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Prologo.

La vida secreta de las especies

Juan Luis Arsuaga

E staba pensando en este prologo cuando me llamd la atencién un articulo
publicado recientemente sobre el lince ibérico (Lucena-Pérez et al. 2024).
No se trata en este caso de que los neandertales cazaran linces para comérselos
o para utilizar sus pieles, por ejemplo, ni de que los neandertales compitieran
con los linces por los conejos, ni de que los linces nos sirvan para reconstruir
los ecosistemas de los neandertales.

Los neandertales ibéricos ciertamente convivieron con los linces ibéricos,
y también lo hicieron los neandertales mediterrdneos franceses y los del norte
de Italia. Y por cierto, en todos esos lugares también habia conejos por aquel
entonces. Los conejos ahora solo son autéctonos en la peninsula ibérica.

Pero el articulo al que me estoy refiriendo no habla de ecologia, sino de la
genética del lince, y por eso lo he encontrado interesante en relaciéon con los
neandertales.

En paleoantropologia se ha estudiado en demasiadas ocasiones la evolu-
ci6on humana al margen de lo que les sucediera a los ecosistemas. Los biomas
de los hominidos eran solo paisajes. Si la historia de los hominidos fuera una
obra de teatro, los hominidos serian los tinicos actores que se moverian so-
bre las tablas del escenario. Todas las demds especies serian representaciones
inertes en el telén de fondo.

Lo que quiero decir es que se ha olvidado demasiadas veces que los homi-
nidos no viven en los ecosistemas, sino que forman parte de los mismos, y por
eso son, también, el ecosistema. Por cierto, utilizo el viejo término «<hominido»
en este texto para referirme solo a aquellos fésiles que pertenecen a nuestra
rama de la horquilla chimpancés/humanos. Como de fésiles de chimpancés
no voy a hablar no hay posibilidad de equivoco.

La cuestién en el fondo, es importante. ;Se rige la evolucién de los homi-
nidos por las mismas reglas que la del resto de las especies de mamiferos?
;Tenemos algo que aprender de la evolucion de las otras especies cuando es-
tudiamos la evolucién humana?

La especie humana actual tiene lenguaje, autoconsciencia, tecnologia.
:Hace todo eso que nuestra evolucidén sea radicalmente diferente de la de los
demds primates, con diferentes reglas de juego? Si es asi, si la cultura es de-
terminante en la evolucién humana, ;desde cuiando rigen las nuevas leyes?

11
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Desde ;Homo habilis, que ya fabricaba utensilios li-
ticos? ;Serian los ardipitecos y los australopitecos y
parantropos especies de primates como las otras en
lo que se refiere a su modo de evolucionar?

Es el momento de volver al articulo de los linces
por el que he empezado. Se trata de un estudio de
los genomas de tres ejemplares de lince ibérico que
solo tienen entre dos mil y cuatro mil afios de anti-
giiedad. Y en pocas palabras lo que dice es que ha
habido introgresion reciente de genes de lince bo-
real en las poblaciones del lince ibérico. Es decir, los
linces que hoy viven en Andujar o el Coto de Donana
(o han sido reintroducidos en otras partes de Iberia)
llevan genes de lince boreal, como nosotros los hu-
manos ibéricos llevamos genes neandertales.

Sabemos estas cosas gracias a los estudios de
ADN antiguo, que estdn permitiendo conocer la mi-
croevolucién, que a mi me gusta llamar la vida se-
creta de las especies, esa parte de la evolucion que no
se puede rastrear morfolégicamente. Svante Pdébo
consiguié el premio Nobel por abrir camino en esta
reciente especialidad, y los que hemos escrito arti-
culos con €l nos sentimos también premiados.

El lince boreal entro en la peninsula ibérica muy
tarde, a comienzos del Holoceno, junto con el bos-
que atlantico, y ha vivido en la Espana Verde hasta el
siglo x1X 0 incluso el xx (como demostraron en 2016
Rodriguez Varela ef al.). Asi que no es extraiio que
intercambiaran genes con los linces ibéricos, con los
que tendrian una amplia frontera, todo el ecotono
entre el mundo atldntico y el mundo mediterrdneo
que recorre la peninsula de costa a costa.

Y ya nos vamos acercando al punto al que yo que-
ria llegar: ;ese intercambio genético pequeio, pero
reconocible, quiere decir que los linces ibéricos y los
linces boreales no son especies distintas, sino dos
subespecies de la misma especie? A fin de cuentas,
no hace tanto tiempo que se reconoce al lince ibé-
rico como una especie propia, y no como una subes-
pecie del lince europeo, como se hacia antes, en la
época en la que yo estudiaba.

La decision que tomemos ahora es fundamental,
porque la misma regla podria aplicarse a los nean-
dertales y a los humanos modernos. Si admitimos
que el lince ibérico y el lince boreal son especies di-
ferentes, aunque hayan intercambiado unos pocos
genes, entonces por la misma regla de tres los nean-
dertales y los humanos modernos seriamos especies
diferentes. Si, al contrario, concluimos que linces
boreales y linces ibéricos son una sola especie por-
que han intercambiado algunos genes, lo mismo de-
beria valer para neandertales y humanos modernos,
ya que se trata de un caso muy similar.

Entonces, ;cémo se define una especie y cémo se
distingue de una subespecie? Charles Darwin diria
que las especies no se definen, porque no hace falta.
Solo un creacionista podria creer en la existencia de
las especies como entidades inmutables, fijas. Solo
un fijista podria preguntarse cdmo se reconocen las
especies. Las poblaciones cambian en el tiempo,
se diversifican geograficamente, varian constante-
mente. Todo es mudanza, en Biologia nada perma-
nece en el tiempo. Darwin decia que preguntarse
cudndo una variedad (hoy en dia dirfamos una
subespecie) se ha convertido ya en una especie por
derecho propio serfa como preguntarse en qué mo-
mento un pueblo ha crecido tanto como para que
pueda ser llamado ciudad. Seria, podriamos anadir
nosotros, lo mismo que preguntarse cuando una co-
lina es ya una montafa, o cudndo el Renacimiento
dio paso al Barroco. Son todos limites arbitrarios, in-
tentos de dividir en segmentos lo que en realidad es
un continuo.

Y la mejor prueba de que no se pueden poner li-
mites claros a las especies son las discusiones entre
zooblogos para saber cudndo una variedad geografica
se merece la etiqueta de especie. No es un problema
de falta de informaci6n, como podria ser el caso en
paleontologia, sino de criterio a la hora de evaluar
las diferencias fisicas y de comportamiento y decidir
si son suficientes para merecer el estatus especifico.

En los afios centrales del siglo xx triunfé en Bio-
logia evolutiva una corriente que se conoce como
Neodarwinismo, o nueva sintesis, o teoria sintética
de la evolucion. Para los neodarwinistas la pregunta
de qué es una especie tampoco tenia mucho sentido,
porque las especies se transforman unas en otras a
lo largo del tiempo, incesantemente, generacion tras
generacion. Lo que realmente existe son los linajes
evolutivos, las estirpes, las ramas del &rbol de la vida.

Pero, claro estd, después de mucho tiempo los li-
najes llegan a diferenciarse tanto unos de otros que
nadie pondria en duda que un ciervo, un gamo y un
corzo son especies diferentes de cérvidos, ramillas
distintas de la misma rama. Asi que uno de los fun-
dadores del neodarwinismo, el aleman Ernst Mayr
elabor6 en 1942 una definicion bioldgica de especie
que se haseguido después a ciegas: una especie es un
conjunto de poblaciones que estd aislado reproduc-
tivamente de otros conjuntos. En otras palabras: las
especies estan formadas por poblaciones que pue-
den intercambiar genes unas con otras, pero no con
las poblaciones de las otras especies. Resumiendo,
el aislamiento genético es la marca definitoria de la
especie. Dos miembros de diferentes especies no
pueden en ningtin caso tener descendencia fértil.



PROLOGO. LA VIDA SECRETA DE LAS ESPECIES

Mis tarde, surgié una corriente que desafiaba la
autoridad absoluta del neodarwinismo. Los ame-
ricanos Niles Eldredge y Stephen Jay Gould defen-
dieron en 1972 la existencia real de las especies en
paleontologia, no como segmentos temporales de
un linaje en permanente cambio, sino como enti-
dades histdricas. La mayor parte del tiempo, decian,
no ocurre nada relevante en la evolucién. Solo de
cuando en cuando surge una verdadera novedad,
una especie, que luego permanece sin cambios im-
portantes hasta que se extingue. Su teoria se llama
por eso «de los equilibrios intermitentes» (punctua-
ted equilibria).

Todo esto nos lleva a preguntarnos por las espe-
cies de hominidos. ;Cuantas ha habido? Ernst Mayr
defendia que basicamente solo ha existido un linaje
de hominidos y que las especies de los paleontélo-
gos eran simples etapas en la evolucion del linaje
a lo largo del tiempo. Meras especies cronoldgicas
(cronoespecies).

Mayr no crefa que al salir de Africa el género
Homo se hubiera escindido en multiples especies lo-
cales. Por dos razones. La primera es que, segun él,
la cultura hizo innecesaria la adaptacion bioldgica a
las condiciones particulares de cada regién, ya que
los humanos nos hemos adaptado siempre por me-
dio de la tecnologia. La segunda es que las pobla-
ciones humanas siempre han estado en contacto
geografico unas con otras, intercambiando genes e
impidiendo que se produjera la especiacion (el naci-
miento de especies nuevas por ramificacion).

Con frecuencia se cita la definicién de especie
de Mayr de 1942, pero se olvida que este autor la re-
vis6 muchos anos mas tarde, en 1996. Se dio cuenta
de que en la naturaleza se producian hibridos fértiles
entre especies consideradas zoolégicamente diferen-
tes, como por ejemplo, el lobo y el coyote en América.
Pero no por eso dejaban de ser especies vélidas para
Mayr. Solo habia que ampliar los limites de la defini-
cion de las especies. Ahora pasarian a ser conjuntos
de poblaciones que intercambian genes solo entre
ellas, aunque en ocasiones excepcionales pueden
también hacerlo con otros conjuntos de poblaciones,
siempre y cuando nunca lleguen a fusionarse. Dicho
en palabras del propio Mayr (1996: 265):

Recientes andlisis moleculares, sin em-
bargo, han confirmado la frecuencia de in-
trogresion clandestina. No obstante, si las
dos especies mantienen su integridad esen-
cial, serdn tratadas como especies, a pesar de
la ligera ineficacia de sus mecanismos de ais-
lamiento. [...] El cruce de lobos macho con

coyotes hembra llevo a una introgresion de ge-
nes ajenos tanto en las poblaciones de coyotes
como de lobos. [...] En consecuencia, los me-
canismos de aislamiento no siempre impiden
el cruzamiento de individuos que no son de la
misma especie, pero sin embargo previenen la
completa fusion de tales especies.

Los estudios de ADN antiguo han revelado que
el aislamiento genético en las especies de mamife-
ros no se produce de un dia para otro. Su escala tem-
poral no es de miles de afios, ni de cientos de miles
de anos, sino de muchos millones de afios. Por este
motivo, las diferentes especies de lobos intercam-
bian genes con chacales y coyotes alli donde coin-
ciden geogréficamente. Y lo mismo pasa con las
especies de osos, incluyendo el oso polar. Y prac-
ticamente con todas las especies de mamiferos del
mismo género.

En otras palabras, solo los géneros estan aislados
genéticamente por barreras infranqueables a la re-
produccion. Son los géneros, y no las especies, las
entidades histdricas a las que se referian, sin saberlo,
Eldredge y Gould en su teoria de los equilibrios pun-
tuados. Los géneros son las verdaderas novedades
evolutivas, las especies solo representan variaciones
geogrdficas, adaptaciones a los ambientes locales.
En esencia, un género representa un plan corporal
distinto y facilmente reconocible, un modelo biol6-
gico que no cambia hasta que desaparece de la faz
de la Tierra. En la evolucién humana ese nuevo di-
seno biolégico aparecié con Homo erectus.

Lo saben, intuitivamente, todos los que visitan la
galeria de los hominidos del Museo de la Evolucién
Humana de Burgos. Les sorprende que a partir de
Homo erectus todas las especies sean tan parecidas
a la nuestra, incluyendo a los neandertales. Los es-
peraban mucho mas parecidos a los simios. Los aus-
tralopitecos, parantropos y hasta el Homo habilis, en
cambio, siresponden alaidea que tenian de ellos. Es
a partir de Homo erectus cuando se produce el gran
cambio fisico, la ruptura.

En la evolucién humana, en resumen, solo hay
tres grandes disenos bioldgicos: los ardipitecos (to-
dos los hominidos anteriores a los australopitecos),
los australopitecos (incluyendo a los parantropos,
Homo habilis, Homo nalediy Homo floresiensis) y los
humanos (a partir de Homo erectus).

No es de extrafar que los linces boreales y los
ibéricos hayan intercambiado genes tan recien-
temente. Son, después de todo, dos especies del
mismo género, dos variaciones sobre el mismo
tema. En términos geoldgicos llevan poco tiempo
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evolucionando por separado. La gran novedad evo-
lutiva estd en el disefio biolégico que represent6 la
aparicién del «modelo lince», un tipo de félido cla-
ramente diferente a todos los demaés, no en esta o
aquella especie local y temporal de lince.

Como siempre se ha puesto el ejemplo del mulo
para definir una especie biolégica como un conjunto
de poblaciones genéticamente aislado de otros con-
juntos me referiré brevemente a este cruce. Los ca-
ballos y los burros pertenecen al mismo género, el
género Equus, pero llevan evolucionando por sepa-
rado muchos millones de afos. Caballos y burros no
tienen descendencia fértil, pero sabemos que en el
pasado han intercambiado genes los asnos, los ona-
gros y las cebras, especies mas cercanas entre si, per-
tenecientes a una rama diferente de la de los caballos.

Homo erectus es una especie que aparecio hace
tan solo dos millones de anos. Podemos decir por lo
que hemos aprendido de otras especies de mamife-
ros, de primates, y de simios, pequefios y grandes,
que dos millones de anos no son tiempo suficiente
para que se produzcan especies aisladas genética-
mente por barreras bioldgicas infranqueables. Con
toda seguridad los neandertales, denisovanos y hu-
manos modernos podian intercambiar genes, por-
que lo hicieron. Solo llevaban separados medio
millén de anos, y nunca estuvieron del todo aisla-
dos genéticamente. Sabemos que hubo flujo de ge-
nes africanos hacia los neandertales mucho antes de
que salieran los humanos modernos de Africa (Me-
yer et al. 2016).

;Qué hacer entonces? ;Reducir todas las espe-
cies de osos a una sola, todas las especies de linces a
una sola, todas las especies de papiones a una sola,
todas las especies de gorilas, chimpancés y gibones
del género Hylobates a una sola especie, y hacer asi
con todas las especies de mamiferos del mismo gé-
nero? ;Tiene sentido degradar casi todas las espe-
cies a la categoria de subespecie?

Mi respuesta es que la definicién de especie que
debemos utilizar es la segunda de las que propuso
Mayr, la del afio 1996: las especies son conjuntos de
poblaciones que no intercambian genes con otros
conjuntos de poblaciones... o que, si lo hacen, alli
donde coinciden geogréaficamente, nunca llegan a
mezclarse hasta el punto de producir una especie
de caracteristicas intermedias. Y este es el caso de

neandertales y de humanos modernos (Arsuaga &
Martin-Loeches 2013; Arsuaga 2020). También los
osos pardos actuales llevan genes de los osos de las
cavernas (Barlow ef al. 2018), y no por eso vamos a
considerarlos la misma especie.

Para que quede claro: yo creo que los neander-
tales deben ser clasificados como una especie dife-
rente de la nuestra, del mismo modo que deben ser
clasificados como especies diferentes lobos, chaca-
les y coyotes, osos blancos, osos pardos y osos de las
cavernas, linces ibéricos y linces boreales, chimpan-
cés y bonobos.

Un planteamiento asi cambia por completo la
pregunta que debemos plantearnos. Cuando des-
cubrieron que las diferentes especies de osos han
intercambiado genes, los autores del trabajo (Kumar
etal. 2017) hicieron la siguiente reflexion: «la eviden-
cia del flujo de genes entre especies, encontrada tam-
bién en otras especies animales, exige cambiar el foco
de atencion desde los procesos de especiacion de es-
cala gendmica que producen aislamiento reproduc-
tivo, a los procesos de seleccion que mantienen la
divergencia entre especies a pesar del flujo de genes».

Ya no tiene sentido preguntarse si neandertales y
humanos modernos podian intercambiar genes. Sa-
bemos que lo hicieron. Lo que procede ahora pre-
guntarse es por qué pudiendo reproducirse entre
ellos no lo hicieron a gran escala, hasta el punto de
fusionarse en una misma poblacién. Lo mismo que
se preguntaban los que estudiaban la genética de las
especies vivientes de 0sos.

Hay dos posibles explicaciones para el aisla-
miento genético casi completo de neandertales y hu-
manos modernos (mas los denisovanos). Una es que
los neandertales se extinguieron solos a causa de los
cambios ecoldgicos de la tltima glaciacion que dete-
rioraron su hébitat irreversiblemente. Cuando llega-
ron los humanos modernos a Europa ya no quedaba
ningun neandertal. O quedaban tan pocos que fue-
ron absorbidos por una poblacién mucho mayor de
humanos modernos, en la que se diluyeron.

La otra posibilidad es que las reglas de juego ha-
bian cambiado. Ya no éramos, ni neandertales, ni
humanos modernos, unos animales mas. Ahora las
diferencias mentales y culturales entre las poblacio-
nes eran las principales barreras. No era cuestion de
genes, sino de memes.
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1. INTRODUCTION

The Matalascanas Trampled Surface (MTS) is an exceptional Pleistocene track-
site described by Neto de Carvalho et al. (2020a) in the coast of Huelva (SW
Spain) with abundant tracks and trackways of mammals and birds, inverte-
brate trace fossils and rhizoliths (Neto de Carvalho et al. 2020b, 2021, 2022,
2023a-b). MTS is located at the base of the El Asperillo cliff, specifically, in the
intertidal zone of Matalascanas beach, an area affected by intense tidal gradi-
ents and storms. In fact, MTS has been exposed a few occasions since its first
time and most extensive in June 2020, mainly due to winter storms, and can be
subjected to intensive studies (Neto de Carvalho et al. 2020a).

Since de discovery of the MTS, regular studies have been detailing the paleoe-
cology of this coastal interdune, seasonal lacustrine system, as a congregation
site where different mammals, including hominins, and birds converged pre-
sumably for water and food resources, and possibly also for reproduction. Par-
ticularly, the MTS is interpreted as a hydromorphic paleosol developed during
the last interglacial period (MIS6, 151 + 11 ka, Neto de Carvalho et al. 2023a) in
a temporarily exposed interdunal area. Various tracks and trackways have been
described corresponding to different types of large mammals (straight-tusked
elephant Palaeoloxodon antiquus, wild boar Sus scrofa, red deer Cervus elaphus,
aurochs Bos primigenius, wolf Canis lupus) and birds (Anseriformes and Cha-
radriiformes: geese, ducks and shorebirds) (Neto de Carvalho et al. 2020a, b,
2021, 2022, 2023a-b). In this same trampled surface, it was possible to docu-
ment hominin (Homo neanderthalensis) isolated footprints (Mayoral et al. 2021;
Neto de Carvalho ef al. 2021, 2023a) and short footprint trackways (Neto de Car-
valho et al. 2021). Likewise, rhizoliths and burrows of annelids and insects have
been cited (Neto et al. 2023b). The objective of this work is to unify and update
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the vertebrate ichnology, palaeoecology and paleoen-
vironment information of MTS.

2. GEOGRAPHICAL, GEOLOGICAL
SETTING AND CHRONOLOGICAL
CONTEXT OF THE MTS

The El Asperillo cliff (section 37°01°07” N-6°35"17"
W to 37°00’36” N-6°34'23” W) is 20-22 m high and 35
km in length and it is located along the SW Spanish
coast near Torre de la Higuera at the municipality of
Almonte, urban area of Matalascanas, in the vicini-
ties of Donana National Park (Matalascanas, Huelva,
SW Spain, fig. 1A). A significant part of the MTS situ-
ated in the mesotidal range was uncovered in a wide
continuous extension as a result of the 2020 spring
storm surges (fig. 1C). However, the exposure was
ephemeral since most of the time the coastal area is
mantled by >1.5 m beach sand.

In the Asperillo Cliff seven lithostratigraphic
units (AU1 to AU7 in fig. 1B) were distinguished in
the Late Pleistocene-to-Holocene succession (Zazo
et al. 1999) of aeolian sandy deposits separated by
reddish weathering surfaces (paleosols).

Along the cliff, Zazo et al. (2005) and Rodriguez-
Vidal et al. (2014) distinguished in ascending strati-
graphic order (fig. 1B), paleosols (Psl of pre-MIS
5 age and Ps2 attributed to this period), fluvial de-
posits (coastal swampy flood plain), beach deposits
(shoreface to foreshore facies dated from MIS 5), and
aeolian deposits (seven wind units from AU1 to AU7),
ranging from late MIS 5 to early MIS 4 (AU1), MIS 4-2
(AU2), late Pleistocene-early Holocene (AU3) and
the last 5000 years (AU4 to AU7). An important grav-
itational fault (Torre del Loro Fault) has been identi-
fied, dividing the cliff into two different sectors: the
upthrown fault block, located to the NNW, with out-
crops of fluvial and marine depositional facies at the
base; and the downthrown fault block, located to
the SSE and of which the Matalascafas sector would
form part, with a predominance of aeolian facies
(see fig. 1B in Neto de Carvalho ef al. 2023a).

MTS corresponds to a paleosol below AU1 which
crops out at the base of the succession in the eastern
sector of the El Asperillo Cliff (fig. 1B-D). Here, a veg-
etated weathering profile, composed of argillic ho-
rizons at least 1.5 m thick interstratified with 2-3 cm
thick iron-oxide crusts, was developed under humid
conditions that allowed hydromorphic processes and
favored iron remobilization (Roquero et al. 2013).
The geochronological framing of MTS is based on a
number of dates obtained. These dates have been ob-
tained via radiocarbon (e.g., Zazo et al. 1981, 2008)

and archaeological approaches (i.e., lithic indus-
tries, Borja & Diaz del Olmo 1992; Borja et al. 1999).
In this sense, Garcia Rincén et al. (2022) and Neto
et al. (2023a) describe lithics at the same stratigraphic
level and in close spatial relationship with MTS tracks
(especially with those of hominins) (fig.2). Neto
et al. (2023a) have identified 126 lithics that show the
carving strategies and operational chains, and that
were divided into four typological groups (fig. 2C):
(a) flakes no retouching; (b) nuclei; c) tools; and (d)
splinters. Finally, and in relation to the retouched
tools, the presence of these is very scarce, two quartz-
ite sidescrapers with simple retouching, one of them
of the thorn type, one sidescraper on flint, and one
flake with the presence of a notch on quartzite. It is
worth to mention the presence of six tools, as well as a
single Levallois-type core and four Levallois splinters
(fig. 2C). The typometric study of both, the flakes and
the negative flake scars, point to a production mainly
of small and medium-sized flakes, ranging between
2 and 3 cm. Therefore, the MTS lithic industry shows
characteristics, although scarcely documented in ear-
lier stages (Fernandez-Peris et al. 2020; Santonja et al.
2005), that fit within the Mousterian technological
variabilities widespread in the Iberian Peninsula dur-
ing the MIS 6/5 until MIS 3.

On the other hand, optically stimulated lumi-
nescence (OSL) dating has been carried out (Neto
et al. 2023a). Initially, the MTS was attributed to an
early Late Pleistocene age (MIS 5, Neto ef al. 2020a,
b, 2021, 2022; Mayoral et al. 2021), i.e., >106 + 19 ka
based on the previous OSL age obtained for the unit
AU1 above the MTS (Zazo et al. 2005). Subsequently,
Mayoral et al. (2022) dated the MTS to ~296 ka. Re-
cently, Neto et al. (2023a) definitively present an OSL
age of 151 + 11 ka assured for the MTS allowing its at-
tribution to the late penultimate Glacial (MIS6).

3.1. Mammals
3.1.1. Hominipes isp.

Diagnosis of the ichnogenus (fig. 3): Pentadactyl, en-
taxonic, elongate footprints of a biped. From ante-
rior to posterior, prominent features include large,
elongately-oval digit I impression, transverse ball,
and subrounded heel. Toes short and not divergent.
Trackway narrow, with short walking step 2-3 times
footprint length. Footprint axis parallel to trackway
axis or slightly rotated outward (Kim et al. 2008).
Description: Hominin footprints with relatively
clear anatomical definition can be found on the MTS.
These show arounded heel impression, a longitudinal
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Figure 1. A) Geographic environment of the study area (Google Earth image) and location of the «Matalascanas Trampled Sur-
face» (MTS) in the Iberian Peninsula. B) Schematic cross section along the El Asperillo Cliff, showing the distribution of sedi-
mentary units, paleosols and chronology (nomenclature follows Zazo et al. 2005), MTS corresponding to the top of Ps2; on the
right the stratigraphic column for the Ps2 units to the AU1 and OSL dating (taken from Neto et al. 2023). C) General view of the

MTS. D) View of the MTS with detail of footprints
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Figure 2. A) Quartzite artifact embedded in MTS (scale bar 1 cm). B) Bovid footprints in association with quartzite artifact (white
triangle). C) Part of the Mousterian lithic recovered in the MTS: 1 Discoid core in quartzite, 2 Discoid core in quartz, 3-4 Leval-
lois flakes in quartzite, 5 Internal flakes in quartzite (taken from Neto et al. 2023)

arch developed between the heel and ball impres-
sions, and sometimes with toe prints. In this sense,
two short trackways (3 and 2 footprints, fig. 3A-C) and
isolated footprints (fig. 3D-F) have been described
(Neto de Carvalho et al. 2021, 2023a-b).

Tracemaker: These footprints and trails are une-
quivocally attributed to Homo neanderthalensis.

3.1.2. Human footprints vs pseudofootprints

MTS appears as a thin and delicate ferruginous coated
bed responsible for the long-term preservation of
tracks and trackways (fig. 4). When this is exposed,
it occurs in a current beach area (figs. 1C, D, 4E),

where there is intense coastal abrasion and intertidal
erosion (and anthropic processes) that clearly affects
the conservation of the footprints and tracks as soon
as they are exposed. These alterations modify and
erase the morphological characteristics after few tides
and deepen the mammal tracks and human footprints
(fig. 4A-D).

Due to their importance, the H. neanderthalen-
sis footprints found are also affected, so it was im-
portant to make photogrammetric 3D images while
they were still freshly exposed to reduce error in
measurements and morphological description. The
abrasion happening during subsequent tides mod-
ifies and erases them, and even generates erosional
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Figure 3. A) Hominin trackway attributed to a neanderthal adult found in an exposed area of the MTS., with the first record of

eolianites in the bottom (scale bar 10 cm). B) View of the same trackway (scale bar 10 cm). C) Detail of the right footprint of the

trackway. D, E) Isolate footprints with the marginal rims well preserved. F) Right footprint where the halux, the impression of
the rounded heel and the developed longitudinal arch are recognizable (scale bar 4 cm)

structures such as potholes that resemble «<human
footprints» (pseudofootprints, fig. 4F-J). Discrimi-
nating between hominin «pseudofootprints» and
real footprints is vital, as it leads to erroneous quanti-
fication of the number of footprints present with ev-
ident bias on ethological and paleoanthropological
interpretations. In this sense, Mayoral et al. (2021)
describe 87 hominid tracks in MTS and suggesting a
multi-age social group dominated by non-adult ex-
ploiters. But these authors do not discriminate true
footprints from modified footprints or abrasion and
erosion structures as reflected in figure 4a-d; leading
to an interpretive error.

3.1.2. Proboscipeda panfamilia

Diagnosis of the ichnospecies, McNeil et al. 2007
(fig. 5A-E): Large-sized impressions of the Probos-
cipeda type. Only press prints typically visible, as
the manus impressions are overprinted by the pes
in typical locomotion. Impressions are circular to
suboval in outline, with the width being the greatest
dimension. Three to five short wide toe impressions
visible on the anterior portion of the impression.
In cross section the mechanics of the footstep cy-
cle can be seen with indications of the deep ini-
tial heel strike a central raised rollover section, and
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Figure 4. A) The hominid trackway before being affected by the tides (photograph taken on Saturday, October 3, 2020 at 19:10:43).
B) The hominid trackway after being affected by tidal cycle and half (photograph taken on Sunday, October 4, 2020 at 12:12:56).
C-D) Detail of the footprint was progressively eroded by the tides (C before and D after) and lost their morphological features,
including the shallower parts of the tracks, becoming unrecognizable. E) General view of MTS being affected by the erosive and
abrasive action of waves and tides. F-]J) Examples of pseudofootprints (i.e., potholes) produced by abrasion in the friable MTS
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Figure 5. Straight-tusked elephant (Palaeoloxodon antiquus) tracks (Proboscipeda panfamilia) in the MTS. A) Right manus of

adult showing 5 toe impressions (scale bar 10 cm). B) Deeper manus of adult with pockmarks or toe pad impressions (scale bar

10 cm). C) Examples of manus of calf elephant (scale bar 5 cm). D) Calf-sized pes with three toe impressions (scale bar 5 cm).

E) Large manus-pes couple of adult where the hind foot deformed the fore foot during overstepping, and revealing a typical el-

ephantine gait (scale bar 10 cm). F-H) Large artiodactyl (Bos primigenius) tracks (Bovinichnus uripeda) from the MTS (scale bar
3 cm) based on the large size of the squared tracks and the preservation of the dewclaws (G) as rectangular imprints

a final deep toe pushoff at the anterior (McNeil
etal. 2007).

Description (Neto de Carvalho et al. 2021): these
authors described rounded-to-elliptical tracks, with
an axial length range from 9.6 to 54.5 cm (pes), that
were found mostly isolated and as manus-pes cou-
ples (fig. 5A-E) or associated forming at least eight
short trackways. They reveal good preservation in
one 6 footprint trackway (see below), two converg-
ing trackways and some couples, showing anteriorly

directed, wide, short and blunt toe impressions. Toe
impressions (fig. 4A, C, D) and pockmarks (fig. 4B)
are not commonly visible in elephant tracks, which
attests to cases of exceptional preservation in Mata-
lascafas tracks. Preservation as true tracks is iden-
tified through expulsion marginal rims (fig. 4A)
and possible ejecta. When organized on the track-
ways, the manus-pes pairs (fig. 4E) show the typical
elephantine gait, with a short step resulting from the
advance and the hind legs on the same side swing
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forward simultaneously under the body, as is known
in modern march of the elephant gait.

In some cases, the partial impression of a pes
overstepping the proximal part of a manus can be
seen. Based on similar preservational style and op-
posing directions of movement without overlapping
at the meeting point, a converging pair of trackways
was apparently produced contemporaneously by an
adult and a rather small juvenile. Sharp edges of the
toe impressions indicate the presence of nails. These
are found mostly in well preserved, smaller-sized
tracks (fig. 5C-D) because nails are commonly worn
down in adult elephants and not always shown in
their tracks. The smallest tracks usually do not show
overstepping possibly because of the greater ac-
tivity, with longer pace and stride lengths, demon-
strated by calves and juveniles when compared to
adults. Manus or pes showing a large width-length
ratio (below 0.80-0.96) were not considered for the
estimates since they represent slippage.

Tracemaker: Neto de Carvalho et al. (2020a, 2021)
attribute these morphological characteristics to the
ichnospecies Proboscipeda panfamilia that is re-
lated to the straight-tusked elephant Palaeoloxodon
antiquus (adults, newborns, calves and juveniles)
and in the paleogeographic context of southern Eu-
rope during the obtained period of time.

3.1.3. Bovinichnus uripeda

Diagnosis of the ichnogenus and type-ichnospe-
cies, Neto de Carvalho et al. 2022 (fig. 5F-H): Tetrad-
actyl, paraxonic and subsymmetrical tracks that are
as wide as long; central (III-1V) digit impressions are
subparallel, with broad distal end pointing forward,
and a narrow, linear interdigital space; internal sur-
faces of hoofprints flat to slightly concave, external
surfaces slightly to markedly convex; hoofprints wid-
est near the heel, but tapering only to minor degree
between the heel and the apex; rounded-to-rectan-
gular posterior dewclaw (digits II and V) prints that
are much smaller than central digits, printed next to
or close to the heel; manus and pes of closely similar
form and size (Neto de Carvalho et al. 2022).
Description (Neto de Carvalho et al. 2022):
Large and medium-size tracks, which measure be-
tween 12 and 13.5 cm long and 7.5 cm wide and
some tracks have stride lengths between 100 and
132 cm. However, some tracks are up to 17.8 cm
long and show pace lengths of 100 cm. The tracks
can be rectangular or square to oval in outline
(fig. 5F-H) The impressions of the third and fourth
toes are central, well-developed mirror images

with surfaces sometimes in medial or posterior
contact, narrow or concave in front. In some ex-
amples, they are separated by a continuous web
space, usually wider in front. They may be widest
near the heel or in the middle, tapering to an angu-
lar or markedly parabolic apex, directed forward,
or turned inward or outward toward the center line
of the court. It is possible to recognize the impres-
sions of the second and fifth toes (fig. 5G) (spur
impressions), they are smaller and subtriangu-
lar or rectangular, located immediately behind the
hoof prints; or separated from them, extending the
prints an additional 30 mm. The tracks do not show
significant size differences between the front and
hind prints. The pressure pads surrounding the
track indicate that they were printed directly onto
the surface.

Tracemaker: Large artiodactyl tracks in the MTS
show morphological features comparable to those of
aurochs (Bos primigenius) although smaller than ex-
pected in most cases which shall be related to female
herds and represent the oldest aurochs track record
known.

3.14. Suidichnus galani

Diagnosis of the ichnospecies, Neto de Carvalho
et al. 2020b (fig. 6B-C): Tetradactyl, paraxonic, and
sub-symmetrical tracks that are longer than wide,
with a general trapezoidal shape; digits III and IV
symmetric, with rounded-to-squarish outline and
sharp or blunt toe tip traces, wider in the back of the
hoofprint, with narrow interdigital ridge but splayed
in the anterior part of the fore print; lateral (dewclaws
II and V impressions conical to comma-shaped,
smaller than the main toes III and IV, longer than
wide, and projected laterally from behind the main
toes, with a wider angle in the fore print than in the
hind print (Neto de Carvalho et al. 2020Db).
Description (Neto de Carvalho et al. 2020a, b):
These are tetradactyl tracks of trapezoidal shape
(fig. 6B-C), with the long comma-shaped imprints of
the dewclaws (toes I and V) out to the sides (fig. 6b).
The tracks are up to 125 mm long including dew-
claws (toes III and IV average length is 50 mm but
can reach up to 97 mm), and 35-75 mm broad at the
hooves, but reaching 117 mm at the dewclaws. Toes
IIT and IV are sub-symmetrical, with III longer than
IV but this is not easy to discern in all the tracks. The
lateral impressions of toes Il and V measure between
10-43 mm in length and about 10-15 mm in width,
showing angles varying within 60-80°. In the holo-
type there is an almost perfect printing of pes over
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Figure 6. A) Large cervid (Cervus elaphus) tracks (Bifidipes isp.) found in the MTS, with slender toes with sharp tips, well splayed,
with almost linear outlines. B-C) Large wild boar (Sus scrofa) tracks (Suidichnus galani) showing right dewclaw impression
(scale bar 5 cm). D-E) Large Carnivora Canidae (Canis lupus) tracks (Canipeda isp.) (scale bar 5 cm)

manus. Manus is slightly wider and show wider an-
gle between toes III and IV, revealing splay at the an-
terior part, than pes.

Tracemaker: Suidichnus galani clearly corre-
sponds in all the anatomical and size details (al-
though much larger than the average in the area
nowadays) with the wild boar Sus scrofa scrofa and
corresponds to the earliest evidence known to this
subspecies in Iberia.

3.1.5. Bifidipesisp.

Diagnosis of the ichnogenus (fig. 6A): Didactylous
traces resembling the imprint of two conjoined
French clogs. The individual hoofprints, generally
pointed, have distinctly separated and divergent
margins. At the rear, the separation of a slight de-
pression is not always distinct. Complete prints are
longer than wide (emended by Fornds et al. 2002).

Description (Neto de Carvalho ef al. 2020a): Di-
dactyl tracks organized in homopod trackways with
cleaves with sharp tips diverging and clearly sepa-
rated, although not so much closer, and wider, to the
heel. Length of tracks varies from 7,5-10 cm and the
width vary from 13.5-15 cm; stride length may reach
135-145 cm.

Tracemaker: These tracks and trackways are at-
tributed to the red deer Cervus elaphus.

3.1.6. Canipedaisp.

Diagnosis of the ichnogenus fig. 6D, E): Digitigrade
to semidigitigrade, tetradactyl, paraxonic, longer
than wide footprints; arranged in quadrupedal and
homopodial trackways. Elliptic, similar-sized and
clawed digital pads form an arc in front of, and are
well-separated from, a large metapodial pad. Meta-
podial pad rounded to triangular or trapezoidal.
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Figure 7. A-B) Trackway and isolate track (Presbyorniformipes isp.) of large-size web-footed waterbird (ducks, geese, swans)
(scale bar A:5 cm, B: 4 cm). C) Single small asymmetric track (Morphotype B3) of shorebird (Charadriidae) (scale bar 2 cm)

Felipeda is distinguished by having footprints wider
than long, lacking claw marks and with digital pad
impressions that tend to be subcircular (emended in
Melchor et al. 2019).

Description (Neto de Carvalho et al. 2020a): Rare
isolated and faint canid tracks can be found in the
MTS. In accordance with the diagnosis of Canipeda
they are semidigitigrade, tetradactyl, paraxonic, and
longer (9 cm) than wide (6,5 cm) (fig. 6D-E). Each
track is composed by an anterior arc of similar sized
and elliptical digital pad impressions, separated
from a rounded, triangular metapodial pad impres-
sion. Clear triangular claw impressions occur sep-
arated from the digital pads, indicating canid-like
track morphology.

Tracemaker: The morphology and especially the
size of the tracks have good correspondence with
wolf (Canis lupus).

3.2. Avians
3.2.1. Presbyorniformipes isp.

Diagnosis of the ichnogenus (fig. 7A-B, D): tetrad-
actyl tracks of a single bird displaying palmate web-
bing between digits II-IV, curved slightly inward,
with prominent but postero-laterally directed hallux
impressions, separated from the other digit impres-
sions and showing no indication of webbing. Faint
claw impressions on all digits (Yang et al. 1995).
Description of the morphotype B1 (Neto de Car-
valho et al. 2020a): trackways (fig. 7A) and tracks
(fig. 7B) of a moderate to relatively large-size web-
footed waterbird. Besides isolated tracks there are
three trackways well preserved with 21, 7 and 5 tracks.
The tracks are longer than wide, with two dimen-
sional classes, of 5 cm and 8,5 cm long and 4,4 cm
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Figure 8. Palaeoenviromental reconstruction of «Matalascafias Trampled Surface»

and 7,5 cm wide, respectively, and asymmetrical outer
digit prints of different size curving inwards. Toes are
1 cm wide and all show clearly nodes at phalangeal
joints, terminating in short claws. Angles of diver-
gence of the lateral digits (Il and IV) exhibit spans of
62°0-74°. Posterior digit I or hallux is usually preserved
as a short point depression 1 cm in diameter, and
rarely, with a comma or spur-like shape turned in,
reaching 1,5 cm in the smaller form, and connected
to the other toes. Interdigital web impression is rarely
identified. The larger tracks show a slightly variable
pacelength 0f 13,5-17,5 cm along the seven tracks and
stride lengths of 25-29 cm, the smaller tracks have a
variable pace length up to 15,4 cm and a stride length
of 25 cm. Both show a typical in-turned gait, with an
angle of 130°-120¢, respectively.

Description of the morphotype B2 (Neto de Car-
valho et al. 2020a, b): it occurs as a set of three asym-
metrical tracks showingwide phalangeal pads (1,7 cm
for the digit IIT) with clearly-defined sharp claws and
interdigital membrane. The tracks are as long as they
are wide (6 cm) with a short divarication angle of 720
between digits I and IV.

Tracemaker: By their morphology and size, the
morphotypes B1 and B2 can be compared with those
tracks made by modern anseriform birds (e.g. ducks,
geese, swans), which vary according to size, but oth-
erwise appear to be very similar.

Extraordinarily, an anisopolar coprolite (fig. 7D)
(sensu Hunt & Lucas 2012) has been preserved and
is preliminarily compared to those of geese.

3.2.2. Avian morphotype B3

Description (Neto de Carvalho et al. 2020a) (fig. 7C):
is a single small asymmetric track with similar sized
toes (~2 cm) and a wide divarication angle between
toes IT and IV (fig. 7C); it could correspond to wader
tracks.

Tracemaker: their morphology is compatible
with shorebirds of the Order Charadriiformes and
Family Cradriidae (e.g. plovers).

3. PALAEOECOLOGY AND
PALAEOENVIRONMENT

The MTS shows a notable abundance of Palaeo-
loxodon antiquus, Bos primigenius, Cervus elaphus
(deer) and anseriforms birds tracks and trackways
and to a lesser extent, some of wild boar (Sus scrofa
scrofa), Canis lupus and Homo neanderthalensis,
which allow us to infer for the MIS6-5 transition
a dominant forest environment rich in clearings
that bordered the Doflana coastal dune system
with lakes or phreatic pools (Neto de Carvalho
et al. 2020a). This faunal association is indicative
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of a temperate climate (Delpech 1983, Alvarez-Lao
et al. 2013, Neto de Carvalho et al. 2020a). The ich-
noassociation described for the MTS is character-
istic of the shorebird ichnofacies as described by
Doyle et al. (2000). It includes waterbird/shore-
bird tracks, trackways and feeding traces associated
with artiodactyls, elephants and carnivores.

The MTS is located in the limits of the Dofiana
National Park and appears to reflect environmen-
tal conditions similar to those of today, that is, wet-
lands, dozens of kilometers of sand-beaches, coastal
dunes, lagoons, stone pine (Pinus pinea) forests and
scrublands (Neto de Carvalho 2020a). In this sense,
Dofana habitats include exceptional lagoon mead-
ows and the lower grassland of the ecotone zone be-
tween the scrubland and the marshland, which are
most used by the active habitat selection of the fe-
ral cow-herds. Land sand dunes found in large ar-
eas in the coast of Donana (primary or covered by a
xerophytic community of shrubs) are considered a
low-quality habitat where the availability of the for-
age is low and therefore avoided by the cattle (Neto
de Carvalho et al. 2022).

The paleoenvironmental interpretation of the
other upper aeolian sets (Units 1 to 7, after Zazo et al.
1999, 2005), the vertical relationship of this trans-
gressive dune of Unit 1 with the reddish and biotur-
bated basal level of the MTS, in addition to the type
of tracks and activity of the deduced fauna, suggests
a coastal dune environment, similar to the current
one of Donana. Neto de Carvalho et al. (2020a, 2021)
indicate that the tracks produced by heavy animals
are usually deep and show deformational struc-
tures (pressure pads, escape structures, lack of ra-
dial cracking) indicative of having been produced in
a soft and moist substrate. However, the wide mud-
cracks seen in some parts of the MTS did not affect
the tracks, revealing that they were produced when
the lagoon, likely ephemeral, was already dry. The
genesis of this reddish, intensely bioturbated sand
bed, would be related to puddled areas of shallow
waters in an interdune position, where the nearby
water-table would create these wetlands, as it does
today, with abundant vegetation and associated
fauna (fig. 8). We interpret this deposit as a vege-
tated weathering profile under humid conditions
that allowed hydromorphism processes and favored
an iron mobilization and the formation of discolored
vertical zones around plant roots.

The interdune phreatic lake habitat appeared to
have been an important water and food resource for

herds of straight-tusked elephants, bulls and deers,
and probably functioned as a reproductive habitat.
The preservation of this history across a paleosol sur-
face, although heavily trampled by different animals,
including Neanderthals, in a short period of time, al-
lowed an exceptional view into short-term intraspe-
cific trophic interactions occurring in the temperate
coastal habitat during the late glacial of MIS6.
Finally, the MTS represents an extraordinary
case where Neanderthal footprints are temporal (no
more than hours or a day) and spatially close asso-
ciated to other tracks and trackways of large herbi-
vores and water-shorebirds (Neto de Carvalho et al.
20204, b, 2021, 2022). These were certainly food re-
sources available and procured by Neanderthals,
likely during the birth period of the straight-tusked
elephants. Active procurement of game/foraging of
large herbivores was interpreted from the trackways,
tracks interactions and the lithic artifacts found to-
gether with them (Neto de Carvalho et al. 2023a).

4. CONCLUSIONS

The dated Middle-to-Late Pleistocene (MIS 6-5)
coastal deposits from SW Iberia show the presence of
artiodactyl and proboscidean tracksites The MTS re-
cently found in the Huelva Province and geochron-
ologically attributed to the MIS6 (151 + 11 ka) is
considered the most important ichnosite in the Qua-
ternary of Iberia. The good preservation of thousands
of tracks and trackways of mammals and birds is only
hindered by the temporary exposure and consequent
erosion of the trampled horizon. The evidence of: a)
straight-tusked elephant matriarchal herds with new-
born in a seemly highly favorable reproductive habi-
tat; b) the oldest tracks of aurochs; c) very large tracks
of wild boars described ichnotaxonomically for the
first time; besides d) the first trackways safely attrib-
uted to Neanderthals in direct interaction with fresh
made tracks of potential game, are the highlights of
the research conducted in the MTS during the past
years. Moreover, the presence of Mousterian industry
associated to the hominin trackways is unique in vivo
evidence for active procurement and processing of
large herbivores. Despite the social group still needs
to be clarified with proper exposure of the tracksite, it
is evident from morphologically clear footprints that
the presence of both adults and child in this interdune
lake was made and justify the high mobility of Nean-
derthal family groups in the coastal areas of the south-
ernmost latitudes of Europe.
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