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INTRODUCCION

Desde su fundacion, hace ya diecisiete afios, el Encuentro de Jovenes
Investigadores en Paleontologia ha ido creciendo hasta convertirse en una
cita obligada dentro del panorama paleontolégico nacional y europeo.

Como participante que fui de la primera edicién de este congreso, es
una alegria ver como ha ido creciendo y consolidindose a lo largo de estos
anos. Este congreso constituye una oportunidad magnifica a estudiantes de
grado, master y doctorado para exponer sus primeros trabajos en un am-
biente amable, pero a la vez riguroso, donde puedan dar sus primeros pasos
en el mundo académico.

En un mundo tan competitivo, como es el mundo académico, y en el
que el nimero de publicaciones es fundamental para desarrollar una carrera
investigadora el EJIP ofrece una gran oportunidad de aprender, publicar,
establecer contactos y empezar a desarrollar un trabajo cientifico.

Para mi y para el equipo de la Catedra de Patrimonio Paleontolégico de
la Universidad de La Rioja ha supuesto un enorme honor el poder organizar
la decimoséptima edicion de este congreso en la Escuela de Patrimonio de
Najera, La Rioja.

No solamente se ha contado con mas de cincuenta comunicaciones
entre exposiciones orales y posters, sino que los asistentes han podido
participar en tres workshops sobre cladistica, morfometria y técnicas de
restauracion. Han podido asistir a dos conferencias magistrales impartidas
por la Dra. Marisol Montellano Ballesteros de la UNAM vy la Dra. Angélica
Torices de la Universidad de La Rioja y a un taller de empleo en el que han
participado el Dr. Fidel Torcida del Museo de Salas de los Infantes y el Dr.
José Luis Barco, director de la empresa PALEOYMAS.

Ademds, los asistentes han podido comprobar de primera mano el pro-
yecto investigador que se estd realizando en el riquisimo y diverso patrimo-
nio paleontologico de La Rioja. En La Rioja se encuentra uno de los registros
mas importantes de huellas de dinosaurios del mundo con mas de 150 yaci-

1. Departamento de Ciencias Humanas, Universidad de La Rioja, 26004, Logrofo, La Rioja, Spain. angelica.
torices@unirioja.es
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mientos descritos y 10,000 huellas estudiadas. Los estudios llevados a cabo
durante 45 afios han contribuido en gran medida a nuestro conocimiento
del comportamiento de los dinosaurios y sus condiciones paleogeograficas
(Pérez-Lorente, 2015).

La riqueza de este Patrimonio Natural tiene un doble valor: cientifico
y educativo. Estos yacimientos son el marco perfecto para el estudio cien-
tifico de la evolucion de las faunas de dinosaurios y la comprension de los
cambios en la diversidad y el medio ambiente que ocurrieron. Por otro lado,
constituyen una herramienta perfecta para el desarrollo de los planes de
estudio de Ciencias Naturales en Educacion Primaria y Biologia y Geologia
en Educacion Secundaria y una herramienta de divulgacion que nos permi-
te llegar al publico en general e introducir conceptos como biodiversidad,
evolucion y cambio climatico.

La paleontologia, como ha sucedido con otras ciencias cercanas, como
la arqueologia, estd experimentando grandes avances gracias a la actualiza-
cion de sus técnicas. El uso de estas nuevas tecnologias para la recopilacion
y el procesamiento de datos ha abierto nuevos horizontes de investigacion
llenos de posibilidades, muchas de ellas atin por explorar (Garcia Ortiz et
al., 2018, Valle-Melon et al., 2019).

OBJETIVOS

Uno de los objetivos que surge en el proyecto de investigacion de la
Catedra de Paleontologia de la Universidad de La Rioja es el desarrollo de
un catalogo digital de los yacimientos de huellas de dinosaurios de La Rioja
para la preservacion de este patrimonio y su posterior uso en investigacion,
educacion y divulgacion.

La evaluacion in situ de su estado actual de conservacion ha permitido
establecer criterios de priorizacion para la seleccion de aquellos yacimientos
paleocinolégicos que se incorporaran primero al archivo digital.

Estos criterios de priorizacion han sido:

* Importancia y singularidad.

* Accesibilidad.

* Riesgo de erosion.

e Tamano.

* Densidad de huella.

* Infraestructuras.

*Impacto econémico.

METODOLOGIA

El Laboratorio de Documentacion Geométrica del Patrimonio (LDGP)
de la Universidad del Pais Vasco (UPV / EHU) colabora con la Catedra de
Paleontologia de la Universidad de La Rioja en el desarrollo, optimizacion y
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difusion de metodologias para la documentacion geométrica de yacimientos
paleontolégicos.

En los yacimientos seleccionados que ya han sido escaneados, como La
Virgen del Campo (Enciso), Las Navillas (Rincon de Olivedo), Penaportillo
(Munilla) o La Era del Peladillo (Igea), se han seguido una serie de pasos
que nos permite establecer un protocolo para la preservacion digital y la
difusion de informacion sobre yacimientos paleontologicos mediante foto-
grametria (Valle-Melon et al., 2019).

Estos pasos incluyen:

* Geolocalizacion precisa utilizando técnicas GNSS (Sistema de satélite
de posicionamiento global) de todo el yacimiento y sus alrededores.

e Marcar puntos en el yacimiento.

* Levantamiento topografico y establecimiento de coordenadas de los
puntos marcados en el yacimiento.

* Registro fotografico para la generacion fotogramétrica de modelos
tridimensionales.

RESULTADOS Y CONCLUSIONES

La informacion obtenida del proceso de documentacion geométrica
nos ha permitido generar una serie de productos, como modelos 3D, orto-
fotos, mapas perfectamente geolocalizados, que serdn clave para los proyec-
tos de investigacion que la Catedra de Paleontologia lidera en biomecanica
de huellas, toma precisa de medidas icnotaxonomicas y desarrollo de mapas
de danos para la conservacion y preservacion de los dep6sitos.

Ademas, nos permitird desarrollar productos educativos y de divulga-
cion que pueden convertirse en herramientas importantes para el desarrollo
econémico de la region en las zonas rurales donde se encuentran estos
yacimientos.
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SAUROPODOMORPH SKELETAL MOUNTS AS SCIENTIFIC
HYPOTHESES TESTING DEVICE

DANIEL VIDAL!

RESUMEN

Los montajes de esqueletos fosiles son mds que atracciones populares
en exhibiciones de paleontologia. A lo largo de la historia han demostrado
ser, debidamente ejecutados, herramientas para evaluar hipétesis en paleo-
biologia que de otra manera no seria posible. Sin embargo, su ejecucion
basada en nociones preconcebidas o el buscar espectacularidad también ha
contribuido a generar mucho debate dentro del mundo cientifico durante
décadas. En este trabajo se analizan algunos casos historicos y recientes de
como el montaje de esqueletos, fisicos o virtuales, ha resultado ser tanto una
herramienta de refutacion util como una forma de expandir ideas erroneas.
El montaje de esqueletos fosiles puede ser una herramienta cientifica valida
siguiendo protocolos rigurosos y repetibles. Se proponen criterios para eje-
cutarlos, asi como para evaluar la validez de montajes previos.

PALABRAS CLAVE: Esqueletos, Dinosaurios, Saurépodos, Esqueletos
montados, Evaluacion de hipotesis.

Fossil skeletal mounts are more than popular attractions at paleontolo-
gical exhibitions. Thorough History they have proven, when properly mou-
nted, to be great devices for evaluating paleobiological hypotheses otherwise
untestable. Nevertheless, mounting skeletons based on preconceived notions
or looking for spectacularity has also contributed to spark a lot of scientific
debate for decades. This work reviews some historical and recent cases on
bhow skeletal mounting, physical or virtual, has resulted as hypotbesis testing
device or as a vebicle for false hypotheses to spread. Skeletal mounts can be
valid hypothesis testing devices when following strict rigorous and repeatable
protocols. Some criteria for evaluating previously existing mounts or execu-
1ing new ones are proposed.

KEY WORDS: Skeletons, Dinosaurs, Sauropods, Mounted Skeletons, Hy-
pothesis Evaluation.
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1. INTRODUCTION

Fossil skeleton mounts have been an ever-popular natural history and
science museum attraction for more than two centuries. Ever since, the
first fossil skeleton ever given a binominal name (genus and species), Me-
gatberium americanum, also was reconstructed as a physical mount of
the original bones at the Royal Cabinet of Natural History in Madrid, Spain
(now Museo Nacional de Ciencias Naturales, same city) and as a now iconic
drawing (Lopez Pinero, 1988). This mount, conducted by pioneer in fossil
mounting Juan Bautista Bru, was an experience crucial in the study of the
fossil. Even the title of Bru’s work revealed it: “Description of the skeleton
in detail, following observations made while mounting and erecting it in
the Royal Cabinet”.

Despite this, some voices have raised against mounting fossil skeletons,
both actual fossils and casts. The main arguments against mounting fossil
skeletons come from a curational point of view: fluctuating conditions of
temperature, humidity and vibrations in exhibition halls may damage unique
specimens in the long term, sometimes permanently, as well as make them
harder to access for scientific study (Horner & Lessem, 1993). Mounting cast
specimens has not been free of criticism as well: bones may be mounted in
unrealistic ways or following preconceived ideas, therefore spreading no-
tions about the animals which are not grounded at all on scientific evidence
(Dingus, 1995; Horner & Lessem, 1993).

However, many cases have proven for more than a century, that ri-
gorously mounted skeletons, either casts or digital models from scanned
bones, are key in understanding the body plan, biomechanics and even ana-
tomical homologies of bones. Nevertheless, many misconceptions or poor
interpretations have also been incorporated into the scientific literature for
decades due to misguided or poorly executed mounts.

This work presents a series of highlights on the impact of skeletal mou-
nts, particularly those of sauropodomorph dinosaurs, on both hypotheses
testing and introducing long-lasting misconceptions. Finally, some criteria
which fossil mounts should meet to verify hypotheses are proposed.

2. CASE STUDIES
2.1. The case of the sprawling Diplodocus

Philantropist Andrew Carnegie funded the excavation and preparation
of two very complete specimens of Diplodocus carnegie from Sheep Creek
Quarry (specimens CM 84 and CM 94). Soon he would also gift several
plaster casts of this species to institutions worldwide, providing access to
a complete dinosaur skeleton to many scientists and museum visitors all
around the world for the first time in History.
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Despite sauropod skeletal reconstructions existing as drawings as far
back as 1877 (by John A. Ryder, under the supervision of E.D. Cope), and
always as graviportal quadrupeds, it was the mounted cast of Diplodocus
which would spark the controversy. Some North American (Hay, 1908) and
European scientists (Tornier, 1909) proposed that since Diplodocus was a
reptile, it should sprawl, like modern reptiles do. Although coherent with the
phylogenetic context of dinosaurs in the early 20th century, the sprawling
sauropod hypothesis was soon refuted by William Holland of the Carnegie
Museum (who supervised most classic mounts of Diplodocus).

Holland wrote an elegant response to the hypothesis (Holland, 1910),
in which he performed an experiment with one of the casts of Diplodocus at
the Carnegie Museum. He actually articulated the bones to achieve the pose
drawn by Hay and Tornier, and found that: (i) The femur would disarticulate
from both the acetabulum and the tibia and fibula in order to achieve the
pose. (iD) The lines of action of most hindlimb muscles would be inefficient,
even to the point of not being functional at all. (iii) The deep ribcage of
Diplodocus, unlike that of lizards or crocodilians, would reach the ground
before the animal would sprawl. Holland used this last conclusion to ridicu-
le with bitter sarcasm the work of Hay and Tornier, hinting that, in order to
move around sprawling, sauropods would have needed special previously
dug trenches to do so.

Holland nevertheless noted that performing experiments with 1:1 fossil
replicas was still an arduous task: few could perform such analyses without
risking the casts.

2.2.The case of the tail-dragging dinosaurs

Joseph Leidy and his crew (among them B. Waterhouse-Hawkins) erec-
ted the first dinosaur mount in history, Hadrosaurus, which might have
included some of the partial original remains. Leidy’s work was very influen-
tial, and afterwards, most ornithopod and theropod dinosaurs would be
correctly interpreted as bipeds. The Hadrosaurus skeletal mount, however,
had a dragging tail like that of a kangaroo, and most dinosaur mounts and
reconstructions for a century would be depicted with dragging tails.

Sauropods were not an exception to this rule, since the Apatosaurinae
indet. at the American Museum of Natural History (AMNH 460), the afore-
mentioned Diplodocus carnegie, the Yale Peabody Museum Brontosaurus
excelsus (YPM 1980) or the Apatosaurinae indet. at the Field Museum of
Natural History (FMNH P 25112) were all mounted with dragging tails.

Close analyses of classic mounts, through pictures or of those still sur-
viving today reveal that many tail vertebrae were dislocated in order to
produce that smooth curve to drag the tail: the preconceived notion that
sauropods “should” drag their tails forced museum crews to disarticulate the
vertebrae in order to produce such a posture.
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When mounting a specimen of Diplodocus sp. from the Dinosaur Na-
tional Monument at the Smithsonian Institution (USNM 10865), Charles Gil-
more noticed that, when actually articulating the caudal vertebrae together,
the tail was not dragging as abruptly as in the Diplodocus carnegie mount
at the Carnegie Museum (Gilmore, 1932). Eventually, the old mounts where
updated, fixing the disarticulated vertebrae (Dingus, 1995) and new skele-
tons were mounted following modern criteria (Carpenter, Madsen, & Lewis,
1994), showing that the skeletal evidence fitted ichnological evidence, with
tails even more horizontal than Gilmore’s USNM 10865 mount.

2.3 The case of the quadrupedal Plateosaurus

While there is little doubt that sauropods were quadrupeds, there has
been more controversy on the quadrupedal capabilities of “prosauropods”
(stem-group Sauropoda), the organisms more related to sauropods than to
other dinosaurs. Dinosaurs are known to have diverged from a bipedal last
common ancestor (Sereno, 1999), and the evolutionary transition from a bi-
ped with grasping hands to a graviportal quadrupedal sauropod is a subject
of great interest.

Plateosaurus is one of the best-known “prosauropods”, with several
very complete specimens known since the 19th century. Despite this, ma-
ny interpretations were proposed regarding its locomotion: a lumbering
quadruped, a cursorial biped, cursorial biped dragging its tail or a galloping
quadruped. The most spread hypothesis was that Plateosaurus was a facul-
tative quadruped: quadruped and biped, at once but many skeletal mounts
and paleoart depicted Plateosaurus as a strict quadruped for decades.

Mallison nevertheless employed Computer Aided Design/Computer
Aided Engineering (CAD/CAE) software to refute all the hypotheses regard-
ing the locomotion of Plateosaurus but one: a biped with grasping hands
which could not run with an aerial phase (Mallison, 2010a, b). He did so by
using the 3D scanned skeleton of mostly a single specimen of Plateosaurus
(GPIT1, some elements of GPIT2), performing a rigorous articulation of the
skeleton in maximum articulation, range of motion analyses, mass estima-
tion and walking gait kinematic analysis. All this revealed that it was impos-
sible for Plateosaurus to be a quadruped, since its hands would not reach
the ground, not even walking as a plantigrade.

3. CONCLUSION AND PERSPECTIVES

These cases on sauropodomorph skeletal mounts reveal that they have
been used to refute hypotheses and to spread false preconceived notions as
well. They can be valid scientific tools if appropriate, rigorous protocols are
employed. These criteria should be met:
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1. Always work with complete skeletons when possible, since some
studies on isolated regions of the skeleton have been overridden
by further research which incorporated full skeletons. Full mounts
created from very partial skeletons with lots of missing data should
always be treated as hypotheses, not as evidence.

2. Use the most complete individual available as the basis for a mount.
If remains of other individuals have to be used to complete the mou-
nt, it should always be acknowledged.

3. Always keep the bones articulated. Even though in sauropods it ap-
pears that cartilage caps might have somehow affected the range of
motion, keeping the bones articulated will be definitive evidence
that the skeleton allowed the pose (although soft tissues might have
affected it further), hence minimizing speculation.

4. Diminish preconceived notions. This is something only possible
thanks to digital technology, as skeletons can be assembled with
only two bones visible at once. By doing so, the neutral articulation
and the positions achieved in range of motion analyses will be more
a product of their own anatomy than any preconceived notions.
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dreas de montania (Garcia Ruiz, J.M., ed.). Geoforma ediciones, Logrono, 95-
113.

 Garcia, R. y Del Lemus, M.C. (1986). Flora biolégica y sus comunidades de
encinares de La Rioja. Zubia, 4, 69-80.
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