
A PRELIMINARY NOTE 
ON THE FIRST TETRAPOD TRACKWAYS 

FROM TI-IE LITHOGRAPHIC LIMESTONES 
OF LAS HOYAS (LOWER CRETACEOUS, 

CUENCA, SPAIN) 

JOSE J. MORATALLA, MARTIN G. LOCKLEY, ANGELA D. BUSCALIONI, MARIA A. FREGENAL- 
MARTINEZ, NIEVES MELENDEZ, FRANCISCO ORTEGA, BERNARDINO P. PEREZ-MORENO, 
ESTHER PEREZ-ASENSIO, Jos]~ L. SANZ & REBECCA J. SCHULTZ 

MORATALLA J.J., LOCKLEY M.G., BUSCALIONI A.D., FREGENAL-MARTINEZ M_A., MELt~NDEZ N., ORTE- 
GA F., PEREZ-MORENO B.P., PEREZ-ASENSIO E., SANZ J.L. & SCHULTZ R.J 1995. A preliminary note on the 
first tetrapod trackways from the lithographic limestones of Las Hoyas (Lower Cretaceous, Cuenca, Spain). [Note 
pr~liminaire sur les premieres traces de t~trapodes observ4es dans les calcaires lithographiques de Las Hoyas 
(Cr~tac4 inf4rieur, Cuenca, Espagne]. GEOBIOS, 28, 6 : 777-782. Villeurbanne le 29.12.1995. 

Manuscrit d4pos4 le 21.04.1994 ; accept4 d~finitivement le 28.09.1994. 

ABSTRACT 

Although famous as a fossil lagerst~tte that  has produced numerous well-preserved vertebrates, recent discoveries 
indicate that  the lithographic limestones of Las Hoyas (Calizas de la Hu~rguina Formation) also contain verte- 
brate trackways. We herein report on at least two distinctive tetrapod track types tentatively assigned to crocodi- 
lians and to turtles. Turtle tracks are isolated while the crocodile ones are forming a trackway showing an animal 
walking with a very regular step and stride length on an emergent surface. It  is interesting to note the similarity 
between the inferred turtle tracks from Las Hoyas and those from the Late Jurassic lithographic limestones of 
Cerin, France. The occurrence of tracks in both environments suggests that  the ichnofaunas are similar. 
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RESUMI~ 

Le gisement de Las Hoyas a d~livr4 de nombreux vert~br4s avec un bon 4tat de pr4servation. Plus r6cemment on 
a d4couvert dans les calcaires lithographiques de Las Hoyas (Formation "Calizas de la Hu4rguina") des emprein- 
tes de pas de vert4br4s. On a trouv4 deux types d'empreintes de t4trapodes identifi4s comme appartenant  vrai- 
semblablement ~ des crocodiles et des tortues. Tandis que les empreintes de tortues sont isol4es, celles de crocodi- 
les sont dispos~es selon une piste indiquant un animal qui marche avec un pas et une enjamb4e r6guliers. La 
piste crocodilienne indique un animal qui marche sur une surface ~merg4e. I1 est int4ressant de remarquer  la 
similitude des empreintes de tortues de Las Hoyas avec celles des calcaires lithographiques de Cerin, France 
(Jurassique sup4rieur). En cons4quence, on peut supposer une ~troite similarit4 entre les ichnofaunes respectives. 

MOTS-CL]~S : PAL]~OICHNOLOGIE, CROCODILES, TORTUES, CR]~TACI~ INFt~RIEUR, ESPAGNE. 

INTRODUCTION 
The  l i t hograph ic  l imes tones  of Las  Hoyas  fo rm 
p a r t  of  the  Cal izas  de la  H u 4 r g u i n a  Format ion ,  
t h a t  ou tc rop  in t he  Prov ince  of Cuenca ,  eas t  cen- 
t r a l  S p a i n  (Fig. 1). These  l imes tones  h a v e  been  
cons idered  as H a u t e r i v i a n  to E a r l y  B a r r e m i a n  in 
age (Sanz  et al. 1988a, 1988b ; Sanz  & B o n a p a r t e  
1992). 

The l imestones of Las Hoyas  are  famous  as a fossil 
lagerst~itte, and  have,  to date, produced a n u m b e r  
of very  impor tan t  fossils including Iberomesornis 
and Concornis, which are two of the  mos t  impor tan t  
avian fossils current ly known (Sanz et al. 1988a, 
1988b ; Sanz & Buscalioni 1992). Other  impor t an t  
and  equally well preserved specimens include arti-  
culated r emains  of crocodilians and  smal l  dinosaurs  
(Sanz & Buscalioni 1992)o 
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Figure 1 - Map showing the location of Las Hoyas outcrop 
(asterisk) in the province of Cuenca (Spain). Situation du gise: 
ment de Las Hoyas dans la province de Cuenca (Espagne). 

D E S C R I P T I O N  OF TRACKS 

? CROCODILIAN TRACKWAY 

To date we have only discovered one complete 
t rackway (Fig. 2) tha t  we assign to a ? crocodilian 
trackmaker.  The t rackway consists of six poorly- 
preserved sets of manus and pes tracks numbe- 
red R1, L1, R2, L2, --, L3, R4 (tracks assigned to 
R3 in the sequence are missing due to a fracture 
in the bedding plane). The tracks are all very 
shallow, presumably indicating that  the original 
substra te  was quite firm, relative to the weight of 
the trackmaker.  
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Figure 2 - A, ? crocodile trackway (LH-6501) at Las Hoyas 
outcrop. B, morphology of the tracks inferred by the overlay 
method of Baird (1952). A, piste de crocodile ? (LH-6501) dans 
le gisement de Las Hoyas. B, morphologie des empreintes obte- 
nue par la mgthode de superposition de Baird (1952). 

Despite the poor preservation, the t rackway pat- 
tern is clear, and it is possible to demonstrate  
quite clearly that  the animal was walking with a 
very regular step and stride length (Table 1). The 
size of individual footprints is not easy to mea- 
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(RI-R2) (LI-L2) (L2-L3) 

132 131 132 131.6 

(RI-LI) (LI-R2) (R2-L2) (L3-R4) 

P 80 70 80 70 73.3 

(RI-LI-R2) 

y 130 ° 130 ° 

(RI-LI-R2) (LI-R2-L2) 

32 32.5 TW 33 

Average 

Table 1 - Trackway measu remen t s  of LH-6501. ~, stride length ; P, pace length ; 7, pace angle ; TW, t rackway width  ; R, footprint  
belonging to the  r ight  side ; L, the sale for the  left side (see also Fig. 1). Measurements  in cms. Mesures de la piste LH-6501. ~, 
longueur de l'enjambde ; P, longueur du pas ; Z angle du pas ; TW, largeur de la piste ; R, empreinte de pas du cStd droit ; L, la 
m~me pour le c6td gauche (voir aussi Fig. 2). Mesures encm. 

sure precisely, but  the combination of a relatively 
clear pes heel impression, and faint digit impres- 
sions in at least some of the tracks, suggests an 
animal with a p e s  length of about 20 cm and 
width of about  14 cm. We used the overlay 
method of Baird (1952) to make a composite ma- 
nus-pes set outline (Fig. 2B). The shape of the 
manus  impressions are harder  to determine, but, 
based on a composite of faint outlines traced from 
the map, appears to have been about 10 cm in 
length and width. 

The t rackway also reveals at least two examples 
of very narrow, elongate "scrape marks" that  ap- 
pear  to have been made by individual toes during 
locomotion. The first is about 30 cm long and is 
s i tuated posterior to pes track L3, and was evi- 
dently made by the animal as it moved its pes 
(or manus)  forward prior to placing it on the 
substrate.  The second example of such traces con- 
sists of a pair of subparallel traces si tuated later- 
ally and exterior to the anterior part  of pes track 
R4, and presumably made by the manus immedi- 
ately before it was placed on the substrate. Such 
traces are very similar to those made by modern 
and ancient crocodiles walking on soft substrates 
(Padian & Olsen 1984). The preservation of such 
fine traces suggest that  the t rackway is a true 
trackway, not an undertrackway, and that  its 
poor, or faint preservation is due to the firmness 
of the substrate,  not subsequent  taphonomic de- 
terioration of the substrate.  

We conclude that  the t rackmaker  was a crocodi- 
lian on the basis of footprint morphology and 
t rackway configuration. Our interpretations are 
supported by the following similarities noted be- 
tween the Las Hoyas t rackway and those of mo- 
dern crocodilians : 1) pes tracks larger than ma- 
nus tracks, 2) pes tracks longer than wide, 3) pes 

tracks pentadactyl with impression of digit V 
much shorter than other digit impressions, 4) 
t rackway moderately wide with low pace angula- 
tion values (130 ° in the Las Hoyas trackway, 
about 120 ° for the Jurassic t rackmaker  cited by 
Padian and Olsen), and 5) the presence of very 
narrow, elongate, curved scrape marks caused by 
the toes touching the substrate  between consecu- 
tive footfalls. 

RECONSTRUCTION OF THE TRACKMAKER 

Clearly the Las Hoyas t rackmaker  was quite a 
large animal, especially in relation to the diminu- 
tive (dwarf) crocodile skeletons currently known 
from the same deposits. For example, the atopo- 
saurid illustrated by Buscalioni (1992, Fig. 21) is 
only about 25 cm long with a p e s  length of only 2 
cm and a glenoacetabular distance of about 6 cm. 
A new specimen (Neosuchia indet.) is also quite 
small (foot length about 4 cm, glenoacetabular di- 
mension 12 cm and overall length about 50 cm). 
Based on the trackway, we estimate a glenoace- 
tabular  dimension of about 80 cm (see Fig. 2), 
which would scale up to an animal tha t  probably 
reached as much as 3 meters in length. 

? TURTLE TRACKS 

The Las Hoyas lithographic limestones have also 
produced two isolated tridactyl footprints of large 
size that,  to date, have not been found as par t  of 
recognizable trackways. These tracks (Fig. 3b) 
are reminiscent of turt le tracks found in the Up- 
per Jurassic lithographic limestones of Cerin 
(Fig. 3a). These tracks were initially interpreted 
as the tracks of hopping dinosaurs, and named 
Saltosauropus (Bernier et al. 1984), but  later 
reinterpreted, correctly in our opinion, as the 
tracks of large turtles (Thulborn 1989). 
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Figure 3 - Several examples of tracks attributed to turtles in 
the fossil record, a, Saltosauropus of the Upper Jurassic of 
Cerin (France) ; b, track (LH-6500) of the Las Hoyas site 
(Cuenca province, Spain) ; c, track from the Santa Cruz de 
Yanguas site, Lower Cretaceous (Soria province, Spain) ; d, 
several tracks of the Los Cayos A site, Lower Cretaceous, 
(Cornago township, La Rioja province, Spain). Quelques exem- 
ples d'empreintes de pas attribudes & des tortues dans le regis- 
tre fossile, a, Saltosauropus, du Jurassique supdrieur de Ce- 
rin (France) ; b, empreinte (LH-6500) de Las Hoyas (province 
de Cuenca, Espagne) , e, empreinte de Santa Cruz de Yan- 
guas, Crgtacd infgrieur (province de Soria, Espagne) ; el, queI- 
ques empreintes de Los Cayos A, Crdtacd infdrieur (commune 
de Cornago, province de La Rioja, Espagne). 

It is outside the scope or this paper to present a 
detailed description of these tracks, but  a few ob- 
servations are pertinent. Existing ichnotaxonomy 
and interpretat ion of purported turtle tracks is 
both confused and controversial, and therefore in 
need of review and revision (Lockley et al. in 
prep.). This revision is being aided by a signifi- 
cant number  of discoveries of new turtle 
t rackways (Moratalla 1993) (Figs. 3c,d). For the 
purposes of this paper therefore we need only 
briefly review the history of work in this field in 
order to unders tand this latest  discovery in its 
proper context. 

Walther (1904) reported trackways, which he na- 
med I c h n i u m  m e g a p o d i u m ,  from the lithographic 
limestones of Solnhofen. These were later rena- 
med E m y d i c h n i u m  by Nopsca (1923) and attribu- 
ted to swimming turtles (see also Lessert isseur 
1955, fig. 58f). Seilacher (1963) later at tr ibuted 
these traces to roll marks produced by ammoni- 
tes (cf. Viohl 1983, fig. 8 for a photograph of a 
different specimen showing such markings). Al- 
though there is doubt about the origin of many 
purported vertebrate traces in the Solnhofen 
limestone, the possibility of turt le tracks cannot 
be ruled out. 

In 1982 vertebrate t rackways were reported from 
the Upper Jurassic lithographic limestones of Ce- 
tin, France (Bernier et al. 1982, 1984). The 
t rackway of a large turtle was described and na- 
med C h e l o n i c h n i u m  cer inense  by Demathieu & 
Gaillard (in Bernier et  al. 1982), and at t r ibuted 
to a walking animal. Demathieu & Gaillard ( in 
Bernier et al. 1982) used the name Chelo- 
n i c h n i u m ,  originally coined to denote a Lower 
Triassic trace from the Buntsandstein (Schimper 
1850), despite the fact tha t  it has been declared a 
n o m e n  d u b i u m  by many authors (Abel 1935 ; 
Haubold 1971). They indicated that  they based 
their choice on the antiquity of the name, and 
that  they were aware of the name (Emy-  
d i c h n i u m )  and interpretation proposed by Nopsca 
(1923), but  that  they did not like it because it 
indicated the wrong type of turtle, not to mention 
the doubt cast on the interpretation by Seilacher 
(1963). 

Soon al~er a large number  of additional 
trackways were found at seven different strati- 
graphic levels in the same deposits (Bernier et al. 
1984). These additional t rackways were attribu- 
ted to hopping dinosaurs and named Sa l tosauro-  
p u s  la tus  by Demathieu & Gaillard (in Bernier et  
al. 1984). Illustrations and further  discussion of 
these trackways have been repeated, with the 
same interpretation, in many articles (cf. Barale 
et al. 1985). Thulborn (1989) challenged the inter- 
pretation of the hopping dinosaurs and proposed 
instead that  the tracks were made by a swim- 
ming turtle. We agree with this interpretat ion 
(cf. Lockley 1991). Further  publication by Bernier 
and his colleagues (1993) repeat  their original in- 
terpretations, and do not discuss the alternative 
interpretation of Thulborn (1989). 

New discoveries of t rackways similar to Sa l to sau -  
ropus  in shape, but  of smaller size, from the Ju- 
rassic and Cretaceous of North America and 
Spain (Schultz et al. 1994 ; Moratalla 1993 res- 
pectively) (Figs. 3c,d) have been at tr ibuted to tur- 
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tles and, at least in a general sense, support the 
conclusions of Thulborn (1989). 

Las Hoyas material  is very scarce, only two isola- 
ted tracks without  trackway. This fact makes 
very difficult the comparison with Saltosauropus 
or other related tracks and also to make inferen- 
ces on locomotion, t rackway pattern or simply to 
know if the tracks are caused by the hand or pes. 
However, based on the size and shape of the 
tracks from Las Hoyas (Fig. 3b) we conclude that  
they could be included within the variability of 
Saltosauropus from Cerin, and hence could be 
tentat ively at tr ibuted to large turtles, tha t  were 
presumably swimming. The depth of the tracks, 
relative to the inferred light weight of a turtle 
when buoyed up by water, would suggest a very 
soft substrate at the time the tracks were made, 
and provides a striking contrast with the shallow 
crocodile trackway. 

D I S C U S S I O N  

The presence of trackways of large animals in the 
lithographic limestones adds considerably to our 
knowledge of the vertebrate fauna. The presence 
of large crocodiles, up to 3 meters in length, indi- 
cates the presence of species the size of Gonio- 
pholis from the Wealden of Belgium and Galve 
(Teruel province, Spain) (Buscalioni & Sanz 
1987), in addition to the dwarf  species already 
known (Sanz et al. 1988b). 

The presence of tracks relatively similar to Salto- 
sauropus would indicate large turtles with a body 
width of at least a meter if not more. The tridac- 
tyl condition of the Las Hoyas turt le tracks (see 
Fig. 3b) is relatively similar to tha t  of the other 
Spanish outcrops : Los Cayos A (La Rioja pro- 
vince) (Fig. 3d) and Santa Cruz de Yanguas (So- 
ria province) (Moratalla 1993 ; Lockley et al. in 
press) (Fig. 3c). This morphology seems to be the 
common pat tern  of tha t  tracks, despite the penta- 
dactyl condition of the turtle autopodia. So, the 
turtles tha t  made such tracks should have auto- 
podia with three digits more developed than  the 
other two, probably with longer ungual phalan- 
ges. These characters are present, for instance, in 
Trionychoidea, that  is, the soft carapace turtles. 
In the Chelonioidea members (marine turtles) the 
limbs have become highly modified as paddles 
tha t  propel the body through the water  (Carrol 
1988 ; p. 213). Therefore, it is difficult to recon- 
cile the tracks with the foot skeleton unless we 
propose tha t  the tracks are caused by a particu- 
lar pat tern of locomotion. The large size of the 
tracks also suggests a very big animal, perhaps a 
member of the Testudinoidea group, first known 

as snapping turtles from the Paleocene. We pro- 
pose tha t  the Las Hoyas turt le tracks could have 
been made by a member of the Trionychoidea or 
at least a Trionychoidea-like turtle. However, the 
skeletal record of turtles from Las Hoyas curren- 
tly consists of two small turt le specimens identi- 
fied as Toxochelyidae indet (Sanz et al. 1988b). 
Whatever interpretation is put on these tracks, 
they clearly represent vertebrates tha t  were pre- 
viously unknown in the Las Hoyas fossil record. 

Finally we note tha t  the presence of turt le  tracks 
in lithographic limestones in France (Cerin), 
Spain (Las Hoyas) and possibly in Germany 
(Solnhofeu) appears to be more than  mere coinci- 
dence. From an ichnological viewpoint, repeat as- 
semblages (ichnocoenoses) in the same sedimen- 
ta ry  facies, as for example at Cerin, imply a dis- 
tinct ichnofacies (Lockley et al. in press). Thus it 
could be proposed tha t  the Las Hoyas ichnofacies, 
and perhaps the Solnhofen ichnofacies, are simi- 
lar to the Cerin ichnofacies, at least in a general 
sense. Fur ther  ichnological work is necessary to 
test this hypothesis. 
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