustela) estdn ausentes aqui. Los niveles 300 a
302 estdn alterados por remociones y/o excavaciones no arqueo-
l6gicas en la cueva, previas a 1996. Por esto no analizamos los
microvertebrados de estos niveles.

Nivel 300: nivel de relleno, con gravas, cantos angulosos y
redondeados, de tamafos variados, en una matriz limosa, de co-
lor marrén oscuro rica en materia orgdnica. Contiene madera y
mezcla de artefactos de diferentes niveles culturales.

Nivel 301: También un nivel de mezcla. Limo marrén cla-
ro con cantos redondeados que rellena perforaciones recientes
y con vidrio en algunos sitios.

Nivel 301.0: lentejon de arcilla amarillenta-beige de unos
2-3 cm de potencia.

Nivel 301.1: nivel de ceniza gris con lentejones de carbén
en la base (6-10 cm).

Nivel 301.2: mezcla de arcilla amarillenta-beige a techo y
ceniza gris con lentejones de carbon en la base. Se observa una
perforacidn reciente.

Nivel 302: limo rojizo-marrén de aspecto granuloso por el
contenido en arena, mds compacto en algunas zonas. Hay tam-
bién una zona de perforacién y relleno.

Nivel 303: limo arcilloso amarillo beige (puede variar de 2
a 6 cm de grosor). También estd localmente afectado por la per-
foracion del nivel 302. Este es el primer nivel de la Trinchera
en el que se estudian los pequefios mamiferos, ya que los ante-
riores podrian tener problemas de contaminacion.

Nivel 303.1: nivel de relleno de un hogar bajo el nivel 303.
Compuesto de ceniza y carbén de color gris y negro. Estd perfo-
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Figura 5. Estratigrafia de la Zona de la Trinchera. Los nive-

les estdn representados por los nimeros dentro del
esquema estratigrafico. Los nimeros de la Columna
de la derecha indican la profundidad de excavacién
en centimetros (cm P).
Stratigraphy of the Mid Vestibule or Trench Area.
The levels are represented by the numbers inside the
stratigraphic scheme. The numbers at the rigth co-
lumn indicate the deepness of the excavation in cm
(cm P).

rado localmente en los cuadros O6 y P6 por lo que el contenido
de estos cuadros queda eliminado del estudio cuantitativo.

Nivel 303.2: arcilla amarillo-beige de 5 a 6 cm de potencia.

Nivel 303.3: lentejones de cenizas y carbon pareados o al-
ternantes, de 2 a 10 cm de grosor. El nivel se hace mds potente
de este a oeste. Es el nivel mds bajo con cerdmica en la Zona
de la Trinchera. Un dato interesante de este nivel es la presen-
cia de trigo, lo que aporta evidencias directas de agricultura, al
menos hace 5.550-5.790 B.P (Pefia-Chocarro et al., 2005) en
Cantabria. Aunque el nivel 303.3 carece de pequefios mamife-
ros, su presencia en niveles infra- y suprayacentes indica que la
actividad agricola, no debi6 de ser importante como para favo-
recer la introduccion del ratén espiguero (Micromys minutus),
presente en otras partes de la Peninsula Ibérica desde el Pleis-
toceno (Agusti & Galobart, 1986), pero ausente en la Cornisa
Cantdbrica durante el Pleistoceno y por lo menos hasta época
Medieval (Pokines, 1998, este trabajo).

Nivel 304: Es un nivel formado por precipitado carbonatado
blanco y pulverulento. Arqueolégicamente pobre, pero el mads
rico en restos de pequefios mamiferos. Aunque es un nivel sin
datacién radiométrica, por la fauna podria ser equivalente al ni-
vel 10 de la cabafia, en donde Apodemus Kaup, 1829 y Myoxus
dominan numéricamente. Géneros tipicos de frondosidad, su
presencia indica un momento de expansion del bosque. Tam-
bién encontramos Crocidura, que aunque escasa, indicaria un
clima mds benigno.

Nivel 305: limo arenoso de color beige con lentejones ro-
sado-anaranjado a gris-blanquecino, estos ultimos con un alto

contenido en carbonatos. Contiene pocas rocas pero se encuen-
tran bastantes fragmentos de espeleotemas, especialmente en la
zona de goteo activo del cuadro P6. Es arqueolégicamente mds
rico que 304, con una atribucién cultural al Aziliense (10.270
afios BP). Ambos niveles 304 y 305 podrian estar en continui-
dad lateral con el nivel 10.1 de la Cabaia.

Nivel 306: limo arenoso oscuro marrén-gris, con artefac-
tos de silex, huesos, cantos redondeados y clastos, tanto redon-
deados como angulosos. En este nivel desaparecen las especies
indicadoras de bosque como los lirones y ratones de campo o
leonados, Apodemus); ademds es el dnico nivel de la Trinchera
que tiene ambas especies de topillos de prado (Microtus agres-
tis Linnaeus, 1761 y M. arvalis). Arvicola terrestris es menos
abundante que en los niveles superiores. Todo ello parece indi-
car unas condiciones mds abiertas y frescas.

Zona del Corral (Vestibule Rear). Cuadros T-V/7-8; S-
Q/7. Niveles 99 a 119 (Fig. 6)

Los niveles 99 a 102 son estériles en pequeiios mamiferos.
En general también pobres en materiales arqueoldgicos y pa-
leontoldgicos.

Nivel 99: Es un nivel actual, sin fauna, compuesto por limo
suelto de color marrdn rojizo claro, con cantos.

Nivel 100: también nivel reciente, con una mezcla de hue-
sos, cantos y material de relleno de cabafia actual. Sin peque-
flos mamiferos.

Nivel 101: Limo gris marrén con cantos, gravilla fina y zo-
nas encostradas por goteo que constituye la base de la superfi-
cie de relleno reciente.

Nivel 102: limo arenoso amarillo anaranjado, sin arcilla.
Contiene restos dispersos de silex y huesos.

Nivel 102.1: Lentejon fino de ceniza y carbon, que podria
corresponder a un hogar. Es el primer nivel en el que encontra-
mos pequeiios vertebrados.

Nivel 102.2: Nivel arenoso, con mds gravilla que el ante-
rior, de color amarillo beige. Su potencia varia de 1 a 5 cm Li-
geramente mds rico en pequefios mamiferos que el nivel ante-
rior. En casi todos los niveles del Corral, la asociacion esta do-
minada por la especie Arvicola terrestris (> 20%) salvo en el
nivel 108, en el que aumenta la biodiversidad y deja de ser el
elemento mayoritario.

Nivel 103: limo arenoso gris marrén con lentejones rojizo-
amarillentos de arena granular. Contiene algo de silex y huesos.
Estéril en pequefios mamiferos.

Nivel 104: limo arcilloso, compacto, de color gris oscuro a
marrén negruzco, con algo de grava. Contiene cantos angulo-
sos de tamafio pequefio a medio. Contiene cenizas y materiales
calcinados. Pobre en microfauna.

Nivel 105: limo arcilloso gris amarillento, con manchas de
color marrén-beige y gris marron, con algunas evidencias de pro-
cesos de crioturbacidén. Estéril en pequefios mamiferos.

Nivel 106: limo de un homogéneo color marrén oscuro, con
algunos parches gris negruzco. Contiene huesos y silex quema-
dos. Grandes cantos angulosos y bloques. Es un nivel del Mag-
daleniense superior (equivalente al nivel 12 de la Cabafia y el
308 de la Trinchera) culturalmente rico, con huesos ennegreci-
dos. En este nivel se produce un incremento tanto en el nimero
de especies como en el nimero minimo de individuos. Este es
el nivel del Corral en el que Microtus oeconomus (Pallas, 1776)
aparece por ultima vez. Es notable que, a excepcion del nivel
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130 de la Rampa, M. oeconomus esté presente en casi toda la
secuencia del Mirén, donde desaparece en los niveles posterio-
res a los datados en 2.000 afios BP. Por otra parte, el nivel 106
constituye el dltimo registro de Pliomys lenki Heller, 1930 no
solo en la seccion del Corral del Mirdn, sino en toda la cueva.
Este seria ademds el dato mds reciente para la extincién de la
especie, puesto que las nuevas dataciones del Mirdn, para este
nivel 106, permiten fecharlo en 12.460 afios BP.

Nivel 106.1: limo marrén claro con pequefios cantos, roda-
dos y angulosos. Un hoyo con relleno posterior, atraviesa los
niveles 105 a 107. Hacia el sur hay madrigueras de tamafio va-
riable. Dada una posible contaminacion se ha preferido eliminar
del andlisis a los pequefios mamiferos de éste nivel.

Nivel 107: Limo compacto amarillo beige, deformado por
caida de bloques.

Nivel 107.1: limo de color marrén claro, con fragmentos de
rocas de cerca de 20 cm de didmetro. Todo el nivel constituye un
relleno de madriguera, probablemente de lagomorfos, ampliada
por la actividad de carnivoros de pequefio a mediano tamafo.
Se encuentran restos arqueoldgicos y huesos (Fig. 6), y es po-
bre en pequefios mamiferos. Los niveles infra- y suprayacentes
a 107.1 contienen, relativamente en relacion con el resto de la
secuencia, numerosos restos de pequefios carnivoros y lagomor-
fos (Marin Arroyo, 2007), lo que apoyaria la atribucion de las
madrigueras a su actividad bioldgica.

Nivel 107.2: limo gris verdoso, estéril. Estd bioturbado por
las madrigueras de 107.1. En el cuadro T10 el techo tiene una
capa de ocre rojo.

Nivel 108: limo marrén oscuro a claro. Contiene cantos an-
gulosos con evidencias de alteracién (blancos). Como en 106 es
rico en huesos y silex y en algunas zonas estd en contacto di-
recto con este nivel, ya que el nivel 107 es discontinuo (Fig. 6).
Aunque el color es variable, se hace mds oscuro hacia la base.
Contiene abundantes huesos ennegrecidos, silex, algunos cantos
redondeados con evidencias de haber sido quemados. A techo
se encuentran numerosos bloques caidos. En pequefios mamife-
ros, el nivel 108 es el mas rico de toda la secuencia del Corral
y después del nivel 10 de la Cabaifia, el mds rico de la Cueva
del Mirén. Como en 10, es el unico nivel en el que se han en-
contrado restos fésiles del pequefio murciélago de cueva, Mi-
niopterus schreibersii. También es de notar la coincidencia en
el gran nimero de individuos de Chionomys nivalis (Martins,
1842) en ambos niveles cuya edad y proporcién del nimero mi-
nimo de individuos de otras especies de pequefios mamiferos
son, sin embargo distintas.

Nivel 109: limo de color marrén carente de clastos y huesos
quemados. De cardcter discontinuo. La diversidad de pequefios
mamiferos es notablemente menor que en los niveles preceden-
te y posterior.

Nivel 110: limo marrén negruzco y gris, rico en materia or-
gdnica y huesos ennegrecidos, piedras y silex. En contacto di-
recto con 108 en las dreas donde 109 estd ausente. Aqui apare-
ce Pliomys lenki, el cual falta en niveles suprayacentes, hasta
encontrarlo de nuevo en el nivel 106 como hemos sefialado. La
especie se encuentra también en niveles mds antiguos de otras
secciones (Tabla 2 y Fig. 9).

Figura 6. Estratigrafia de la Zona del Corral. Los niveles estdn representados por los nimeros dentro del esquema estratigrafico.
Los nimeros de la Columna de la derecha indican la profundidad de excavacidn en centimetros (cm P).
Stratigraphy of the Vestibule Rear area. The levels are represented by the numbers inside the stratigraphic scheme. The
numbers at the rigth column indicate the deepness of the excavation in cm (cm P).
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Nivel 111: limos de color marrén oscuro a negruzco. Rico
en huesos ennegrecidos y silex, como en 108 y en 110, peque-
flo a mediano tamafio. Contiene también cantos angulosos alte-
rados, recubiertos de una sustancia blancuzca. Se distingue un
lentejon con mayor cantidad de clastos aunque con matriz li-
mosa; caracteristica de este nivel y de los superiores. Su grosor
varfa entre 3 y 5 cm.

Nivel 112: Limo marrén claro con menos cantos angulosos
que en 111 pero rico en artefactos y fauna. Desde éste nivel has-
ta la base, el contenido en pequefios mamiferos y su diversidad
disminuyen notablemente, con dos especies dominantes, Arvico-
la terrestris y Talpa europaea, sobre una empobrecida diversi-
dad de arvicolinos e insectivoros; no se encuentran quirépteros
ni lagomorfos y comadreja sélo en el nivel 113.

Nivel 113: nivel de gravas carbonatadas corroidas, altera-
das y de color blanco. La matriz es un limo marrén oscuro con
huesos pero poco silex, con caracteristicas del Magdaleniense
inferior Cantdbrico. El color presenta también alternancias cla-
ro-oscuro como en 111. Hay que sefialar que es el tnico nivel
de la zona del Corral, y de toda la secuencia del Mirén (Tabla
2) que tiene Microtus gregalis Pallas, 1779, una especie abun-
dante en Francia durante el Pleistoceno superior, pero rara en la
Peninsula Ibérica, donde sélo se encuentra en otro yacimiento
del Magdaleniense inferior Cantdbrico: Erralla V, en Guipizcoa
(Pemdn, 1985). La presencia de especies esteparias, procedentes
del Norte y Este de Europa indicarfa un momento frio durante
la formacion de este nivel.

Nivel 114: limo de color marrén claro con cantos, aunque
en menor cantidad que en el nivel 113.

Nivel 115: limo marrén negruzco a gris claro con grandes
cantos angulosos de caliza corroidos y alterados de color blan-
quecino.

Nivel 116: limo marrén negruzco a gris, con cantos redon-
deados y esquirlas de cantos, huesos ennegrecidos e industria en
silex. Menos cantos angulosos que en 115. Este es el nivel con
la menor diversidad en pequefios mamiferos de la secuencia, y
a partir de aqui, hacia la base, desaparecen.

Nivel 117: limo de color claro a marrén gris con grandes
bloques caidos de color blanco. El nivel presenta abundantes
evidencias de fuegos, como algunos huesos calcinados, carbon
y piedras quemadas.

Nivel 118: limo arcilloso y compacto de color marrén claro
con gravas y pequeiios fragmentos de caliza dispersos. Abun-
dantes huesos. Sin bloques caidos.

Nivel 119: limo arcilloso marrén anaranjado con una capa
masiva de bloques caidos redondeados y alterados de color blan-
co. Abundantes huesos.

Zona de la Rampa distal de la terraza aluvial (Allu-
vial Terrace Footslope). Cuadros X-W/10. Niveles 120-
130 (Fig. 7)

Se introduce la nomenclatura de excavacion, poniendo entre
paréntesis los niveles “400” que se utilizaron originalmente en la
excavacion para separar los niveles de los distintos sectores de
la cueva, antes de establecer la equivalencia del nivel 120 con el
nivel 400. En la excavacién del Sondeo de la Rampa se ha lle-
gado al nivel mds antiguo de la Cueva del Mirdn, el 130, datado
en 41.280 afios. El sondeo tiene 2 m? (cuadros X-W10) excava-
do desde el fondo de un gran pozo de excavaciones clandestinas
al pie de la rampa que sube hacia el interior oscuro de la cueva

Figura 7. Estratigrafia de la Zona del Sondeo de la Rampa.

Los niveles estdn representados por los nimeros
dentro del esquema estratigrdfico. Los nimeros de
la Columna de la derecha indican la profundidad de
excavacion en centimetros (cm P).
Stratigraphy of the Sondage of the Foot slope area.
The levels are represented by the numbers inside the
stratigraphic scheme. The numbers at the rigth co-
lumn indicate the deepness of the excavation in cm
(cm P).

(Fig. 3). Ni la diversidad especifica ni la abundancia (en térmi-
nos de nimero minimo de individuos) son las mas altas de la
secuencia, aunque ambos pardmetros aumentan notablemente en
los niveles mds antiguos (128-130). Es de notar que las especies
de bosque son inexistentes en esta zona, a excepcion de un tnico
individuo de Apodemus en el nivel 128. Aunque hay todavia que
esperar las muestras procedentes de las proximas excavaciones,
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es posible que esta ausencia esté ligada a las condiciones climd-
ticas que caracterizan el Ultimo Mdximo Glaciar. El nimero de
muestras estudiadas hasta el momento en esta zona es pequeflo
en comparacion con el resto de los sectores (Tabla 2).

Nivel 120 (=400): arcilla limosa moteada amarillo-beige, con
abundantes fragmentos de rocas y cantos redondeados, situada
por debajo de un pozo de unos 12 cm. En W10 un nivel de can-
tos pequefios podria también ser un relleno. No se encuentran
cerdmica ni artefactos “modernos” en 120 a pesar de estar justo
por debajo del “pozo clandestino”.

Nivel 121 (=400.1): limo marrén con fragmentos de roca,
materia orgdnica e industrias liticas.

Nivel 122 (=401): limo arcilloso, amarillo-beige, homogéneo,
compacto con fragmentos de roca, grava y cantos redondeados.
Algo de silex y huesos.

Nivel 123 (=401.1): nivel lenticular fino, limoso marrén, con
fragmentos de rocas. Pasa lateralmente al 122 en el cuadro W10.
Contiene huesos y silex en forma de puntas Solutrenses.

Nivel 124 (=401.2): nivel limoso marrén, con clastos de ro-
cas y arena, bajo 123, que pasa lateralmente a 122 en el cuadro
W10. Es arqueoldgicamente estéril.

Nivel 125 (=402): limo marrén oscuro con silex (puntas So-
lutrenses) y huesos, de 10 a 12 cm.

Nivel 126 (=403): limo arcilloso-arenoso de color beige, con
cantos redondeados y angulosos. Contiene numerosos huesos,
artefactos liticos (puntas Solutrenses) y dseos (caninos y astas
de ciervo perforados).

Nivel 127 (=404): capa de color oscuro, marrén grisaceo, con
fragmentos de rocas, grandes lascas y otros artefactos y abun-
dantes restos de grandes mamiferos (cabra montesa) represen-
tados por huesos y dientes aislados.

Nivel 128 (=405): limo arcilloso amarillo brillante, compacto
y liso, que presenta un contacto neto con el nivel 127. La base
contiene mds fragmentos de roca y es mds gris que el techo.
Contiene algunas lascas de silex. Rico en restos dseos.

Nivel 129 (=406): es un nivel que presenta un paso lateral,
hacia la base, del nivel 128. Es una arcilla maleable de color
amarillo brillante y algo limosa. Se encuentra rodeando gran-
des bloques de caliza.

Nivel 130: pasa lateralmente al nivel 129, se distingue de
éste por ser mds limoso y con un color mds rojizo. Contiene
numerosos cantos rodados de diverso tamafio. Se encuentra por
debajo de los grandes bloques de caliza. Contiene lascas, dos
denticulados, huesos y carbon disperso. Es el tnico nivel de
toda la secuencia del Mirén en el que se han encontrado restos
del topo de rio, Galemys pyrenaicus (E. Geoffroy, 1811). Es el
nivel mds antiguo del presente andlisis.

LOS PEQUENOS MAMIFEROS
DE LA CUEVA DEL MIRON

La mayoria de los pequefios mamiferos del Pleistoce-
no tardio y Holoceno del Mirén se hallan entre la fauna
actual de la Cornisa Cantdbrica a excepcion de Pliomys
lenki, Microtus oeconomus 'y M. gregalis (Tabla 1). En la
actualidad hay 47 especies de pequefios mamiferos en As-
turias, Cantabria y Pafs Vasco (Cornisa Cantdbrica a par-
tir de ahora) incluyendo los cinco érdenes mencionados,

aunque de los carnivoros s6lo tenemos en cuenta a los
pequeiios mustélidos (comadrejas, martas y visones). Los
datos de la fauna actual tienen varias fuentes: el Atlas de
los Mamiferos Terrestres de Espafia (Palomo & Gisbert,
2002), el estudio de las egagrdpilas de lechuza comtn o
de campanario (Pokines, 1998) y observaciones de otros
autores (Iza et al., 1985; Galan, 1997; Blanco, 1998 a, b).
Segin estos datos, las especies de pequefios mamiferos
que habitan hoy en la Cornisa Cantdbrica varian segun
la region, pero en total no llegan a la treintena (Tabla 1).
Esto implica que si contamos a los quirdpteros, las espe-
cies del Mirdn representan un 57% de la fauna actual; pero
si los descontamos, ya que por su fragilidad seguramente
estdn infravalorados en el registro f6sil con respecto a los
muestreos y andlisis actuales, entonces la fauna del Mi-
ron representa el 86% de la fauna de pequefios mamiferos
actuales de la Cornisa Cantdbrica, sin descontar la fauna
introducida recientemente por el hombre (Rattus, Mus y
Muscardinus).

MATERIALES, METODOLOGIA,
NOMENCLATURA

Para la obtencién de pequefios fdsiles se han utilizado tami-
ces de luz de malla de 2 cm el mayor y de 1 a 2 mm el menor.
La recuperacion de estos fosiles no seria posible si se utilizan
tamices de luz de malla mds grandes ya que la mayoria de los
restos de musarafias, musgafios y murciélagos (Soricomorpha y
Chiroptera) son de menor talla, por lo que la representacién de
estos Ordenes asi como la de los roedores mds pequefios (Mu-
rinae) estaria bastante sesgada. Para conocer el significado del
posible sesgo hemos comparado con trabajos de otros autores
(Pokines, 1998; Zubeldia Garmendia, 2006).

Una vez separados los microfésiles del sedimento ya lavado,
se vuelven a lavar en una cubeta de ultrasonidos para eliminar
las particulas de matriz mds fina. Posteriormente, para su estudio,
se montan los elementos diagndsticos en soportes diversos y se
archivan en pequefias cajas de pldstico transparente, etiquetadas
con la sigla completa de la muestra, que consta de los siguientes
datos: Yacimiento El Mirdn, fecha de campaia, n° de muestra,
cuadro, sector, nivel estratigrafico (ver Figs. 4-7) y tramo (el
tramo, spit, es una unidad menor, de escala centimétrica, lo que
implica que el muestreo de los pequefios mamiferos del Mirén
es prdcticamente continuo pues se hace cada centimetro o cada
pocos centimetros, Figs. 4-7). Gracias a la excavacion arqueo-
l6gica de la Cueva del Mirén se ha podido obtener una de las
mads importantes secuencias de fosiles de pequefios mamiferos del
Holoceno y finales del Pleistoceno superior cantabro (Tabla 2).

La identificacion de cada especie se basa en elementos diag-
ndsticos, craneales y postcraneales, del esqueleto de estos pe-
quenos vertebrados (Figs. 8, 9, 10, 11): en general el nimero
minimo de individuos (NMI) se calcula a partir del nimero de
primeros molares inferiores en el caso de los arvicolinos, un
molar diagndstico en el resto de los pequefios mamiferos o un
elemento postcraneal igualmente determinable; ademads se tiene
en cuenta la simetria bilateral del esqueleto de los vertebrados.
En El Miron se han estudiado hasta el momento 721 muestras,
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con un total de 3.403 NMI. Otros 100.000 restos dseos de pe-
quefios mamiferos, aves, anfibios, reptiles y peces estdn toda-
via por identificar.

La metodologia utilizada es la bioestratigrdfica, es de-
cir el andlisis tanto cualitativo cdmo cuantitativo de la dis-
tribucion de las especies por niveles y tramos o tallas en
las secuencias estratigraficas de las distintas zonas. Un es-
tudio tafondmico preliminar de los microvertebrados del
Mirén indica que éstos son el producto de la acumulacion
de egagropilas producidas por rapaces nocturnas principal-
mente (ya que la mayoria de los restos, aunque rotos, pre-
sentan un moderado estado de digestion y constituyen una
buena representacion del esqueleto completo), con algtin
aporte ocasional por parte de pequefios carnivoros como la
comadreja, Mustela nivalis Linnaeus, 1766, que estd pre-
sente en casi toda la secuencia (Tabla 2), el gato silvestre
Felis sylvestris Schreber, 1775 y el zorro, Vulpes vulpes
Linnaeus, 1758; los cuales se alimentan de pequefios ma-
miferos (Carvalho & Gomes, 2004; Herndndez, 2005) y
podrian utilizar la cueva eventualmente como refugio y/o
comedero. Como se ha comentado en el apartado de Estrati-
graffa, un ejemplo de utilizacién del Mirén por parte de los
carnivoros son los niveles 107 a 107.2 del Corral. Otro fac-
tor de acumulacion serfa entradas ocasionales; éste podria
ser el caso del topo comtin, cuyos restos suelen estar mejor
conservados que los de otros pequefios mamiferos, aunque
esto puede estar también ligado a la robustez del esqueleto
postcraneal de este pequeiio mamifero excavador. Por otra
parte, segtin la propuesta de Eastham (1995), el topo habria
podido ser cazado por el hombre por su piel.

La ausencia de restos de pequefios mamiferos en deter-
minados niveles podria ser debida a la menor ocupacién de
los mismos por parte de las rapaces, hecho controlado por
otros factores, climdticos o posiblemente la presion de la
presencia humana. En los niveles actuales si parece haber
una relacidn directa entre el empobrecimiento general de la
fauna debido a las actividades humanas, que trae como con-
secuencia una considerable disminucién de hdbitats favora-
bles, agravandose con la introduccion de predadores nuevos,
asf como la eliminacidn, por parte también del hombre, de
las aves rapaces, las cuales son las principales generadoras
de acumulaciones de pequefios mamiferos en las cuevas.
El estudio de egagrdpilas de rapaces actuales muestra que,
en las zonas humanizadas, la diversidad disminuye con res-
pecto a zonas con menor impacto humano (Brunet-Lecomte
& Delibes, 1984; observaciones personales).

El andlisis bioestratigrdfico se realiza en dos fases, en
la primera se analiza la secuencia estratigrdfica de cada
zona para analizar la distribucidn tanto temporal como
espacial. En la segunda fase hemos reunido las muestras
correspondientes a cada zona en una unica secuencia, es-
tudiando tanto los cambios estratigrdficos como, en los
casos en que se discute, por niveles culturales (Tabla 3)
para detectar posibles cambios relacionados con la acti-
vidad humana.

SISTEMATICA

La nomenclatura sistemdtica sigue la propuesta por Garcia
Perea & Gisbert (1997) y Wilson & Reeder (2005). En la des-
cripcidn de los dientes de las distintas familias de pequefios ma-
miferos utilizaremos la nomenclatura establecida por diferentes
autores (ver descripcion mds adelante). Se utilizardn las siglas:
I para los incisivos, C caninos, P premolares y M los molares.
Una letra mayuscula indica que el elemento dental es superior
y una mindscula, inferior. La coleccién de microfésiles del Mi-
ron (MIR 1-130, 300-306, Tabla 2) se conserva provisionalmente
en el Area de Paleontologfa del Departamento de Ciencias de la
Tierra de la Universidad de Zaragoza.

En este apartado también se incluye una breve sintesis
sobre el hébitat, distribucién geogrdfica y estratigrdfica de
cada especie, en comparacion con el resto de la Peninsu-
la Ibérica y Europa. Hay que sefialar que las especies de
pequenos mamiferos del Mirén difieren sobre todo en las
proporciones numéricas con respecto a otros yacimientos
de la Cornisa Cantdbrica, a excepcion de la persistencia de
Pliomys lenki (nivel 106, alrededor de 12.000 afios) con
respecto a otros yacimientos Ibéricos (Pokines, 1998; Arri-
zabalaga et al., 2003; Baena et al., 2005; Zubeldia Garmen-
dia, 2006; éste trabajo). Las diferencias con yacimientos
franceses cercanos del Pirineo oriental y la Gascogne son
mayores, siendo de notar la rareza de los roedores arvico-
linos Arvicola sapidus, Pliomys lenki y Chionomys niva-
lis en los yacimientos del Pleistoceno superior de Francia
(Chaline, 1972; Marquet, 1989; Eastham, 1995).

También es notable el contraste con las asociaciones
faunisticas de otros yacimientos del final del Cuaternario
de la Peninsula Ibérica (Sesé & Sevilla, 1996; Lépez-Gar-
cfa, 20006), especialmente la ausencia de especies medite-
rrdneas como el microtino ibérico Iberomys cabrerae (Tho-
mas, 1906), y los insectivoros Atelerix algirus (Lereboullet,
1842), Neomys anomalus Cabrera, 1907, o Talpa occidenta-
lis Cabrera, 1907, entre otras, en la Cornisa Cantdbrica.

Los murciélagos (O. Chiroptera) son escasos. S6lo apa-
recen una especie de gran tamafio del género Myotis y otra
de pequefio tamafio, Miniopterus schreibersii. Es notable
la ausencia de Rhinolophus Lacépede, 1779, género ge-
neralmente representado por una o mds especies en otros
yacimientos de Cantabria como Covalejos (Sesé, 2005).
La rareza de murciélagos, en general en la Cornisa Can-
tabrica (Pokines, 1998; Peman, 2000; Baena ef al., 2005;
Zubeldia Garmendia, 2006; éste trabajo), contrasta con la
riqueza en yacimientos del Sur de Francia como L’Hortus
(Jullien, 1972).

Los pequefios carnivoros, en su mayoria de la Familia
Mustelidae, se encuentran en El Mirdén representados por
la comadreja, Mustela nivalis, especie comun en la Penin-
sula Ibérica (Palomo & Gisbert, 2002) y en general en los
yacimientos Pleistocenos. Otros carnivoros de mayor talla
los estudia Marin Arroyo (2007).

Las especies de roedores, a excepcion de Pliomys lenki,
viven en Europa en la actualidad. M. gregalis y M. oeco-
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nomus migraron hacia el norte de Europa, desapareciendo
de la Peninsula Ibérica en el Pleistoceno superior y en el
Holoceno respectivamente (Pokines, 1998; este trabajo).
La especie Chionomys nivalis se encuentra en la regién
pero sélo en la alta montafia, entre 1.500 y 2.000 m de
altitud (Palomo & Gisbert, 2002).

Los lagomorfos, representados en El Mirdn, consisten
fundamentalmente en dientes aislados de Lepus y Oryc-
tolagus (Marin Arroyo, 2007; este trabajo).

Orden ERINACEOMORPHA Gregory, 1910
Familia Erinaceidae Fischer von Waldheim, 1817
Género Erinaceus Linnaeus, 1758

Erinaceus europaeus Linnaeus, 1758

El erizo europeo es escasisimo en El Mirén, un uni-
co resto es asignable a esta especie en el nivel 7 (Tablas
1 y 2). Por esta razén no vamos a dar mds detalles sobre
esta especie pues desconocemos su significado estratigra-
fico o ecoldgico en las asociaciones de pequefios mami-
feros del Mirdn.

Orden SORICOMORPHA Gregory, 1910
Familia Soricidae Fischer von Waldheim, 1817
Género Sorex Linnaeus, 1758

Sorex gr. S. coronatus Millet, 1758 —

S. araneus Linnaeus, 1758
Fig. 8.a-8.b

Las especies del género Sorex son dificiles de distinguir
basdndonos en caracteres craneales, especialmente cuando
s6lo contamos con dientes aislados o mandibulas sin dien-
tes (Brunet-Lecomte & Delibes, 1984; Casteig & Escala,
1988; Lopez-Fuster & Ventura, 1996). Los restos de Sorex
del Mirén son escasos y fragmentarios por lo que no es
posible hacer este andlisis, aunque podemos distinguir una
forma algo mds robusta de otra que es algo mds grécil. Los
soricidos se distinguen por tener el céndilo articular des-
doblado, con dos facetas articulares separadas por la zona
interarticular que puede variar en longitud (dorso-ventral)
y en anchura (latero-medial). Las especies de Sorex se dis-
tinguen de las de Crocidura por tener los dientes rojos y el
condilo articular grécil (mds largo que ancho, Fig. 8). Por
su distribucion geogréfica parece probable que la especie
del Miron sea Sorex gr. coronatus-araneus. La especie S.
coronatus se encuentra desde el Pleistoceno superior y en
la actualidad en la zona de Ramales de la Victoria y en toda
la region Cdntabra (Pokines, 1998). La especie S. araneus
es una especie gemela, supuestamente no-simpdtrica en la
Peninsula Ibérica con S. coronatus, aunque si mds al este
en Europa (Pokines, 1998). Sin embargo algunos autores
(Pemadn, 1990b; Zubeldia Garmendia, 2006) proponen una

Figura 8. Los Insectivoros (Soricomorpha) Cuaternarios de la
Cueva del Mirén, Ramales de la Victoria, Cantabria.
a-e: Condilos articulares de diferentes especies del
nivel 10 (MIR10); a: Sorex coronatus Millet, 1758-S.
araneus Linnaeus, 1758 derecho; b: idem, izquierdo;
c-d: Crocidura russula (Hermann, 1780) izquierdo;
e: Neomys fodiens (Pennant, 1771) derecho; f-g: hu-
mero derecho de Talpa europaea Linnaeus, 1758 del
nivel 1, vistas posterior (f) y anterior (g); h-i: man-
dibula derecha de Talpa europea Linnaeus, 1758 del
nivel 10, vistas medial (h) y lateral (i). Dibujos con
cdmara clara. Las escalas representan 1 mm.
Insectivores (Soricomorpha) of the Quaternary of the
El Miron Cave, Ramales de la Victoria, Cantabria,
Spain. a-e: Articular condyles of different species of
level 10; a: Sorex coronatus Millet, 1758-S. araneus
Linnaeus, 1758 right; b: idem, left; c-d: Crocidura rus-
sula (Hermann, 1780) left; e: Neomys fodiens (Pen-
nant, 1771) right; f-g: right humerus of Talpa europaea
Linnaeus, 1758 from level 1, posterior (f) and anterior
(g) views; h-i: rigth mandible of Talpa europea Lin-
naeus, 1758 from level 10, medial (h) and lateral (i)
views. Light camera drawings. Bars represents 1 mm.

zona de interseccidn, en el norte de la Peninsula Ibérica
(Lépez Fuster et al., 1999).
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Habitat y distribucién geografica: tres especies de Sorex
se encuentran en el norte de la Peninsula: la zona de inter-
seccion entre la musarafia comun S. araneus y S. corona-
tus es una banda que se extiende al norte, en los Pirineos,
aunque ésta dltima se extiende hasta Galicia y hacia el sur
por el Sistema Ibérico. La musarafia ibérica se encuentra
en el Sistema Central hasta la desembocadura del Tajo y
de alli a Galicia (Lopez-Fuster & Ventura, 1996; Lépez-
Fuster et al., 1999). Son especies que habitan en lugares
himedos con una buena cobertera vegetal herbdcea (pra-
dos himedos para S. coronatus) o arbustiva e incluso ar-
borea (Pokines, 1998).

Distribucion estratigrafica: S. araneus aparece en el
Pleistoceno inferior de Europa (Maul, 1990). S. coronatus
en el Pleistoceno superior (Pokines, 1998).

Sorex minutus Linnaeus, 1766

Es la musarafia de dientes rojos mds pequefia del gé-
nero Sorex. Su diminuto tamafio y la coloracion de las
cuspides, la hace facilmente distinguible de otras espe-
cies de musarafia.

Habitat y distribucion geografica: Ocupa la Europa tem-
plada, y en Espaifia el norte, entrando por la Cuenca del
Duero, hasta Portugal (Blanco, 1998 a). Su presencia estd
ligada a una buena cobertera vegetal, preferentemente her-
bacea, en medios himedos y templados.

Distribucion estratigrafica: Sorex minutus se conoce
desde el Pleistoceno inferior en toda Europa (Furié Bru-
no, 2003).

Género Neomys Kaup, 1829

Neomys fodiens (Pennant, 1771)
Fig. 8.¢

El musgafio acudtico, Neomys fodiens, es el soricido
actual de mayor tamafio de Europa. Habita en las proximi-
dades de los cursos de agua. Como las especies de Sorex,
tiene los dientes rojos. Se distingue claramente del resto de
soricidos por su céndilo articular con faceta interarticular
mds alargada y estrecha, faceta ventral alargada hacia la
cara medial y sus robustos dientes, propios de consumi-
dor de pequeiios invertebrados con concha o caparazdn.
En Espafia hay dos especies de musgafios: N. fodiens o
musgafo patiblanco y N. anomalus o musgafo de Cabrera.
La especie N. fodiens es de mayor talla. Los restos de El
Mirdn se asignan a la especie N. fodiens por su gran talla,
la altura coronoides es de 6 mm (Peman, 1983).

Habitat y distribucion geografica: En la actualidad
Neomys fodiens se encuentra ampliamente repartido por

Europa y norte de la Peninsula Ibérica mientras que
Neomys anomalus tiene una distribucién ligada a maci-
zos montafosos de la Peninsula Ibérica y centro-este de
Europa. Estdn siempre ligados a masas de agua, arroyos
o lagos pues se alimenta de invertebrados acudticos. N.
anomalus parece estar menos ligada al medio acudtico
que N. fodiens; se encuentra en prados y bosques hime-
dos (Blanco, 1998 a).

Distribucion estratigrafica: Neomys fodiens se conoce al
menos desde el Pleistoceno medio en Europa occidental
(Jammot, 1974).

Género Crocidura Wagler, 1832

Crocidura russula (Hermann, 1780)
Fig. 8.c-8.d

La musarafia de dientes blancos es escasa en El Mi-
rén, hay fragmentos de mandibula, en las que se conser-
va bien el céndilo, y fragmentos de crdneo. En uno de
los maxilares se observa que el protocono de P3 estd for-
mando el borde antero-lingual del diente y en la base de
la corona, en vista labial, el borde anterior es anguloso.
Estas caracteristicas permiten asignar este material a la
especie C. russula.

Habitat y distribucion geografica: Las especies del gé-
nero Crocidura en la Peninsula Ibérica son C. suaveolens,
septentrional y atldntica, y C. russula, de amplia distribu-
cién en todo tipo de hdbitats, incluso en medios humani-
zados (Blanco, 1998 a; Rey & Landin, 1973).

Distribucién estratigrafica: De la distribucion estratigrd-
fica de Crocidura en El Mirén se desprende que es rara
(Tabla 2, Fig. 12), falta en la mayoria de los niveles Ho-
locenos, y cuando se encuentra, es escasa. En el Pleisto-
ceno es prdcticamente inexistente salvo al final, ya prac-
ticamente en el transito Pleistoceno-Holoceno. En Europa
Crocidura russula se conoce desde el Pleistoceno inferior
(Rzebik-Kowalska, 1998).

Familia Talpidae Fischer von Waldheim, 1817
Género Galemys Kaup, 1829

Galemys pyrenaicus (E. Geoffroy, 1811)

Como se ha comentado en la estratigrafia, un himero
del desmdn del pirineo o topo de rio es el tnico registro
fosil de esta especie en El Mirén (Rampa, Nivel 130). Su-
perficialmente se asemeja al himero de las especies del
género Talpa Linnaeus, 1758, del que se distingue, entre
otros caracteres, por la menor anchura latero medial de su
extremidad distal.
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Habitat y distribucion geografica: El desmadn ibérico o
topo de rio es un animal que vive en la proximidad de co-
rrientes de aguas limpias, sin contaminar, de los rios del
Pirineo (Espaiiol y Francés, donde fue definida la especie),
y de zonas montafiosas en el resto de Espafia y Portugal
en la actualidad (Peyre, 1956; Alegre & Herndndez, 1990;
Castién & Gosdlbez, 1992).

Distribucion estratigrafica: El género Galemys se sepa-
ra del género Desman desde el Plioceno (Rzebik-Kowal-
ska, 1994). En la Peninsula Ibérica se encuentra desde el
Pleistoceno Inferior (Lopez Antoflanzas & Cuenca-Bescos,
2002; Furi6 Bruno, 2003). La especie Galemys pyrenaicus
es un endemismo Ibérico que se cita desde el Pleistoce-
no Medio en Portugal (Marks et al., 2002) aunque es mds
comtn desde el Pleistoceno Superior (Pokines, 1998). La
Unica cita de esta especie en el Cuaternario Francés es la
de Jeannet et al. (1996).

Género Talpa Linnaeus, 1758

Talpa europaea Linnaeus, 1758
Fig. 8.£-8.i

Los topos son animales cavadores, que se caracterizan
por el robusto miembro anterior y por tener las mandibu-
las alargadas con las apdfisis angular y coronoide robustas
que contrastan con su delicado céndilo articular, simple y
cilindrico (Fig. 8h, i). Esta estructura es muy distinta de
la de otros insectivoros como los soricidos. Los restos de
Talpa del Mirén pertenecen a una especie de gran talla y
aunque la denticion y restos craneales de individuos adul-
tos son escasos, por su robustez pensamos que son asig-
nables a la especie Talpa europaea. Hay que sefialar, sin
embargo, que en algunos yacimientos de la Cornisa Can-
tdbrica, como el Magdaleniense de Rascafio 5, 3 y Alta-
mira o el Aurifaciense de Cueto de la Mina 7 (Pokines,
1998) se cita Talpa occidentalis. Como esta especie es es-
casa y dificil de distinguir de 7. europaea si se carece de
un estudio morfométrico detallado, de momento asigna-
mos nuestra especie del Mirdn a la especie mds comun y
robusta, 7. europaea como hemos indicado.

Habitat y distribucién geografica: las especies del gé-
nero Talpa son pequefios mamiferos de vida hipogea que
necesitan suelos profundos para excavar las galerias en las
que habitan. Son practicamente ciegos y rara vez salen de
sus madrigueras excepto en la época de reproduccion. Au-
tores como Eastham (1995) proponen que los hombres del
Magdaleniense podrian haber cazado topos para aprove-
char sus pieles en Dufaure. En el caso del Mirén es nece-
sario un estudio tafondmico mads detallado de los restos,
tanto craneales como postcraneales para conocer cudles son
las causas de su presencia en la cueva, ya que en general,
son dificiles presas de los predadores habituales, causan-

tes de la acumulacion de otros pequeiios vertebrados. Sin
embargo hay autores que lo citan, aunque como elementos
raros, en las egagrdpilas de Tito alba (Alegre et al., 1989;
Campos Marcos et al., 2003).

Distribucion estratigrafica: la especie Talpa europaea se
encuentra desde el Pleistoceno inferior, tanto en Europa
(Maul, 1990; Paunovic & Rabeder, 1996) como en la Pe-
ninsula Ibérica (Rofes & Cuenca-Bescds, 2006).

Orden CHIROPTERA Blumenbach, 1779

Los restos de quirépteros son escasos en El Miron,
aunque esta escasez puede ser consecuencia del muestreo
y la fragilidad de los huesos. Dada su rareza mencionare-
mos Unicamente que los restos de gran tamafio son atribui-
bles a una de las especies del género Myotis Kaup, 1829
y los de menor tamafo a la especie Miniopterus schrei-
bersii (Kuhl, 1817). Sobre la especie de mayor tamafio no
podemos comentar mucho pero de la segunda podemos
decir que es el representante mds pequefio de los mur-
ciélagos de cueva europeos. Se encuentra generalmente
en yacimientos cdrsticos desde el Pleistoceno inferior de
Europa (Kowalski, 1956; Horacek, 1976; Sevilla Garcia,
1988; Maul, 1990).

Orden CARNIVORA Bowdich, 1779
Género Mustela Linnaeus, 1758

Mustela nivalis Linnaeus, 1766

Los pequefios carnivoros son escasos en El Mirén aun-
que se encuentran en casi toda la secuencia. Los restos
encontrados, por su tamafio y morfologia, son asignables
a Mustela nivalis, la comadreja.

Distribucién estratigrafica: las comadrejas se conocen
desde el Pleistoceno medio en Europa (Maul, 1990) y
en Espafia desde el Pleistoceno medio (Garcia Garcia,
2003).

Orden RODENTIA Griffith, 1827
Familia Sciuridae Hemprich, 1820
Género Sciurus Linnaeus, 1758

Sciurus vulgaris Linnaeus, 1758

La ardilla comin Europea o ardilla roja, estd repre-
sentada por un unico resto como se ha comentado en la
estratigrafia (Cabaia, Nivel 10.1, Fig. 4 y Tablas 1 y 2).
El resto f6sil es un incisivo caracteristico de esta especie
por su intenso color rojo-anaranjado y sus acanaladuras
labiales. Dado lo escaso de estos restos no vamos a co-
mentar mds de lo que ya se ha dicho en el apartado de
estratigraffa.



PALEOCLIMA Y PEQUENOS MAMIFEROS CUATERNARIOS DE CANTABRIA 107

Familia Muridae Illiger, 1815

Subfamilia Arvicolinae Gray, 1821

Los arvicolinos, subfamilia que incluye a topillos, ne-
verones y ratas de agua, son pequefios roedores de hdbitos
generalmente cavadores, que habitan en medios abiertos
con suelos profundos en los que excavan sus madrigueras.
Su distribucidn actual es holdrctica, con escasas excepcio-
nes. La sistemdtica paleontoldgica de los arvicolinos estd
basada en la morfologfa y biometria de los dientes yugales
(molares) que se caracterizan por su hipsodoncia o corona
alta, que en la mayoria de las especies actuales alcanza la
hipselodoncia (perdida de raices con la ontogenia). Para-
metros obtenidos en el andlisis morfométrico de la denti-
cion como el tamafo y la morfologia oclusal (longitud me-
sio-distal, anchura, desarrollo de los tridngulos labiales y
linguales y de los complejos anterior o mesial y posterior
o distal), altura de la corona, presencia/ausencia de raices,
presencia/ausencia de cemento en los entrantes, grosor del
esmalte y el nimero de entrantes y salientes (también lla-
mados tridngulos por su morfologia: tridngulos de dentina
rodeados por una pared de esmalte que puede cerrarlos por
completo o casi cuando son confluyentes) en la superficie
oclusal son los principales distintivos de un arvicolino.
Las hipétesis filogenéticas o relaciones de parentesco y
por lo tanto su clasificacion estdn basadas en la evolucién
de estos caracteres (Chaline, 1972; van der Meulen, 1973;
Brunet-Lecomte et al., 1987; Brunet-Lecomte & Chaline,
1990; Rekovets & Nadachowski, 1995; Maul & Markova,
2007). El incremento de los estudios genéticos es una nueva
fuente de informacidn sobre las relaciones filogenéticas de
los arvicolinos por lo que su posicion dentro del orden Ro-
dentia hace que muchas de las hipétesis filogenéticas “tra-
dicionales” estén en continua discusion (Conroy & Cook,
2000; Jaarola et al., 2004; Piertney et al., 2005), por lo
que la sistemdtica de los arvicolinos estd en plena revision
(Repenning, 1968; Chaline et al., 1999). En este trabajo
seguiremos la propuesta de Chaline et al. (1999) para la
sistemdtica de la subfamilia Arvicolinae, y la nomenclatura
y andlisis de pardmetros de van der Meulen (1973).

El elemento mds importante de la denticion es el pri-
mer molar inferior (a partir de ahora m1). Gran parte del
andlisis morfométrico se hace sobre la superficie oclusal
de este diente (van der Meulen, 1973).

Género Arvicola Lacépede, 1799

Arvicola terrestris (Linnaeus, 1758)
Fig. 9.a-9.d

Las especies del género Arvicola pertenecen al grupo de
ratas toperas o ratas de agua en Espafia (topillos de agua en
Europa). La especie A. ferrestris es el arvicolino mds gran-
de de la fauna europea, aunque en la Peninsula Ibérica le

supera ligeramente en tamafio la rata de agua mediterrdnea,
Arvicola sapidus Miller, 1908. La especie A. terrestris tie-
ne el esmalte de los molares con diferenciacion tipo Micro-
tus, es decir, ligeramente mds grueso en la parte mesial de
los tridngulos de la superficie oclusal que en la distal. En
la especie A. sapidus la diferenciacion es la inversa, con el
esmalte mds grueso en la parte distal, lo que se conoce por
esmalte tipo Mimomys Major, 1902 (Fig. 9).

Habitat y distribucion geografica: en la actualidad la
rata de agua nortefia tiene una amplia distribucién Euro-
Asidtica. En Espafia se halla s6lo en el norte, en la zona
Euro-Siberiana. En el resto de Eurasia, donde no hay
competencia con A. sapidus habita en medios fluviales y
lacustres, nidificando en sus orillas. Sin embargo en pre-
sencia de la rata de agua mediterrdnea, se retira a los pra-
dos y vegas de los rios. Dado su gran tamafio suele ser la
presa principal del biho real (Bubo bubo), constituyendo
en ocasiones su unica dieta (Frafjord, 2003). Esto puede
repercutir en la composicion de las asociaciones de pe-
quefios mamiferos, si el principal predador de los alrede-
dores del yacimiento es el btiho, por lo que un aumento
en el nimero de ambas especies de Arvicola, debe de ser
analizado con precaucidn.

Distribucion estratigrafica: Arvicola terrestris se encuen-
tra desde la segunda mitad del Pleistoceno medio en Eu-
ropa (Heinrich, 1990). Es relativamente frecuente en los
yacimientos del Pleistoceno tardio de la Cornisa Canta-
brica (Pokines, 1998).

Arvicola sapidus Miller, 1908
Fig. 9.e-9.¢

Externamente A. sapidus o rata de agua meridional se
asemeja a la nortefia, A. terrestris. Es el arvicolino de ma-
yor tamaiio de la fauna de roedores espafiola. Se diferencia
de A. terrestris por la forma del complejo anterior y por el
esmalte diferenciado plesiomdrfico, tipo Mimomys.

Habitat y distribucién geografica: especie tipica de ori-
llas de rios y acequias de regadio de la Peninsula Ibérica
y Sur-Centro de Francia (Pokines, 1998; observaciones
personales y Colectivo de Salas de los Infantes, Burgos).
Prefiere zonas con aguas estancadas y riberas densamen-
te pobladas y en zonas contaminadas es desplazada por la
rata comun (Arrizabalaga et al., 1986). Infrecuente en el
norte de Espafia o Francia; al igual que durante el Pleis-
toceno-Holoceno (Zabala, 1983; Ventura & Sans-Fuentes,
1997, Pokines, 1998). Desconocemos cudando hace su en-
trada en la Cornisa Cantdbrica pues s6lo se encuentra en
el Gravetiense de Rascafio 7 (Altuna, 1981), el Solutren-
se de Las Caldas y La Riera, el Magdaleniense inferior
de El Juyo nivel 8 (Pokines, 1998) y en el Magdaleniense
inferior y comienzos del Holoceno del Mirén (Tabla 2).
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En el Pleistoceno medio hay numerosas citas con confer
o affinis, que indican que la especie estd ain por revisar
(Cuenca-Bescos et al., 1999).

Distribucion estratigrafica: La especie Arvicola sapidus
aparece en el Pleistoceno medio. El origen de la rata de

agua meridional es ain confuso. Se ha discutido mucho
sobre su evolucion a partir de Mimomys savini Hinton,
1910, que daria lugar a A. terrestris y A. sapidus, clado
que se originarfa en el Pleistoceno medio. Sin embargo
los autores estdn en desacuerdo sobre la especie ancestral
que da origen a A. sapidus (Ruiz Bustos & Sesé, 1985;
Ruiz Bustos, 1988; Koenigswald & Kolfschoten, 1996;
Abbassi et al., 1998).

Género Microtus Schrank, 1798

Microtus agrestis (Linnaeus, 1761)
Fig. 10.f

Las especies de los géneros Microtus, Terricola 'y Chio-
nomys tienen el esmalte diferenciado tipo Microtus (Fig.
10). La especie M. agrestis es de tamafio mediano; después
de Chionomys nivalis es el tercer arvicolino en tamafo del
Mirén. Carece de raices y tiene cemento en los entrantes.
El m1 tiene 4 tridngulos casi cerrados en el complejo an-
terior. Se caracteriza por la asimetria y alternancia de los
tridngulos t4 y t5 y t6-t7 asi como la fuerte alternancia de
los dngulos entrantes, lo que lo diferencia de M. arvalis.
Ademds, en M. agrestis el M2 (segundo molar superior)
tiene tres salientes linguales o, lo que es lo mismo, 4 tridn-
gulos cerrados. Como ambas especies son morfoldgica-
mente semejantes, hay autores que las agrupan (Pokines,
1998; Baena et al., 2005).

Habitat y distribucion geografica: también se le conoce
como topillo agreste o de montafia. El actual M. agrestis
vive en el Norte de la Peninsula Ibérica y en el Norte de
Europa y Asia, desde el Reino Unido y la Peninsula Es-
candinava hasta Siberia. En el norte de la Peninsula Ibé-
rica, se encuentra desde los Pirineos a Galicia y Norte de
Portugal y falta en la region mediterrdnea. Prefiere los
pastos humedos, mdrgenes de bosque e incluso paramos
y dunas en Europa (Pokines, 1998). En Espafia es un in-
dicador de clima atldntico. Se encuentra en el Montseny,
una montafia mediterrdnea, en la que, por su altura, se de-

Figura 9. Arvicolinos, Arvicola terrestris (Linnaeus, 1758) y Arvicola sapidus Miller, 1908 (Arvicolinae, Rodentia) del Cuaterna-
rio de la Cueva del Mirén, Ramales de la Victoria, Cantabria. a-d: dibujos de cdmara clara de la superficie occlusal de
los molares de Arvicola terrestris; a: maxilar izquierdo con M1 y M2 del nivel 3; b: m1 izquierdo del nivel 6; c-d: m1
izquierdos del nivel 3; e-g: Arvicola sapidus del nivel 10, m1 izquierdo (e), mandibula (f-g) con mIm2 derechos (los di-
bujos se han invertido, para facilitar la comparacién). Las flechas indican el mayor grosor de esmalte de la parte posterior
de los tridngulos de esmalte de Arvicola sapidus en relacion con los de A. ferrestris. Observar también el mayor tamafo
(longitud y anchura) de los molares de A. sapidus. Dibujos con cdmara clara. La escala representa 1 mm.

Arvicolinae, Arvicola terrestris (Linnaeus, 1758) and Arvicola sapidus Miller, 1908 (Arvicolinae, Rodentia) of the Qua-
ternary of El Miron Cave, Ramales de la Victoria, Cantabria, Spain. a-d: Light camera drawings of the occlusal surfa-
ce of the molars of Arvicola terrestris; a: left maxila with M1 and M2 from level 3; b: left m1 from level 6; c-d: left m1
from level 3; e-g: Arvicola sapidus from level 10, left m1 (e), right mandible (f-g) with mIm2 (f and g drawings reversed
to make possible the comparisons). The arrows indicate the enamel differenciation, thicker in the posterior part of the
triangles of Arvicola sapidus; thicker in the anterior part in A. terrestris. Observe also the bigger size of A. sapidus in

relation to A. terrestris. Bars represents I mm.
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Figura 10. Otros Arvicolinos (Rodentia) del Cuaternario de la

Cueva del Mirén, Ramales de la Victoria, Cantabria.
Dibujos con cdmara clara de la superficie occlusal
de los m1. Todos son molares izquierdos excepto
el b, que se ha invertido para facilitar la compara-
cién. a: Pliomys lenki Heller, 1930 del nivel 130;
b: Chionomys nivalis (Martins, 1842) del nivel 128
(invertido); c: Terricola lusitanicus Gerbe, 1879 del
nivel 17; d: Microtus gregalis Pallas, 1779 del ni-
vel 113; e: Microtus arvalis (Pallas, 1779) del nivel
13; f: Microtus agrestis (Linnaeus, 1761) del nivel
107; g-h: Microtus oeconomus (Pallas, 1776) de los
niveles 124 y 12 respectivamente. La escala repre-
senta 1 mm.
Other Arvicolinae (Rodentia) of the Quaternary of
El Miron Cave, Ramales de la Victoria, Cantabria
Spain. Light camera drawings of the occlusal sur-
face of the ml. All are left molars but the b, rever-
sed to make possible the comparisons. a: Pliomys
lenki Heller, 1930 from level 130; b: Chionomys
nivalis (Martins, 1842) from level 128 (reversed);
c¢: Terricola lusitanicus Gerbe, 1879 from level 17;
d: Microtus gregalis Pallas, 1779 from level 113;
e: Microtus arvalis (Pallas, 1779) from level 13; f:
Microtus agrestis (Linnaeus, 1761) from level 107;
g-h: Microtus oeconomus (Pallas, 1776) from levels
124 and 12 respectively. Bars represent 1 mm.

sarrollan ecosistemas mds septentrionales: en el encinar,
el hayedo, las parcelas desforestadas con cobertura her-
bdcea, e incluso en muros de piedra y campos de cultivo
(Arrizabalaga et al., 1986).

Distribucion estratigrafica: las primeras citas de formas
“agrestes” se conocen desde el Pleistoceno inferior (Vi-
llany, 8-11, en Hungria, Maul, 1990). Sin embargo el ver-
dadero topillo agreste actual hace su apariciéon mds tardia-
mente, a finales del Pleistoceno medio en Europa (Marquet,
1989) y durante el Pleistoceno superior en Espafia (Villalta,
1972) y la region Cantabra (Pemdn, 1990b).

Microtus arvalis (Pallas, 1779)
Fig. 10.e

El topillo campesino o comtn tiene el m1 semejante al
de M. agrestis, pero se diferencia de éste por la disposicion
casi simétrica y en paralelo de t4-t5 y especialmente de
t6-t7, asi como de los correspondientes dngulos entrantes;
esto le confiere un complejo anterior mds redondeado en
contraste con el mds anguloso de M. agrestis. También es
de talla ligeramente menor, aunque se necesita una mues-
tra lo suficientemente grande para poder estimar la dife-
rencia. E1 M2 tiene dos salientes linguales o tres tridngu-
los cerrados, a diferencia del M2 de M. agrestis que tiene
4 tridngulos cerrados.

Habitat y distribucion geografica: M. arvalis tiene una
reparticion semejante a la de M. agrestis aunque es una
especie mds oportunista, con una distribucion mds extensa
y menos discontinua que la del topillo agreste. También en
la Peninsula Ibérica se extiende mds hacia el sur y puede
encontrarse en multitud de dmbitos, desde pastos a bos-
ques caducifolios y coniferas (Palacios, 1988; Alcdntara
de la Fuente, 1992; Gonzilez Esteban et al., 1994; Blan-
co, 1998b; Pokines, 1998), siempre con cierta humedad;
por lo que las actuales condiciones de aridez del medite-
rrdneo le han obligado a refugiarse en los macizos mon-
tafiosos (Palomo & Gisbert, 2002) y ha desaparecido de
dreas costeras del Mediterrdneo Espafiol en las que vivid
durante el Pleistoceno superior (Guillem, 1995).

Distribucion estratigrafica: al igual que el topillo agres-
te, las formas “arvalis” aparecen ya en el Pleistoceno in-
ferior (Maul, 1990). Sin embargo M. arvalis aparece en
Pleistoceno medio de Espafia (Arribas, 1994), y resto de
Europa (Rekovets & Nadachowski, 1995) algo mds tem-
pranamente que M. agrestis.

Microtus oeconomus (Pallas, 1776)
Fig. 10.g-10.h

El topillo de los pantanos, topillo drtico, o de los hu-
medales frios, es el mas escaso de los Microtus del Mi-
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ron (Tabla 2). El m1 tiene tres tridngulos cerrados, con t4
y t5 alternos y éste udltimo confluye ampliamente con el
t7 y el I6bulo anterior. El complejo anterior es asimétrico
pues el t6 es un saliente apenas marcado. El entrante lin-
gual mesial es reducido.

Habitat y distribucion geografica: M. oeconomus, es un
habitante tipico de la Tundra y del norte de la Taiga Ho-
lartica, desde Canadd hasta Holanda y Escandinavia; don-
de se encuentra en llanos himedos, turberas y pantanos.
Aunque en la actualidad se encuentra bien representado
en Europa norte y central (Nadachowski, 1982; Pokines,
1998) desaparece de las Islas Britdnicas (y probablemente
de Europa occidental al norte de los Pirineos) a comienzos
del Holoceno (Sutcliffe & Kowalski, 1976).

La desaparicion de esta especie en la Peninsula Ibérica
es mads reciente, se ha encontrado en los niveles romanos
de la Cueva de Amalda (Pemdn, 1990a, b) y en los nive-
les 3 y 5 (Bronce temprano y Calcolitico) del Mirén (Ta-
bla 2). M. oeconomus es un animal solitario que no puede
competir con M. arvalis, ya que este ultimo forma grandes
grupos (Pokines, 1998), factor que hay que tener en cuenta
al analizar su distribucién estratigrafica. Aunque tenemos
pocos datos del resto de la Peninsula, una de las dltimas
citas de M. oeconomus es la de los niveles tardiglacia-
res de la Cueva Dels Ermitons, en Gerona (Alcalde Gurt,
1982). Su presencia en los niveles holocenos del Mirén y
Amalda es una de las udltimas conocidas en toda Espafa.
En los niveles Magdalenienses (V, VI y VI’) de Erralla se
encuentra en grandes cantidades, al igual que M. arvalis
— agrestis (ver Pemdn, 1985) por lo que podemos dedu-
cir que la extension de las zonas himedas era importante
durante el Magdaleniense en Erralla. La proximidad de
Erralla y Amalda hacen pensar que el paisaje de la zona
(Cestona) era abierto, himedo y relativamente frio duran-
te buena parte del Magdaleniense y hasta época Romana
en el Holoceno. En El Mirén M. oeconomus, aunque es-
caso, estd presente en casi toda la secuencia coincidiendo
en general con M. arvalis y periodos de abundancia de A.
terrestris (Tabla 2, Fig. 12) por lo que podemos pensar
que esta asociacion representa momentos de mayor hume-
dad. La presencia de Neomys fodiens, la musaraia acud-
tica, también concuerda. Hay que sefialar que, salvo en el
nivel 130 de la Rampa, M. oeconomus estd presente en
casi toda la secuencia del Mirdn, tanto en el Pleistoceno
como en buena parte del Holoceno, hasta los 2.000 afios.
Sin embargo falta durante el Aziliense (por encima de los
niveles 104.2-102 del Corral), datado entre los 11.500 y
9.000 afios (Straus, 2005). El significado de esta desapa-
ricion debe de estar ligado con un periodo de sequedad,
(el Dryas III?, en el que desaparecerian los humedales
que constituyen el hdbitat optimo de la especie. El nivel
106 representa un periodo de apertura, con la aparicién
de prados en detrimento del bosque, seguramente ligado
a la sequedad (Figs. 12, 13), donde es significativo el gran

nimero de individuos de M. arvalis y M. agrestis, ambas
especies de prados abiertos (Fig. 13).

Distribucion estratigrafica: como en otras especies de
Microtus, las primeras referencias de formas con morfo-
logia de M. oeconomus son del Pleistoceno inferior (Maul,
1990; Rekovets & Nadachowski, 1995) de Europa centro-
oriental. También hay formas parecidas en el Pleistoceno
medio, como M. oeconomus-ratticepoides (Lépez Anto-
flanzas & Cuenca-Bescds, 2002). La especie M. oecono-
mus aparece en Europa occidental (Francia, Espafia) en el
Pleistoceno superior (Alcalde Gurt, 1982; Pemdn, 1990a,
b; Eastham, 1995; Pokines, 1998).

Microtus gregalis Pallas, 1779
Fig. 10.d

Sélo hay un ejemplar de Microtus gregalis (Tabla 2)
en El Mirdn, en el nivel 113 del Corral. Los m1 de este
topillo se distinguen del resto de las especies de Micro-
tus del Mirén por su acusada asimetria labio-lingual y la
comunicacién del reducido a inexistente tridngulo 6 con
el complejo anterior. Tiene el m1 de mayor longitud, en
relacién con la anchura, que otros topillos, lo que le con-
fiere un aspecto grdcil.

Habitat y distribucion geografica: El topillo de crdneo
estrecho, M. gregalis, habita en la tundra y estepa Euro-Si-
beriana donde vive en complejas colonias de madrigueras
con numerosas entradas y salidas ocupadas durante largos
periodos de tiempo (Pokines, 1998).

Distribucion estratigrafica: La especie M. gregalis se
cita en yacimientos del Pleistoceno inferior de Europa
oriental y central (Maul, 1990) aunque aparentemente
s6lo al final del Pleistoceno medio y Unicamente du-
rante los momentos mds frios del Pleistoceno superior
se encuentra en Europa occidental, en el Reino Unido
(Currant, 1986), Francia (Marquet, 1989) y Espaifia (Po-
kines, 1998; Ses¢, 2005). Su presencia en el nivel 113
del Mirén confirma la entrada de este roedor en Espa-
fla, exclusivamente en la Region Cantdbrica, al final del
Pleistoceno superior.

Género Chionomys Miller, 1908

Chionomys nivalis (Martins, 1842)
Fig. 10.b

La especie Chionomys nivalis es el topillo “tipo” Micro-
tus més grande de la peninsula, aunque Iberomys cabrerae
(Thomas, 1906) tiene los molares mds anchos transversal-
mente. El m1 de Ch. nivalis es caracteristico por su l6bu-
lo anterior, en forma de seta con el sombrero fuertemente
inclinado hacia el lado labial. En el lado lingual s6lo hay
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4 entrantes, uno menos que en la mayoria de las especies
de Microtus. En los individuos juveniles este cardcter estd
menos marcado y puede confundirse con Microtus agres-
tis ya que el cuarto entrante lingual varia de ligeramente
provergente en los individuos juveniles a muy provergen-
te en los adultos.

Habitat y distribucion geografica: Es un habitante tipi-
co de alta montafa, por encima de la linea de drboles de
las regiones alpinas, hasta los 2000 metros de altura, aun-
que el rango de altitud puede variar y depender de otros
factores (Mitchell-Jones et al., 1999; Luque-Larena et al.,
2002), por lo que se le conoce también como ratilla nival
o neverdn. Su hdbitat parece estar mds controlado por la
disponibilidad de terrenos rocosos con fisuras o pedreras,
soleados, sin vegetacion, al borde de pastos, que por la
altura (Pokines, 1998). También, durante el Pleistoceno
superior y Holoceno, hasta el calcolitico, Ch. nivalis se
encuentra en yacimientos situados en cotas bajas, a menos
de 250 metros sobre el actual nivel del mar, como Amalda
(205 m), Aizbiarte (220 m), Cueto de la Mina (complejo
de La Llera, al lado de la cueva de La Riera, 30 m), Ekain
(90 m), entre otros (Pokines, 1998). Es posible que el in-
cremento de cota con respecto al paleonivel Pleistoceno
del mar debido a la glaciacién haya influido en esta dis-
tribucion. En el resto de Espafia y sur de Francia el Mus-
teriense pudo ser una época favorable a la dispersion del
neveron, pues se encuentra en zonas de las que ha des-
aparecido en la actualidad como el yacimiento francés de
I’Hortus (Chaline, 1972; Cabrera-Millet et al., 1982) y en
Espaina en el de la Carigiiela, en Granada (Ruiz Bustos,
2000), Los Toros, en Teruel (Gil & Sesé, 1985) y Gabasa
en Huesca (Gil & Lanchares, 1987). Es probable que en
los momentos mds frios del Pleistoceno superior la expan-
sién de zonas rocosas, sin vegetacion fueran favorables a
la dispersion de la especie a cotas mds bajas, o montafias
del interior peninsular. La mejora climdtica del Holoceno
no debid de ser tan uniforme como para reducir por com-
pleto las poblaciones de Ch. nivalis que han sobrevivido
hasta la actualidad como demes aislados en macizos mon-
tafiosos de la Peninsula Ibérica (Garcia-Perea & Gisbert,
1997). También en el resto de Europa se encuentra en los
macizos montafnosos mediterraneos, desde los Pirineos has-
ta los Tatra pasando por los Alpes y por el mediterrdneo
oriental desde el Monte Olimpus en Grecia hasta el Liba-
no e Israel y en el oriente medio hasta los Montes Zagros
de Iran (Pokines, 1998).

Distribucion estratigrafica: la morfologia “nivalis” se
encuentra ya desde el final del Pleistoceno inferior. Aun-
que la especie Ch. nivalis aparece al final del Pleistoceno
medio en Francia (Desclaux, 1996-1997), no es bien co-
nocida hasta el Pleistoceno superior en Francia (Marquet,
1989) y Espafa (Sesé Benito & Soto Rodriguez, 1988;
Pokines, 1998).

Género Terricola Fatio, 1867

Terricola lusitanicus Gerbe, 1879
Fig. 10.c

El grado de confluencia de los tridngulos 6 y 7, que for-
man el segundo rombo pitimiano, asi como la inclinacién
de los tridngulos labiales permiten clasificar a la especie de
Terricola de El Miron como 7. lusitanicus. En la Peninsu-
la Ibérica hay en la actualidad tres o cuatro especies de 7e-
rricola segin los autores: 7. duodecimcostatus (de Sélys-
Longchamps, 1839), T. pyrenaicus (de Sélys-Longchamps,
1839) y T. lusitanicus (Gerbe, 1879) en Brunet-Lecomte &
Chaline (1993) o cuatro, con 7. gerbei (Gerbe, 1879), en
Niethammer & Krapp (1982) y Giannoni et al. (1993). La
diferenciacion morfoldgica de las especies de Terricola es
complicada (Brunet-Lecomte et al., 1987; Brunet Lecomte
& Chaline, 1990, 1993). La especie de Terricola del Miréon
tiene el m1 con morfologia de T. lusitanicus: el “rombo pi-
timiano 2” estd relativamente aislado de la parte anterior en
T. lusitanicus y en T. pyrenaicus mientras que en 7. duode-
cimcostatus confluye ampliamente. Cuando T. lusitanicus y
T. duodecimcostatus son alopdtricos este cardcter es mds va-
riable e individuos aislados pueden ser dificiles de distinguir
basdndonos solo en este rasgo (Brunet Lecomte et al., 1987).
La distincion entre T. lusitanicus y T. pyrenaicus se basa en
una mayor inclinacién hacia distal de los tridngulos labia-
les de T. lusitanicus. También es de notar el abombamiento
de los dpices labiales de estos tridngulos, lo que constituye
una novedad evolutiva de la especie T. lusitanicus.

Habitat y distribucion geografica: Las especies de Te-
rricola de la Peninsula Ibérica son formas cavadoras que
presentan gran similitud en sus hdbitos; sin embargo, 7.
duodecimcostatus excava y empuja la tierra hacia delante
con ayuda de los incisivos mientras que 7. lusitanicus y T.
pyrenaicus empujan la tierra hacia atrds con ayuda de sus
miembros posteriores (Giannoni et al., 1993). La utiliza-
cion de los incisivos (al igual que en Arvicola terrestris) esta
en relacién con la excavacion de suelos mds duros que los
de las especies que lo hacen con los miembros posteriores
(Giannoni et al., 1992). Terricola lusitanicus necesita suelos
profundos para hacer sus madrigueras, por lo que estd liga-
da a clima mds atldntico que 7. duodecimcostatus. Ambas
especies son simpdtricas en Castilla y Leon mientras que
en Cantabria s6lo se encuentra 7. lusitanicus, especie que
puede estar en simpatria con 7. pyrenaicus (Brunet-Lecom-
te et al., 1987; Brunet-Lecomte, 1991). El topillo pirenaico
prefiere los suelos profundos, con una buena cubierta vege-
tal, mientras que el lusitano los prefiere mds someros y con
afloramientos rocosos dispersos (Borghi et al., 1990).

Distribucion estratigrafica: las especies de Terricola ac-
tuales de la Peninsula Ibérica aparecen tardiamente, en el
Pleistoceno superior (Pokines, 1998; Guillem, 1995a, b).
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Género Clethrionomys Tilesius, 1850

Clethrionomys glareolus (Schreber, 1780)
Fig. 11.h-11.

La especie C. glareolus es el unico arvicolino actual
de la peninsula Ibérica que tiene a la vez raices y cemento
en los entrantes labiales y linguales (Fig. 11). Otra pecu-
liaridad del topillo rojo es el esmalte continuo, sin zonas
libres (salvo en individuos seniles) y con el mismo grosor
en todo el perimetro oclusal. Los molares tienen tridngulos
confluyentes, no cerrados o aislados como en el resto de
los arvicolinos actuales. Salvo en el nivel 7, su presencia
es constante y practicamente invariable durante el Holo-
ceno del Mirdn, sin embargo al final del Pleistoceno es
escasa y estd ausente en los niveles anteriores al Magda-
leniense (ver tablas 1y 2).

Habitat y distribucion geografica: El topillo rojo es uno
de los pocos arvicolinos actuales que vive en bosque ca-
ducifolio, mds o menos abierto o en zonas en donde la
vegetacidn es arbustiva o compuesta por hierbas altas. Es
un buen indicador de paisaje con cobertera vegetal en un
clima templado himedo (Pemdn, 1985, 1990a, b). Se en-
cuentra en la Eurasia templada, desde el lago Baikal has-
ta las Islas Britdnicas. En Espafia tiene una distribucion
actual septentrional (Ventura et al., 1993; Pokines, 1998)
aunque puede encontrarse en los macizos montafiosos del
Levante espafiol que gozan de un clima eurosiberiano
como el mencionado macizo del Montseny en Catalufia
(Arrizabalaga et al., 1986).

Distribucion estratigrafica: la especie C. glareolus apa-
rece en el Pleistoceno inferior y desde entonces tiene una
amplia distribucion Europea hasta la actualidad (Tesakov,
1996).

Género Pliomys Méhely, 1914

Pliomys lenki Heller, 1930
Fig. 10.a

Se caracteriza por tener raices y carecer de cemento en
los dngulos entrantes (Fig. 10). Su tamafio relativamente
grande en relacion con otros arvicolinos (a excepcién de
las especies de Arvicola), unido a la presencia de raices y
la ausencia de cemento en los entrantes hacen de esta espe-
cie un microtino inconfundible. Desde su descripcion origi-
nal, en el yacimiento de Sackdilling (Alemania) los estudios
sobre Pliomys lenki muestran que es una especie con una
morfologia relativamente estable y ademds es muy longeva
(Bartolomei et al., 1975; Chaline, 1975) en relacion con las
rdpidas radiaciones que sufren los demds arvicolinos. A falta
de un estudio sistemdtico mds completo podemos decir por
la talla que P. lenki del Mirdn se encuentra en el extremo

de mayor tamaifio de las poblaciones de Pliomys lenki del
Pleistoceno superior. Algunos autores como Maul & Mar-
kova (2007), ponen P. lenki en sinonimia con P. coronensis
(Méhely, 1914), especie que se extingue en Europa central
en el Pleistoceno medio. A falta de una revision del género
Pliomys, continuaremos utilizando P. lenki para las formas
que se encuentran en Europa Occidental. El aumento de ta-
lla de Pliomys lenki es también seflalado por Pemdn (1990
a) en el yacimiento de Amalda (niveles IVa-X) y como en
ésta localidad, el esmalte presenta una diferenciacion de
tipo Microtus. En Boscochiesanuova, Italia (Bartolomei et
al., 1975), es también notable la diferenciacion de esmalte.
Esta evolucion de la diferenciacidn del grosor de esmalte
debe de estar ligada con el aumento de la hipsodoncia y de
la aparicion de las zonas libres de esmalte como también
ponen de manifiesto otros autores para otras lineas de arvi-
colinos (Maul, 2001).

Habitat y distribucion geografica: El género Pliomys estd
relacionado con Dinaromys bogdanovi (Martino, 1922)
endemismo Balcdnico actual (Chaline ef al., 1999) cono-
cido también como topillo de Martino o de los Balcanes
(Serbia, Croacia, Bosnia-Herzegovina, Montenegro y Ma-
cedonia). D. bogdanovi es una especie de alta montafia,
comparable por su ecologia con Chionomys nivalis. Por
sus relaciones filogenéticas y yacimientos en los que se
encuentra, es posible que Pliomys lenki tuviera una eco-
logfa similar a la de ambas especies actuales, el neverén
y el topillo balcdnico.

Distribucion estratigrafica: la especie Pliomys lenki ha
sido citada en numerosos yacimientos del Pleistoceno
inferior y medio de Alemania, Polonia, Rumania, Hun-
gria, la antigua Checoslovaquia, Italia, Francia y Espafia
(Bartolomei et al., 1975). Es posible que la especie per-
viva en Europa meridional (Italia y Francia) hasta el final
del Pleistoceno medio / comienzos del superior (Chaline,
1975; Chaline & Marquet, 1976; Marquet, 1989; Ferraris
et al., 1990), sin embargo es en la Peninsula Ibérica y un
unico yacimiento en Francia, la Grotte du Sanglier (Mar-
quet, 2001), donde la especie sobrevive hasta el final del
Pleistoceno superior, poco antes del periodo climdtico frio
conocido como Dryas III, al final de la dltima glaciacién
(Wiirm). La especie se refugia en Espafia durante gran
parte del Wiirm, encontrdndose en los yacimientos de El
Juyo, Amalda, Lezetxiki y Ekain (Altuna, 1972; Zabala,
1984; Peman, 1990a, b; Pokines, 1998) en el Cantdbrico,
Els Ermitons en Gerona (Alcalde Gurt, 1982), en Gabasa,
Huesca (Gil & Lanchares, 1988) e incluso en yacimientos
mds meridionales y mediterrdneos, como Cova Negra, en
el sur de Valencia (Guillem, 1995). Su presencia en El Mi-
ron es intermitente, reaparece en el nivel 106, tras haber
desaparecido de niveles anteriores, para finalmente extin-
guirse. Esta dltima aparicion podria tratarse de un efecto
Lazaro (Fara, 2001; Cuenca-Bescés er al., 2006).
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P. lenki parece ser una especie ligada a medios este-
parios, abiertos, montanos y frios segtin la mayoria de los
autores (Bartolomei et al., 1975; Marquet, 1989; este tra-
bajo). Como resalta Chaline (1975), la especie migra du-
rante el Pleistoceno desde el este hacia el suroeste de Eu-
ropa, persistiendo Unicamente en Espafia (este trabajo) y
sur de Francia (Marquet, 2001) hasta el final del Pleisto-
ceno. ¢ Estd relacionada esta migracién con el enfriamien-
to progresivo del clima, siempre mds benigno en Espaiia
que en el resto de Europa continental?, ;O estd relaciona-
da mas con una entrada de otros pequefios mamiferos que
compiten por el mismo medio?

Durante el Pleistoceno Superior su presencia estd re-
lacionada con momentos frios en Gabasa, Huesca (Gil
& Lanchares, 1988) y en Cova Negra, Valencia, donde
Pliomys se encuentra asociado con Allocricetus Schaub,
1930, en la fase seca (F, unos 20.000 afos, Guillem, 1995).
Por otra parte, su presencia en general en yacimientos en
cuevas hace pensar que P. lenki estd ligada a un substra-
to rocoso. En cuanto a la competencia con otros mamife-
ros s6lo podemos mencionar que la entrada de especies
adaptadas a los lugares favoritos en que habita P. lenki,
como Chionomys nivalis, podria ser la causa final de su
extincién por competencia.

Subfamilia Murinae Illiger, 1815

Los murinos son roedores con dientes yugales radicula-
dos, coronas bajas (braquidontas) y superficie oclusal for-
mada por 4 a 6 cuispides principales y un nimero variable
de cuspides secundarias en el lado labial de los molares. Su
formula dental es 11i3Mm como la de los arvicolinos.

Género Apodemus Kaup, 1829

Apodemus sylvaticus Linnaeus, 1758
o Apodemus flavicollis (Melchior, 1834)

El género Apodemus se caracteriza por tener la super-
ficie oclusal con 6 cuspides principales en el primer molar
(tanto inferior como superior), y 4 en los molares segundo
y tercero. En la cara labial m1 tiene 3 cuspides secunda-
rias, m2 de 2 a una y m3 es reducido, con la parte pos-
terior acuminada. Las especies actuales de Apodemus de
la Peninsula Ibérica son A. sylvaticus y A. flavicollis, el
ratén de campo y el ratén leonado respectivamente. Mor-
folégicamente son muy parecidas, comparten numerosos
caracteres dentales y aunque A. flavicollis tiene una talla
mayor que A. sylvaticus, en simpatria sus medidas se so-
lapan por lo que es bastante dificil separar ambas espe-
cies si no se hace un andlisis morfométrico detallado. La
diferencia de talla, manifiesta en Europa Central y Norte
disminuye hacia el sur haciendo que la distincién entre
las dos especies en la Peninsula Ibérica (y en general en

todas las peninsulas mediterrdneas) sea problemadtica (No-
res, 1988; Alcantara de la Fuente, 1992).

Habitat y distribucion geografica: ambas especies tienen
una distribucién amplia, la especie A. flavicollis tiene una
reparticion discontinua en Europa y en Espafia se encuentra
solo en el norte, desde los Pirineos hasta Asturias, mientras
que A. sylvaticus es mds mediterrdnea y se encuentra en
toda la Peninsula (Alcdntara de la Fuente, 1992).

Distribucion estratigrafica: ambas especies Apodemus
sylvaticus y A. flavicollis se conocen desde el Pleistoceno
inferior (Maul, 1990).

Familia Myoxidae Gray, 1821

Los gliridos o lirones son roedores que se caracterizan
por tener la superficie oclusal de sus molares surcada por
crestas transversales separadas por valles, tener raices y
ser braquidontos (Fig. 11).

Género Myoxus Zimmermann, 1780

Myoxus glis (Linnaeus, 1766)
Fig. 11.f-11.g

Es el mayor de los lirones, y uno de los mayores roe-
dores, europeos. Se distingue por tener los dientes de
contorno rectangular a cuadrado y superficie oclusal pla-
na, con crestas transversas claramente separadas por va-
lles relativamente anchos. Estas crestas son de desarro-
llo continuo, labio-lingual. En los molares inferiores las
crestas se giran hacia la parte anterior y en los superiores
se curvan hacia la posterior. Entre las crestas principales
hay crestas secundarias, mds cortas, que no alcanzan las
caras labial ni lingual.

Habitat y distribucion geografica: El lirén gris es una
especie de bosque cdlido que habita en la actualidad en
Europa Central y Meridional hasta el Cducaso y en el norte
de Espaiia, siendo pieza de caza en Europa central; tam-
bién se encuentra en el sur de Inglaterra pero ésta podria
ser una introduccién de mediados de siglo XX (Krystufek
& Haberl, 2001). También puede ser un comensal ocasio-
nal (Pokines, 1998). En el yacimiento de Erralla aparece
en niveles cdlidos o templados (II, III, V) de la secuencia
aunque asociado con especies mas frias, de espacios abier-
tos y helidfilas como el neveron (Pemadn, 1985).

Distribucion estratigrafica: el gran liron gris Myoxus
glis se conoce desde el Pleistoceno medio, en Europa
central entra cuando desaparecen las especies de Myoxus
del Pleistoceno inferior (Nadachowski, 1990). En Francia
no aparece hasta la segunda mitad del Pleistoceno medio
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Figura 11. Otros arvicolinos y otros roedores del Cuaternario de
la Cueva del Mirén, Ramales de la Victoria, Cantabria.
Dibujos con cdmara clara de la superficie occlusal de
los molares y la cara lateral de las mandibulas. a-g:
molares y mandibulas de Gliridos del nivel 10. a-e:
Eliomys quercinus (Linnaeus, 1766); a: maxilar iz-
quierdo con P4M1, b: maxilar izquierdo con D4, ¢:
M12 derecho (invertido), d: mandibula izquierda con
p4ml, e: mandibula izquierda en vista lateral. Obser-
var el gran foramen de la ldmina angular de la mandi-
bula, cardcter apomorfico entre los roedores Cuater-
narios de la Peninsula Ibérica. f-g: Myoxus glis (Lin-
naeus, 1766); f: mandibula izquierda, sin molares,
en vista medial, g: mandibula izquierda con m1 los
alveolos de m2 y m3. h-i: Clethrionomys glareolus
(Schreber, 1780); h: m1 izquierdo, i: mandibula dere-
cha con mIm?2 (invertida). La escala representa I mm.
Other Arvicolinae and other rodents of the Quaternary
of El Miron Cave, Ramales de la Victoria, Cantabria,
Spain. Light camera drawings of the occlusal surface
of the molars and lateral and medial views of the man-
dibles. Some drawins are reversed to make compari-
sons easy. a-g: molars and mandibles of Gliridae from
level 10. a-e: Eliomys quercinus (Linnaeus, 1766);
a: left maxila with P4M1, b: left maxilla with D4, c:
right M12 (reversed), d: left mandible with p4ml, e:
left mandible in lateral view. See the big foramen in
the angular laminae of the mandible, an apomorfic
character among the Quaternary rodents of the Ibe-
rian Peninsula. f-g: Myoxus glis (Linnaeus, 1766); f:
left mandible, without molars, in medial view, g: left
mandible withml, alveoli of m2 and m3. h-i: Clethrio-
nomys glareolus (Schreber, 1780); h: left m1, i: right
mandible with mIm?2 (reversed). Bars represent I mm.

(Desclaux, 1996-1997) y en Espafia no se conoce mds que
en el Pleistoceno superior (Pokines, 1998).

Género Eliomys Wagner, 1840

Eliomys quercinus (Linnaeus, 1766)
Fig. 11.a-11.e

El lirén careto es un glirido de porte mediano, aunque
es mds pequefio que Myoxus glis sus molares son semejan-
tes en tamaiio. Es el tinico roedor espafiol con un foramen
amplio en la ldmina angular de la mandibula. Los molares
son caracteristicos por su superficie oclusal concava, con
crestas transversas que recorren el diente labio-lingualmen-
te y un gran desarrollo de las cuspides principales.

Habitat y distribucion geografica: El lirén careto es una
especie ampliamente distribuida por la Europa templada y
Mediterrdnea, el norte de Africa y Levante. Se encuentra
en los bosques y zonas de arbustos de toda la Peninsula
Ibérica (Moreno, 2002) ligado a claros pedregosos y como
el lirén gris, es también un comensal ocasional. Es notable
su ausencia en el Pleistoceno superior de Cantabria, pues
solo se conoce en el Auriflaciense de Cueto de la Mina
(Pokines, 1998). Su presencia en yacimientos de la edad
del Bronce (C'"=1.380-1.340 BP) como La Encantada, en
Ciudad Real puede estar relacionada con el hombre aunque
de una manera indirecta, ya que el hombre favorece unas
especies, por la creacion de medios artificiales y elimina
a otras (Morales Muiiiz, 1986). Otro ejemplo de Eliomys
ligado a enterramientos (y basureros) del Bronce es el
de La Balsa la Tamariz, en Tauste, Zaragoza (Laplana &
Cuenca-Bescés, 1995). En El Miron la especie entra al
final del Magdaleniense, cuando comienza la expansion
de los bosques en la Cornisa Cantdbrica (aunque con
desapariciones temporales debido al deterioro climdtico
del Dryas IIl y desaparece después del 6ptimo climdtico del
Holoceno, seguramente ligado a la deforestacion provocada
por el hombre a partir del Calcolitico (Tabla 2 y Fig. 12).

Distribucion estratigrafica: el lirén careto se origina en
el Mediterrdneo y se conoce en Espafia desde el Pleisto-
ceno inferior, en secuencias como Casablanca, Castellon
(Agusti & Galobart, 1986).

ANALISIS BIOESTRATIGRAFICO
DE LOS PEQUENOS MAMIFEROS
DE EL MIRON E IMPLICACIONES
PALEOAMBIENTALES
Y PALEOCLIMATICAS

La distribucion estratigrafica de los pequefios mami-
feros del Mirdn es variable segun las especies. En la se-
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cuencia estratigrafica compuesta, en la que se han unido,
utilizando criterios de correlacién estratigréfica, cronold-
gica y cultural, los cuatro sectores excavados, vemos que
la mayoria de los pequefios mamiferos se encuentran en
toda la secuencia, con variaciones en el nimero de indi-
viduos (Tabla 2 y Figs. 12, 13, 14). Pero hay especies que
no cumplen este patron:

Pliomys lenki se extingue en el Magdaleniense supe-
rior (Tabla 2, Fig. 12). Coincidiendo con la extincion de
P. lenki, con un ligero solapamiento en el caso de Eliomys
quercinus, aparecen las especies mds ligadas al bosque de
toda la secuencia, E. quercinus, Myoxus glis y Clethrio-
nomys glareolus (Fig. 12). Coincidiendo con la aparicién
de las especies de bosque entra también la musarafia de
dientes blancos, de caracter mediterraneo, Crocidura rus-
sula. Como vemos en la figura 14, la mediterraneidad, en
funcién de la proporcion entre los arvicolinos, roedores
de medios abiertos y/o esteparios y los murinos, especies
mas mediterraneas (Alcantara de la Fuente, 1992), coinci-
de también con la aparicion de estas especies de bosque.
El murino Apodemus sylvaticus, relacionado con bosque
y lindes de bosque, aunque algo menos que los lirones,
aumenta también en la parte alta de la secuencia, cuando
se asientan las condiciones de mediterraneidad. Los arvi-
colinos, aunque no llegan a desaparecer del todo, dismi-
nuyen notablemente.

Es de notar que hacia el Holoceno tardio, durante el fi-
nal del Bronce (Tabla 2 y Figs. 12, 13) hay un incremento
de arvicolinos de medios frios y himedos (M. oeconomus
y Ch. nivalis), hecho que coincide con la desaparicién de
las especies de bosque (niveles 2+3 y 3, el 3 datado en
3.700 afios BP). Este evento faunistico de la secuencia
del Mirén se correlaciona tentativamente con la pequefa
edad del hielo del final del Holoceno, que precede al pe-
riodo cdlido Romano (Martinez-Cortizas et al., 1999) y
que supuso un enfriamiento global que siguié al éptimo
climatico del Holoceno (Indermuhle et al., 1999; Uriarte
Cantolla, 2003).

El aumento del bosque coincide mds o menos con el
llamado Optimo Holoceno en el que subieron las tempe-
raturas; antes del declive de temperatura de alrededor de
los 2.000 afios calibrados que precede al Periodo Roma-
no Cdlido del que hemos hablado (Martinez-Cortizas et
al., 1999). El posterior declive del bosque y aumento de
las especies ligadas a terrenos sin vegetacion podria ser
consecuencia de la deforestacién que se va haciendo no-
toria especialmente a partir de finales del Bronce (Uriarte
Cantolla, 2003).

La Peninsula Ibérica se divide, por el clima y la dis-
tribucién de la vegetacidn, en dos grandes regiones, la
Eurosiberiana y la Mediterrdnea. Un indicador de medite-
rraneidad entre los pequefios mamiferos es por ejemplo el
endemismo ibérico Iberomys cabrerae. Como esta especie
falta en El Mirén hemos elaborado un indice de mediterra-
neidad a partir de las proporciones de Murinos+Gliridos

(ratones y lirones respectivamente) con respecto a los Ar-
vicolinos (Fig. 14). Los primeros representan el clima me-
diterrdneo (cdlido) y los segundos al eurosiberiano (frio).
Hemos elegido las tres secciones completas (dejando el
sondeo de la Rampa) para elaborar este indice. En la Fig.
14 se puede observar que a partir del Holoceno inicial
(Mesolitico), con algunas variaciones correspondientes a
los enfriamientos Holocenos mencionados, se instala en
Espafia un régimen mediterrdneo (Optimo Holoceno) en el
que aumenta el nimero de Murinos+Gliridos, indicadores
el bosque mediterrdneo.

Se observa que después del denominado 6ptimo clima-
tico del Holoceno, identificable en El Miron en los niveles
Mesoliticos hasta el final del Calcolitico (Figs. 12, 13 y
14) hay un deterioro importante en el nimero de especies,
que disminuye drdsticamente en los niveles recientes (1 y
2), lo que debe de estar relacionado con la escasez de las
muestras por una parte y por otra, con una mengua de la
actividad de las rapaces nocturnas al estar la Cueva ocu-
pada permanentemente por los pastores y sus rebafios.

Es notable la persistencia de M. oeconomus y Chio-
nomys nivalis hasta prdacticamente el final del Holoceno,
aunque ambas especies faltan en la actualidad en la franja
costera Cantabica (Tabla 1). En el caso del neverén no ha
desaparecido por completo de la Peninsula Ibérica pues
se encuentran poblaciones relictas en los macizos mon-
tafiosos, donde quedan lugares favorables para esta espe-
cie, como roquedos soleados y desprovistos de vegetacion
(Luque-Larena et al., 2002). También en el Holoceno es
de seialar la extincion (al menos local) del lirén careto,
especie de bosque cdlido que se encuentra en la actualidad
en la zona. Las especies de muridos Mus (el ratén casero),
Micromys minutus (el ratén espiguero) y Rattus (rata gris
y negra) viven en la actualidad en Cantabria asf como en
el resto de Espaiia pero faltan en el Mirén. El dnico mu-
rido presente en el Cuaternario del Mirén es Apodemus,
que se encuentra bien representado en todos los niveles
Holocenos aunque es raro en los niveles anteriores al Mag-
daleniense Superior. La falta de muridos “modernos” en
El Mirén permite comprender algo mds su dispersién en
tiempos histéricos: estos muridos no colonizan el Norte de
Espafia hasta practicamente la actualidad (Pemdn, 1985,
1990a, b; Pokines, 1998; este trabajo) y lo hacen proba-
blemente a partir del momento en que la agricultura y el
comercio se generalizan y extienden hacia el norte a tra-
vés de rutas comerciales como la Ruta de la Plata que, al
menos en el centro de la Peninsula Ibérica, actian como
vias de dispersion del raton casero y el gorriéon comun
(Morales Muiiiz et al., 1995).

Resumiendo, en la Tabla 2 y Fig. 12 vemos que la dis-
tribucidn de los roedores en el Pleistoceno-Holoceno del
Mirén se caracteriza por:

1. La presencia esporddica de algunas especies como
Arvicola sapidus, Microtus gregalis, Erinaceus, Sciurus,
Galemy, entre otras.
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2. La presencia casi continda en toda la secuencia y
hasta la actualidad de A. terrestris y Talpa europaea, y
otras que aunque no llegan hasta la actualidad se encuen-
tran en practicamente todos los niveles como las especies
de los géneros Terricola y Microtus.

3. El elevado nimero de especies de arvicolinos frente
a muridos en comparacién con otros yacimientos del Ho-
loceno de la Cornisa Cantdbrica.

EVOLUCION DEL CLIMA
Y DEL PAISAJE

La mayoria de los pequefios mamiferos del Mirén tie-
nen representantes actuales que viven en el norte de Es-
pafia y son tipicos de la “Espafia eurosiberiana”, region
climdtica caracterizada por su caricter atlantico, general-
mente mas himedo que el de la “Espafia mediterrdnea”.
Tomando las propuestas de los distintos autores (Chaline
et al., 1999; Cuenca-Bescos et al., 2005) hacemos una cla-
sificacién de las especies por su hdbitat 6ptimo. En una
primera aproximacion y de forma general podemos decir
que hay siete grupos distintos de pequefios mamiferos en
funcién del hébitat:

1. Especies de bosque: Eliomys quercinus, Myoxus
glis, Apodemus sylvaticus, A. flavicollis y Clethrionomys
glareolus

2. Especies de medios abiertos, que pueden ser sepa-
rados en dos tipos, las de prado himedo: las del género
Sorex, Arvicola terrestris, Terricola lusitanicus y Talpa
europaea

3.y las especies de prado seco: Crocidura russula, Mi-
crotus agrestis y M. arvalis

4. Masas de agua, turberas y prados encharcados: Mi-
crotus oeconomus, Neomys fodiens, A. sapidus

5. Alpinas: Chionomys nivalis y ;Pliomys lenki?

6. Generalistas: Mustela nivalis

7. Hipogeos: Miniopterus schreibersii y las especies
de Myotis, al menos en €poca de cria

Esta clasificacion carece de limites netos pues taxones
de bosque pueden encontrarse en bordes de prados secos
con abundante vegetacion arbustiva (Eliomys, Apodemus)
y los de masas de agua pueden adaptarse a prados hime-
dos (Arvicola). Por otra parte, las especies fésiles no tie-
nen porqué tener los mismos requerimientos ecoldgicos
que sus representantes actuales por lo que su distribucion

y relacién con el hébitat actual puede ser un efecto bio-
geografico. Esta clasificacion es sélo una aproximacion a
la evolucién paleoambiental de la secuencia Cuaternaria
del Mirén con pequefios mamiferos (Fig. 13):

1. El agua de forma permanente estd presente en casi
todos los niveles salvo en los niveles Mesoliticos, Neo-
liticos y Calcoliticos. Esta disminucién del agua coinci-
de sin embargo con un aumento del bosque. Esto puede
estar relacionado con el optimo climdtico del Holoceno,
un clima mds mediterrdneo y por tanto, mds seco en los
periodos estivales.

2. Los prados estdn siempre presentes aunque en el
Paleolitico superior (por datacién del C', equivalente al
Gravetiense) se reduce, coincidiendo con un aumento im-
portante de las especies acudticas. Aunque en la figura 13
no se han separado los dos ambiente, el prado seco estd
peor representado que el humedo.

3. Los roquedos sin vegetacion tienen representacion
en toda la secuencia. El incremento del roquedo del nivel
Musteriense estd ligado al de Pliomys (Fig. 13).

4. El bosque, practicamente ausente durante el Paleo-
litico superior hasta el Aziliense, es decir, durante el es-
tadio isotépico MIS 2, conocido también como ultima
glaciacion Wiirm, o Wiirm IV. Durante el llamado tltimo
maximo glaciar (UMG), que coincide con el Solutrense, se
registra el valor mds bajo del bosque en la secuencia (en
el Musteriense también pero ain quedan muchas mues-
tra por estudiar como para poder llegar a una conclusion.
Se recupera notablemente a partir de Mesolitico (Optimo
climdtico del Holoceno) para volver a disminuir hacia el
final del Bronce (Fig. 13).

CQRRELACI()N CON LOS DATOS
POLINICOS Y GEOMORFOLOGICOS

El clima durante los ultimos 40.000 afios en el norte
de Iberia es conocido principalmente gracias a los andli-
sis polinicos, al estudio de los testigos de hielo, al aporte
de los iceberg (Heinrich, 1988; Sdanchez Goiii et al., 2000;
Sanchez Goni & d’Errico, 2005), asi como a la evolucion
de la geomorfologia glaciar y climdtica en la Peninsula
Ibérica (Gutiérrez Elorza & Peia, 1998; Gutiérrez Elorza
& Sesé Martinez, 2001; Garcia-Ruiz et al., 2003). La su-
cesion de la vegetacion durante el Holoceno se divide en
tres fases (Sdnchez Goili et al., 2000):

Figura 12. Distribucion cuantitativa (en porcentajes) de los pequefios mamiferos de la secuencia del Mirén. Los nimeros de la base
indican el % de cada especie con respecto al total de especies en cada nivel. Se han omitido las especies representadas
por un solo individuo en un unico nivel. También se han eliminado los Chiroptera y Lagomorpha. El orden de las espe-
cies sigue el de su primera aparicion (FAD) en la secuencia.

Quantitative distribution (in percentages) of the small mammals from the El Miron sequence. The numbers at the bottom
indicate %, in Minimum Number of Individuals. In this analisys we do not consider the species represented by one indi-
vidual only at one level, and also Chiroptera and Lagomorpha. The order of the species, from left to rigth follows that

of its first appearance data (FAD) in the sequence.
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Figura 13. Distribucion cuantitativa de los pequefios mamiferos
de la secuencia del Mir6n agrupados por hébitat. En
la primera columna de la derecha figuran los estadios
isotopicos marinos (MIS), correlacionados con los
niveles estratigrdficos y periodos culturales por las
dataciones de Carbono 14 (Straus & Gonzdlez Mora-
les, 2003, 2007). En la segunda columna, los mismos
niveles estratigrdficos de la Tabla 2, estdn agrupados
por su contenido arqueoldgico y periodo cultural. Ala
izquierda se han representado los principales eventos
climaticos del final del cuaternario: UMG, el dltimo
mdximo glaciar y el periodo frio del final del Pleis-
toceno superior, el Dryas III. Obsérvese que en el
UMG, y desde el final del MIS 3 faltan las especies
de bosque, y el prado, que indica dominio de medios
abiertos alcanza su valor maximo en el UMG.
Quantitative distribution of the small mammals
of the El Miron sequence grouped by habitat
(Agua=Water; Prado=Meadow; Bosque=Woodland,
Roquedo=rocky hills, caves, bare land). In the first
column at the left there are the Marine Isotopic Sta-
ges (MIS), correlated by radiocarbon data (Straus
& Gonzdlez Morales, 2003, 2007). In the second
column, the same stratigraphic levels of Table 2,
grouped by its archeological content and cultural
period. At the rigth there is a correlation with the
main climatic events of the end of the Quaternary:
UMG is the Last Glacial Maximum, the Dryas 11l is
the last cold stage of the end of the Late Pleistocene
and Optimo Holoceno is the Climatic Holocene Op-
timum of the first part of the Holocene. Note that in
the UMG as well as from the end of the MIS 3 on,
the species that represent the woodland dessapear
and the meadows have their maximum values.

Fase a: comienzos del Holoceno, calida, mediterranea,
boscosa (roble y quejigo)

Fase b: fase humeda caracterizada por el aumento de
los helechos

Fase c: disminucién importante del bosque, aumento
de los brezos (Ericdceas) y fluctuaciones de humedad, que
se mantiene aunque algo menos que en la fase anterior. La
desaparicion del olivo indica condiciones frfas.

En relacion con la evolucién holocena de los peque-
flos mamiferos del Mir6n (Figs. 12 y 13) podemos decir
que la fase mediterrdnea y boscosa también se detecta,
con el aumento de las especies de bosque. La fase hime-
da es dificil de caracterizar a esta escala. La fase fria se
correlaciona con la disminucién del bosque, aumento del
roquedo, agua, y condiciones abiertas, de prado.

Al final del Pleistoceno el periodo frio del Dryas III
(Aziliense) se correlaciona con un retroceso del bosque y
un aumento de las especies de medios abiertos.

El avance de los glaciares y el retroceso de la linea de
costa pueden estar en relacién con la expansion de las es-
pecies de cardcter alpino.

CONCLUSIONES

Tras mds de tres décadas de estudio de los pequefios
mamiferos en yacimientos pleistocenos y holocenos de la
Cornisa Cantdbrica, podemos afirmar que éstos proporcio-
nan una informacion significativa sobre los cambios cli-
madticos y medioambientales ocurridos durante los tltimos
50.000 afios BP Para llegar a esta conclusion asumimos
que los pequefios mamiferos son una parte importante de
los ecosistemas terrestres y forman parte de la dieta de nu-
merosos predadores. Su pequefio tamafio los excluye en
general como componentes de la dieta humana (al menos
durante el Pleistoceno superior y Holoceno inicial) por lo
que su presencia en los yacimientos arqueoldgicos se debe
a otros factores de acumulacion; aunque no se descarta el
comensalismo ocasional y la utilizacion, también ocasio-
nal de su piel o como alimento.

La cueva del Mir6n estd rellena por sedimentos que da-
tan desde los 41.000 afios BP hasta la actualidad, en una
secuencia bastante completa, dividida en cerca de 100 ni-
veles arqueoldgicos o tallas la mayoria de ellos ricos en
restos de pequefios mamiferos fosiles. En esta secuencia se
han estudiado un total de 721 muestras que han permitido
determinar 26 especies de pequefios mamiferos basdndonos
en un total de 3.403 restos craneales. Hay ademds cerca de

Figura 14. Expresion de la Mediterraneidad y su evolucién en
la secuencia del Mirén en funcién de la proporcion
de los Arvicolinos frente a los Murinos+Gliridos.
“Mediterraneity” and its evolution in the sequence
of El Miron based on the ratio between Arvicolinae
and Murinae+Gliridae.
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100.000 restos 6seos de pequefios mamiferos, aves, anfi-
bios, reptiles y peces que estdn todavia por identificar.

La fauna f6sil del Pleistoceno y Holoceno de la cue-
va del Mirén representa cerca del 90% de los pequefios
mamiferos actuales de la Cornisa Cantabrica, descontan-
do los quirdpteros y los introducidos recientemente por
el hombre.

La distribucion estratigrdfica de los microvertebrados
del Miron es variable segun las especies; en general se
distribuyen a lo largo de la secuencia con variaciones mds
0 menos importantes en el nimero de individuos que hay
en cada nivel. Las excepciones son: Pliomys lenki que se
extingue en el Magdaleniense y coincidiendo con la ex-
tincién de P. lenki, con un ligero solapamiento en el caso
de Eliomys quercinus, aparecen las especies ligadas al
bosque. Otras especies tienen una presencia esporadica, a
veces un solo registro en toda la secuencia.

Coincidiendo con la aparicion de las especies de bos-
que disminuyen las de medios abiertos, los arvicolinos, y
entra también la musarafia de dientes blancos, de cardcter
mediterrdneo. El aumento del bosque, basdndonos en el in-
cremento de especies ligadas a este medio, coincide mds o
menos con el llamado Optimo Holoceno en el que subieron
las temperaturas, antes del declive de temperatura del final
del Bronce, cuando hay un incremento de los arvicolinos
de medios frios y himedos, dato que podria correlacionar-
se con la pequeiia edad del hielo del Bronce. Es notable la
persistencia de M. oeconomus y Chionomys nivalis hasta
practicamente el final del Holoceno, aunque ambas espe-
cies faltan en la actualidad en la zona costera.

La agrupacion de las especies de pequefios mamiferos
en funcién de su hdbitat Gptimo permite concluir que los
cambios paleoambientales y climdticos ocurridos en los
dltimos 41.000 afios BP en esta region de Cantabria son
importantes: durante el Wiirm final (MIS 2) practicamente
no hay bosques mientras que al comienzo del Holoceno
(MIS 1) éste se desarrolla notablemente.

Finalmente podemos resumir que:

El estudio de la distribucion bioestratigrifica, la com-
posicion de las asociaciones y la conservacién (tafonomfa)
de los pequefios mamiferos del Mirén nos permite dedu-
cir que las asociaciones de la microfauna de los niveles
del final del Pleistoceno y del Holoceno de la Cueva del
Mirén reflejan la composicion y evolucion de las faunas
circundantes y por lo tanto son ttiles tanto en la recons-
truccién paleoclimdtica como ambiental de los alrededo-
res de la misma.

No parece haber habido una ocupacién humana con-
tinua durante el Holoceno en El Mirén ya que las espe-
cies comensales habrian proliferado en todos los niveles.
A favor de esta observacion hay que destacar también la
alta diversidad de especies en todos los niveles salvo en
el actual lo que indica una ocupacion importante de las
rapaces causantes de la acumulacion de pequefios verte-
brados, incompatible con el hombre.

La distribucion de roedores, insectivoros, quiropteros,
conejos y pequefios carnivoros a lo largo de la secuencia
El Mirén muestra que hay importantes cambios climati-
cos en los tltimos 41.000 afios BP que se reflejan en el
aumento/disminucién de las especies mediterrdneas con
respecto a las eurosiberianas.

La entrada de los muridos modernos, comensales del
hombre, es mds tardia en la Cornisa Cantdbrica que en el
sur y centro de Espaiia.

El Mir6n registra la dltima aparicion de la especie Plio-
mys lenki en Europa.
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