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Excursdo pré-congresso: 7 deJulhode 2010 (8h00-16h00)
Excursion pre-congreso: 7 delJulio de2010(8h00-16h00)

Peninsulade Setubal

> |cnitos de dinossaurios jurassicos e cretacicos
> Bioerosao associada a paleolitoral rochoso miocénico
>Paragem na Azoia para feijoada de marisco local

>|cnitas de dinosaurios jurasicos y cretacicos
> Bioerosion en un paleolitoral rocoso mioceno
> Parada en Azoia para degustar la “feijoada” de marisco local



Legenda

(D Pedreirado Avelino (Zambuijal).

Icnitos de dinossaurios saurdpodes jurassicos.

Icnitas de dinosaurios saurépodos jurasicos.
N 38227’14.40"” W 09207’ 23.97”

Bibliografia: V.Santos, 2008: 82-85.

@ Pedra da Mua e Lagosteiros (Cabo Espichel).
Icnitos de dinossaurios ornitdpodes e terdpodes jurassicos e cretacicos.

Icnitas de dinosaurios saurépodosy terépodos jurasicosy cretacicos.
Mua: N 38225’20.00”” W09212’58,55"’; Lagosteiros N 38225’ 32.76’” W 09212’ 58.66"’

Bibliografia: Dantas et al., 1994: 43-48; Lockley et al., 1994: 27-35; Meyer et al., 1994: 121-122; V.
Santos, 2008: 86-90; V. Santos, 2008:91-92 . |

(3 Almoco no/ Comida en el “Retiro dos Amigos”, Azéia.
Feijoada de marisco num simpatico restaurante local.

“Feijoada” de marisco en un simpatico restaurante local.
N 38225’45.18""W09211’ 15.76"

Contacto:210831482.

@ PraiadaFozda Fonte.

Bioerosao em paleolitoral rochoso miocénico.

Bioerosidon en un paleolitoral rocoso mioceno.
N 38227’07.42” W 09212’ 05.60”

Bibliografia: A.Santosetal.,2010:35-43;Silvaetal. 1995:157-158.
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Excursdao pos-congresso: 10deJulhode2010(8h00-20h00)
Excursion post-congreso: 10deJuliode 2010(8h00-20h00)

Pedreirado Qalinha
- Alcanede -0Obidos

> |cnitos de dinossaurios saurépodes e terdopodes jurassicos
> |cnitos de dinossaurios terépodes jurassicos
> Visita a vila histérica de Obidos e prova de ginjinha

>|cnitas de dinosaurios sauropodosy teropodos jurasicos
> |cnitas de dinosaurios teropodos jurasicos
> Visita ala villa histérica de Obidos y degustacion de ginjinha
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Legenda

(D Pedreira do Galinha (Bairro).

Icnitos de dinossaurios saurdpodes jurassicos.

Icnitas de dinosaurios saurépodos jurasicos.
N39234’11.99"” W 08235’ 21.64"

Bibliografia: V.Santos, 2008: 50-54; V. Santos et al., 2008: 79-80; V. Santos et al., 2010: 409-422.

®@ Almoco no/ Comida en el “O Transmontano”, Bairro.

Refeicao num simpatico restaurante local.

Comida en un simpatico restaurante local.
N 39234’19.55”” W 08235’ 56.72"

Contacto:249521513. |

(B Vale de Meios (Alcanede).

Icnitos de dinossaurios terépodes jurassicos.

Icnitas de dinosaurios terdpodos jurasicos.
N39827’28.18"" W 08249’ 15.40"”

Bibliografia: V.Santos, 2008: 55-58; V. Santos et al., 2008: 80.

@ Obidos.
Visita avila histdrica de Obidos e degustac¢do da afamada ginjinha local.
Visita a la villa histérica de Obidos y degustacién de la famosa ginjinha local.
N39221’43.13"” W09209’27.41"”
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FOOTPRINT EVIDENCE FOR LIMPING DINOSAURS

FROM THE UPPER JURASSIC OF PORTUGAL'

Pedro DANTAS

Museu Nacional de Hist6ria Natural (Mineralogia e Geologia). Rua da Escola Politécnica, 58, P-1294 LISBOA CODEX. PORTUGAL

Vanda Faria dos SANTOS

Museu Nacional de Hist6ria Natural (Mineralogia e Geologia). Rua da Escola Politécnica, 58, P-1294 LISBOA CODEX. PORTUGAL

Martin G. LOCKLEY

Department of Geology, University of Colorado at Denver. Campus Box 172, P.O. Box 173364, DENVER,
COLORADO 80217-3364. USA

Christian A. MEYER
Naturmuseum Soluthurn. Klosterplatz 2, CH-4500 SOLOTHURN. SWITZERLAND

ABSTRACT: Two examples of Late Jurassic trackways from Cabo Espichel, Portugal - one of a large
theropod, the other of a sauropod - reveal alternating long and short steps indicative of irregular or
“limping” gaits. The reasons for this limping behavior are not known, but recent studies suggest that
such irregular trackways may be more common than previously supposed. We also review some simple
quantitative guidelines for standardizing measurements used in the description of irregular trackways
attributed to limping animals.

RESUMO: Nas jazidas do Jurassico superior do Cabo Espichel, Portugal, existem duas pistas (uma
produzida por um grande terépode e outra deixada por um saurépode) que evidenciam passos longos
e curtos, alternados, indicando uma locomocao irregular de dinossdurios que “coxeavam”. As razoes
deste comportamento néao siao conhecidas, mas estudos recentes sugerem que estas pistas com passo
irregular nio sio tio raras como se supunha. Procedemos & padronizacio de medidas usadas na

descrigio de pistas irregulares atribuidas a animais que coxeavam.

INTRODUCTION

The literature on fossil vertebrate trackways con-
tains few well-documented examples of irregular
trackways. Most trackways provide evidence of ani-
mals that walked in a straight line with steps (or paces)
that are very regular. Some trackways curve a little,
or occasionally provide evidence of sharp turns
(LocKLEY, 1991). Others show slight increases or de-
creases in step length through several consecutive
steps and so indicate animals that were speeding up
or slowing down, either deliberately, or in response

to changing substrate conditions. We report here on
another type of trackway configuration which reveals
alternating long and short steps. To date we know of
only one well-documented example of this phenome-
non - namely the trackway of a limping theropod from
the Middle Jurassic of Morocco (ISHIGAKI, 1986; see
LOCKLEY, 1991, and LOCKLEY et al., 1994, in press,
for summary in English). In the case of the trackway
described by Ishigaki, we calculated an average short
and long step length of about 63 cm and 79 cm from
his published illustration, and so calculated a short:
long step ratio of 0.80:1.00 (= 80%). In simple terms,

(1)  Work supported by Junta Nacional de Investigagio Cientifica e Tecnol6gica (JNICT), Cimara Municipal de Sesimbra
(Sesimbra Municipal Region) and the University of Colorado at Denver Dinosaur Trackers Research Group.
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the long step is consistently about 25% longer than
the short step. We use this ratio to provide a measure
of the degree of limping or irregularity. We define
limping as an irregular gait in which one leg or foot
is favored over the other, resulting in consistent dif-
ferences in the length of alternate steps. FARLOW
(written commun., 1994) has suggested that such pat-
terns may not be indicative of “limping” in a strict
sense, but may instead indicate that and animal fa-
vored its right or left side. We agree that this is a
possibility, and note that some human athletes, e.g.,
soccer players, favor a particular foot, and so may be
left or right-footed.

MATERIAL

THEROPOD TRACKWAY

During the course of an ongoing study of Upper
Jurassic trackways at Cabo Espichel, southwest of Lis-
bon, Portugal we documented two trackways of limp-
ing dinosaurs. The first occurs on a limestone bedding
plane at Praia do Cavalo, near Cabo Espichel, Por-
tugal. The track-bearing bed has been assigned to the
Lower Portlandian (Portlandian A, sensu RAMALHO,
1971). The trackway can be attributed to a large
theropod with a foot length of about 67 cm and cor-
responding foot width of 56 cm (Fig. 1). The step
lengths vary between 172 and 212 (average about 193
cm), with consecutive short and long pairs (in a single
stride) varying by as much as 38 cm (maximum short:
long step ratio of 0.82:1.00 = 82%; mean ratio =
87%). The strides (consecutive pairs of steps) how-
ever are much more consistent in length - as should
be expected (TABLE I).

The theropod trackway consistently shows that the
right to left step length (R-L) is shorter (mean
179.6 cm) than the left to right (L-R mean =
205.8 cm). In the ten consecutive steps we measured
the R-L step length is 0.86, 0.89, 0.93, 0.85 and 0.83
of the L-R step length. From this we infer that the
animal was suffering from some form of recent or
old injury to its left foot or leg. We make this inference
based on observations of limping behavior in modern
bipeds (injured humans), and comparisons with the
Moroccan example where the injured foot has been
identified by the abnormal configuration of toe im-
pressions (LOCKLEY et al., 1994, in press). In both
cases the short step precedes the placement of the
injured foot and the long step follows.

In order to obtain complete information for the
trackway we also measured nine consecutive strides
(TABLE I). In theory a completely regular series of
long and short steps will produce a series of strides
of the same length - regardless of the difference in
length between the steps. This principle can be de-
monstrated in the case of the Praia do Cavalo track-
way. The difference between the mean step length
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Fig. 1 - Map of trackway of limping theropod, Praia do
Cavalo, Upper Jurassic (Portlandian A). Note length of
alternating long and short steps.

and the maximum and minimum values is about 11%
in each case (standard deviation = 15.47). By contrast
the difference between the mean stride length and
maximum and minimum values is only about 5%
(standard deviation = 10.56). If we exclude the two
extreme stride values, (in brackets in TABLE I), the
maximum/mean and minimum/mean differences are
reduced to only 1.7 and 3.7% (standard deviation =
6.34). From such observations we conclude that the
former value (ratio between mean step and maximum
and minimum values) provides another measure of
the ratio between short and long steps, whereas the
later value (pertaining to stride lengths) is an inde-
pendent measure of changing step and stride lengths
that is largely or completely unrelated to the ratio of
consecutive step lengths in individual strides.

SAUROPOD TRACKWAY

We also encountered a second example of a di-
nosaur trackway with alternating long and short steps.
This second example, discovered at Lagosteiros Bay,
near Cabo Espichel, is attributable to a limping
sauropod. The trackway occurs on one of eight track-
bearing bedding planes exposed on the southside of
the bay (see LOCKLEY, MEYER & SANTOS, 1994) and
is assigned to track bed number 5 in the upper Port-
landian (Portlandian B). As shown in TABLE II, the
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TABLE I

Trackway data for limping theropod, Praia do Cavalo, Upper Jurassic (Portlandian A).

TRACK N2 PES LENGTH* PES WIDTH STEP LENGTH DIFFERENTIAL STRIDE LENGTH

R1 68 58
172

L1 68 58 28
200

R2 (73)+ 54) 24 R1-R2 [355]°
176

12 (66) (60) 21 L1-1.2 370
197

R3 (65) - 01 R2-R3 360
198

L3 68 57 14 12-13380
212

R4 65 55 38 R3-R4 [393]
174

14 64 54 31 13-14 378
205

RS 65 S5 27 R4-R5 375
178

LS - 55 37 14-1.5378
215

R6 65 65 R35-R6 375

MEANS 66.7 56.1 192.7 245 373.8

[R-L 205.8]
[L-R 179.6]
STANDARD DEVIATION 1547 10.56

* All measurements in centimeters. (*) Approximate measurements. [°] Extreme values.

sauropod has an average pes length and width of
about 68.5 and 49 cm respectively, with an average
step length of 148 cm. Because sauropods were quad-
rupedal animals, ichnologists have the options of
measuring step and stride lengths from pes to pes,
from manus to manus, or both. Due to the exposed
location of the trackway on a precipitous bedding
plane 30-60 m above sea level we were obliged, for
safety, to work on ropes. For this reason we were un-
able to obtain all step and stride measurements
throughout the entire trackway (L1-R23). However
we did obtain 16 consecutive step measurements, and

45

eight consecutive stride lengths for the left side of
the trackway (TABLE II).

Our data shows that the lengths of the short steps
(L-R) and long steps (R-L) varies between 120 (mean
138) and 160 cm (mean 157). The overall average is
about 148 cm, with consecutive short and long pairs
(in a single stride) varying by as much as 40 cm (maxi-
mum differential ratio of 0.75:1.00 = 75%; meanratio
0.87%). Based on the reasoning presented above, we
consider that the trackway is indicative of a limping
sauropod with an injury to its right foot, or right side.
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Trackway data for limping sauropod, Lagosteiros Bay, Upper Jurassic (Portlandian B).

TRACK N2 PES LENGTH* PES WIDTH STEP LENGTH DIFFERENTIAL STRIDE LENGTH
12 72 48
144
R3 - - 11
155
L3 70 50 12 1.2-1.3 220
143
R4 - - 14
157
14 73 50 16 1.3-1.4 230
141
RS 66 45 21
162
LS - - 18 14-1.5 238
140
R6 72 55 15
155
L6 65 45 5 L5-L6 220
150
R7 - - 10
160
L7 - - 23 L6-1.7 212
137
R8 70 51 15
152
18 69 48 17 L7-L8 (185)
135
R9 - - 12
147
L9 73 49 13 L8-1.9 202
134
R10 60 50 29
163
- - - - 19-.10197
R12 65 48 40
160
L12 - -
(120)
R13 67 50 39 R12-R13 (248)
158
MEANS 68.5 49.1 148 182 216.9
[L-R 138.2]
[R-L 156.9]
STANDARD
DEVIATION ** 9.36 16.48

* All measurements in centimeters. ** Calculated for trackway segment 1.2-1.10.
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As done with the theropod trackway we compared
mean step length with maximum and minimum values
and derived differences between 9 and 19% respec-
tively (standard deviation = 9.36). These results can
be compared with the differences between the mean
stride length and maximum and minimum values
(14.8 and 14.2% respectively; standard deviation =
16.48). The respective differences between maxi-
mum/mean stride and minimum/mean stride are 9.7
and 9.9% if the extreme values (in brackets in TA-
BLE II) are omitted from the calculations. As dis-
cussed below, the greater variability in stride lengths
relative to step lengths in the case of the sauropod
trackway is, in part, a function of the difference in
trackway width and corresponding pace angulation.

DISCUSSION

In addition to the trackway described by ISHIGAKI
(1986), we know of at least seven other examples in-
cluding a Lower Jurassic theropod from the eastern
United States (LOCKLEY et al., 1994, in press), an Up-
per Jurassic theropod trackway from Utah (ANONY-
MoUs, 1990), and Lower Cretaceous examples from
Spain and Colorado (LOCKLEY et al., 1994). In ad-
dition (WADE, 1989: fig. 8.5) illustrated a middle Cre-
taceous dinosaur trackway with alternating long and
short steps. A “manus-only” Middle Jurassic
sauropod trackway illustrated by ISHIGAKI (1989: fig.
9.3), from Morocco, also displays alternatinglong and
short steps. Although Ishigaki interpreted this as an
example of a swimming animal, we conclude that it
represents the trackway of a sauropod walking on
land (LOCKLEY & RICE, 1990). It is therefore evident
that we now know of at least nine examples of dino-
saur trackways with an alternating pattern of long and
short steps. These span the Middle Jurassic through
Middle Cretaceous and include examples attributed
to quadrupeds (sauropods and ornithopods) and to
large bipeds (ornithopods and theropods). Such ob-
servations suggest that such trackways may not be par-
ticularly rare. Further systematic searching, and
careful measurement of step lengths in well-pre-
served trackways is likely to reveal additional exam-
ples. For example, FARLOW (written commun., 1994,
and unpublished data) indicates that additional ex-
amples of this type of trackway are quite common
among theropod trackways in the Cretaceous of
Texas. Our preliminary analyses of the Portuguese
trackways, and the other cited examples, suggest that
the mean short-long step ratios reported herein
(80%) in the case of the Moroccan theropod and 87%,
and 88% for the Portuguese examples are fairly typi-
cal values. However, having overlooked differences
in step length of 10% or more in our studies, we sug-
gest that the limping pattern may not always be ob-
vious from visual inspection of a trackway. This
underscores the need for careful measurement. With
respect to the relationship between step lengths and

47
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Fig. 2 - Chart showing alternating long and short steps of
sauropod from track level S.

stride lengths we note the following, based on the
two different Portuguese examples of a biped and a
quadruped. Trackways of bipeds are generally nar-
rower and a stride closely approximates twice step
length (mean step/mean stride = 51.5%; see TA-
BLE I). By contrast the trackways of quadrupeds are
wider, with stride lengths much less than two step
lengths (mean step/mean stride = 68.2%; see Ta-
BLE II). Moreover, as quadrupeds have two pairs of
limbs that can move independently to some degree,
step lengths, pace angulations and individual stride
lengths can be quite variable within any given track-
way segment.

In the final analysis it is not possible to determine
the reasons for the limping pattern observed in cer-
tain trackways. The Moroccan example illustrated by
ISHIGAKI (1986) provides compelling evidence of an
injury to the right foot. However, in all other examples
there is no obvious evidence of foot injury based on
track morphology. In such cases we are obliged to
infer a multiplicity of possible causes including injury
to any part of the leg or to possibly to other parts of
the body. It is also possible that a congenital affliction
caused the limp in known examples. Also, as specu-
lated elsewhere (LOCKLEY, 1991), the trackmaker
may simply have been favoring one foot because it
temporarily had its body turned in a different direc-
tion from the trackway axis. This could have hap-




P. DANTAS, V.F. SANTOS, M.GG. LOCKLEY & C.A. MEYER

pened if the animal was looking one way awhile pro-
gressing in another direction. A bipedal dinosaur
might also have favored one side if it was carrying
something of substantial weight either in its jaws or
with its front limbs. Or as FARLOW (written commun.,
1994) has suggested some animals may simply have
been right or left footed. Such multiple working hy-
pothesis cover a range of possibilities but are neces-
sarily speculative. As is often the case in vertebrate
ichnology we have evidence for a particular type of
behavior, in this case limping locomotion (or alter-
nating long and short steps), but cannot determine
the reason for that behavior pattern.

CONCLUSIONS

1 - Dinosaur trackways with alternating long and
short steps indicate limping behavior. In all but one
example the cause of the limping behavior cannot be
deduced from track morphology.

2 - At least nine examples of trackways attributable
to limping dinosaurs are now known from the Middle
Jurassic through Middle Cretaceous track record.
Most of these examples are attributable to tridactyl
bipeds; two are attributable to sauropods.

3 - Regardless of the difference in length between
successive long and short steps, corresponding suc-
cessive stride lengths are much more regular in
length, especially in the trackways of bipeds. This step
length/stride length relationship is more complex and
variable in the trackways of quadrupeds in part be-
cause wider trackways result in larger step/stride ra-
tios.

4 - Trackways of limping dinosaurs are not always
obvious from visual inspection. However measure-
ments of several consecutive steps clearly reveal a
limping pattern in the examples recorded to date. Fur-
ther careful analysis is needed to establish the fre-
quency of occurence of such trackways.

48
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ABSTRACT: Studies of fossil footprints .in Upper Jurassic carbonates at Lagosteiros Bay - Cabo
Espichel, Sesimbra Region, Portugal, reveal the presence of multiple track-bearing levels with
abundant trackways of sauropods. One level reveals good evidence for a herd of at least seven small
sauropods that moved towards the southeast. All had similar foot sizes and wide-gauge trackways
indicative of an age group of a single species. They were evidently accompanied by at least three larger
individuals, also with wide-gauge trackways, that were also moving in approximately the same
direction. This is the first convincing example of sauropod herd behavior reported from a European
tracksite. It also provides the best known example of herding amongst juvenile sauropods. The Cabo
Espichel trackway evidence for herding is compared with other tracksite evidence for brontosaur
gregarious behavior and the implications for social behavior are considered.

RESUMO: Os estudos sobre pegadas de dinossaurios realizados no Jurissico superior da Baia dos
Lagosteiros - Cabo Espichel (Sesimbra, Portugal), permitiram localizar virias camadas com abun-
dantes pistas de saurépodes. Um dos niveis icnolégicos possui um bom testemunho de uma manada
de, pelo menos, sete sauropodes de pequenas dimensées que se moviam para sudeste. Todos os animais
deixaram pegadas com dimensoes idénticas e pistas largas (“wide-gauge”), o que indica um grupo
etario de uma vnica espécie. Este grupo estava acompanhado por trés individuos de grandes
dimensoes, que também deixaram pistas largas e se deslocavam aproximadamente na mesma di-
recciao. Este ¢ o primeiro exemplo convincente de comportamento gregirio nos saurépodes, recon-
hecido numa jazida icnolégica europeia, bem como o melhor testemunho conhecido de tal
comportamento entre saurépodes juvenis. A jazida da Baia dos Lagosteiros, com o conjunto de pistas
que evidenciam comportamento gregario, é comparavel a outras jazidas e fornece importante infor-
maciao com implicagoes no conhecimento do comportamento social dos dinossaurios.

INTRODUCTION AND PREVIOUS WORK new insights into the paleobiology of Late Mesozoic
dinosaurs. As previous work has shown, evidence of

dinosaurs is quite common in Portugal (see GOMES,
1915-1916; ANTUNES, 1976, 1989 and SANTOS, 1990,

The present study is part of a cooperative study
of dinosaur tracksites in Portugal aimed at revealing

(1) Work supported by the Junta Nacional de Investigacio Cientifica e Tecnolégica (JNICT), Camara Municipal de
Sesimbra (Sesimbra Municipal Region) and the University of Colorado at Denver Dinosaur Trackers Research Group.
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for preliminary reports on tracksites and DANTAS,
1990, for review of skeletal evidence). Prior to the
1990’s there had been no systematic attempt to study
dinosaur tracksites in Portugal. However, in the wake
of the so called “Dinosaur Footprint Renaissance”
(LockLEY & GILLETTE, 1987; LOCKLEY, 1991a),
there has been growing interest in dinosaur ichnology
around the world, and a corresponding increase in
publications in this field (LOCKLEY, 1991b; THUL-
BORN, 1990). For example the authors are currently
engaged in a systematic survey of dinosaur tracksites
in Portugal (SANTOS, 1990), and have now published
preliminary reports and new interpretations on a
number of sites (see SANTOS ef al., 1992; LOCKLEY
et al., 1992b; LOCKLEY & SANTOS, 1993; DANTAS et
al.,1994; MEYER et al., 1994; LOCKLEY et al., 1994a, b
and this paper). Taken together, this new spate of
publications on Portuguese dinosaur ichnology indi-
cates that the late Mesozoic, in particular the Late
Jurassic carbonates of the Sesimbra region, are a par-
ticularly fruitful area for research. To date we have
reported on the first good examples of Late Jurassic
brontosaur tracks with well-preserved manus and pes
digit impressions, what is probably the smallest
sauropod trackway in Europe (smallest individual
sauropod trackmaker), evidence of a limping
sauropod and the first european examples of manus
dominated sauropod trackways (see references cited
above). The purpose of this paper is therefore to re-
port on another new tracksite that provides compel-
ling evidence for a herd of juvenile brontosaurs.

GEOLOGY AND STUDY METHODS

Between the autumn of 1992 and the summer of
1993 we conducted field work in the Sesimbra region
to determine the extent of dinosaur track-bearing ho-
rizons in the Late Jurassic carbonates of this region.
Maps and preliminary results from the Avelino track-
site (LOCKLEY & SANTOS, 1993) and the Zambujal
quarry site (LOCKLEY et al., 1992b) have already been
published, indicating a rich pre-Portlandian (Kim-
meridgian) track record in this area. The focus of this
study however, is the Portlandian track-bearing de-
posits that crop out on the south side of Lagosteiros
Bay below the monastery at Cabo Espichel.

We measured the stratigraphic section in thisarea,
and determined that there were at least eight track-
bearing levels in this sequence (Fig. 1). The succes-
sion consists of shallow water carbonates assigned to
the Upper Portlandian or Portlandian B (RAMALHO,
1971, 1988). ANTUNES (1976) published a photograph
of sauropod tracks that are easily visible just above
the high tide line on what we now refer to as level 5
(see MEYER et al., 1994: fig. 2). These are the tracks
that have been referred to as “Pegadas de Mula” (AN-
TUNES, 1976; SANTOS, 1990; SANTOS et al., 1992;
LOCKLEY et al., 1994a). However, prior to this study,
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no other tracks had been documented at any other
levels.

We herein report on our preliminary efforts to
map and document trackways at level number three
(Fig. 1-3). Due to the very extensive, uncovered or
“clean” and steeply-dipping bedding planes, the cliffs
at Cabo Espichel present an excellent opportunity to
see well-exposed trackways. In our preliminary re-
conaissance we scanned the cliffs with binoculars then
photographed the outcrops to obtain enlarged pho-
tographs. This revealed an abundance of trackways,
but it was not possible to identify the trackway types,
their orientations or detailed trackway parameters
fromsuch long-distance surveys. Thus we had to climb
the cliffs to map and measure the trackways on the
outcrop.

The inclination of the cliffs at 40° or more is such
that they are difficult to ascend safely. An experi-
enced mountaineer could probably climb them with-
out ropes, but this is not recommended. In order to
work safely, and for prolonged periods of time, we
ascended the cliffs with ropes and secured climbing
bolts every 25 m. In this position we were secure,
though not protected from the danger of falling rocks
dislodged by wind, seagulls, curious spectators and
tourists looking down from above. We used a tape
measure, laid out directly up and down dip, as a base
line or transect and mapped in at least six consecutive
steps in the area where each trackway crossed the
transect line. We also obtained measurements of foot-
print size, step and stride length and trackway width,
for all trackways except number 1, which was difficult
to access safely. Subsequently with enlarged photo-
graphs we were able to fill in the remaining sequence
of steps in each trackway and complete an accurate
scale map (Fig. 2). The two large sauropod trackways
and the theropod trackway exposed on the same sur-
face at the bottom of the cliff were also mapped, but
without the need for safety ropes.

RESULTS

We recorded details of the carbonate lithology and
fossil content at all levels in the section, including
track-level three. These details will be published else-
where, and are summarized only briefly herein. The
track bed is rich in the remains of invertebrates in-
cluding foraminifera, bivalves and gastropods. We
also recovered isolated turtle bones attributable to
the Plesiochelydae. The surface and upper part of
the track bed also exhibits extensive invertebrate bio-
turbation (cf. Thalassinoides).

The results of our mapping indicate that at least
twelve trackways are preserved on the surface of track
bed three (Fig. 2-3). Of these eleven are those of
sauropods and one is attributed to a tridactyl biped,
probably a theropod. We numbered the trackways
from the top of the exposure (the south) down the
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Fig. 1 - Stratigraphic section of Portlandian rocks on the south side of Lagosteiros Bay, showing track-bearing levels

discussed in text.

cliff (to the north). Trackways 1-7 represent small in-
dividuals with pes lengths between 38 cm and 46 cm,
and trackways 8, 10 and 11 represent larger individu-
als with pes lengths between 70 cm and 73 cm (TABLE
I). Trackway 9 represents a manus-only trackway of
a large sauropod in which only the right manus is well
preserved (shown in black in Fig. 2). Trackway 12 rep-
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resents a theropod dinosaur with a footprint length
of 42 cm and width of 35 cm.

To determine the sauropod trackway gauge, we
measured the distance between the inside margins
of the pes tracks on all trackways except numbers 1
and 9. Our results clearly show that all the sauropod
trackways on this surface have relatively wide-gauge
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Fig. 2 - Map of track-bearing bedding plane number 3 exposed on upper part of dliff, south side of Lagosteiros Bay.
Trackways of small brontosaurs numbered 1-7; trackways of large brontosaurs numbered 8-11 (see Fig. 3 for N2 10 and
11). Trackway N2 9 is dominated by right manus tracks.
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Fig. 3 - Map of track-bearing bedding plane N2 3 exposed on lower part of cliff, south side of Lagosteiros Bay. Note
orientation of sauropod trackways in relation to those recorded on map of upper area (Fig. 2). Both mapped areas
presented with the same orientation.

TABLE |
Trackway measurements for track bed 3, Lagosteiros Bay (Upper J urassic).

1

TRACKWAY N¢ PES LENGTH PEs WIDTH STRIDE GAUGE* SPEED m.s
1 - - - wide -
2 46 30 210 42 1.32
Small 3 38 25 190 45 1.39
Brontosaurs 4 40 28 182 54 1.21
-7 5 rY) 25 200 28 1.35
6 45 30 175 42 1.00
7 40 30 170 35 0.95
8 70 55 230 (45) 0.93
Large 9 R R 200 R R
Brontosaurs
(8-11) 10 70 45 260 - 1.15
11 73 44 265 50 1.45
Theropod 42 35

All measurements in cm. Speed (v) calculated using: v = 0.25g°‘5.kl‘67.h‘1'17; where g - gravitational acceleration, A - stride
length and h - hip height (estimated as 4 x footprint length). (*) Distance between inside margin of hind footprints,
measured perpendicular to the trackway axis, see text for details.
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trackways (sensu FARLOW, 1992; MEYER et al., 1994:
fig. 4). In addition we measured trackway orienta-
tions and found that the small trackmakers (1-7) were
heading towards the east south east (ESE) and the
larger ones, 8, 10 and 11 were progressing towards
the southeast (SE) (Fig. 2-3). The manus dominated
trackway indicates an animal moving in the opposite
direction towards the northwest (NW). We also cal-
culated the speed of the sauropods using the formula
of ALEXANDER (1976), see TABLE 1. The results show
that the small brontosaurs were travelling at between
0.95 and 1.39 m.s! (=3.4-5.0 km.h'!) and the large
ones at 0.93-1.45 m.s1 (=3.3-5.2 km.h'!). These are
typical walking speeds for sauropods (LOCKLEY,
1987; THULBORN, 1990), and suggest no significant
difference in velocities of the small and large indi-
viduals.

INTERPRETATION OF TRACKWAYS

It is clear from the trackway maps (Fig. 2-3) that
there is a strong preferred orientation for the small
trackmakers (between 114 and 122°) and for the large
trackmakers (between 145 and 155° for numbers 8,
10 and 11). This suggests a small herd or group of
subadult or juvenile individuals moving purposefully
together in the same direction (Fig. 4), and a smaller
number of larger (adult) individuals moving in the
same general direction, but with their own distinct
orientation that was slightly oblique (about 30°) to
the direction of travel of the smaller group. It seems
highly unlikely that the seven small trackways heading
ESE, or the three large trackways heading SE, bear
no relationship to one another. On the contrary, evi-
dence from other tracksites suggests that sauropods
and other dinosaurs sometimes travelled in distinc-
tive size groups, each with distinctive preferred di-
rections. Such evidence argues against the trackways
representingisolated individuals that passed by at dif-
ferent times. The NW orientation (towards 320°) of
the manus dominated trackway, and the obviously dif-
ferent mode of preservation, can be used to suggest
that the trackmaker passed by at a different time from
all the other sauropods, when substrate conditions
were different.

DISCUSSION

Large samples of sauropod trackways are now
known from several sites around the world including
Texas (BIRD, 1944), Colorado (LOCKLEY, HOUCK &
PRINCE, 1986; LOCKLEY & RICE, 1990), South Korea
(LM, YANG & LOCKLEY, 1989; LiM et al., 1994), Mo-
rocco (ISHIGAKI, 1989), Portugal (LOCKLEY & SAN-
TOs, 1993) and Switzerland (MEYER, 1990, 1993). In
the former two examples, Texas and Colorado, par-
allel trackways provide compelling evidence for gre-
garious behavior among the trackmakers. The Texas
examples, from the Paluxy River and Davenport
Ranch sites respectively, were the first reported track-
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way evidence for herds of at least 12 and 23 sauropods
(BIRD, 1941, 1944). These reports have become clas-
sic examples of trackway evidence for social behavior
that have been cited on many occasions (OSTROM,
1972; LOoCKLEY, 1987, 1989, 1991b; THULBORN,
1990). The Colorado site, known as the Purgatoire
Valley dinosaur tracksite, has revealed evidence of
at least twelve parallel trackways including five very
well-preserved examples made by subadult sauropods
that were very similar in size. The Korean sites have
yielded a large sample that includes many of the
smallest known sauropod trackways, but no good evi-
dence of herding.

Comparisons of the size of the Texas and Colorado
trackmakers with those from Portugal reveal the fol-
lowing. Trackways from Davenport Ranch, Texas, av-
erage 53 cm long (range 35-78 cm) with no obvious
clustering of larger and smaller animals. Tracks from
the Purgatoire Valley site, Colorado, are also variable
in size, but include one obvious grouping of 5 parallel
trackways with an average foot length of 57 cm (range
52-60 cm). By contrast the six measured, small
sauropod trackways from Lagosteiros Bay, Portugal,
show an average length of 42 cm (range 38-46 cm;
TABLE I). Thus the Portuguese tracks are only 79 and
74% respectively of the size of the tracks from Texas
and Colorado, and are thus the best evidence avail-
able for small brontosaurs travelling in groups.

A full review of dinosaur tracksites that reveal evi-
dence of gregarious behavior is outside the scope of
this paper, so we have mainly confined ourselves to
a discussion of sauropod tracksites. However it is
worth mentioning that a number of Cretaceous orni-
thopod tracksites have been described where there
is evidence of gregarious behavior. At the Mosquero
Creek site in New Mexico for example trackways in-
dicate that small ornithopods were travelling in one
direction, and large ones in the opposite direction
(LOCKLEY et al., 1992a; LOCKLEY, MATSUKAWA &
HUNT, 1993). This strongly suggest that trackways al-
low ichnologists to identify various size or age groups,
particularly in the large trackway samples that are
attributable to gregarious dinosaur species (LOCK-
LEY, 1994). Based on tentative age estimates recently
proposed by LOCKLEY (1994) the Portuguese
sauropod trackmakers would probably have been no
more than one to two years old.

We note that the dinosaur track assemblages
(ichnocoenoses) in the Upper Jurassic carbonates of
the Sesimbra region are heavily dominated by the
trackways of sauropods. This means that they can be
assigned to the Brontopodus ichnofacies (sensu LOCK-
LEY, HUNT & MEYER, 1994; LOCKLEY & HUNT, in
press). This ichnofacies is particularly well repre-
sented in the Upper Jurassic of Portugal, the Upper
Jurassic of Switzerland (MEYER, 1993) and the Lower
Cretaceous of Texas.
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CONCLUSIONS

1 - Portlandian dinosaur trackways from the track-
bed designated as number 3 at Lagosteiros Bay pro-
vide the first compelling evidence of gregarious
sauropods so far reported from Europe.

2 - These gregarious sauropods were evidently
travelling in two sub groups consisting of small ani-
mals (foot length 38-46 cm) and larger animals (foot
length 70-73 cm). But all were travelling towards the
southeast. No other trackway evidence for a gregari-
ous group of brontosaurs is currently known in which
the individuals consistently have such small foot sizes.

3 - The abundance of sauropod tracks in shallow
water to marginal marine carbonates is typical of the
Brontopodus ichnofacies (sensu LOCKLEY, HUNT &
MEYER, 1994).

4 - Trackbed 3 also provides further evidence that
manus only sauropod trackways are common in car-
bonate deposits.
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ABSTRACT: Ongoing studies of sauropod track-bearing beds in the Upper Jurassic of Portugal, and
elsewhere around the world, reveals that incomplete, sauropod trackways dominated by manus
impressions are quite common. They have now been recorded at a total of six stratigraphic levels, in
Portugal, and at 12 sites worldwide. Such trackways may be shallow underprints associated with
smooth surfaces and relatively firm ground, or deeper impressions associated with irregular, soft
ground surfaces. Incomplete trackways associated with softer, irregular surfaces, may also be associ-
ated with other, complete sauropod trackways. This indicates that differential timing of trackmaking
episodes on a given surface contributes to the differential preservation we see in the fossil record. In
some instances manus-dominated sauropod trackways, on irregular surfaces, consist primarily of a
set of manus impressions representing only the right or left front footprints. Such observations
reinforce the notion that it is important to understand substrate and preservation conditions before
interpreting trackway morphology, or drawing conclusions about trackway behavior. A brief global
survey of examples of manus-dominated sauropod trackways reveals that good examples have been
reported from the Jurassic of Morocco and Portugal, and from the Cretaceous of Texas. We suggest
that a report of an unusual trackway from Texas, attributed to a giant ornithopod, might alternatively
be considered a possible example of a manus-dominated sauropod trackway.

RESUMO: Os estudos que se estio a realizar nas camadas com icnitos do Jurassico superior de Portugal
e em virios locais no mundo tém demonstrado que as pistas incompletas de saurépodes, constituidas
dominantemente por impressoes dos autépodes anteriores, ndo sao raras no registo féssil. Em
Portugal foram observadas cinco pistas pertencentes a cinco niveis estratigraficos, sendo conhecidos
em todo o mundo onze exemplos. Estas pistas poderao ser subimpressdes associadas a superficies
duras e regulares ou impressées profundas associadas a superficies brandas e irregulares. Pistas
incompletas em camadas brandas podem aparecer associadas a pistas de saurépodes completas. Isto

(1)  Work supported by the Junta Nacional de Investigagdo Cientifica e Tecnoldgica (JNICT), Camara Municipal de
Sesimbra (Sesimbra Municipal Region), Fundagdo Luso-Americana para o Desenvolvimento (Luso-Ametican
Foundation for Development) and the University of Colorado at Denver Dinosaur Trackers Research Group.
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indica que os animais podem ter passado num determinado local em tempos diferentes, contribuindo
para uma preservacao diferencial, a qual é observada no registo féssil. Algumas pistas de saurépodes
incompletas, observadas em camadas brandas irregulares, sio constituidas predominantemente por
impressées do autépode anterior esquerdo ou direito. Estes casos vém chamar a atenciio para a
necessidade de se conhecer o substrato e as condigées de preservagiio antes de se tentar interpretar a
morfologia dos icnitos ou de se esbogar conclusdes sobre comportamento. Bons exemplos de pistas
constituidas principalmente por impressdes de autépodes anteriores foram descobertos no Jurissico
superior de Marrocos e de Portugal e no Creticico do Texas (EUA). Sugerimos neste artigo que a
estranha pista do Texas, atribuida a um ornitépode gigante, podera ser um possivel exemplo de pista
incompleta de saurépode, onde se ohservam apenas as impressdes dianteiras.

INTRODUCTION

The first manus-dominated sauropod trackway
was reported by Roland Bird in 1944, and attributed
to the activity of a partly bouyant, swimming animal
that touched the substrate mainly with its front feet
(BIRD, 1944, 1985). This interpretation, which be-
came widely accepted, was originally influenced by
the erroneous hypothesis that sauropods were pri-
marily aquatic animals. It also lead to the erroneous
assumption that incomplete trackways were indica-
tive of swimming behavior. The result was circular
reasoning and the development of a myth that has
persisted in the paleontological literature for half a
century. As a result, subsequent discoveries of ma-
nus-dominated sauropod trackways (ISHIGAKI, 1989)
and other incomplete dinosaur trackways were also
interpreted as the result of the activity of swimming
trackmakers (see LOCKLEY, 1991, for review). It was
not until very recently that LOCKLEY & RICE (1990)
demonstrated that the trackway described by BIRD
(1944) consisted of undertracks, a conclusion sup-
ported by PITTMAN (1990, 1992) who found an ad-
ditional pes underprint in the trackway described by
BIRD (1944), Figure 1 herein. Despite this new in-
terpretation, several authors of recent books on di-
nosaurs (e.g. CZERKAS & CZERKAS, 1990; NORMAN,
1991; THULBORN, 1990) have continued to adhere
to the original interpretation of BIRD (1944), possibly
because they were unaware of the undertracks evi-
dence.

Recent work on sauropod trackways at a number
of sites southwest of Lisbon, Portugal (LOCKLEY et
al., 1992; LOCKLEY & SANTOS, 1993) reveals that ma-
nus-dominated trackways are quite common in Late
Jurassic carbonate facies. As summarized herein, and
in other papers in this volume, further work in this
region has revealed several additional examples. The
purpose of this paper is therefore to summarize all
known examples and to discuss the implications of
the available evidence.

EXAMPLES OF MANUS-DOMINATED AND
MANUS-ONLY SAUROPOD TRACKWAYS

We describe known examples of manus-domi-
nated and manus-only trackways, in ascending stra-
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after BIRD 1944

Fig. 1 - Manus dominated trackway illustrated by BIrRD
(1944). Note pes track (dotted line) discovered by
PIrTMAN (1990).

tigraphic order, discuss the trackway configurations,
and, where appropriate, the associated sedimen-
tological evidence. A summary of the available data
is given in TABLE I.

MIDDLE JURASSIC

Middle Jurassic manus dominated sauropod
trackways from Morroco were described by ISHIGAKI
(1989) and attributed to swimming sauropods. In this
paper, he illustrated four examples, two of which can
be considered manus-only trackways. The other two
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TABLE I

The distribution of manus-dominated (MD) and manus-only (MO) sauropod trackways in the geologic record.

NUMBER AND

AGE LocALmy SEDIMENTARY FACIES TYPE MD/MO
Lower Cretaceous Texas Carbonate platform 3* (2MD + 1MO)
Upper Jurassic (Kim) Portugal Carbonate platform 1 MD
Upper Jurassic (Kim) Portugal Carbonate platform 1 MD
Upper Jurassic (Port) Portugal Carbonate platform 3 (IMD + 2MO)
Middle Jurassic Morocco Sebkha 4 (2MD + 2MO)
Middle Jurassic Portugal Carbonate platform 5 MO
ToTALs (TMD + 10MO)

Abbreviations: Kim - Kimmeridgian; Port - Portlandian.
large ornithopod.

examples show partial pes tracks that consist of the
anterior portion of the hind footprint, in some cases
comprising isolated toe prints, and so should be de-
scribed as manus-dominated trackways. As summa-
rized by ISHIGAKI (1989) and LOCKLEY & RICE
(1990) the tracks are found in red calcareous mud-
cracked, mudstones interpreted as a lagoonal or se-
bkha environment, representing semi-arid
conditions.

After this paper was written a new Middle Jurassic
track site was discovered in Portugal that reveals at
least five manus only trackways in a carbonate sub-
strate (TABLE I and SANTOS et al., this volume).

LATE JURASSIC

Late Jurassic manus-dominated and manus-only
trackways are now known from at least five different
stratigraphic levels in the shallow water, carbonate
platform sequences from southwest of Lisbon (Sesim-
bra region, Portugal). Two examples from Kim-

(*) One of these examples may alternatively be attributed to a

meridgian deposits, at the Zambujal and Avelino sites
respectively, have already been illustrated and
described briefly (LOCKLEY et al., 1992; LOCKLEY &
SANTOs, 1993). The latter example is associated with
a very smooth bedding plane surface somewhat simi-
lar to the two undertrack-bearing surfaces described
below from the Cretaceous of Texas.

The other three examples are from three different
stratigraphic levels in the Portlandian limestones of
Lagosteiros Bay near Cabo Espichel. The track beds
at these stratigraphic levels are designated 0 through
7 (LOCKLEY, MEYER & SANTOS, 1994: fig. 1), with
levels 0,3 and 5 each revealing a single example of
relatively deep manus-dominated or manus-only
trackways associated with irregular burrowed sur-
faces in wackestone lithologies. The trackway from
level 0 is illustrated here for the first time (Fig. 2),
and the trackways from levels 3 and 5 respectively
areillustrated in LOCKLEY, MEYER & SANTOS (1994:
fig. 2) and MEYER et al., (1994: fig. 2). All three ex-
amples are interesting because they reveal much bet-

TRACK BED 0

°® » oy .

LAGOSTEIROS BAY

PRLELN

S§m

Fig. 2 - Manus dominated trackway from trackbed 0in Po
tracks of left manus are shown in black.

rtlandian carbonate sequence at Cabo Espichel, Portugal. Clear
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ter preservation of tracks on one side of the trackway
than the other, and they occur on surfaces with other
trackways that are relatively complete, and well-pre-
served. For example the trackway in Track bed 0 (Fig.
2) reveals, in addition to manus impressions that are
clearer than the pes footprints, tracks on the left side
of the trackway that are more clearly visible than
those on the right side. In the case of the manus-only
trackway on Track bed 3, the tracks on the right side
are more clearly visible than those on the left (Lock-
LEY, MEYER & SANTOS, 1994: fig. 2), and in the case
of Track bed 5, only the manus tracks from one side
of the trackway are visible (MEYER et al.,1994: fig. 2).
The presence of visible tracks only on one side of
this latter trackway, and the difficult location on a
cliff face, makes it difficult to determine which side
is represented. Track beds 3 and 5 both also exhibit
other relatively complete, well-preserved sauropod
trackways.

LOWER CRETACEOUS

Lower Cretaceous manus dominated trackways
from Texas include the famous example from the Ma-
yan Ranch site, originally described by BIRD (1944),
and subsequently illustrated by many other authors.
The tracks are very shallow and associated with a very
smooth bedding plane surface at the top of the Lower
Glen Rose Formation. The lithology as described by
PITTMAN (1989) is a micrite/mudstone.

The second, possible example of a manus-domi-
nated sauropod trackway comes from the Guadalupe
River site, in the same general geographical area and
at the same stratigraphic level as the Mayan ranch
site. “All tracks at this site are ghost prints” and there
are “several sauropod trackways” at this site
(PITTMAN, 1989: 147-148). Again the trackways are
associated with a relatively smooth surface described
as micrite/mudstone (op. cit.).

This trackway was originally described as an orni-
thopod trackway (PITTMAN, 1989, 1992) with three
broad digital pes impressions and manus tracks com-
prising two separate impressions. In this interpreta-
tion the manus tracks were situated anterior to, and
well outside, the pes tracks (Fig. 3A). While this in-
terpretation may be correct, we propose an alternate
possibility, and suggest that if the trackway is turned
around, through 180°, to give an opposite sense of
progression, it also conforms to the pattern of certain
know manus-dominated sauropod trackways. The
large impression could then be interpreted as the ma-
nus print, and the two smaller paired impressions
could be the traces of the large pedal claws or unguals
(presumably numbers I and II). In support of this al-
ternate interpretation we note that, if the normal
Brontopodus trackway pattern is superimposed on the
Guadalupe trackway, it provides an almost perfect
fit, including pace angulation values of about 110°

(Fig. 3B-C). Moreover the pattern is similar to the
configuration seen in parts of the Mayan Ranch track-
way (Fig. 1), and Moroccan trackway B (ISHIGAKI,
1989: fig. 9.2) in showing isolated impressions of two
(or three) pes digits posterior to the manus trace. We
consider this sauropod interpretation more parsimo-
nious than the alternate ornithopod trackway hy-
pothesis, but note that it might not have been
proposed, had it not become apparent that so many
sauropod trackways are manus dominated or other-
wise incomplete.

Some factors cast doubt on this alternate inter-
pretation. For example, the pes imprints interpolated
in the suggested reconstruction (Fig. 3B) are situated
somewhat further from the mid line than in the type
Brontopodus. We note here also that, regardless of
which interpretation is preferred, there is a slight
asymmetry to the trackway, with paired impressions
on one side of the trackway being situated a little
further (laterally) from the large impressions than
those on the other side.

A final observation on this subject pertains to the
subtle adjustment of paleoecological census data that
results if the alternate sauropod interpretation is cor-
rect. It has already been established that ornithopod
trackways are rare in carbonate ichnofacies world-
wide, including the Glen Rose Formation of Texas.
In fact the predominace of brontosaur tracks has lead
to the definition of a Brontopodus ichnofacies (LOCK-
LEY, HUNT & MEYER, 1994) in which ornithopod
tracks are at best very rare, and often completely ab-
sent, it could be argued that the proposed alternate
interpretation is more consistent with this recently
established ichnofacies model, and with the fact that
other sauropod trackways occur at the Guadalupe
site.

A third example of a manus only trackway from
the Cretaceous of Texas was recently reported by
PITTMAN (1992: 300) from the Blanco River site as
follows: “Irackway #11 consists only of shallow ma-
nus impressions, from only one side - all three prints
are from the right side or all three are from the left.
Because no pes prints were observed, directional in-
formation could not be identified”. This example is
reminiscent of the example cited above from Track
bed 5 at Lagosteiros Bay where it is not clear whether
the tracks represent the right side or the left side.

DISCUSSION AND CONCLUSIONS

It is becoming clear that manus-dominated and
manus-only sauropod trackways are quite common
in carbonate platform facies assigned to the Bron-
topodus ichnofacies. They also occur in sebkha facies
with associated carbonates. It is also clear that the
phenomenon is, to a significant degree, controlled
by preservational factors, rather than by the behavior
of the trackmakers (LOCKLEY & RICE, 1990).
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Fig. 3 - Comparison between A, possible trackway of large quadrupedal omithopod (after PITTMAN, 1989, 1992), B,
interpretation of same trackway as a manus-dominated sauropod trackway with opposite sense of direction and C, type
trackway of Brontopodus birdi with manus and pes toe impressions emphasised (bold line).

Available evidence suggests that shallow manus-
dominated trackways on smooth surfaces are clearly
underprints transmitted through thin beds to firm un-
derlayers. Incomplete manus-dominated or manus-
only trackways associated with more irregular,
burrowed surfaces are all relatively deep, with clear,
relatively vertical margins. Thisimplies that they were
made in softer sediment, possibly penetrating
through soft muddy layers into soft under layers. The
known examples, in the Portlandian beds at Lagostei-
ros Bay, are associated with surfaces overlain by thin
shaley beds. The presence of invertebrate bioturba-
tion in these layers supports the conclusion that they
were soft grounds. By contrast the former category
of undertracks is associated with sediments that re-
veal much less extensive invertebrate bioturbation,

and would have originally represented firmer ground.
New discoveries, for example in the Middle Jurassic
of Portugal, indicate considerable potential for fur-
ther study.
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ABSTRACT: We report here on tracksites from Utah and Portugal that reveal what we believe to be the
best-preserved, Late Jurassic sauropod ichnites (cf. Brontopodus) currently known. The Utah tracks,
from Morrison Formation fluvial deposits at the Lost Springs site, are also the first known example
of a sauropod trackway segment, from this epoch, preserved as natural casts. Currently there are only
three known examples of sites that have yielded sauropod tracks preserved as casts. Based on this
small sample, we infer that such a mode of preservation is likely to occur in fluvial depositional
environments, but is unlikely to occur in carbonate platform sequences from which the majority of
well-preserved sauropod trackways have been reported.

RESUMO: Neste artigo apresentamos as pegadas de saurépodes (cf. Brontopodus) do Jurissico superior
melhor conservadas, até hoje, encontradas em Jjazidas do Utah (EUA) e de Portugal. Os icnitos de
Lost Springs - Utah, preservados em sedimentos fluviais da Formacgio Morrison, sao também o
primeiro exemplo de moldes naturais de pegadas do Jurdssico superior, pertencentes a um segmento
de pista de saurépode. Até a0 momento conhecem-se apenas trés jazidas que forneceram icnitos de
saurdpodes preservados como moldes. Com base nesta Pequena amostra inferimos que tal forma de
preservacao tende a ocorrer em ambientes fluviais em vez de ambientes de sedimentacio carbonatada,
onde a maioria das impressdes de saurépodes bem conservadas tém sido referenciadas.

(1) Work supported by the Junta Nacional de Investigagdo Cientifica e Tecnolégica (JNICT), Camara Municipal de
Sesimbra (Sesimbra Municipal Region), Fundagio Luso-Americana para o Desenvolvimento (Luso-American
Foundation for Development) and the University of Colorado at Denver Dinosaur Trackers Research Group.

57 artigos/papers



CA. MEYER, M.G. LOCKLEY, J.W. ROBINSON & V.F. SANTOS

INTRODUCTION

The purpose of this paper is to describe what we
believe to be the best-preserved Late Jurassic
sauropod tracks currently known and to compare
them with existing sauropod ichnites. Although the
recent renaissance in vertebrate ichnology has re-
sulted in the discovery and documentation of many
new sauropod tracksites in different parts of the
world, most of the tracks have not been studied in
detail. Thus the relationship of these track types to
a few well-defined sauropod ichnites such as Bron-
topodus birdi (FARLOW, PITTMAN & HAWTHORNE,
1989) is poorly documented. We herein report that
recently discovered Late Jurassic sauropod tracks
from Utah and Portugal are quite similar to B. birdi,
and should therefore be referred to the ichnogenus
Brontopodus.

THE LOST SPRINGS SITE, GARFIELD COUNTY,
EASTERN UTAH

The Lost Springs site was recently discovered by
one of us (J.W.R.) during the course of a study of the
Salt Wash Member of the Morrison Formation, in the
Bullfrog area of eastern Utah. The tracks are pre-
served as two large natural casts on the underside of
a large, buff coloured channel sandstone sitting on
fine grained red siltstones. The tracks represent two
consecutive right footprints that were made in the
fine sediment, then later filled with sand (Fig. 1). The
tracks measure 76 cm long by 49 cm wide (first in
sequence) and 68 cm by 49 cm (second), and indicate
an animal moving towards the southeast (see Fig. 1).
Using the measured stride length of 164 cm and the
formula of ALEXANDER (1976) a speed of 0.51 m.s’!
is estimated (= 1.86 km.h1). The tracks are about
10-15 cm deep and show well developed digit impres-
sions. The impressions of digits I-111 indicate the pres-
ence of elongate claws, whereas the impressions of
digits IV and V indicate the presence of pads or cal-
losities. In this respect the tracks are similar to Bron-
topodus birdi described by FARLOW, PITTMAN &
HAWTHORNE (1989), except that the digit IV impres-
sion is apparently more pad-like than claw-like in the
Utah example. The left footprint that belongs with
this short trackway segment is not exposed, so we were
unable to determine its correct position in the track-
way, and so can not measure either the pace angu-
lation or the trackway width. It is therefore not known
whether the animal had a “wide gauge” trackway
(sensu FARLOW, 1992 and LOCKLEY, FARLOW &
MEYER, 1994) similar to Brontopodus birdi or a nar-
row gauge trackway similar to those reported from
the Morrison Formation in Colorado (LOCKLEY,
Houck & PRINCE, 1986) and from the Late Jurassic
Avelino site in Portugal (LOCKLEY & SANTOS, 1993).
If excavation were to prove this to be a narrow gauge
trackway, it could be referred to Parabrontopodus
(sensu LOCKLEY, FARLOW & MEYER, 1994). Manus
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Fig. 1 - A - Outline of partial Brontopodus trackway from
the Lost Springs site, Late Jurassic Morrison Formation,
Eastern Utah. Note that the position of the left pes tracks
is inferred, and that the edge of the outcrop pases very
close to the anterior of the right pes casts, possibly
accounting for the lack of manus impressions.

tracks associated with this trackway are not preserved
on this small exposure. The reasons for this are not
known, but it may simply be that the pes overprinted
the manus, or that the manus tracks eroded away be-
cause they were situated too close to the weathered
edge of the outcrop.

Although the Morrison Formation is known for
having yielded sauropod tracks from two large sites
in Colorado (LOCKLEY, HOUCK & PRINCE, 1986;
LOCKLEY & HUNT, in press) few sites have been re-
ported from Utah. This is only the third report of
sauropod tracks from Utah (see LOCKLEY, 1991, and
LOCKLEY et. al., 1992 for first two reports). Due to
the fine detail of the morphology of the pes tracks
at the Lost Springs site, and the fact that they are
the only natural casts of a Late Jurassic sauropod
trackway segment reported to date, the site is very
important as a unique record of Late Jurassic bron-
tosaur foot morphology.

To the best of our knowledge, there are only three
reports of sauropod tracks preserved as casts. The
first, reported by LOCKLEY et al. (1992) was of an
isolated footprint cast with skin impressions from a
horizon in the uppermost part of the Tidwell Member
of the Summerville Formation at a locality near Bull-
frog. The track was first reported as a probable manus
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Fig. 1 (continued) - B - Worm’s eye view of first track in sequence.

track cast, but has since been reinterpreted as a prob-
able small pestrack cast (LOCKLEY & HUNT, in press).

The second report of possible sauropod tracks,
preserved as casts, comes from the Middle Jurassic
of Yorkshire, England (WHYTE & RoMANO, 1993,
1994). These authors described a trackway segment
consisting of at least three consecutive manus-pes
sets, preserved as natural casts on the underside of
thick sandstone beds that overly thin red, sideritic
siltstone. Clearly the tracks were made in a fine
grained silt and filled in by sand. Currently we are
not absolutely certain that the Yorkshire tracks are
attributable to sauropods - an uncertainty also shared
by FARLOW (written commun., 1994). If further works
should prove these tracks to be non-sauropod in af-

finity, then this would leave the two examples of

sauropod track casts from Utah as the only two cur-
rently known [see note added in proof].

I'he tracks from the Lost Springs site are evidently
the third example of a partial sauropod trackway pre-
served as natural casts or in convex hyporelief. It
should be noted that tracks preserved as casts were,
in most cases, initially made in finer sediment than
the infilling, overlying layer. In such fine substrates
there is a good potential for the preservation of fine

detail such as skin impressions and details of digit
and claw morphology.

[wo additional examples of possible sauropod
tracks, preserved as casts in the Morrison Formation,
may be seen on the underside of beds at Dinosaur
Ridge, Colorado (LOCKLEY, 1990) and on the un-
derside of lacustrine limestones at the Purgatoire site
in Colorado (M.G.L., CCA.M. and V.ES., pers. obs.).
However in both these cases the quality of preserva-
tion is very poor and the tracks are preserved only
as large bulbous bulges, that can hardly be considered
diagnostic on the basis of shape. Only their large size,
and the known occurrence of many sauropods in this
epoch, suggests a probable sauropod affinity for these
ichnites.

Since the time of writing this paper, one of us
(M.G.L.) has observed sauropod track casts, discov-
ered by John Bird, in the Morrison Formation near
the Cleveland Lloyd quarry in Utah [see note added
in proof].

THE CABO ESPICHEL SITE, SESIMBRA
REGION, PORTUGAL

Fossil footprints have been known from Lagostei-
ros Bay, near Cabo Espichel in Portugal since the thir-
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teenth century, but, according to local legend, the
most prominent trackways were misinterpreted as the
trackway of a giant mule (Pegadas de Mula: AN-
TUNES, 1976; SANTOS, 1990; SANTOS et al., 1992 and
LOCKLEY, MEYER & SANTOS, 1994). In recent years
however, these trackways, from Portlandian carbon-
ates, were correctly attributed to sauropods (AN-
TUNES, 1976), though they were not described in
detail. We are currently undertaking a study of tracks
in this region, and have mapped several track-bearing

surfaces, to reveal abundant sauropod trackways
(LOCKLEY, MEYER & SANTOS, 1994). On the afore-
mentioned, best-known, track-bearing surface, illus-
trated by ANTUNES (1976), and now designated as
track-level number 5, we have mapped four trackways
of medium to large sized sauropods (Fig. 2). Three
of these trackways reveal distinctive pes digit impres-
sions, and a representative manus pes set, from the
largest trackway, has been replicated (Fig. 3). It is
clear from our preliminary study of the trackways that

CABO ESPICHEL
Lagosteiros Bay pou‘;t' ::;:om
Track level § ° s
SN TRACKWAY 3
o0 o
®a0
'Q:Q
(\'?Q 1
Qg
% %
9%
8%
%
P %
R manus dominated R .°°
overlying bed = ./ trackway (N° 5) gbb
< ¢ £
) .Q b
L
‘ ° 2 .
K]
Q.
o Q
'faoo
0 Qe
Yo
“Q
/ (I \
Q
TRACKWAY 1
replica o \}
\ B
3
o °o.°°:>o<.> s
0
g Fallen block
0 \ TRACKWAY 4
o"a TRACKWAY 2
o
10m 0,007
LOW TIDE MARK

Fig. 2 - Map of track-bearing level number 5, in Portiandian carbonates, Lagosteiros Bay, near Cabo Espichel, Sesimbra
Region, Portugal. Trackways 1-3 all show pes digit impressions. Replica shown in Figure 3 is from trackway number 2.
Trackway number 3 indicates a limping animal (see DANTAS et al,, 1994).
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they are very similar to Brontopodus, and we have

already designated this track-rich sequence of beds
as an example of the Brontopodus ichnofacies (LOCK-
LEY et al., 1994; LOCKLEY, MEYER & SANTOS, 1994).
We note that these trackways are moderately wide

gauge, i.e., alittle narrower than those of Brontopodus
birdi from Texas (FARLOW, PITTMAN & Haw-

50 cm THORNE, 1989) but wider than those from the Pur-
gatoire site in southeastern Colorado (LOCKLEY,
Houck & PRINCE, 1986), see Figure 4.

DISCUSSION AND CONCLUSIONS

When viewed from a global perspective, there
have been very few reports of well-preserved
sauropod trackways from the Late Jurassic. Most are
simply rounded or oval impressions without diagnos-
tic digit impressions. Indeed, with the exception of
B. birdi from the Cretaceous of Texas, illustrations of
sauropod tracks with pes digit impressions, from any
epoch, were, prior to the present report, limited to
a handful of sparsely documented examples. These
are as follows: Breviparopus taghbaloutensis from the
Middle Jurassic of Morocco, as illustrated by ISHI-

Fig. 3 - Detail of large sauropod manus and pes set (left ~ GAKI (1989), but not in the original description (Du-
side) from trackway number 3, track-bearing level ~TUIT & OUAZZOU, 1980), a possible example of an
number 5, Lagosteiros Bay, near Cabo Espichel, unnamed ichnite from the Middle Jurassic of England
Sesimbra Region, Portugal (specimen number PM-N5  (WHYTE & ROMANO, 1993), a previously unamed
P2 L11). ichnite from the Late Jurassic of Colorado (LOCK-
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Fig. 4 - Wide-, medium- and narrow-gauge sauropod trackways respectively from the Cretaceous of Texas and the Upper
Jurassic of Portugal and Colorado (modified after FARLOW, 1992 and LOCKLEY & HUNT, in press).
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LEY, HOUCK & PRINCE, 1986), now named Parabron-
topodus mcintoshi (LOCKLEY, FARLOW & MEYER,
1994), and an unamed ichnite from the ?Late Jurassic
to Early Cretaceous of North Africa (GINSBURG
et al., 1966). There are also very few valid names for
sauropod ichnites from the Late Jurassic, or from any
other epoch (LOCKLEY, FARLOW & MEYER, 1994).
As discussed elsewhere in this volume, we recognize
only the following as valid ichnospecies Brontopodus
birdi (FARLOW, PITTMAN & HAWTHORNE, 1989), a
wide gauge trackway (sensu FARLOW, 1992; LOCK-
LEY, FARLOW & MEYER, 1994), Breviparopus tagh-
baloutensis, a narrow gauge trackway (DUTUIT &
Ouazzou, 1980), Parabrontopodus mcintoshi, an-
other narrow gauge trackway (LOCKLEY, FARLOW &
MEYER, 1994), and possibly Rotundichnus miinche-
hagensis, a wide gauge trackway (HENDRICKS, 1981),
as valid ichnospecies.

The only large sample of reasonably well-pre-
served late Jurassic sauropod trackways, with pes claw
impressions, documented prior to the present study
was that reported from the Late Jurassic Morrison
Formation of Colorado (see LOCKLEY, HOUCK &
PRINCE, 1986 and this volume). These include shallow
examples of a large morphotype with impressions of
pes digits (see Fig. 4). Therefore, the discovery of
the Lost Springs, and Lagosteiros Bay ichnites is a
significant addition to our knowledge of sauropod
ichnites from this epoch.

Although the Late Jurassic Epoch is traditionally
regarded as the “Age of Brontosaurs”, and trackways
attributable to sauropods are known, there have been
surprisingly few reports of well-preserved trackways.
Until recently, by far the best-preserved sauropod
ichnites from this epoch were the unnamed examples
from the Morrison Formation in Colorado (LOCK-
LEY, HOUCK & PRINCE, 1986), and the poorly dated
and poorly documented North African examples
from ?Late Jurassic- ?Early Cretaceousdeposits. The
new track discoveries reported herein, add signifi-
cantly to our data base of well-preserved Late Jurassic
sauropod ichnites, by providing two of the three best
examples currently known (the third being the track-
ways from the Purgatoire site in Colorado, LOCKLEY,
Houck & PRINCE, 1986). Preliminary results suggest
that general pes morphology is similar to Brontopodus
from the Cretaceous of Texas. However, in the case
of the Lost Springs ichnites, the pads associated with
the outer digit impressions, appear, blunter and a lit-
tle less claw like than in Brontopodus. This observa-
tion suggests that the Lost Springs tracks may be
differentiated from B. birdi at the level of ichno-spe-
cies. This is not surprising, since it is virtually certain
that the Late Jurassic trackmaker was not the same
species as the Cretaceous trackmaker from Texas.

We also note that the Lost Springs ichnites owe
their exceptional preservation to the fact that they
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are preserved as natural casts, and were originally
made in fine-grained muddy sediments. Such a mode
of preservation is not uncommon for large Cretaceous
ornithopod tracks found in alternating fine and
coarse grained lithologies, for example in coal-bear-
ing, coastal plain deposits (LOCKLEY, YOUNG & CAR-
PENTER, 1983; LOCKLEY ef al., 1992; PARKER &
BALSLEY, 1989), but, until now has proved a little-
known mode of preservation for sauropod ichnites.
This is in part due to the fact that most sauropod
tracks occur in carbonate platform sequences that
lack the right type of alternating lithologies, but also
due to the simple fact that exposures of the underside
of bedded units, where casts are found, are much less
extensive than exposures of the upper surfaces.

Five of the six known examples of sauropod track
casts, three from Utah (LOCKLEY et al., 1992 and this
paper), one from Colorado (LOCKLEY, 1990), and
one from England (WHYTE & ROMANO, 1993) are
associated with fluvial deposits where massive sand-
stones alternate with fine-grained floodplain depo-
sits. This style of preservation, is evidently related to
depositional regime, as might be expected.
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NOTE ADDED IN PROOF

Recent preliminary investigations of new
sauropod tracksites in the Saltwash and underlying
Summerville Formation of Utah and Arizona respec-
tively have revealed additional examples of sauropod
pes casts. One particularly well preserved example
inillustrated in LOCKLEY, FARLOW & MEYER (1994).
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A well preserved bioeroded surface occurs at the unconformity separating Cretaceous limestones and Lower
Miocene sediments, outcropping on the western coast of the Peninsula of Settbal (Central West Portugal).
The ichnoassemblage present in this bioeroded surface is herein assigned to the Trypanites ichnofacies. The
preservation characteristics of the borings reflect several episodes of encrustation/boring and physical
erosion. The erosional truncation of bioerosive structures, and the predominant preservation of the largest
borings (Gastrochaenolites isp.) in the ichnocoenoses are herein related with repeated phases of bioerosion
and physical abrasion occurred during an Early Miocene transgressive pulse. The recognition of this
bioeroded transgressive surface also allowed confirming the presence, at that time, of an emergent
topographic relief related to salt domes formed earlier, probably already during Palaeogene times.
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1. Introduction

Preservation of rocky palaeoshore indicators along modern coast-
lines is limited and commonly confined to favourable localities. As arule,
these environments are susceptible to tectonic uplift and erosion
degradation over short periods of geological time (Johnson et al., 1998).
However, the wealth of publications about this particular subject clearly
demonstrates that fossil rocky shores are more common than previously
believed and can occur in a wide range of rock types and ages
(Radwanski, 1970; Palmer, 1982; Brett and Brookfield, 1984; Wilson,
1985, 1987; Johnson and Baarli, 1987; Johnson, 1988a,b; Pirazzoli et al.,
1994; Brett, 1998; Bertling, 1999; Johnson and Baarli, 1999; Ekdale and
Bromley, 2001; Benner et al., 2004; Plag, 2006; Johnson, 2006; Santos
et al,, 2008; Cachdo et al., 2009).

A hardground is a stratigraphic discontinuity in carbonate
seafloors where lithification has taken place before the development
of a permanent sedimentary cover (synsedimentary lithification)
(Voigt, 1959; Goldring and KaZzmierczak, 1974; Bromley, 1975). These
conditions may occur near the end of a transgressive cycle in a
carbonate sequence, producing a hardground as the maximum
flooding surface (Taylor and Wilson, 2003). Thus, hiatus beds have

* Corresponding author. Fax: 434 959 219440.
E-mail address: asantos@dgyp.uhu.es (A. Santos).

0031-0182/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.palae0.2010.03.023

stratigraphic and sedimentologic value in that they allow identifica-
tion of surfaces at which sedimentation was interrupted for a
significant time (Wilson, 1985; Wilson and Palmer, 1992; Taylor
and Wilson, 2003; Santos et al., 2008), and also can be related to sea
level changes (e.g., Kendal and Schlager, 1981; Fiirsich et al., 1991;
Ghibaudo et al., 1996; Cachdo et al., 2009).

Euendoliths, which deeply penetrate lithified substrates, correspond
to benthic organisms that produce permanent dwelling structures
(domichnia) in hard substrates (Ekdale and Bromley, 2001), and usually
significantly bioerode the host rock. The exhumation of cemented
substrates provides extensive surfaces for infestation by benthic
epilithic and euendolithic organisms. This may result in the develop-
ment of hard lithified substrate ichnocenoses assigned to the Trypanites
ichnofacies.

The study of the distribution and preservation mode of these trace
fossils provide invaluable data for the understanding of hard substrate
biota. The presence and the activity of the different benthic organisms
that inhabited the substrate are recorded as a composite ichnofabric
(Ekdale et al., 1984; Bromley and Ekdale, 1986). According to the range
of tolerance of benthic organisms, successive suites of trace fossils
appear. Each stage of substrate evolution is marked by organisms able to
colonize the substrate under those specific conditions. Therefore,
encrustations and/or borings in unconformity surfaces are the best
confirmation of the existence of an ancient rocky-shore (Johnson, 2006),
and are paramount for reconstruction of the palaeoenvironments
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related to sedimentary discontinuities (Ghibaudo et al., 1996; Cachdo
et al., 2009).

According to Johnson and Ledesma-Vazquez (1999) rocky
palaeoshores and their biota are inherently interesting because they
represent the palaeoecological history of a complex ecosystem, and
because they have the potential to solve associated geological problems.

In this context, the aims of this study are twofold: (1) to survey the
palaeoecological succession of encrusting and bioeroding organisms
of the ichnoassemblage exhibited by the fossil rocky-shore biota; and
(2) to show the relevance of trace fossil analysis to palaeoecological
and tectonic studies, based on the Miocene geological history of the
Arrabida Chain (Central West Iberian Peninsula, Portugal).

2. Geologic and tectonic setting

The Foz da Fonte study area (Fig. 1) is localized in the West Iberian
Margin (WIM). This margin evolved during the Alpine Cycle and was
conditioned by several tectonic events: 1) from Late Triassic to Early
Cretaceous several extensional basins were formed, related to the early
phases of the North Atlantic opening (Wilson et al., 1989; Rasmussen
et al,, 1998; Kullberg, 2000); 2) during the Late Cretaceous, after it
became a passive margin, alkaline magmatism and salt diapirism were
widespread in the whole region, (Kullberg et al., 2006a; Miranda et al.,
2009); 3) during the Miocene (Burdigalian-Tortonian) a compressional
episode related to the North directed convergence between the Eurasian

and African plates took place (Ribeiro et al., 1990; Kullberg et al., 2006b).
This superposition of tectonic events was responsible for major
unconformities and hiatus in the entire onshore region of the WIM.

Regional geological mapping (e.g. Manuppella (coord.), 1994)
clearly shows that the Palaeogene deposits of the Sesimbra-Foz da
Fonte area are geometrically and genetically associated with the Cova
da Mijona salt dome. In the axis of this structure the Miocene
sediments lie directly, slightly unconformable, on the Cretaceous units
(Fig. 2). The Foz da Fonte is one of the most relevant and better
exposed outcrops where that hiatus is represented.

The bioeroded surface of Foz da Fonte is associated with a low
angle unconformity, and it occurs directly imprinted on strongly
lithified Cretaceous (Albian) fossiliferous limestones. These lime-
stones also show evidences of emersion and incipient karst develop-
ment mainly concentrated around fractures produced by a dyke field
related to a doloritic sill intruded in the Albian limestones,
approximately 10 m below the bioeroded surface. This intrusion
was dated by 4°Ar/3°Ar geochronology, resulting in a reverse isochron
age of 93.84+3.9Ma (Miranda et al, 2006, 2009). Evidences of
emersion and karstification prior to the transgressive Lower Miocene
depositional cycle indicate that in the western sector of the
forthcoming Arrdbida Chain, some emerged relief structures already
existed, prior to the onset of this small tectonic chain. Those reliefs
are the Sesimbra and Cova da Mijona salt domes, located to the East
and Southeast of the study area, related to Late Cretaceous/Early
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Fig. 2. Geological and tectonic sketch map of the eastern sector of the Arrdbida Chain (adapted from Manupella (coord.), 1994), and location of the study area in the West Iberian

Margin (inset).

Palaeogene salt diapirism (Kullberg and Rocha, 1991; Kullberg et al.,
2000) (Fig. 2).

From a tectonic point of view, the main question here is to assess
whether this sector of the Settibal Peninsula was already uplifted before
the Betic deformation phase evidenced at Portinho da Arrabida (Ribeiro
etal,, 1979), about 25 km East of the Foz da Fonte outcrop. At Portinho da
Arrabida, an angular unconformity of about 90° marks a hiatus between
17.5 and 16.5 Ma dated using 87Sr/%Sr isotopes (Antunes et al., 1995).

3. The Foz da Fonte Miocene bioeroded surface

The bioeroded surface is located on the Atlantic coast of the Settbal
Peninsula, Central West Portugal, about 30 km southwest of Lisbon
(Fig. 1). It corresponds to a sub-horizontal transgressive surface that
cuts through a previous emerged and karstified Cretaceous carbonate
relief, having a total area of 468 m? and a dip of 50°N 8°SE. The surface is
positioned about 10 m above the present day mean sea level.

The Foz da Fonte bioeroded surface, as well as the bioerosion struc-
tures affecting it, is Miocene in age and developed unconformably on the
contact between Lower Cretaceous limestones (Albian age) below, and
Lower Miocene clayey and calcarenitic sediments above (Manupella
et al., 1999) (Fig. 3).

The surface is extensively bored, showing numerous ichnofossils in
80 to 90% of its surface (Fig. 4). The bioeroded surface also presents
evidences of encrusting organisms, such as the pycnodontic bivalve
Pycnodonte squarrosa, preserved with its original shell, basal plates of
balanomorphs, and colonial corals in situ. Several bivalves sometimes
grew over the borings, indicating a later larval settlement, and others
are also perforated by boring bivalves, representing a second
colonization and bioerosion phase. Mineral encrustations over the
surface and covering on the borings are missing.

Neogene bioerosion structures at Foz da Fonte have been
previously reported by Silva et al. (1999), who described this contact
surface as a hard Miocene bioeroded surface with abundant bivalve
and sponge borings.

4. Methods

To perform this study, seventeen 20 x 20 cm? areas of substrate were
randomly selected. The bioerosion structures within these areas were
identified and counted, and the remains of encrusting organisms were
recorded. After identification, the estimation of the real composition of
the ichnocenoses was made. The bioerosion structures were measured
using digital callipers. The spatial relationships between bioerosion
structures and encrusting organisms were also recorded.

The biostratigraphy of the overlying Miocene beds was determined
using calcareous nannofossils. Thirteen sediment replicates were
collected in the dark grey fossiliferous clay immediately above the
bioerosioned surface. Each replicate sample was prepared following the
rippled smear slide procedure described in Cachdo and Moita (2000)
and the nannofossil assemblages screened for biostratigraphy markers
at x 1250 magnification under a petrographic optical microscope.

5. Results
5.1. Palaeoichnology

The morphological analysis of the bioerosion structures preserved
revealed seven ichnospecies belonging to five ichnogenera (Table 1).
These include structures produced by polychaete annelids (Caulostrepsis
isp.), clionaid sponges (Entobia isp.), sipunculid annelids (Trypanites
weise Mdgdefrau, 1932), acrothoracican cirripedia (Rogerella isp.) and
endolithic bivalves (Gastrochaenolites torpedo Kelly and Bromley, 1984,
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Fig. 3. Contact surface between Cretaceous limestones (Albian) and Miocene (Middle-Upper Burdigalian) terrigenous sediments at Foz da Fonte (Portugal). Bioerosion structures occur
below the planar surface that bounds both rock units. N;Bur—Miocene, Burdigalian; K;Alb—Lower Cretaceous, Albian. Age symbols and stage abbreviations after Harland et al. (1989).

Gastrochaenolites lapidicus Kelly and Bromley, 1984, Gastrochaenolites
ornatus Kelly and Bromley, 1984). All the bioerosion structures
correspond to the boring activity of endolithic organisms and, from an
ethological point of view, only dwelling structures (domichnia) are
present.

The five ichnogenera: Caulostrepsis, Entobia, Rogerella, Trypanites
and Gastrochaenolites, are characteristic of a hard substrate coloniza-
tion episode. The most prominent trace fossil found is the character-
istic club-shape bivalve boring Gastrochaenolites preserved in concave
epirelief on the bioeroded surface. Field counts (including all the three
Gastrochaenolites ichnospecies), point to a potential maximum

Fig. 4. Detail of the hardground surface with Gastrochaenolites torpedo (Gt) and
Gastrochaenolites lapidicus (Gl).

concentration of 50 bivalve borings per 400 cm? in some areas,
although presenting a very irregularly clustered distribution.

Most Gastrochaenolites perforations on the study surface show
partial to nearly complete erosion of the original boring. In very rare
cases, the vertical Gastrochaenolites borings contain evidences of the
trace-producing organisms preserved in living position. Some
Gastrochaenolites borings are oriented perpendicular to the bedding
plane (mainly Gastrochaenolites lapidicus and Gastrochaenolites orna-
tus), whilst others are subparallel to it (Gastrochaenolites torpedo).

Gastrochaenolites ichnospecies were identified on the basis of the
shape of the distal part of the boring: Gastrochaenolites torpedo (with
an acutely parabolic base), Gastrochaenolites lapidicus (with a short,

Table 1

Information of Foz da Fonte bioerosion structures associated with the rocky
palaeoshore. Abbreviations and symbols used in the table: * = Age symbols and stage
abbreviations after Harland et al. (1989): N1 = (Lower Neogene); Bur = (Burdigalian);
K1 = (Lower Cretaceous).

Substrate Outcrop
Portugal
Foz da Fonte
N; Bur
Age (%) K
Lithology Limestone
Exposure type Surface
Surface preservation Regular
Ichnotaxa
Gastrochaenolites torpedo Kelly and Bromley [ ]
Gastrochaenolites lapidicus Kelly and Bromley (]
Gastrochaenolites ornatus Kelly and Bromley [ ]
Entobia isp. [ ]
Caulostrepsis isp. ([ ]
Trypanites weise Mdgdefrau [ ]
Rogerella isp. (]
Epilithobionts
Pycnodonte squarrosa [}
Barnacles [}
Colonial corals (]
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Fig. 5. Plain view of Gastrochaenolites ornatus in cross-section, showing the typical
bioglyphs on the basal region of the cavity.

rounded base), and Gastrochaenolites ornatus (with a short rounded
base and bioglyphs on the walls).

At Foz da Fonte, the Gastrochaenolites torpedo structures show a
mostly wide elongated outline in longitudinal section (subparallel to
the bedding plane), and are sparsely distributed on the surface. The
tapering in the distal part of the boring is gradual, resulting in a
rounded terminal region. The upper half of the borings has been
eroded away. The structures vary in dimension: 8.5 cm of maximum
length and 3.4 cm of maximum width. The total number of G. torpedo
structures considered was 102.

Gastrochaenolites lapidicus is much more abundant and evenly
distributed on the surface, and mostly oriented perpendicular to the
bedding surface. The structures are represented by the lower part of the
clavate-shaped boring, showing a circular outline with a rounded base
in plain view. The diameter of the borings varies from 0.5 to 1.3 cm, with
an average value of 0.7 cm. The total number of G. lapidicus structures
considered was 435.

Gastrochaenolites ornatus structures are the less common of all,
being similar in dimensions to Gastrochaenolites lapidicus. These
borings typically show concentric sculpturing in the walls (bioglyphs)
on the basal region of the cavity (Fig. 5). The area between bivalve
borings is occupied by sponge borings Entobia Bronn (1837-1838),
which have been eroded in most areas, exposing chambers and canals.

Fig. 6. Trypanites weise inside of Gastrochaenolites torpedo borings.

Fig. 7. Left valve of Pycnodonte squarrosa with Entobia, Caulostrepsis and Gastrochaenolites
bioerosion on the inner surface. Gt—Gastrochaenolites torpedo borings; Gl—Gastrochaenolites
lapidicus borings.

Narrow vertical borings as Trypanites weise were identified inside
of Gastrochaenolites torpedo or perpendicular to the bedding (Fig. 6),
with 1 mm diameter and reaching over 12 cm in length.

Caulostrepsis worm borings (with the typical constricted section
on figure-of-eight) and acrothoracican cirriped borings Rogerella
(with their slit-like apertures), were also identified. These two types
of trace fossils have a restricted distribution on the surface occurring
mainly on the external part (seaward, presently) of the platform.

The encrusting epifauna on the hardground included several
organisms like the bivalve Pycnodonte squarrosa (de Serres, 1843),
barnacles, and colonial corals, all represented by in situ remains (Table 1;
Figs. 7 and 8). The existence of this community of sclerobionts is further
evidence of the existence of a lithified substrate. The encrusting bivalve
shells commonly exhibit Entobia, Caulostrepsis, and Gastrochaenolites

Fig. 8. Spatial distribution of Gastrochaenolites lapidicus and Gastrochaenolites torpedo
structures showing phobotaxis behaviour. Note bivalve shell bored by G. lapidicus and
encrusting previous G. torpedo structures.
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borings (Fig. 7). The shells sometimes overgrew previous borings,
indicating a later larval settlement. In some of the shells, Caulostrepsis
structures show evidences of having been produced during the life time
of the host, as they exhibit a preferred location and outwards orientation
on the outer ventral edge of the shells. Similar boring orientations have
been observed and discussed by Santos and Mayoral (2007). The inner
surface of disarticulated Pycnodonte left valves was mainly colonized by
Entobia-producing organisms, always from the outside to the inner part
of the shell, and barnacles.

5.2. Calcareous nannofossil biostratigraphy

The calcareous nannofossil assemblages examined are dominated
by small forms with less than 3.5 pm, namely Reticulofenestra minuta
Roth and Dictyococcites productus (Kamptner) Backmann. The
remaining assemblage is relatively diversified and composed by
Braarudosphaera bigelowii (Gran and Braarud) Deflandre, Cyclicargo-
lithus floridanus (Roth and Hay) Bukry, Coccolithus pelagicus (Wallich)
Schiller, C. miopelagicus Bukry, Discoaster deflandrei Bramlette and
Riedel, Discoaster cf. druggii Bramlette and Wilcoxon, Helicosphaera
ampliaperta Bramlette and Wilcoxon, H. carteri (Wallich) Kamptner,
H. carteri wallichii (Lohmann) Boudreaux and Hay, H. intermedia
Martini, H. mediterranea Miiller, H. vedderi Bukry, Holodiscolithus
macroporus (Deflandre) Roth (holococcolith), Pontosphaera multipora
(Kamptner) Roth, Reticulofenestra gr. haqii Backman — minutula Haq
and Berggren; Sphenolithus belemnos Bramlette and Wilcoxon, S.
moriformis Bramlette and Wilcoxon, Syracosphaera sp., Umbilico-
sphaera jaffari Miiller, and U. rotula (Kamptner) Backman, together
with ascidian spicules (e.g. Micrascidites vulgaris Deflandre and
Deflandre-Rigaud).

From a biostratigraphic point of view, the occurrence of Sphenolithus
belemnos restricts this assemblage to the biozone NN3 (Martini)-CN2
(Okada and Bukry), a short biozonal interval chronostratigraphically
equivalent to the Middle Burdigalian (Table 2). For complementary

Table 2

Biostratigraphic table with calcareous nannofossils biozones and the main markers found in
the Foz da Fonte lower dark clay unit, immediately above the bioerosioned surface. In grey is
the biostratigraphic interval for the assemblage, equivalent to the NN3 (Martini)—CN2
(Okada and Bukry) biozones, and chronostratigraphically equivalent to the Middle
Burdigalian.
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taxonomic and biostratigraphic references see Bown (1998) and Perch-
Nielsen (1989).

It is interesting to note that this result matches perfectly with the
pioneer stratigraphic conclusion of Berkeley Cotter (Choffat, 1950),
more than a century ago, based on mollusc fossil assemblages.
Nevertheless other authors indicate older ages for this Miocene beds,
such as Aquitanian (Manuppella et al., 1999) or Lower Burdigalian
(Antunes et al., 2000).

6. Discussion
6.1. Succession of the bioeroder community

The ichnoassemblage under consideration exhibits post-omission
suites recognized by Bromley (1975) as borings that were drilled after
lithification. The dense population of Gastrochaenolites records a
period of non-deposition and exposure of the hardground surface to
marine waters. According to Bromley (1992) and Bromley and
Asgaard (1993) this ichnogenus is known to characterize shallow-
water hard substrates.

The ichnoassemblage evolution reflects changes in ecological
parameters (e.g. mainly due to the sedimentation rate). From the
sequence of biologic events that occurred in the Foz da Fonte surface,
one can infer the succession of the infaunal communities that colonized
the hard substrate.

Gastrochaenolites are generally shallow-water trace fossils. Where
individuals are crowded and dominate the assemblage only a few
metres of water may be inferred (Bromley, 1992). In the Neogene of
the Mediterranean, areas affected by Gastrochaenolites torpedo
structures, produced by the bivalve Lithophaga lithophaga, are
restricted to 1-2 m depth (Kleemann, 1973).

Although in Foz da Fonte the distribution of borings is patchy and
the boring density does not exceed 250 borings per square meter,
Lithophaga may have been the agent of intense bioerosion in the area.
However, the population densities obtained here were far too low for
overcrowding and intraspecific competition to be a probable influence
and source of mortality.

Kleemann (1973) recorded abundances of 100 animals/0.0625 m?
for L. lithophaga on the Mediterranean coasts of former Yugoslavia,
which resulted in space competition, neighbouring shell erosion and
stenomorphism of Gastrochaenolites borings. In Foz da Fonte,
Gastrochaenolites lapidicus structures do not intersect those of
Gastrochaenolites torpedo, showing a phobotaxic behaviour of the
bivalves involved. Occasionally some G. lapidicus cut-cross epilithic
bivalve shells encrusting G. torpedo or show evidences of infestation
of empty G. torpedo borings (Fig. 8). The further colonization of the
substrate by polychaete worms produces Trypanites structures inside
Gastrochaenolites borings. This colonization implies a certain period
of time during which neither important erosion, nor major depo-
sition, took place.

The physical properties of the substrate and the sedimentation
environment, namely sediment input, control this ichnofacies, which
depends on lithified, exposed substrates. This trace fossil association
may be related to the Entobia subichnofacies (MacEachern et al., 2007)
of Bromley and Asgaard (1993) which in turn is assignable to the
Trypanites ichnofacies of Frey and Seilacher (1980). This ichnofacies
characterized by domichnial borings of worms (Trypanites), bivalves
(Gastrochaenolites), cirripedes (Rogerella) and sponges (Entobia)
formed in shoreline rocks or in lithified limestone hard surfaces on
shallow seabeds.

The cirriped borings Rogerella, which show a patchy and restrict
distribution, occur exclusively on the external part of the platform.
Alignment of the Rogerella borings observed on this specific area of the
hardground could be induced by the polarity of food supply direction
due to currents (rheotropic orientation), which cause individuals to
be clumped in the more favourable areas of the habitat. The preferred
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orientation is with the food gathering apparatus facing the current.
Pemberton and Frey (1984) maintain that food resources and feeding
adaptations are among the most important parameters constraining
population dispersion.

The scarcity of epilithobiont remains attached to the surface is clearly
related to the strong erosion associated with planar hard surfaces, as
suggested by the shallowness of Gastrochaenolites truncated borings
(Santos et al., 2008).

6.2. Comparison with other Portuguese Neogene rocky-shore communities

Santos et al. (2008) studied four Miocene hardgrounds in the
Algarve (S Portugal: Sagres, Arrifdo, Oura and Cacela), which are also
interpreted as erosional transgressive surfaces associated with
important bioerosion activity. However, there are some differences
that distinguish these hardgrounds from the one at Foz da Fonte with
respect to ichnodiversity and boring density.

Probably due to a better preservation, the Foz da Fonte hard
substrate shows a more diversified ichnoassemblage with the presence
of Gastrochaenolites and other ichnotaxa such as Entobia, Caulostrepsis,
Trypanites and Rogerella, contrasting with the low ichnodiversity
exhibited by southern Portuguese hard substrates. Trypanites and
Rogerella borings are, for the first time, recognized in hardground
surfaces of the western Atlantic facade of Iberia. Moreover, the diversity
of Gastrochaenolites ichnospecies identified (Gastrochaenolites torpedo,
Gastrochaenolites lapidicus and Gastrochaenolites ornatus) is higher in
Foz da Fonte than in any other southern Portuguese localities, including
the Oura surface, which is the Algarvian locality with higher Gastro-
chaenolites ichnodiversity (G. torpedo, G. turbinatus and Gastrochaeno-
lites isp.) (Santos et al., 2008; Cachdo et al., 2009). In all the other
localities, due to poor preservation, only Gastrochaenolites isp. structures
where identified.

Entobia and Gastrochaenolites borings are the only two ichnotaxa
that are present in both Foz da Fonte and all the Southern Portuguese
hard substrates, with exception of Entobia on the Oura site. Epilithobiont
remains are scarce in all these localities. The Foz da Fonte locality is the
only one that presents some epilithobiont diversity. In the south, Cacela
is the only site where it is possible to observe a few encrusted oysters. In
all the others epilithobiont remains are missing.

However, regarding the bioerosion density, the density of
Gastrochaenolites is lower at Foz da Fonte (only 250 borings per m?)
than on the Arrifio (955 specimens per m?) and Oura (300 specimens
per m?) rocky surfaces, although in all the cases the distribution is
patchy (Santos et al., 2008; Cachdo et al., 2009).

6.3. Palaeoenvironmental reconstruction

At Foz da Fonte, the observed ichnological succession appears to
record repeated events of marine erosion. The cross-cutting relation-
ships among borings indicate repeated events of erosion, encrustation
and re-boring of the surface (Fig. 8).

In the Early Miocene, during the initial stage of the transgression, the
emerged Cretaceous sedimentary sequence was eroded, forming a wave
cut platform. The exposed Cretaceous limestone surface was rapidly and
densely colonized by Miocene boring organisms. In these initial
conditions wave energy is high enough to prevent sedimentation and
encrusting organisms from settling and overgrowing the borings
(Bromley, 1975).

The sequence of events leading to the formation of the rocky
surface and its later bioerosion are reconstructed as follows (Fig. 9):

1. Cenomanian/Turonian to Early Miocene erosion of the emerged
Cretaceous sedimentary sequence and formation of the limestone
surface (Fig. 9.1-2).

2. In Miocene times, an initial shallow-water phase during marine
flooding allowed colonization of submerged hardground by

sponges (producing Entobia), sipunculid worms (producing Try-
panites) and a dense population of boring bivalves producing
Gastrochaenolites torpedo (probably Lithophaga sp. bivalves) and
Gastrochaenolites lapidicus structures (Fig. 9.3).

3. The erosion and bioerosion of the surface continues leading to the
obliteration of the upper half of the previous bioerosion structures
(Fig. 9.4).

4, With the development of the transgression, water depth increases,
resulting in the inhibition of the Gastrochaenolites torpedo
producers and allowing the colonization by encrusting organisms
such as Pycnodonte bivalves, balanomorph crustaceans and colonial
corals (Fig. 9.5).

5. Abrasion and bioerosion continues smoothing the bioeroded
surface, and tearing away some right valves of the Pycnodonte
shells (Fig. 9.6). In the external part of the platform (seaward)
shallow Caulostrepsis worm borings and Rogerella acrothoracican
cirriped borings were produced.

The boring activity was terminated by the burial of the hardground
surface under sediment in a shallow marine environment. This
assumption is based upon the marine fossil assemblage present in the
sediments above the surface and the absence of mineral staining -
indicating subaerial exposure - on the surface itself or on the walls of the
borings. The overlying terrigenous sediment was deposited rapidly,
forming a homogeneous layer completely sealing the underlying
bioeroded surface.

6.4. Tectonic linkages and structural analysis

The bioeroded surface culminates a significantly long stratigraphic
gap (hiatus) spanning the interval from the Cretaceous to the Miocene
during which break-up of the Cretaceous limestone beds and
karstification occurred.

In situ bored lithified substrates are the better fossiliferous evidence
for: 1) a near-shore marine palaeoenvironment allows drawing a
coastline in its near vicinity and, 2) sedimentary omission or starvation
that normally accompanies the fast inland migration of the coastal line
during transgressions.

Thus Foz da Fonte Miocene bioerosion of Cretaceous limestones
clearly demonstrates that a rocky-shore line existed in this location
during middle Burdigalian times, and, thus, that a sector of the
southern Settibal Peninsula was already uplifted and emerged at this
stage. This emergent topographic relief is related to salt dome
deformation formed, probably, as late as Palaeogene times. Recogni-
tion of the bioeroded hard substrate and dating reported here, makes
the interpretation of the vertical tectonic disturbance in this region as
the most probable.

7. Conclusions

During Early Miocene times (middle Burdigalian) the Western part
of Iberia, namely the Arrabida region, was affected by, at least, one
marine transgression. This is recorded at Foz da Fonte in the
conspicuous bioerosion structures produced by marine organisms
evidencing the existence of an ancient wave cut platform. The
presence of these bioerosion trace fossils together with attached
epifauna is evidence of a transgressive surface and corresponds to an
ancient marine hard substrate community associated with sedimen-
tary omission or starvation that normally accompanies the fast inland
migration of the coastal line during transgressions. The main
conclusions of this study can be summarized as follows:

1) The borings represent an in situ rocky substrate community of
Miocene bivalves, sponges, barnacles and worms colonizing a
Cretaceous limestone wave cut platform corresponding to a very
shallow marine rocky substrate with a negligible sedimentation
rate.
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Fig. 9. Sequence of formation and palaeoenvironmental interpretation diagram of the Foz da Fonte bioeroded hardground. Bioerosion structures: a—Rogerella isp.; b—Caulostrepsis
isp.; Encrusting organisms: 1—Barnacles; 2—Colonial corals; 3—Oysters; K;Alb—Lower Cretaceous, Albian; N;Bur—Miocene, Burdigalian. Age symbols and stage abbreviations after

Harland et al., (1989).

2) Bivalve borings Gastrochaenolites are the dominant trace fossils in
the studied outcrop. The highly energetic marine environment here
could explain the low diversity of trace fossils and encrusting biota.

3) This trace fossil assemblage can be related to the Entobia
subichnofacies of the Trypanites ichnofacies, which is recurrent
worldwide on Neogene rocky shores.

4) The observed spatial and sequential relationship of bioerosion
structures allows the reconstruction of a succession of bioerosion
ichnocoenoses from a sponge-dominated community (represented

5

—

by Entobia and Trypanites) to a bivalve-dominated community
(represented by Gastrochaenolites) and finally by cirriped
acrothoracic-dominated community (represented by Caulostrepsis
and Rogerella).

From Tectonic point a view, the recognition of the Foz da Fonte
bioeroded transgressive surface is crucial for establishing the
presence of a vertical tectonic disturbance in this region prior to
the middle Burdigalian, associated to the emplacement of a salt
dome and a volcanic sill.



A. Santos et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 292 (2010) 35-43 43

Acknowledgements

Financial support was given by the Ministry of Science and Technology
of Spain in the form of a Juan de la Cierva contract to A. Santos (Ref: JCI-
2008-2431) and also by the Junta de Andalucia (Spanish government) to
the Research Group RNM316 (Tectonics and Paleontology). Financial
support from the Portuguese Fundacdo para a Ciéncia e Tecnologia (PTDC/
MAR/102800/2008) is also acknowledged. The authors are grateful to
Mark Wilson (College of Wooster, USA) and an anonymous reviewer for
their helpful comments and suggestions, as well as Prof. Finn Surlyk
(Editor) who made valuable additions for improving the manuscript.

References

Antunes, M.T,, Elderfield, H., Legoinha, P., Pais, J., 1995. Datagdes isotépicas com Sr do
Miocénico do flanco Sul da Serra da Arrdbida. Comissdo Instituto Geoldgico e
Mineiro 81, 73-78.

Antunes, M.T., Legoinha, P., Cunha, P.P., Pais, J., 2000. High resolution stratigraphy and
Miocene facies correlation in Lisbon and Settibal Peninsula (Lower Tagus basin,
Portugal). Ciéncias da Terra 14, 183-190.

Benner, ].S., Ekdale, A.A,, de Gibert, J.M., 2004. Macroborings (Gastrochaenolites) in
Lower Ordovician hardgrounds of Utah: sedimentologic, paleoecologic, and
evolutionary implications. Palaios 19, 543-550.

Bertling, M., 1999. Taphonomy of trace fossils at omission surfaces (Middle Triassic,
East Germany). Palaegeography, Palaeoclimatology, Palaeoecology 149, 27-40.

Bown, P., 1998. Calcareous Nannofossil Biostratigraphy. Chapman & Hall. 314 pp.

Brett, C.E., 1998. Sequence stratigraphy, paleoecology, and evolution: biotic clues and
responses to sea-level fl uctuations. Palaios 13, 241-262.

Brett, C.E., Brookfield, M.E., 1984. Morphology, faunas and genesis of Ordovician
hardgrounds from Southern Ontario, Canada. Palaegeography, Palaeoclimatology,
Palaeoecology 46, 233-290.

Bromley, R.G., 1975. Trace fossil at omission surfaces. In: Frey, RW. (Ed.), The Study of
Trace Fossils. Springer-Verlag, New York, pp. 399-428.

Bromley, R.G., 1992. Bioerosion: eating rocks for fun and profit. In: Mapples, C.G., West,
R.R. (Eds.), Trace Fossils. Short Courses in Paleontology, n°5. A Publication of the
Paleontological Association, pp. 121-129.

Bromley, R.G., Asgaard, U., 1993. Endolithic community replacement on a Pliocene rocky
coast. Ichnos 2, 93-116.

Bromley, R.G., Ekdale, A.A., 1986. Composite ichnofabrics and tiering burrows. Geological
Magazine 123, 59-65.

Bronn, H.G., 1837-1838. Lethaia geognostica oder Abbildungen und Beschreibungen der
fir die Gebirgs-Formationen bezeichnendsten versteinerungen. Schweizerbart,
Stuttgart. 1350 pp.

Cachdo, M., Moita, T., 2000. Coccolithus pelagicus, a productivity proxy related to
moderate fronts off Western Iberia. Marine Micropaleontology 39, 131-155.

Cachdo, M., da Silva, CM,, Santos, A., Domémech, R., Martinell, J., Mayoral, E., 2009. The
bioeroded megasurface of Oura (Algarve, south Portugal): implications for the
Neogene stratigraphy and tectonic evolution of southwest Iberia. Facies 55, 213-225.

Choffat, P., 1950. Géologie du Cénozoique du Portugal. Comunicacdes Servigos
Geoldgicos Portugal XXX (Suplem.). 182 pp.

da Silva, C.M., Cachdo, M., Martinell, ., Doménech, R., 1999. Bioerosional evidence of
rocky palaeoshores in the Neogene of Portugal: environmental and stratigraphical
significance. Bulletin of the Geological Society of Denmark 45, 156-160.

Ekdale, A.A., Bromley, R.G., 2001. Bioerosional innovation for living in carbonate hardgrounds
in the Early Ordovician of Sweden. Lethaia 34, 1-12.

Ekdale, A.A., Bromley, R.G., Pemberton, S.G., 1984. Ichnology: Trace Fossils in Sedimen-
tology and Stratigraphy (Short Course 15). Society of Economic Paleontologists and
Mineralogists, Tulsa, Oklahoma. 317 pp.

Frey, RW.,, Seilacher, A., 1980. Uniformity in marine invertebrate ichnology. Lethaia 13, 183-207.

Fiirsich, F.T., Oschmann, W., Jaitly, A.K., Singh, .B.,, 1991. Faunal response to transgressive—
regressive cycles: examples from the Jurassic of Western India. Palaeogeography,
Palaeoclimatology, Palaeoecology 85, 149-159.

Ghibaudo, G., Grandesso, P., Massari, F., Uchman, A., 1996. Use of trace fossils in delineating
sequence stratigraphyc surfaces (Tertiary Venetian basin, Northeastern Italy).
Palaeogeography, Palaeoclimatology, Palaeoecology 120, 261-279.

Goldring, R., Kazmierczak, J., 1974. Ecological succession in intraformational hard-
ground formation. Palaeontology 17 (4), 949-962.

Harland, W.B., Armstrong, R.L., Craig, L.E., Smith, A.G., Smith, D.G., 1989. A Geologic
Time Scale. Cambridge Univ Press, Cambridge. 279 pp.

Johnson, M.E., 1988a. Why are ancient rocky shores so uncommon? Journal of Geology
96, 469-480.

Johnson, M.E., 1988b. Hunting for ancient rocky shores. Journal of Geological Education
36, 147-154.

Johnson, M.E., 2006. Uniformitarianism as a guide to rocky-shore ecosystems in the geological
record. Canadian Journal of Earth Sciences 43, 1119-1147.

Johnson, M.E., Baarli, B.G., 1987. Encrusting corals on a latest Ordovician to earliest
Silurian rocky shore, Southwest Hudson Bay, Manitoba, Canada. Geology 15, 15-17.

Johnson, M.E., Baarli, B.G., 1999. Diversification of rocky-shore biotas through geologic
time. Géobios 32, 257-273.

Johnson, M.E., Ledesma-Vazquez, J., 1999. Biological zonation on a rocky-shore boulder
deposit: Upper Pleistocene Bahia San Antonio (Baja California Sur, Mexico). Palaios
14, 569-584.

Johnson, M.E.,, Rong, J., Kershaw, S., 1998. Calibrating Silurian eustasy against the
erosion and burial of coastal paleotopography. In: Landing, E., Johnson, M.E. (Eds.),
Silurian Cycles—Linkages of Dynamic Stratigraphy with Atmospheric, Oceanic, and
Tectonic Changes, New York State Museum, Bulletin 491, pp. 3-13.

Kelly, P., Bromley, R.G., 1984. Ichnological nomenclature of clavate borings. Palaeontology
27 (4), 793-807.

Kendal, C.G.St., Schlager, W., 1981. Carbonates and relative changes in sea level. Marine
Geology 44, 181-212.

Kleemann, K.H., 1973. Der gesteinsabbau durch Atzmuscheln an kalkkiisten. Oecologia
13, 377-395.

Kullberg, J.C., 2000. Evolugdo tecténica mesozoica da Bacia Lusitaniana. PhD thesis,
Universidade Nova de Lisboa, Portugal, 361 pp. (Unpublish).

Kullberg, J.C., Rocha, R.B., 1991. Evidéncias tectdnicas da existéncia de uma estrutura
diapirica entre o Cabo Espichel e Sesimbra. Abst. IIl Congresso Nacional Geologia,
Coimbra. 116 pp.

Kullberg, M.C., Kullberg, J.C., Terrinha, P., 2000. Tecténica da Cadeia da Arrabida.
Tecténica das regides de Sintra e Arrdbida. Memérias Geociéncias, 2. Museu
Nacional Histéria Natural Universidade Lisboa, pp. 35-84.

Kullberg, J.C.,, Rocha, R.B., Soares, A.F., Frey, J., Terrinha, P., Callapez, P., Martins, L., 2006a.
A Bacia Lusitaniana: Estratigrafia, Paleogeografia e Tectdnica. In: Dias, R., Aradjo, A.,
Terrinha, P., Kullberg, J.C. (Eds.), Geologia de Portugal no contexto da Ibéria,
Universidade de Evora, pp. 317-368.

Kullberg, ]J.C., Terrinha, P., Pais, J., Reis, R.P., Legoinha, P., 2006b. Arrabida e Sintra: dois
exemplos de tectonica pds-rifting da Bacia Lusitaniana. In: Dias, R., Aratjo, A.,
Terrinha, P., Kullberg, ].C. (Eds.), Geologia de Portugal no contexto da Ibéria,
Universidade de Evora, pp. 369-396.

MacEachern, J.A., Pemberton, S.G., Gingras, M.K,, Bann, K.L., 2007. The Ichnofacies
Paradigm: A fifty-year retrospective. In: Miller III, W. (Ed.), Trace Fossils. Concepts,
Problems, Prospects. Elsevier, Amsterdam, pp. 52-77.

Maégdefrau, K., 1932. Uber einige Bohrginge aus dem unteren Muschelkalk von Jena.
Paldontologische Zeitschrift 14, 150-160.

Manuppella, G., Antunes, M.T., Pais, J., Armalo, M.M., Rey, J., 1999. Carta Geoldgica de
Portugal (Noticia Explicativa) 1:50 000, Folha 38-B Setiibal. Instituto Geoldgico e
Mineiro, Portugal. 143 pp.

Manuppella, G., (coord.), 1994. Carta Geoldgica de Portugal a escala 1:50 000, Folha 38-B
Settbal. Instituto Geolégico e Mineiro, Portugal.

Miranda, R., Valadares, V., Azevedo, M.R., Terrinha, P., Mata, J., Gaspar, M., Kullberg, ].C.,
Nogueira, C., Ribeiro, C., Monteiro, J.F., 2006. New geochronological and
geochimical data on the Late Cretaceous alkaline intrusions of the West Iberian
Margin. Abstracts IV Congresso Nacional Geologia, Evora, pp. 129-132.

Miranda, R,, Valadares, V., Terrinha, P., Mata, J., Azevedo, M.R., Gaspar, M., Kullberg, J.C.,
Ribeiro, C., 2009. Age constraints on the Late Cretaceous alkaline magmatism on the
West Iberian Margin. Cretaceous Research 30, 575-586.

Palmer, T.J., 1982. Cambrian to Cretaceous changes in hardground communities. Lethaia
15, 309-323.

Pemberton, S.G., Frey, RW., 1984. Quantitative methods in ichnology: spatial
distribution among populations. Lethaia 17, 33-49.

Perch-Nielsen, K., 1989. Cenozoic calcareous nannofossils. In: Bolli, H., Saunders, ].B., Perch-
Nielsen, K. (Eds.), Plankton Stratigraphy. Cambridge University Press, I, pp. 427-554.

Pirazzoli, P.A., Stiros, S.C., Laborel, J., Laborel-Deguen, F., Arnold, M., Papageorgious, S.,
Morhange, C., 1994. Late-Holocene shoreline changes related to palaeoseismic
events in the lonian Islands, Greece. Holocene 4, 397-405.

Plag, H.-P., 2006. Recent relative sea-level trends: an attempt to quantify the forcing
factors. Philosophical Transactions of the Royal Society of London. Series A. Physical
Sciences and Engineering 364, 821-844.

Radwanski, A., 1970. Dependence of rock-borers and burrowers on the environmental
conditions within the Tortonian littoral zone of Southern Poland. In: Crimes, T.P.,
Harper, J.C. (Eds.), Trace Fossils 2: Geological Journal Special Issues 9, pp. 227-264.

Rasmussen, E.S., Lomholt, S., Andersen, C., Vejbak, 0.V., 1998. Aspects of the structural
evolution of the Lusitanian Basin in Portugal and the shelf and slope area offshore
Portugal. Tectonophysics 300, 199-225.

Ribeiro, A., Antunes, M.T., Ferreira, P., Rocha, R.B., Soares, A.F., Zbyszewski, G., Moitinho
de Almeida, F., Carvalho, D., Monteiro, J.H., 1979. Introduction a la Géologie
generale du Portugal. Servigos Geolégicos de Portugal. 114 pp.

Ribeiro, A., Kullberg, M.C., Kullberg, J.C., Manuppella, G., Phipps, S., 1990. A review of
Alpine tectonics in Portugal: foreland detachment in basement and cover rocks.
Tectonophysics 184, 357-366.

Santos, A., Mayoral, E., 2007. Bioerosion vs colonisation on Bivalvia: a case study from
the Upper Miocene of Cacela (Southeastern Portugal). Geobios 41, 43-60.

Santos, A., Mayoral, E., da Silva, C.M., Cachdo, M., Domeénech, R., Martinell, ]., 2008. Trace
fossil assemblages on Miocene rocky shores of southern Iberia. In: Wisshak, M.,
Tapanila, L. (Eds.), Current Developments in Bioerosion. Springer-Verlag, Berlin
Heidelberg, pp. 431-450.

Taylor, P.D., Wilson, M.A., 2003. Palaeoecology and evolution of marine hard substrate
communities. Earth-Science Reviews 62, 1-103.

Voigt, E., 1959. Die okologische Bedeutung der Hartgriinde (Hardgrounds) in der
oberen kreide. Paldeontologische Zeitschrift 33, 129-147.

Wilson, M.A., 1985. Disturbance and ecologic succession in an Upper Ordovician cobble
dwelling hardground fauna. Science 228, 575-577.

Wilson, M.A., 1987. Ecological dynamics on pebbles, cobbles and boulders. Palaios 2, 594-599.

Wilson, M.A.,, Palmer, TJ., 1992. Hardgrounds and hardground faunas. University of
Wales, Aberystwyth, Institute of Earth Studies Publications 9, 1-131.

Wilson, R.C.L., Hiscott, R.N., Willis, M.G., Gradstein, F.M., 1989. The Lusitanian Basin of
West Central Portugal: Mesozoic and Tertiary tectonic, stratigraphic, and
subsidence history. In: Tankard, AJ., Balkwill, H. (Eds.), Extensional Tectonics and
Stratigraphy of the North Atlantic MarginsAAPG Memoir, 46, pp. 341-361.



Pedreira do Galinha

168 Ma (Jurdssico Médio)
|dade

Pegadas (impressdes)
Tipos de fésseis

Saurépodes
Dinossdurios

ENEIES

* Vinte pistas de saurépodes de diferentes dimensées, alguns com 3

Sumédrio a 4 m do solo & anca

* Duas das mais longas pistas conhecidas no mundo (140 a 150 m
de extens@o)

* Pegadas bem conservadas com marcas de dedos e morfologias
Unicas

* Pistas largas de um grupo primitivo de saurépodes que
apresentavam um proeminente dedo polegar na méao

* Pistas que sugerem velocidades de deslocacdo entre 4 e 5 km/h

A Jodo Carvalho, a J. P Martins Barata e a Rui Galinha



PEGADAS DE DINOSSAURIOS DE PORTUGAL

Quem visita as serras de Aire e Candeeiros pode
encontrar testemunhos da passagem de dinossdurios
conservados nas superficies das camadas de calcarios
que constituem estes relevos. Foi o que aconteceu a
Jodo Carvalho quando, em Julho de 1994, reconhe-
ceu a existéncia de rastos destes animais na Pedreira
do Galinha, situada na localidade denominada Bair-
ro, entre Torres Novas e Fatima. Ao procurar fésseis de
invertebrados, encontrou o que na altura era o mais
longo trilho de saurépode jamais visto.

Rui Galinha, responsavel pela Empresa Alfredo Fran-
cisco Galinha, Lda., que laborava na pedreira conhecida
como a Pedreira do Galinha, colaborou no estudo preli-
minar das pegadas, permitindo o acesso em seguranca a
este local e facilitando a limpeza da laje (Fig. 1). A érea foi
observada em pormenor, as pegadas foram desenhadas e
as vdrias disténcias entre elas foram medidas e registadas
(por exemplo, o passo, a passada e o dngulo de passo). A
avaliacdo cientifica, pedagdgica e cultural deste icnétopo,
apresentada pelo Museu Nacional de Histéria Natural, foi
o inicio de um complexo processo que visou a salvaguarda
desta ocorréncia e que culminou com a sua classificacdo,
em 1996, como Monumento Natural. Este local é oficial-
mente designado por Monumento Natural das Pegadas de
Dinossdurios Ourém — Torres Novas (DR n°® 12/96, de 22
de Outubro), mas também é conhecido por Monumento
Natural das Pegadas de Dinossdurios da Serra de Aire.

Figura 1.

Vista geral do icnétopo da Pedreira do Galinha (Juréssico Médio,

Fétima).

Quando observada no inicio da manha, com luz
rasante & superficie, a laje com as pegadas parece
uma drea com sedimento recentemente pisado pelos
dinossdurios que deixaram para trds os seus rastos.
Trata-se de uma superficie com cerca de 40 000 m? e
centenas de pegadas de saurépodes, organizadas em,
pelo menos, vinte pistas.

A superficie exposta pela actividade da antiga pe-
dreira é o topo de uma camada de calcério que hd
cerca de 168 Ma, constituia o fundo de uma laguna
litoral confinada e de profundidade muito reduzida,
com sedimentos finos carbonatados. Esta lama foi pi-
sada por vdrios dinossdurios e conservou muitas das
suas pegadas, bem como restos de bivalves, de gas-
trépodes e de outros invertebrados. Estdo ali preser-
vadas algumas das mais longas pistas de saurépodes
conhecidas no mundo (uma tem 147 m de extensdo),
e as pegadas de saurépodes do Jurdssico Médio mais
bem conservadas que se conhecem. De facto, o seu
estado de conservacdo é excelente, notando-se, inclu-
sivamente, um rebordo formado pelo sedimento que
foi afastado devido ao peso do animal (Fig. 2). A boa
definicdo das marcas revela a morfologia dos pés e
das maos que as produziram.
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Figura 2

As impressdes da méo direita (A) e do pé direito (B) do saurépode
que produziu a pista 1 preservada no icnétopo da Pedreira do
Galinha (Jurdssico Médio, Fétima) revelam um rebordo formado pelo
sedimento que foi afastado devido ao peso do animal.
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Foi feito um levantamento topogrdfico da érea da ja-
zida a fim de se obter um mapa sobre o qual dez dos
vinte trilhos reconhecidos foram desenhados (Fig. 3).
Este trabalho foi executado por Carlos Antunes do
Departamento de Matemdética da Faculdade de Cién-
cias da Universidade de Lisboa, em Fevereiro e Marco
de 2000. Uma malha quadrada de vinte metros de
lado foi implementada através de pequenas marcas
cravadas na rocha, perfeitamente identificadas, e que
assinalam os vértices da malha. Este referencial serve
para auxiliar o estudo paleontolégico e os trabalhos
de restauro da laje necessdrios & sua conservacéo.
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Figura 3.
Mapa com os dez principais trilhos de saurépodes do icnétopo da

Pedreira do Galinha (Jurdssico Médio, Fatima). 9

A pista do saurépode de maiores dimensées aqui iden-
tificada (P1) pode ser seguida ao longo de 147 metros:
é constituida por impressées das méos e dos pés, ambas
com rotac@o para o exterior do rasto e, embora possam
aparecer parcialmente sobrepostas num ou noutro ponto
da pista, existe uma disténcia que as separa, chegando,
por vezes, aos 56 cm (Fig. 4). Os pés deixaram impres-
sdes ovais e sem marcas de dedos, com 95 cm de com-
primento por cerca de 70 cm de largura (Figs. 2, 4). O
comprimento das marcas do pé deste saurépode permite
calcular que teria cerca de 3,8 m desde o solo & anca.

A profundidade destes icnitos é variavel, apresentando
uma zona menos profunda que separa a drea afundada
pelos dedos ao tocarem no solo e a que resulta do apoio
parcial do resto do pé formado pelos metatarsos. As mar-
cas mais nitidas das méos que t8m forma de crescente e
ndo est@o parcialmente apagadas pela sobreposicdo das
ovais, ¥m 40 cm de comprimento por 75 cm de largura
e revelam um arco metacarpal (arco formado pela posi-
¢Go dos metacarpos) suavemente arqueado, com os bor-
dos medial e lateral arredondados (Fig. 4A,B); sGo muito
grandes em relag@o as marcas dos pés. Na maioria das
pistas de saurépodes conhecidas no registo mundial, as
marcas dos pés sdo cerca de trés a seis vezes maiores do
que as das mdaos. No entanto, nesta pista constatamos
que a drea da marca do pé é duas vezes a drea da marca
da méo. Muitas das marcas de méos na pista 1 apresen-
tam uma impresséo longa e estreita, virada para trds, o
que lhes confere uma morfologia diferente de todas as
outras conhecidas no registo mundial. O valor da largura
interna da pista é de cerca de 60 cm. O valor médio do
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Figura 4.

Pista de saurépode (P1) no icnétopo da Pedreira do Galinha (Jurdssico
Meédio, Fétima). As marcas das maos estéo a sombreado. Desenho (A)
e fotografia (B) de uma marca de méo esquerda de saurépode com
uma impressdo fina que se dirige para trds e para o interior da pista. @3
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passo é de 1,5 m e o da passada é de 3,1 m. Admite-se
que este saurépode estaria a deslocar-se a uma velocida-
de estimada de 4 km/h.

A pista P5 do icnétopo da Pe-
dreira do Galinha é igualmente
extensa podendo ser seguida
ao longo de 142 m; é também
constituida por dois tipos de im-
pressdes, umas ovais e outfras
em forma de crescente, ambas
com rotacéo para o exterior do
rasto (Fig. 5). As marcas mais
nitidas das mé&os que ndo estdo
parcialmente apagadas pela so-
breposicéo das ovais, #&m 38 cm
de comprimento por 58 cm de
largura, apresentam o arco me-
tacarpal suavemente arqueado, (J\‘-
o bordo lateral arredondado e - ‘
o medial com uma longa marca
da garra do dedo | (16 cm de
comprimento), com terminacdo O
pontiaguda e dirigida para o "
interior da pista (Fig. 5A, C). O .
contorno das marcas de maos (r\".
mais bem preservadas nesta pis-

ta revela evidéncias de quatro O
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outros dedos. As marcas dos pés

sGo mais compridas do que lar- .-
gas, tém 90 cm de comprimento i
P
por 60 cm de largura e apre- OO
sentfam impressdées das garras N/

frente, dos dedos Ill e IV dirigidas

dos dedos | e Il dirigidas para a
| 1m
em sentido lateral e uma possivel

marca do dedo V arredondada .‘
(Fig. 5B,D).
As impressées das méos e dos o)

pés que constituem as pistas P1
e P5 apresentam caracteristicas
que as distinguem de outros
morfotipos de pegadas descritos .
no registo f6ssil mundial. Deste
modo, no Jurdssico Médio por- CN\‘.,
tugués existe o registo de duas -

morfologias Unicas de impressdes de maos e de pés de
saurépode.

A érea das marcas dos pés na pista P5 é duas vezes a drea
das marcas das méos e o comprimento das marcas do pé
deste saurépode permite inferir que teria cerca de 3,6 m do
solo & anca. O valor da largura interna da pista é de cerca
de 70 cm, o valor médio do passo é de 2,1 m e o da pas-
sada é de 3,1 m. Admite-se que este saurépode estaria a
deslocar-se a uma velocidade estimada de 4 km/h.

O:s estudos efectuados no icnétopo da Pedreira do Gali-
nha indicam a passagem de outros saurépodes cujos mem-
bros posteriores teriam 3 a 4 m do solo & anca e que esta-
riam a deslocar-se, dentro do caminhar, a uma velocidade
estimada de 4 a 5 km/h.

Pistas largas como as pistas P1 e P5 da Pedreira do Ga-
linha t&m sido atribuidas a saurépodes do grupo dos fita-
nossdurios, cujas maos eram desprovidas de dedos e gar-
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Figura 5.

Pista de saurépode (P5) no icnétopo da Pedreira do Galinha (Juréssico
Médio, Fatima). # 24 As marcas das méos estdo a sombreado.
Desenho (A) e fotografia (C) de uma marca de méo esquerda com
evidente marca da garra do dedo | e dos outros quatro dedos.
Desenho (B) e fotografia (D) de uma marca de pé direito com
evidéncias de garras dos dedos | e Il dirigidas para a frente, dos dedos
lIl'e IV dirigidas em sentido lateral e uma possivel marca do dedo V
arredondada.
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ras. Porém, as proeminentes marcas de dedos e da garra
do dedo | que se observam nas impressées das médos que
constituem as pistas P1 e P5 (Figs. 4A,B e 5A,C) indicam
que os dinossdurios que as produziram ndo pertenciam
a este grupo e sugerem que pertencem a um grupo mais
primitivo de saurépodes, cujas méos estavam providas de
dedos e de forte garra no dedo polegar.

Na Pedreira do Galinha para além de rastos de saurépo-
des formados pelas impressées das méaos e dos pés, exis-
tem algumas pistas incompletas constituidas, sobretudo,
pelas impressées das méos. Uma das pistas é constituida
por marcas das maos bem definidas e em forma de cres-
cente, com 27 cm de comprimento por cerca de 45 cm

de largura, bem como por vestigios das marcas dos dedos
dos pés por corresponderem &s zonas onde os pés fizeram
maior pressdo no solo (Fig. 6).

A descoberta e a descricdo de pistas incompletas de
saurépodes tem vindo a ser feita com alguma regula-
ridade. Actualmente, a maioria dos paleontélogos pen-
sa que se trata de conservacdo parcial das impressées,
dado que as maos, devido & sua menor drea, podiam
afundar-se no chéo lamacento mais do que os pés, e por
isso ficaram mais bem impressas nos sedimentos (Fig. 7).
Estas pistas incompletas alertam os investigadores para
a necessidade de se compreender, em primeiro lugar, os
fenémenos que envolvem a sedimentacdo, conservacdo
e a fossilizacGo para, posteriormente, se efectuarem in-
terpretacdes relacionadas com o comportamento dos
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Figura 6.
Esquema de uma pista
de saurépode constituida KT " e
predominantemente °
- 5m .
por marcas de m@os no Figura 7.

icnétopo da Pedreira do
Galinha (Jurdssico Médio,
Fatimay). @

A conservacdo diferencial das pegadas permite explicar a existéncia de pistas incompletas.
As maos dos saurépodes podiam enterrar-se mais do que os pés e, por isso, produzir, numa

camada inferior, uma pista constituida predominantemente por marcas de méos.



Vale de Meios

168 Ma (Jurdssico Médio)

N Pegadas (impressées)

M Terépodes e saurépodes

ldade

Tipos de fésseis

Dinossdurios

* Centenas de pistas paralelas de terépodes

* Carnivoros com 2 a 3 metros do solo & anca

* Pistas de terépodes que sugerem velocidades de deslocacdo entre
4 e 7 km/h

* Pelo menos duas pistas de saurépodes

Sumdrio

A Anténio Frazdo, a Luis Ferreira e a Maria da Gléria Araujo
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Ao percorrermos as serras de Aire e Candeeiros po-
demos observar vérios aspectos relacionados com a
exploracdo dos calcarios. Existem muitas pedreiras
em actividade, outras em processo de recuperacdo da
paisagem e outras, especiais, que nos mostram anti-
gas dreas alagadigas por onde dinossdurios passaram
ha cerca de 168 milhdes de anos. E o caso de Vale
de Meios e de Algar dos Potes, dois locais onde pe-
dreiras puseram a descoberto lajes de calcério com
pegadas de dinossdurio. Estas duas jazidas situam-se
a NE da povoacdo de Pé da Pedreira, no concelho de
Santarém.

Em Vale de Meios uma espectacular drea de 11 400 m2
permite-nos identificar inGmeros rastos entre milhares de
impressées tridéctilas de dinossdurios, na grande maioria
paralelos entre si (Fig. 1). O nimero de pegadas e de
pistas, bem como a sua extensdo, tem vindo a au-
mentar & medida que prosseguem quer a extraccdo
de pedra, quer as operacdes de limpeza da laje e as
observacées de pormenor ali em curso. H& centenas
de trilhos de terépodes de diferentes dimensdes que
seguiam segundo uma direccdo preferencial NW-SE.
Também pelo menos duas pistas deixadas por grandes
saurépodes cruzam uma série de pistas de terépodes
de pequena a média dimenséo.

Figura 1.

Vista de uma zona da jazida de Vale de Meios numa altura em que a
exploracdo pds a descoberto as pegadas (Jurdssico Médio, Santarém).

A maior parte das pegadas de terépodes estd mui-
to bem conservada e algumas apresentam uma defi-
nicdo de contornos extraordindria (Fig. 2). Através do
seu estudo é possivel obter uma imensa quantidade de
informacdo paleoanatémica e paleoecolégica sobre os
dinossdurios carnivoros do Jurdssico Médio, altura em
que estes seres ainda estavam numa fase inicial da sua
evolucdo. Podemos conhecer a morfologia dos pés dos
dinossdurios que deixaram estas pegadas e estudar as-
pectos da sua locomocgéo e comportamento.
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Figura 2.

Pegadas (impressées) de terépodes na jazida de Vale de Meios

(Juréssico Médio, Santarém).
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Figura 3.
Pista de terépode na jazida de Vale de
Meios (Jurdssico Médio, Santarém). @

Uma das pistas tem 10 m de extensdo e é constituida
por oito impressdes tridéctilas e mesaxdnicas (isto &,
com o dedo central mais desenvolvido) com 58 cm de
comprimento por 50 cm de largura, marcas de trés
dedos com cerca de 10 cm de largura e lados pa-
ralelos, encontrando-se ainda preenchidas por finas
capas de sedimento. O comprimento das marcas do
pé deste terépode permite calcular que teria cerca de
2,8 m desde o solo & anca. O valor médio do passo
¢ de 1,4 m e o da passada de 2,8 m e admite-se que
este terépode estaria a deslocar-se a uma velocidade
estimada de 4 a 5 km/h. O valor médio do @ngulo de
passo nesta pista é de 152°.

Figura 4.

Aspecto des pegadas de terépodes na jazida de Algar dos Potes
(Juréssico Médio, Santarém). A: Esquema de impressdo de um pé
tridéctilo; B: Contramolde de impresséo que se encontra em relevo na
base da camada que cobria a laje com as impressées. ?)

Uma outra pista é constituida por trés pegadas triddc-
tilas, com 43 cm de comprimento por 31 cm de largura
e marcas finas de dedos: a do dedo lll tem os lados
paralelos e 5 cm de largura, bem como uma impresséo
fina e pontiaguda deixada por uma garra (Fig. 3). O
comprimento das marcas do pé deste terépode permite
calcular que teria cerca de 2,1 m desde o solo & anca.
O Unico valor de passada registado foi de 2,8 m; os dois
valores de passo obtidos s@o de cerca de 1,4 m. Admite-
se que este terépode estaria a deslocar-se a uma velo-
cidade estimada entre 6 e 7 km/h. O valor do angulo
de passo nesta pista é de cerca de 170°, o que reflecte
uma locomocéo caracterizada pela colocacdo dos pés
sobre o eixo médio de deslocacéo. Para as pegadas
ficarem assim alinhadas o dinossdurio movimentava a
anca de modo a que as pernas rodassem para o interior
da pista, ao mesmo tempo que a cauda se dirigia em
sentido contrério para manter a estabilidade durante a
locomocdo. Este alinhamento das pegadas é uma ca-
racteristica da maioria dos rastos aqui conservados.

A superficie da laje que se observa em Algar dos Po-
tes apresenta impressées triddctilas, em geral em bom
estado de conservacdo (Fig. 4A). Algumas tém 48 cm
de comprimento por 37 cm de largura, com uma re-
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entréncia no lado interno do calcanhar (o que o torna
assimétrico), marcas de dedos longos com os lados pa-
ralelos e pontiagudos na zona distal, tendo os dedos Il e
IV comprimentos semelhantes e sendo o IV rectilineo.

Na drea onde se reconhecem estas impressées tri-
ddctilas também existem alguns blocos que revelam os
seus contramoldes (Fig. 4B). Estes blocos pertencem &
camada de calcdrio que cobria as impressées e que foi
transformada em pedra de calcada, na sequéncia dos
trabalhos da pedreira que ali funcionou.

Figura 5.

Trabalho de campo na jazida de Vale de Meios (Juréssico Médio,
Santarém) para efectuar a descricdo das pegadas e pistas.

As pegadas observadas nestas jazidas foram deixadas
por dezenas de terépodes num terreno horizontal, inun-
dado e lamacento, possivelmente junto &s margens de
uma laguna litoral.

Os estudos efectuados indicam que existiram nesta
drea, no Juréssico Médio, terépodes cujos membros
posteriores teriam 2 a 3 m do solo & anca e que esta-
riam a deslocar-se dentro do caminhar, a uma velocida-
de estimada de 4 a 7 km/h.

A morfologia geral de algumas destas pegadas tridac-
tilas € semelhante & de pegadas do icnétopo do Cabo
Mondego, atribuidas ao tipo Megalosauripus. Assim, ao
atribuirmos algumas pegadas triddctilas das jazidas de
Vale de Meios e de Algar dos Potes ao tipo Megalo-
sauripus, estamos a admitir que dinossdurios carnivoros
semelhantes a Megalosaurus deixaram alguns destes
trilhos.

O rasto de um saurépode de grandes dimensdes tes-
temunha que também os grandes herbivoros quadripe-
des frequentavam este local.

A continuagéo do estudo da jozida de Vale de Meios
(Fig. 5) permitird caracterizar as pegadas e as pistas de
dinossdrios existentes e proporcionar informacéo paleo-
biolégica e paleoambiental da drea que é hoje o Maci-
co Calcério Estremenho, no Jurdssico Médio.

A semelhanca da Pedreira do Galinha, a jazida de
Vale de Meios é um bem do nosso Patriménio Natural
de excepcional valor cientifico, pedagdgico e cultural e
encontra-se classificada como Imével de Interesse Mu-
nicipal. Actualmente decorre o processo que visa a sua
classificacdo como Monumento Natural, tendo em con-
ta que:

1. & a maior e mais significativa jazida com pega-
das de terépodes do Jurdssico Médio da Peninsula
Ibérica, dada a elevada quantidade de pegadas
existentes e o seu excelente estado de conserva-
cGo;

2. & a Unica jazida no pais onde é possivel realizar
estudos aprofundados sobre a paleoanatomia, lo-
comocdo e comportamento dos terépodes;

3. além de terépodes também revela a existéncia de
saurépodes nesta drea durante o Jurdssico Mé-

dio.



Pedra da Mua

145 Ma (Jurdssico Superior)

N Pegadas (impressdes)

ﬁf Terépodes e saurépodes

Dinossdurios
* Impressées de pés de saurépodes com marcas de dedos

* Sete pistas paralelas de pequenos saurépodes que constituiam uma
manada

* Trés pistas paralelas de grandes saurépodes que seguiam os mais
pequenos

* Pista de um saurépode e de um terépode com passo irregular

* Terépode com cerca de 2 m do solo & anca

|dade

Tipos de fésseis

Sumério
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O:s rastos de dinossdurio bem visiveis na arriba que li-
mita a sul a Praia dos Lagosteiros que se situa a norte
do Cabo Espichel (Sesimbra), cedo chamaram a aten-
¢Go das populacées locais. A comprovd-lo parece estar
a lenda de Nossa Senhora da Pedra da Mua, segundo
a qual a Virgem Maria apareceu, em 1410, no topo do
promontério, montando uma mula que ao subir pela laje
conhecida por Pedra da Mua ou Mula, ai deixou o seu
rasto. O Santudrio de Nossa Senhora do Cabo ou da
Pedra da Mua é constituido por vdrios elementos arqui-
tecténicos, entre eles a Ermida da Meméria que remonta
ao inicio da peregrinacdo mariana nesta drea. Num dos
painéis de azulejo do interior da Ermida estd represen-
tada a Virgem Maria com o Menino Jesus nos bracos,
sentada no dorso da mula, e um conjunto de marcas na
laje representando o trilho do animal (Fig. 1). A existéncia
no painel de azulejo, da representacdo de uma mula e
de pegadas na laje desde o nivel do mar até ao topo da
arriba, sdo elementos importantes na lenda que parecem
provar a sua relacdo com os rastos visiveis na arriba, os
quais permaneceram até ao século XX sem serem reco-
nhecidas como pistas de dinossdurio.

Nas lajes situadas entre o Cabo Espichel e a Praia
dos Lagosteiros, atribuidas ao Juréssico Superior, co-

nhecem-se vdrias superficies com trilhos de dinosséu-
rio. O icnétopo da Pedra da Mua é constituido por
oito jazidas (camadas) com icnitos. A inclinacdo das
lajes, de cerca de 40° N ou mesmo superior em al-
guns locais, obrigou a equipa de trabalho a escalar os
afloramentos utilizando equipamento de seguranca.

Ha evidéncias da passagem de terépodes e de mui-
tos saurépodes de grandes e de pequenas dimensées.
A morfologia geral das pegadas triddctilas e a estrutura
dos rastos, com particular relevancia para o elevado
valor do dngulo do passo, sugerem que foram produ-
zidas por terépodes (Fig. 2). Uma das pistas revela a
existéncia de um carnivoro com cerca de 2 m do solo
d anca.

A morfologia geral das impressdes em crescente e das
ovais, e a sua disposicdo ao longo dos trilhos, indicam que
foram produzidas por saurépodes. Na camada 3 foram
identificadas sefe pistas paralelas de pequenos saurépodes
que indicam uma velocidade de deslocacdo semelhante e
um mesmo sentido de progresséo (Fig. 3). Trés pistas parale-
las de saurépodes de maiores dimensées também séo reco-
nheciveis nesta jazida: a pista que se encontra na drea mais
alta da laje cruza as pistas de saurépodes mais pequenos;
as outras duas pistas estdo mais abaixo. Curiosamente, tam-

Figura 1.

Painel de azulejos no interior
da Ermida da Meméria onde
estd representada a Virgem
Maria sentada numa mula
com o rasto que deixou para
trés, rodeada por dois anjos,
bem como videntes atraidos ao
Cabo Espichel. (7

87



88

&
=

bém foi reconhecida uma pista constituida apenas por mar-
cas de uma das méos (pista 9) que, evidentemente, reforca a
importéncia de inferpretar, em primeiro lugar, os aspectos da
conservacdo das pegadas antes de inferir e especular sobre
possiveis comportamentos.

As pistas dos pequenos saurépodes, paralelas e com
uma orientacéo preferencial, indicam um grupo de ju-

O
=
=

=
T
o

=
|

Figura 2.

Aspecto de uma pegada de
terépode no icndtopo da Pedra
da Mua (Juréssico Superior,
Cabo Espichel).

Figura 3.
Aspecto geral do icnétopo da Pedra da Mua

(Juréssico Superior, Cabo Espichel).

A: Pormenor da drea do nivel 3 com pistas paralelas de saurépodes. B: Mapa com a
representacdo das pistas dos pequenos saurépodes (1 a 7) e da pista do saurépode maior que as
cruza (pista 8), bem como da pista constituida apenas por marcas de maos (pista 9). ('8

venis ou sub-adultos que se deslocavam num mesmo
sentido. Eram individuos cujos membros posteriores
tinham 1,5 a 1,8 m de altura desde o solo & anca.
Os trés individuos de maiores dimensées tinham cerca
de 2,8 m do solo & anca e também se deslocavam
sensivelmente no mesmo sentido, constituindo, pos-
sivelmente, um outro grupo, tendo em conta as suas
pistas paralelas. Os animais de menores dimensées
viagjavam a velocidades entre 3,6 e 5 km/h e os mais
corpulentos entre 3,4 e 4,1 km/h.

Considera-se pouco provével que as pistas paralelas
deste nivel correspondam & passagem de individuos
isolados sem qualquer relacéo entre si. Considera-se
que terdo passado no mesmo momento, pois a preser-
vacdo das vdrias impressées é homogénea. O estudo
de outros icnétopos conhecidos no mundo também
revela que alguns dinossdurios viajavam em grupos
constituidos por individuos semelhantes e do mesmo
tamanho, & mesma velocidade e lado a lado, com o
mesmo sentido de progresséo.

Considera-se que esta jazida oferece um excelente
testemunho de uma manada constituida, pelo menos,
por sete pequenos saurépodes que se moviam para
SE. Os dinossdurios maiores foram os Gltimos a passar

MNivel
inferior
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porque hé evidéncias de que o saurépode que pro-
duziu a pista 8 pisou as pegadas dos mais pequenos
(Fig. 3). Estas pistas paralelas constituiram o primeiro
exemplo convincente de comportamento gregdrio nos
saurépodes reconhecido numa jazida europeia, bem
como o melhor testemunho conhecido entre animais

tdo pequenos.

O nivel com pegadas de dinossaurio relacionado
com a lenda da Nossa Senhora da Pedra da Mua, exi-
be cinco pistas de saurépodes (Fig. 4). SGo constitui-
das por impressées bem conservadas, profundas, com
as margens verticais, algumas das quais com rebordos
volumosos resultantes do afastamento do sedimento
do centro da marca para a sua periferia, devido &

origem do bloco

Figura 4.

Vista geral (A) e mapa (B) do nivel 5 do icnétopo da Pedra da Mua
(Juréssico Superior, Cabo Espichel). 9 C: Aspecto das pegadas da
pista 1.

pressdo exercida pelos pés/maos no solo (Fig. 4C).

A pista 2 foi deixada por um saurépode que se des-
locou com uma rota bastante sinuosa (Fig. 4B) e estd
incompleta porque parte dos icnitos que se encontram
mais perto do mar estdo praticamente desgastados,
devido & forte eros@o provocada pelas vagas. As im-
pressdes ovais apresentam rebordos volumosos, t&ém
cerca de 80 cm de comprimento por 58 cm de largura
e revelam quatro marcas de dedos triangulares com a
terminacdo agucada, dirigidas para o exterior do ras-
to (Fig. 5). As impressées em forma de crescente t&m
cerca de 38 cm de largura por 18 cm de comprimento
e ndo revelam vestigios de dedos. O comprimento das
marcas do pé deste saurépode permite calcular que a
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altura dos seus membros posteriores desde o solo &
anca, seria cerca de 3,2 m. A distdncia que separa os
dois tipos de icnitos (disténcia interpar) é pequena, da
ordem dos 15 cm; ocorrem por vezes sobreposicdes
e ambas as marcas estdo dirigidas para o exterior da
pista. A &rea dos pés é cerca de quatro vezes a drea
das maos. Foi produzido um molde de um conjunto de
impressdes de mdo e de pé em excelente estado de con-
servacdo e que junfamente com uma réplica em gesso,
fazem parte das coleccdes do Museu Nacional de Histéria
Natural da Universidade de Lisboa (Figs. 4B, 5).

A pista 3 do nivel 5 do icnétopo da Pedra da Mua foi
deixada por um saurépode de médias dimensdes que
coxeava, pois deixou pegadas espacadas de modo ir-
regular, isto &, os valores dos passos sdo, alternada-
mente, curtos e compridos.

Outro exemplo de um dinossdurio que coxeava é
observavel na laje que limita a sul a Praia do Cavalo
— enseada a sul da Praia dos Lagosteiros.

Trata-se de pegadas tridéctilas, com cerca de 67
cm de comprimento, de um terépode cujos membros
posteriores tinham, desde o solo & anca, uma altura
de cerca de 3,3 m. Esta pista revela uma locomocédo
irregular e, neste caso, também néo temos forma de
saber a sua razdo de ser. Era necessdrio encontrar pe-
gadas que indicassem uma deformidade (por exem-
plo, um dedo a menos) para termos uma evidéncia.
E provével que o animal tivesse a perna magoada e
ndo o pé, ou, no caso do terépode, transportar algo
pesado nas mandibulas.

Esta é a mais espectacular das jazidas do concelho
de Sesimbra, ndo sé devido ao sitio privilegiado onde
se encontra, mas também pela excelente conservacéo
das impressées e relevancia da informacéo paleoa-
natémica e paleoecolégica que proporciona sobre os
dinossdurios.
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Figura 5.

Aplicagéo de latex num
conjunto de pegadas de
saurépode do nivel 5 do
icnétopo da Pedra da Mua
(Juréssico Superior, Cabo
Espichel). A: Impressao de
pé de saurépode com quatro
marcas de dedos triangulares,
com a terminacdo agucada
e dirigidas para o exterior do

rasto, e marca de méo. ')



Lagosteiros

130-136 Ma (Cretdcico Inferior)
Idade

Pegadas (impressées)
Tipos de fésseis

Terépodes e ornitépode

Dinossdurios

* Pista de ornitépode, possivelmente de um iguanodontideo
* Pista de um pequeno terépode que estaria a deslocar-se a cerca

de 14 km/h

Sumdrio
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No topo da arriba que limita, pelo lado norte, a Praia de
Lagosteiros, aflora uma camada de calcério castanho ama-
relado, inclinada para norte, em cuja superficie se observa
um conjunto de pegadas — é o nivel 3 do icnétopo de La-
gosteiros. Os niveis 1 e 2 enconfram-se na verfente sul do
caminho que dé acesso & Praia dos Lagosteiros. E o icnéto-
po com pegadas de dinossdurio mais recente que se conhe-
ce na regido.

O nivel 3 de Lagosteiros revela uma pista extensa, cons-
tituida por impressées subcirculares (Fig. 1) que néo forne-
cem informacéo sobre a morfologia dos pés do animal que
a deixou. As pegadas subcirculares poderdo ser interpreta-
das como o reflexo da pressdo exercida pelos pés de um di-
noss@urio num estrato inferior ao da superficie pisada. Des-
ta forma, o que nos é dado observar séo as subimpressoes.

Figura 1.

Vista de um segmento da
pista mais longa do nivel 3
do icnétopo de Lagosteiros
(Cretdcico Inferior, Cabo
Espichel).

20 em

Figura 2.
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Aspecto de impressdes tridéctilas do nivel 3 do icnétopo de
Lagosteiros (Cretécico Inferior, Cabo Espichel).

Esta pista apresenta um valor de dngulo de passo de cer-
ca de 155° caracteristico de pistas de dinossdurios bipedes.

Para um dinossdurio deixar uma sequéncia de impressoes
alinhadas de pés, era obrigado a rodar a perna para o eixo
de progresséo, de modo a colocar um pé quase & frente do
outro, sendo este tipo de movimento coerente com uma lo-
comogéo bipede. As pistas conhecidas no registo icnolégi-
co deixadas por saurépodes apresentam angulos de passo
da ordem dos 90 a 110°, enquanto que as pistas de animais
bipedes séo caracterizadas por dngulos de passo elevados,
podendo observar-se pegadas quase alinhadas. No entanto,
néo é apenas o forte alinhamento destas impressées que su-
gere tratar-se de uma pista de um animal bipede. Tendo em
conta que o estudo de outras jazidas permitiu evidenciar a
relaco estreita das impressées arredondadas, em pistas atri-
buiveis a dinossdrios bipedes do Cretdcico, com as pegadas
de iguanodontideos, e que estes eram abundantes neste pe-
riodo, admite-se que esta pista de Lagosteiros tenha sido dei-
xada por um destes dinossdurios bipedes herbivoros.

Também no nivel 3 deste icnétopo hd pegadas tridéctilas.
As mais bem conservadas tm 28 a 33 ¢cm de comprimen-
to por 21 a 25 cm de largura, a terminacéo das marcas dos
dedos é pontiaguda e a do dedo central apresenta-se ligeira-
mente curvada para o interior da pista (Fig. 2). Em algumas
pegadas observa-se uma grande superficie plantar e marcas
de dedos finos, inferpretando-se como evidéncias de que a
pegada sofreu deformacéo quando os sedimentos ainda es-
tavam brandos (Fig. 2). A morfologia geral destas impressdes
indica terem sido terépodes que as produziram.

Neste icnétopo hé evidéncias de dinossdurios carnivo-
ros cujos membros posteriores tinham desde o solo & anca
uma altura de 1,4 a 1,6 m e, uma das pistas sugere que
um deles estaria a deslocar-se a cerca de 14 km/h. Este
valor encontra-se dentro do in-
tervalo correspondente ao trote e
ao valor mais elevado conhecido
no registo icnolégico portugués,
para a velocidade de um dinos-
sdurio. Assim, as pegadas des-
te local testemunham a existén-
cia de dinossdurios bipedes de
médias e pequenas dimensoes,
incluindo ornitépodes (possivel-
mente iguanodontideos) e de te-
répodes.




Dinosaur track sites from Portugal: Scientific and cultural signifi-
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ABSTRACT - Dinosaur tracks in Portugal are known from Bajocian-Bathonian (Jurassic) through middle Cenomanian
(Cretaceous) rocks. The Portuguese track record includes two outstanding Middle Jurassic track sites both in Central W
Portugal: the Vale de Meios track site, showing dozens of parallel theropod trackways, and the Galinha site, where several
long sauropod trackways can be seen. There are two other major areas with important dinosaur track sites: SW Algarve (S
Portugal), Lower Cretaceous, and the Sesimbra region (Central W Portugal), Upper Jurassic-Lower Cretaceous. Huge track
sites such as the Vale de Meios and Galinha sites can not be excavated and removed into museums; therefore, they must be
preserved in situ, to be studied and visited in their original geological context. Track sites such as these are important not only
for their scientific, ichnological, significance; they are also valuable for science popularization and to stimulate public inter-
est for the preservation of the geological/palacontological heritage. In Portugal, in 1996 and 1997, five dinosaur track sites
have been declared natural monuments. In such sites it is possible to teach and show Palaecontology, as well as other aspects
of Earth sciences in their original geological context, to children from different school levels and to a broad public with dif-
ferent scientific backgrounds. Educational programmes for school children and the general public are paramount in order to
elucidate them about dinosaurs and their tracks, but also to improve their attitude towards the scientific and cultural value of
this palaecontological ichnoheritage. Educational activities are essential to the success of geoconservation. They boost public
awareness, which, in turn, is fundamental for the protection and valorisation of the geological and palacontological heritage.
When local communities are conscious of the scientific and cultural value of the natural heritage in their home region they
become proud of it and this fact dramatically increases the odds of its effective protection. Nevertheless, up until now the
Galinha track site is the only Portuguese track site prepared to receive visitors and to offer them palacontological educational
programmes.

Keywords: Dinosaur, track sites, geoconservation, palaeontological ichnoheritage, exomuseum, educational centre, Portu-
gal.

INTRODUCTION

The oldest known scientific reference to dinosaur
tracks in Portugal goes back to Gomes (1915-16). In this
posthumous publication, Gomes reported the discovery, in
1884, of an Upper Jurassic bed containing dinosaur foot-
prints at Pedra da Nau beach, Cabo Mondego (Cape Mon-
dego) area, 2 km north of Buarcos (Figueira da Foz, Central
Portugal) (fig. 1). This early report is one of the first refer-
ences to the excavation and the study of dinosaur tracks in
the world. The remarkable Cabo Mondego Upper Jurassic
sequence encompasses the Aalenian-Bajocian stage bound-
ary, making it a geosite of global significance, part of the
World Geological Heritage (e.g. Pavia & Enay, 1997; Rod-
rigues et al., 2002).

Currently, in Portugal, dinosaur footprints are
known from no less than twenty Middle Jurassic through
Upper Cretaceous track sites. Many of these sites show sev-
eral track levels, and their study yielded relevant data to the
understanding of dinosaur palacobiology. The Portuguese

ichnological record includes some of the longest and best
preserved sauropod trackways known worldwide, showing
exceptionally preserved manus and pes impressions. One
track site — Pedra da Mua, Upper Jurassic, Sesimbra re-
gion — yielded a compelling evidence of sauropod herding
behaviour, including an example of herding among juvenile
sauropod dinosaurs; other track sites — in the same location
— revealed evidences of limping behaviour in dinosaurs; yet
another — Vale de Meios track site — shows dozens of thero-
pod tracks in a single track level, most of them belonging to
animals travelling in the same direction (e.g. Dantas et al.,
1994; Lockley & Santos, 1993; Lockley et al., 1994; Santos
et al., 1994b, 2000a).

In addition to their outstanding scientific impor-
tance, some of these occurrences are privileged sites for
geoscience popularization, having the potential to become
exceptional geological and palaeontological education cen-
tres. Indeed, five of these sites have already been declared
Natural Monuments under Portuguese law (namely Galin-
ha, Carenque, Lagosteiros, Pedra da Mua and Avelino track
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sites) clearly reflecting their scientific, educational and cul-
tural relevance. Nevertheless, so far, only the Galinha track
site boasts operating educational programs and facilities ca-
pable of receiving and orientating visitors.

Fossils, the fossils of dinosaurs in particular, have
always captured the public’s interest. This characteristic
of fossils may and should be used to enthral public atten-
tion and to focus it, also, on general geological aspects and
on geoconservation issues. The Palaeontological Heritage
is, therefore, a powerful driving force for geoconservation
(Cachaio et al., 1999). The pride of local populations in their
ichnoheritage fuels geoawereness and boosts their interest
for geoconservation. This is crucial for effective site protec-
tion. Geoconservation-wise, this “geocultural identification”
factor is more effective for the protection of the sites than the
mere knowledge of their abstract scientific importance.
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Figure 1 - Location of the main
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RELEVANT PORTUGUESE DINOSAUR TRACK
SITES

Portuguese dinosaur track sites are mainly located
in the Lusitanian basin (Western Portugal), and only three
in the SW tip of the Algarve basin (S Portugal) (fig. 1). The
Middle Jurassic track record is represented by Galinha and
Vale de Meios track sites. Upper Jurassic dinosaur tracks are
well documented at Figueira da Foz (Cabo Mondego track
site), Sesimbra (Avelino and Ribeira do Cavalo track sites)
and Cabo Espichel (Cavalo and Pedra da Mua track sites).
In the Algarve basin it is known one Upper Jurassic track
site at Foia do Carro bay, near Vila do Bispo village. Lower
Cretaceous track sites are also known on the top of the cliff
that borders the northern side of the small bay of Lagosteiros
at Cabo Espichel (Lagosteiros track site) and near Obidos
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(Olhos de Agua track site, Mateus & Antunes, 2003) and in
the Algarve: Salema and Santa track sites (Vila do Bispo).
The Upper Cretaceous dinosaur track record is represented
by the Carenque track site.

The Galinha track site

The Galinha track site is situated at a former lime-
stone quarry near Fatima, on the eastern side of Serra d’Aire
(West-Central Portugal), 120 km north of Lisbon. Several
long sauropod trackways were discovered in the Galinha site
in 1994 by Jodo Carvalho, of the Torres Novas Speleological
and Arqueological Society.

The tracks are located on 40.000 m? bedding sur-
face, especially cleaned for their study with the cooperation
of the former quarry owner Rui Galinha and the collabora-
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Figure 2 - Wide-gauge sauropod trackway at
Galinha track site (Bajocian-Bathonian, Ourém -
Torres Novas, Portugal).

tion of the natural park Parque Natural das Serras d’Aire e
Candeeiros (PNSAC). The site can be accessed without dif-
ficulty. The track level is located on a sub-horizontal bedding
plane and displays long and visually spectacular wide-gauge
sauropod trackways composed of sauropod pes and manus
prints quite deeply impressed (Fig. 2) that can be easily ob-
served from the high ground surrounding the former extract-
ing area of the quarry. The wide-gauge long sauropod track-
ways are preserved on Middle Jurassic (Bajocian-Bathonian)
limestones (Azeredo et al., 1995) and some consist of manus
impressions only. In this track site are noticeable very well
preserved sauropod manus and pes print morphologies (San-
tos et al., 1994b). Manus impressions reveal clear traces of
digit I. The manus/pes area ratio is 1/2 and is different from
ratios ranging up to 1/3 or 1/5 in other sauropod tracks sug-
gesting a unique type of footprint (Santos et al., 1994b).
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Since the Middle Jurassic dinosaur track record,
and especially the sauropod track record, are poorly known
(e.g. Clark et al., 2005; Clark & Barco Rodriguez, 1998; Day
et al., 2004; Kvale et al., 2004; Lockley et al., 2007), the
Galinha track site represents a considerable source of infor-
mation on the Middle Jurassic sauropod palacobiology.

The Vale de Meios track site

In 1998 several theropod dinosaur trackways were
identified at Vale de Meios by Maria da Gloria Araujo, Luis
Anténio Ferreira and Anténio Frazdo of the natural park
Parque Natural das Serras d’Aire e Candeeiros (e.g. Santos
et al., 2000a; Santos, 2003; Santos & Rodrigues, 2003). This
site, situated near Alcanede village (Santarém, Central Por-
tugal), is located in a working quarry extracting limestone of
Bathonian age from the Macigo Calcario Estremenho (Es-
tremenho Calcareous Massif) sedimentary formations. This
track site, with an area of about 10.000 m?, shows dozens
of trackways (fig. 3), several of them displaying parallel
displacement directions (Santos ef al., 2000a; Santos, 2003;
Santos & Rodrigues, 2003).

The Vale de Meios track site is presently under
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Figure 3 (left) - Theropod footprints at Vale de Meios track sites
(Bathonian, Santarém, Portugal). Photograph by Luis Quinta.

Figure 4 (below) - Tetradactyl theropod footprints at Cabo Mon-
dego track site (Oxfordian, Figueira da Foz, Portugal) (Lockley et
al., 1996).

study. The ichnological survey is under way and the surface
map of the site is currently being drawn in order to support
its paleobiological and paleoecological interpretation. Pre-
liminary research at Vale de Meios showed that it contains
the most significant example of Middle Jurassic theropod
footprints and trackways in Portugal. These trackways pro-
vide key evidence of theropod foot structure, locomotion and
behaviour.

Theropod trackway-wise, the Middle Jurassic is a
poorly known episode of geological history; therefore new
discoveries are particularly important. The research at Vale
de Meios track site will provide an important contribution
to the knowledge of Middle Jurassic dinosaur communities
and, therefore, its future preservation is crucial.

This site has good natural conditions to receive
school children and the general public with little investment
in basic infrastructures. The track site is easily accessible,
and the tracks are located on a horizontal bedding surface.

The Cabo Mondego track site

This dinosaur track site is situated at Cabo Monde-
g0, close to Figueira da Foz city. This was the first dinosaur
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track site discovered and studied in Portugal. At Cabo Mon-
dego, Gomes (1915-1916) described large theropod tetra-
dactyl footprints preserved as natural casts in Upper Jurassic
deposits (Oxfordian). The morphology exhibited by these
tracks is characterized by a long digit I mark and a metatar-
sal impression (fig. 4). These theropod tracks were attributed
to the ichnospecies Megalosauripus lusitanicum (Lockley et
al., 1996, 1998). At this track site, at least eight stratigraphic
levels with theropod tracks were identified (Santos, 2003).

The Sesimbra - Espichel Region track sites

Between the locality of Sesimbra and the Cabo Es-
pichel (cape Espichel) region, near Setibal, five dinosaur
track sites, comprising at least twenty different track levels,
have been identified (fig. 1). These sites are: the Avelino and
the Ribeira do Cavalo quarries, at Zambujal village, near Ses-
imbra, and the Cavalo, Pedra da Mua, and Lagosteiros sites
in the Cabo Espichel area. Avelino, Pedra da Mua and La-
gosteiros track sites were declared natural monuments on the
basis of their scientific value, the exceptional natural scenery
surrounding them and the potential to host educational pro-
grammes and pedestrian tours to visit dinosaur tracks.

At the Avelino track site, on Kimmeridgian lime-
stones, narrow-gauge sauropod trackways were described
(fig. 5), and assigned to Parabrontopodus isp. (Lockley &
Santos, 1993). These trackways reveal the passage of five
different sized sauropod trackmakers (pes prints length rang-
ing from 30 to 100 cm) travelling separately in different di-
rections.

Until the discovery of Vale de Meios track site, in
1998, well preserved theropod trackways where known only
from the Ribeira do Cavalo quarry on a vertical bedding sur-
face of Oxfordian-Kimmeridgian age (Lockley et al., 1992).
Here, a manus dominated sauropod trackway with digit im-
pressions was also described and a manus replica was made
(Lockley et al., 1992). The site collapsed in 1995, due to lack
of protection, destroying all the track records existing there
(Santos et al., 1995).

In the coastal cliffs between Cabo Espichel and La-
gosteiros bay (SW Setubal) there are several dinosaur track
levels in a stratigraphic sequence of Portlandian age (Upper
Jurassic).

The Praia do Cavalo (Cavalo beach) is a track site
located immediately to the South of Lagosteiros bay. In this
site a trackway of a large theropod has been recorded and it
was recognized a limping gait (Dantas et al., 1994).

At Lagosteiros bay, the cliff beneath the Sanctuary
of Cabo Espichel, known as the Pedra da Mua track site,
reveals at least eight levels with 38 sauropod trackways
and two theropod trackways (Lockley et al., 1994). Sauro-
pod trackways are all wide-gauge (Brontopodus type) and
show well-preserved Upper Jurassic Brontopodus footprint
specimens, showing four claw marks (Meyer et al., 1994).
In one of the Pedra da Mua track levels, seven parallel sau-
ropod trackways, showing the same travel direction, were

recognized and described. These trackways are composed of
footprints having similar sizes and depths (footprint length
ranging from 38 to 46 cm). The analysis of these parallel
trackways revealed that their producers were travelling at
similar speeds (Lockley et al., 1994). Along these trackways
three other trackways of larger animals, with footprint length
ranging from 70 to 73 cm, progressing in the same direction
may be observed (Lockley et al., 1994). This record repre-
sents the first compelling evidence of sauropod gregarious
behaviour in the European track record and an interesting ex-
ample of herd behaviour among young sauropods (Lockley
et al., 1994). At Pedra da Mua track site there is a sauropod
trackway with irregular pace length which is another exam-
ple of a limping gait revealed in a dinosaur trackway (Dantas
et al., 1994; Meyer et al., 1994).

The Lower Cretaceous (Hauterivian) Lagosteiros
track site was discovered in 1971 on the top of the cliff north
of Lagosteiros bay (Antunes, 1976). The most prominent
feature of this track site is a long sequence of poorly pre-
served subcircular impressions, with similar size and depth,
attributed to a bipedal animal, probably an ornithopod (e.g.
Santos et al., 1992a; Santos, 2003). The site also shows sev-
eral tridactyl impressions of small theropods, but only one
short trackway is identifiable. In this theropod trackway it is
possible to estimate a displacement speed value of about 14
km/h. This is the sole evidence of a fast moving dinosaur in
the Portuguese track record (Santos, 2003).

Portuguese Lower Cretaceous track sites are also
known from the coastal area of Obidos (Central-West Por-
tugal), 80 km north of Lisbon. Several theropod and orni-
thopod dinosaur trackways have been described from this
site. For further information and location map see Mateus &
Antunes (2003).

The Algarve Region track sites

In 1992 and 1995 the first dinosaur osteological and
ichnological remains were found in the Algarve Mesozoic
Basin at the Praia de Porto de Mos (Porto de Mos beach,
Lagos), and at Praia da Salema (Salema beach), close to Vila
do Bispo, respectively (Santos et al., 2000b,c; Santos, 2003).
Since then, two more algarvian track sites were identified
and documented.

At Porto de Mds beach, in a layer of Aptian age
(Gargasian/Clansayesian, according to Rey 1983) dinosaur
teeth and longitudinal sections of vertebras were recognized
(Santos et al., 2000b).

At the Salema track site two track levels were rec-
ognized on beds of Barremian age (e.g. Santos, 2003). The
western track level reveals an ornithopod trackway. The best
preserved footprint in this trackway displays the character-
istic morphology of iguanodontid footprints. To the East of
this slab, another track level was found with seven isolated
theropod footprints.

Other Lower Cretaceous dinosaur track levels were
found at Praia Santa (Santa beach), to the West of Salema
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beach (Santos et al., 2000c). The main level revealed at least
four bipedal trackways and isolated footprints. The well
preserved prints in Santa track site reveal the characteristic
iguanodontid morphology and their similarity with the prints
attributed to Iguanodontipus isp. allows their assignment to
this ichnogenus (Santos, 2003; Santos et al., 2000c). Until
now, it was recognized the presence of iguanodontid and
small unidentified theropods in the Lower Cretaceous of the
Mesozoic Algarve basin (Santos et al., 2000b,c).

Sauropod trackways were also identified in two Up-
per Jurassic levels at Foia do Carro track site, close to Vila do
Bispo village (e.g. Santos, 2003; Santos et al., 2000b).
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Figure 5 - Narrow-gauge sauropod
trackway at Avelino track site (Up-
per Kimmeridgian, Sesimbra, Portu-
gal). Photograph by Luis Quinta.

The Carenque track site

The most recent dinosaur track site in Por-
tugal is situated at Pego Longo (also known as Carenque),
approximately 12 km NW of Lisbon, and it is Cenomanian
in age (Upper Cretaceous). It was discovered in 1985 (Coke
& Monteiro, 1986) and reveals theropod trackways and a
single long trackway of a large bipedal animal. When first
described, this trackway - with a total length of 127 m - was
deemed the world’s longest dinosaur trackway known (San-
tos et al., 1991, 1992a, b). This long bipedal dinosaur track-
way is the main ichnological feature of the Carenque track
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site. The trackway is composed of a sequence of subcircular
impressions without morphological details. It displays some
unusual features of preservation, making it difficult to iden-
tify the trackmaker, however the pace angulation criterion
suggests the attribution of this trackway to a bipedal dino-
saur (Santos et al., 1992a).

PORTUGUESE DINOSAUR ICHNOHERITAGE

Pioneer campaign to preserve the ichonological
heritage

The study of a long dinosaur trackway at Carenque
(Pego Longo) track site initiated the pioneer task of protect-
ing the Portuguese ichnoheritage (e.g. Cachdo ef al., 1998,
1999; Galopim de Carvalho, 1989, 1994, 1998; Galopim
de Carvalho & Santos, 1992a,b; Galopim de Carvalho et
al., 1996, 1998; Santos et al., 1991, 1992a,b, 1994a; Silva
et al., 1998). The Carenque site was located exactly in the
path of a motorway construction project and, therefore, des-
tined to be destroyed. This circumstance started, in 1992, the
so-called Battle of Carenque (Galopim de Carvalho, 1994).
The scientific community started a joint effort to promote
public awareness, to inform the public of the dinosaur foot-
prints scientific and ichnoheritage potential. In the end, the
involvement of the population and the local authorities was
crucial for the geoconservation of this site.

In response to the overwhelming public interest on
this site, the Portuguese Government was compelled to take
action in order to protect the site from destruction. President
Mario Soares, first, and the Portuguese Government, later,
voted unanimously to preserve the site from destruction, by
building a tunnel beneath it. In order to build the tunnel un-
der the site, in 1993, the main Carenque trackway, as a pro-
tection measure, was covered. After the spur of the moment,
unfortunately, the trackway remained covered and, therefore,
unavailable for researchers and for the general public. The
Carenque site, after all these years, still awaits a recovery
programme.

In 1994 the discovery of Galinha track site was an-
nounced and its scientific importance and spectacular setting
within a Natural Park gave it immediate international sig-
nificance. Though having been discovered later, the Galinha
track site was declared Natural Monument even before the
classification of the Carenque site, in 1996. The Carenque
site, now renamed Pego Longo track site, was declared Natu-
ral Monument in 1997 and became an international reference
of a campaign to preserve Portuguese palaeontological herit-
age (Galopim de Carvalho, 1994).

In 1997, three track sites from the Sesimbra — Cabo
Espichel region were also declared Natural Monuments: Pe-
dra da Mua, Lagosteiros and Avelino sites. However, until
now, the Galinha track site is the sole site prepared to receive
visitors interested in learning about dinosaur footprints in
Portugal.

The Galinha track site - an example of an educa-
tional centre

Since 1996, when the Galinha track site was clas-
sified as a Natural Monument, a geological, palacontologi-
cal and environmental education centre has been developed
there. Indeed, to endorse and to protect the natural geoher-
itage it is necessary to create appropriate legislation but,
more important, to promote educational programs for school
children and the general public, in order to promote their
geoawareness and improve their attitude towards the scien-
tific and cultural values of this heritage (Santos ef al., 2001;
Cachao et al., 1999). The Galinha track site is equipped to
receive visitors and in the last year alone nearly 50,000 peo-
ple visited the site and took part in the site’s educational ac-
tivities. Visitors include school children, national tourists as
well as tourists from all over the world, and national and
international geosciences congresses participants. In the site,
several educational activities are offered to the public that
do not exist in other track sites, such as following a dinosaur
trackway, measuring it, deducing the mode of displacement
of the trackmaker - bipedal or quadruped - and calculating
its size and speed.

The facilities and activities available on the site
to receive visitors include a hall with a video room for the
viewing of educational videos, guided tours and autonomous
pedestrian trails with outdoor informative panels through out
the entire track site perimeter (fig. 6), restrooms, picnic area,
children playground, as well a dinoshop with educational
products and publications on dinosaur tracks and nature is-
sues.

Scientific data obtained from the study of the Gal-
inha track site is periodically integrated in palacontology
popularization publications, making new scientific develop-
ments in dinosaur ichnology available for the general public.
A natural size sauropod model is on display on the site, al-
lowing the visitors to actually see how the presumed track-
makers looked like. A “Jurassic” botanical garden has been
created, using plants of botanical groups known to having
lived in Jurassic times, and a huge mural of the history of life
on earth was painted there.

In addition to the sauropod trackways, in the Galin-
ha site, several geological elements and structures may also
be witnessed: e.g., limestones, stratification, faults, karst,
minerals (calcite and pyrite) and invertebrate somatofossils
(i.e., body fossils).

Dinosaurs have always fascinated young people.
The track site may be used as an open air “class room” where
dinosaurs and their tracks can be used to show how Geology,
Physics, Chemistry, Biology, Ecology and even Mathematics
may and should be used to analyse and understand palaeo-
biological issues. In the site it is possible to teach Palacon-
tology, as well as other geological disciplines, for different
school and scientific levels. Several concepts can be com-
bined in a single guided visit: earth history; palacoenviron-
ments; different types of geological structures and how they
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Figure 6 - Autonomous pedestrian trails are supported by outdoor informative panels throughout the entire Galinha track site perimeter.

were formed; karst; sedimentary rocks (limestones) and their
origin; environmental impact of human activities; possible
ways of dealing with the negative impact of quarrying activi-
ties in the landscape.

The quantity and the quality of the dinosaur tracks
preserved here allow us to understand life in past geological
Eras and turn this site into a place of rare interest for environ-
mental education, for promoting educational actions which
may contribute to instil respect for nature and the natural
heritage. All the aspects stated above, combined with an easy
access to the track site, and a mild climate, give this place a
high potential for tourism, and make it possible to use it as
an open air museum, an “‘exomuseum”.

Other sites and other activities

Several other dinosaur track sites in Portugal have
high educational and tourist potential but, up until now, none
of them is prepared to receive visitors and to be enjoyed by
the general public all year round autonomously, as it is possi-
ble to do at the Galinha educational centre. However, public
institutions such as the National Natural History Museum of
Lisbon University as well as independent science associa-
tions regularly organize fieldtrips to these sites.

Another strategy that allows the general public to
visit places where they can observe geological and paleon-
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tological features, namely dinosaur track sites such as those
in the Algarve, is the programme “Geology in the summer”.
This programme is part of a national campaign which takes
place every year during the summer period, from July until
September, promoted by Agéncia Ciéncia Viva (Live Sci-
ence Agency), the Portuguese national agency for scientific
and technological culture. The activities of Ciéncia Viva are
the contribution of the Portuguese Ministry of Science and
Technology to the promotion of scientific culture among the
Portuguese population.

The programme “Geology in the summer” started in
1998 and includes, every year, dozens of different geological
activities, promoted by Portuguese universities, museums
and independent science associations. Concerning Palacon-
tology, these activities comprise indoor activities in muse-
ums but mostly outdoor visits to fossiliferous sites guided
by trained palacontologists and geologists, nature walks to
observe fossils and geological features in sifu, and even city
walks, e.g., the activity “Fossils on your door step” (Silva
& Cachdo, 1998), to observe and interpret fossils trapped in
building material in Lisbon — fossils of rudists, corals, gas-
tropods, invertebrate ichnofossils, etc., literally entombed
within the stone used in buildings — and small outcrops still
preserved within city limits. Another Geology in the Sum-
mer activity — GPS_Geologia por Satélite (GPS_Geology
and Satelites) — encourages autonomous Vvisits to track sites
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in the Sesimbra-Cabo Espichel region by giving the partici-
pants — in a specifically created web site (Silva, 2007) — the
geographic coordinates of the track sites to be found with
the aide of a personal GPS in a virtual geocache (or earth-
cache) mode. The web site also provides additional informa-
tion about the outcrops and how to behave adequately in the
field, in order to warrant a safe and meaningful visit and to
promote geoawareness, ensuring the long term preservation
of the track sites. The participants are asked to provide proof
of their visit to the sites (by means of a digital photo taken
on the spot) and receive, as a prize for their successful par-
ticipation, additional information and educational materials
produced by the National Natural History Museum and the
Geology Department of the University of Lisbon.

In other European countries there are many track
sites where the general public can observe dinosaur tracks
and trackways in their geologic context.

Some of them are easily accessible places located
along the shoreline, where the visitors may find dinosaur
tracks as natural casts lying loose on the beach or preserved
in situ on the bedding surfaces of cliffs, such as the sites
along the south coast of the Isle of Wight in the UK (e.g.
Martill, 2000).

The Ardley quarry, for example, in Oxfordshire in
the UK, displays hundreds of dinosaur footprints but does
not have public access and permission is required before vis-
iting the site (Powell, 2003).

Other dinosaur track sites are linked to local mu-
seums. In these sites there are organized walking trails and
interpretative panels that allow visitors to enlighten them-
selves about aspects of local geology and paleontology. This
is the case of track sites such as Lavini di Marco in Italy
(e.g. Avanzini, 2002), Asturias coastline and La Rioja prov-
ince in Spain (e.g. Garcia-Ramos et al., 2000; Moratalla et
al., 1997), Isle of Skye in Scotland, UK (e.g. Clark et al.,
2005).

An European dinosaur track site with a project
similar to the Galinha exomuseum may be found at Miinche-
hagen, near Hannover, in Germany (Dinosaurierpark
Miinchehagen). In this site dinosaur tracks are protected and
are integrated in the museum as an outdoor museum.

Sites like the Courtedoux track site in northwestern
Switzerland (e.g. Le Loeuff et al., 2006) and the Coisia track
site (eastern France) also have scientific, educational and
tourist potential to become outdoor museums.

Geoconservation — effective protection of the ich-
noheritage at the Galinha exomuseum

Public interest on dinosaur track sites is high, as
demonstrated by the high number of visitors to the Galinha
site every year, therefore the impact of such natural occur-
rences is of paramount importance for geoeducation and for
the local economy. The potential of the dinosaur track sites
for educational tourism purposes represents an important
economical resource to be used with the necessary precau-

tions in order to prevent possible damages due to overexploi-
tation and overexposure of the site.

Indeed, the potential of the Galinha site to attract
high numbers of tourists, being located in close proximity to
a popular destination for thousands of pilgrims and religious
tourists (The Fatima Sanctuary), has already been demon-
strated. This circumstance poses real management problems
when dealing with an overwhelming number of visitors. In
addition we must also consider the effects of the natural ero-
sion of the track surface exposed to weather conditions.

The advantages of scientifically and culturally en-
joying such an important natural occurrence imply, there-
fore, a responsible management capable of preserving the
site. Indeed, the management of large track sites, especially
regarding the preservation of track surfaces, presents several
challenging geotechnical problems. Constructive geoconser-
vation decisions have been made and measures will have to
be taken soon to ensure that these track sites will be devel-
oped and managed as study sites for scientists, university and
school students, and as attractive destinations for the general
public from Portugal and from all over the world.

The Galinha track site and other dinosaur track sites
have the potential to become a valuable asset to boost public
awareness and scientific culture, places where local citizens
and authorities bond with their local ichnoheritage, thus en-
suring its real protection and adequate management. Indeed,
to preserve and to value natural heritage in general it is re-
quired more than just protective legislation, it is necessary
that the general public (including national politics and local
authorities) understands its actual importance and long term
implications. This way the fossil record may give an effec-
tive and essential contribution to environmental conserva-
tion.

FUTURE PERSPECTIVES

In normal circumstances, to observe dinosaur tracks
in Portugal with scientific and educational support it is im-
perative to go to Galinha track site. This geoturistic destina-
tion has become so popular that schools and even private
travel agencies regularly organize one day excursions, and
some of them requiring travelling more than ten hours by
bus, to go there and back, to visit the site. Such long travels
have obvious inconveniences, especially for young children;
therefore it would be useful to have other track sites in the
country equipped — at least — with basic infrastructures to
receive visitors.

For example, at Vale de Meios track site, 20-25 km
SW of the Galinha quarry, deeply impressed tridactyl foot-
prints can be easily followed on a horizontal bedding surface
providing an unexpected and exciting opportunity to track
Middle Jurassic theropods.

It would be equally useful to promote the accessi-
bility to dinosaur track areas in different Portuguese regions
such as the Sesimbra — Cabo Espichel and the SW Algarve
area. As an immediate action, it would be of great public and
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educational service if local authorities and independent sci-
ence associations could provide and maintain road and trek-
king signs to direct visitors to the track sites and the publica-
tion of educational material to support autonomous visitors.

Such a multiplication of ichnoturistic destinations
would have several beneficial aspects to it, both economical
and conservational. It would, for instance, boost local econ-
omy and geoawereness in other localities and, by providing
alternative destinations, it would help prevent the overex-
ploitation of Galinha track site.

However, even considering the possibility of add-
ing new track sites to the Portuguese visitable sites list in the
foreseeable future, on the short term it is essential to under-
take direct actions — such as the periodical removal of gravel
from the track surface along the visitors trail, in order to
minimize erosion, and the overall consolidation of the track
surface, namely by filling the existing cracks — for the future
preservation of the Galinha track surface.
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New sauropod trackways from the Middle Jurassic

of Portugal
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The Galinha tracksite reveals a sequence of Bajocian-Bathonian limestones belonging to the Serra de Aire Formation
(West-Central Portugal) and is one of the few sites in the world where Middle Jurassic sauropod dinosaur tracks can be
found. This tracksite is characterised by the presence of long, wide gauge sauropod trackways, the Middle Jurassic age of
which suggests these dinosaurs were more widely distributed over time than previously thought. Two trackways contain
unique pes and manus prints with morphologies that allow a new sauropod ichnotaxon to be described: Polyonyx gomesi
igen. et isp. nov. On the basis of different manus/pes prints and trackway features, the proposal is made to subdivide
Sauropodomorpha ichno-morphotypes into five groups: Tetrasauropus-like, Otozoum-like, Breviparopus/Parabronto-
podus-like; Brontopodus-like, and Polyonyx-like. Polyonyx gomesi igen. et isp. nov. is thought to represent a non-
neosauropod eusauropod, with a well developed manus digit I. The posterior orientation of this digit print suggests they
were made by a eusauropod dinosaur with a posteriorly rotated pollex. The manus print morphologies observed in two
trackways suggest a stage of manus structure intermediate between the primitive non-tubular sauropod manus and the tu-
bular metacarpal arrangement characteristic of more derived sauropods. The low heteropody (manus:pes arearatio 1:2) of
the trackway renders it possible they could have been made by eusauropods such as Turiasaurus riodevensis, which has a
similar manus:pes area ratio. The Polyonyx igen. nov. trackway was made by non-neosauropod eusauropod, and suggests
that wide gauge sauropod trackways were not exclusively made by Titanosauriformes.
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Introduction

The Middle Jurassic Galinha tracksite is located on the east-
ern side of Serra de Aire in the municipal area of Bairro, 10
km from Fatima, within the Serra de Aire and Candeeiros
Natural Park (Fig. 1). It contains very well-preserved Middle
Jurassic sauropod manus and pes prints, in two of the longest
sauropod trackways on record (two continuous sequences
measuring 142 and 147 m). This tracksite was briefly de-
scribed by Santos et al. (1994). Since then, a second Middle
Jurassic tracksite has been found at Vale de Meios (Santa-
rém), 80 km north of Lisbon. At this new site dozens of
theropod trackways made by different sized trackmakers
were discovered (Santos et al. 2000; Santos 2003; Santos and
Rodrigues 2003), although no sauropod tracks have been
identified there until recently. Santos et al. (2008) reported
the existence of at least two sauropod trackways.

The sauropod trackways at the Galinha tracksite are of the
wide gauge type (Santos et al. 1994: figs. 2, 3). Before this

Acta Palaeontol. Pol. 54 (3): 409—422, 2009

discovery was made, wide gauge sauropod trackways were
not considered so widely distributed over time (Lockley et al.
1994b; Santos et al. 1994). The trackways contain exception-
ally large manus prints in relation to the pes prints and, al-
though manus claw traces have only very rarely been re-
corded in the literature, at the Galinha tracksite there are
manus and pes prints with large claw impressions. These
manus and pes prints present morphological features that dis-
tinguish them from the currently known sauropod manus and
pes prints. Lockley and Meyer (2000) suggested trackways
from the Galinha tracksite are distinctive enough to be recog-
nised as a new ichnospecies. Although wide gauge sauropod
trackways have been assigned to Brontopodus isp., those of
the Galinha tracksite cannot be included in this ichnogenus
due to their different manus print morphology. This paper
provides a description of these sauropod tracks and a new
ichnogenus and ichnospecies are formally proposed. The
morphologies of the sauropod manus prints of this taxon
yield information about the arrangement of the metacarpals
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Fig. 1. Location map of the Galinha dinosaur tracksite (Bairro, Serra de
Aire, West-Central Portugal). Modified from Santos et al. 1997.

and allow inferences about sauropod manus osteological
structure. Further, the manus prints of the Galinha tracksite,
with a long digit I appearing consistently throughout the
length of two wide gauge sauropod trackways, suggest this
trackway type is different from the wide gauge trackways at-
tributed to titanosaurs; in the latter group the manus digit/
claw I is absent (Salgado et al. 1997).

Institutional abbreviation—MNDPDSA, Monumento Nat-
ural das Pegadas de Dinossdurio da Serra de Aire (Serra de
Aire Dinosaur Tracks Natural Monument), Portugal.

Other abbreviations.—Dga, glenoacetabular distance; Dmp,
manus-pes distance; h, hip high; A, stride length; P1, pes print
length; Pw, pes print width; Wit and Wot, inner and outer
trackway width.

Geological and stratigraphic
setting

The main track level of the Galinha tracksite is a single bed-
ding surface of about 40,000 m? forming the floor of an aban-
doned limestone quarry. A second faint trackway of probable
dinosaur tracks occurs on a small, exposed surface 4 m above
this level. Azerédo et al. (1995) studied a 14 m-thick se-
quence of micritic limestone (Fig. 2) at the site, beginning
5.2 m below the main track level and ending at the top of the
highest level observed. Based on microfacies and palaeo-
environmental studies, these authors suggested that this se-
quence was deposited in lacustrine, paralic and very shallow,
restricted marine conditions. Some evidence from the main
track level (e.g., nerineid gastropods, marine ostracods, and
echinoderm fragments) suggests it was associated with shal-
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low marine conditions (a confined, shallow, marginal marine
palacoenvironment). This palacoenvironment developed in
the innermost part of a prograding carbonate ramp, the gen-
eral depositional system operating in the Lusitanian Basin at
that time (Azerédo 1993). The studied sequence of micritic
limestone at the Galinha tracksite has no good stratigraphic
bio-markers, however, the lithostratigraphic framework of
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Fig. 2. Sequence of micritic limestone beginning 5 meters below the main
sauropod track level of the Galinha tracksite from Serra de Aire Formation,
Bajocian—Bathonian boundary (Bairro, Serra de Aire, West-Central Portu-
gal). Modified from Azerédo et al. (1995).
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the region and its microfauna suggest that these levels belong
to the Serra de Aire Formation, close to the Bajocian—Batho-
nian boundary (Azerédo 1993; Azerédo et al. 1995; Manu-
ppella et al. 2000).

Systematic ichnology

The Galinha trackways are different from all other known
sauropod trackways, and a new ichnogenus and ichnospecies
are proposed based on their distinctive characteristics.

Ichnogenus Polyonyx nov.

Etymology: Polyonyx means ‘“evidence of many claw marks” from
“poly” (Greek for several) and “onyx” (Greek for claw).

Type ichnospecies: Polyonyx gomesi isp. nov.

Diagnosis.—As for the type, and only known ichnospecies.

Polyonyx gomesi isp. nov.

Figs. 3-5.

Etymology: In memory of Jacinto Pedro Gomes (1844—1916), curator of
the Museu Mineralégico e Geoldgico da Escola Politécnica (Lisbon,
Portugal), the first naturalist to study (in 1884) dinosaur tracks in Portu-
gal (Gomes 1916).

Holotype: A trackway in situ (142 m long with 94 consecutive manus-
pes print sets; reference G5) at the Galinha tracksite classified as a Natu-
ral Monument—Monumento Natural das Pegadas de Dinossdurio da
Serra de Aire (Serra de Aire Dinosaur Tracks Natural Monument), Por-
tugal. In MNDPDSA centre there is a cast with a sequence of a left

manus print, two pairs of manus-pes prints and a right pes print (refer-
ence MNDPDSA-GS5).

Type horizon: Serra de Aire Formation, close to the Bajocian—Batho-
nian boundary, Middle Jurassic (Azerédo 1993; Azerédo et al. 1995).

Type locality: Galinha tracksite, Municipal area of Bairro, Serra de Aire,
West-Central Portugal.

Diagnosis.—Wide gauge sauropod trackway revealing low
heteropody (manus-pes area ratio 1:2) and two autapomor-
phies: (1) asymmetric manus prints with large digit I marks
oriented in a medial direction with a large, posteriorly ori-
ented, triangular claw mark, and impressions of digits II, I,
IV and V; (2) pes prints with four claw marks: claws I-1I with
an anterior orientation, and II[-1V laterally oriented. Manus
digits [I-V show a slightly bent arrangement.

Description.—This trackway is a wide gauge sauropod track-
way with an inner trackway width 1.2 times the footprint
width (Wit/Pw; see Tables 1 and 2, Fig. 5). The manus prints
are wider than long with a rounded lateral edge (digit mark V),
a large digit [ mark oriented in a medial direction and with a
large, posteriorly oriented, triangular claw mark I, and impres-
sions of digits II-IV (Fig. 4A). Other manus prints of trackway
G5 show digit II-IV marks at the anterior margin. The pes
prints are longer than wide, oval shaped, and have four claw
marks (claws I-II with an anterior orientation, and III-IV lat-
erally oriented). The ichnospecies shows low heteropody (the
pes area is about twice the manus print area). Occasionally, the
manus print centres are closer to the trackway midline than the

>z

50 m

Fig. 3. Long sauropod trackways at the Galinha dinosaur tracksite (Bairro,
Serra de Aire, West-Central Portugal). Trackway G1 is 147 m long and
trackway G5 is 142 m long. Modified from Santos (2003).

pes print centres. Both the manus and pes prints are rotated
outward relative to the trackway midline. Considering the di-
rection of the manus and pes print width in relation to track-
way midline, the rotation values for the manus prints are vary
from 25° to 50° and the pes print values from 25° to 42°. With
respect to the pes print length, the outer trackway width is 2.7
times wider (Wot/Pl, Table 2), the manus-pes distance is
0.3-0.6 times longer (Dmp/Pl, Table 2), and the stride length
is 3.4 times longer (A/Pl, Table 2). The glenoacetabular dis-
tance is three times the pes print length (Dga/Pl, Table 2) and
1.1 times the outer trackway width (Dga/Wot, Table 2). The
pace angulation value is about 95°.

Stratigraphic and geographic range.—Bajocian-Bathonian
of West-Central Portugal.

Polyonyx isp.
Figs. 6, 7.

Material —One trackway (147 m long) with 97 consecutive
manus-pes print sets (reference G1).

Stratigraphic and geographic range.—As for the type ichno-
species.

Description of the Galinha
trackways

At least 20 sauropod trackways, including several that show
excellent preservation of both the manus and pes prints, and
others that are manus-only sequences, are present at level 1
of the Galinha tracksite. The ten best-preserved trackways
were studied and illustrated (Fig. 3) and individual tracks
traced using transparent acetate overlays (Santos 2003). The
space between the pes print medial margins shows them all to
be wide gauge trackways.
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Table 1. Characteristic values of sauropod tracks and trackways of Galinha tracksite (Bairro, Serra de Aire, West-Central Portugal). L, length; W,
width; h, hip high; A, stride length; Dga, glenoacetabular distance; Wot, Wit, outer and inner trackway width; Dmp, manus-pes distance. All values in

centimetres. (*), obtained through manus prints; (**), estimated value.

Trackway PES Lx v;/[ ANUS h A Ah Dga Wot Wit Dmp Srll;icdk?ﬁil;/e;)
G-1 95 x 70 40 x 75 380 315 0.8 300 215 60 56 4.0
G-2 80 x 65 42 x 60 320 320 1.0 270 180 40 40 5.1
G-3 - 27 x 45 - 300%* - - 180 90** - -
G-4 - 20 x 34 - 380%* - - 150 70%* - -
G-5 90 x 60 38 x 58 360 310 0.9 270 240 70 25-50 4.1

Table 2. Characteristic values of sauropod tracks and trackways at Galinha tracksite (Bairro, Serra de Aire, West-Central Portugal) and Brontopodus
birdi (modified from Farlow et al. 1989). Wot and Wit, outer and inner trackway width; Pl and Pw, pes print length; pes print width; Dmp, manus-pes

distance; A, stride length; Dga, glenoacetabular distance.

Trackway Wot/P1 Wit/Pw Dmp/P1 A/P1 Dga/P1 Dga/Wot
Brontopodus birdi 1-1.5 0.8 0.5-1.2 2-5 3-4 1.3
G-1 23 0.9 0.6 33 3.2 1.4
G-2 2.2 0.6 0.5 4.0 33 1.5
G-5 2.7 1.2 0.3-0.6 34 3.0 1.1

Trackway G1: Polyonyx isp.—Trackway Gl is a 147 m
long wide gauge sauropod trackway (Fig. 6) with 97 consec-
utive manus-pes sets with an inner trackway width of about
60 cm (Fig. 6A, Table 1). G1 contains oval pes prints and
crescent shaped manus prints, sometimes overlapping but in
general with a manus-pes distance of 56 cm (Table 1). The
ratio of manus-pes distance/pes print length is 0.6 (Table 2).
Both the manus and pes prints are rotated strongly outward
relative to the trackway midline. The outward rotation values
for the manus prints vary from 50° to 58°; the values for the
pes prints vary between 23° and 35°. Bonnan (2003: 607) re-
fers to a “supination” angle of about 55° for these manus
prints and considered them to be “the most supinated tracks
yet reported”. Sometimes, the manus print centres are closer
to the trackway midline than the pes print (Fig. 6A). The
manus prints are wider than long (40 cm long by 75 cm wide,
Table 1) and have a slightly bent metacarpal arch. They have
rounded lateral and medial margins and a long and narrow
impression (20 cm long by 6 cm wide) projecting from the
centre of the track’s rear margin and oriented in a postero-
medial direction (Fig. 6B). The well-preserved oval-shaped
pes prints which have no claw marks (Figs. 6A, 7) are longer
than wide—95 cm long by 70 cm wide (Table 1). In general,
both the manus and pes prints are 2 cm deep, surrounded by a
rim (Fig. 7). The best-preserved pes impressions show two
depressed areas separated by a rim perpendicular to the long
axis of the pes (Figs. 6A, 7). This rim represents an anterior
area where the foot pressed the ground at the last moment of
the step cycle. The pes area is about twice the manus print
area, and the pace angulation is about 113°.

Tables 1 and 2 provide the stride length and other charac-
teristic values of the trackways and trackmakers. With re-
spect to the pes print length (P1), the stride length is 3.3 times
longer and the glenoacetabular length is 3.2 times longer
(MP1 and Dga/Pl, Table 2). The glenoacetabular distance is

1.4 times the outer trackway width (Dga/Wot, Table 2). The
outer trackway width is 2.3 times the pes print length, and the
inner trackway width is 0.9 times the pes print width (Wot/P1
and Wit/Pw, Table 2).

Trackway G2: no ichnotaxonomic assignment.—Track-
way G2 is a 110 m-long wide gauge sauropod trackway with
an inner trackway width of about 40 cm (Table 1), showing
oval pes prints and crescent-shaped manus prints rotated out-
wards relative to the trackway midline (Fig. 3). The mean
manus-pes distance is about 40 cm (Table 1) but sometimes
the pes prints overlap the manus prints. The manus-pes dis-
tance/pes print length ratio is 0.5 (Dmp/Pl, Table 2). The
manus prints are crescent shaped and wider than long (42 cm
long by 60 cm wide, Table 1) with a slightly bent metacarpal
arch. The oval shaped pes prints, none of which have claw
marks, are longer than broad (80 cm long by 65 cm wide, Ta-
ble 1). The manus:pes area ratio is 1:2 (low heteropody) and
the pace angulation is about 112°.

With respect to the pes print length (P1), the stride length
is four times longer and the glenoacetabular length 3.3 times
longer (A/Pl and Dga/Pl, Table 2). The glenoacetabular dis-
tance is 1.5 times the outer trackway width (Dga/Wot, Table
2). The outer trackway width is 2.2 times the pes print length,
and the inner trackway width is 0.6 times the pes print width
(Wot/Pl and Wit/Pw, Table 2).

Trackways G3, G4: no ichnotaxonomic assignment.—
Several wide gauge trackways are formed either by cres-
cent-shaped manus impressions alone (Fig. 3) or dominated
by manus prints (e.g., trackways G3 and G4, Table 1) with
faint traces of pes toe impressions (Santos et al. 1994).

Trackway GS: Polyonyx gomesi holotype.—Trackway G5
is a sauropod trackway with 94 consecutive manus-pes sets
extending over a distance of 142 m (Figs. 3, 5). It shows oval
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0.5m

Fig. 4. Polyonyx gomesi igen. et isp. nov., sauropod manus and pes prints from trackway G5 at the Galinha dinosaur tracksite (Bairro, Serra de Aire,
West-Central Portugal). A. Outline (A ;) and photograph (A,) of a left manus print. B. Outline (B;) and photograph (B,) of a right pes print. Modified from

Santos (2003).

pes prints and crescent shaped manus prints. The inner track-
way width (Wit) is about 70 cm (Table 1). Sometimes the pes
prints overlap the manus prints, but in general the manus-pes
distance ranges from 25 to 50 cm (Table 1). The manus-pes
distance/pes print length ratio is 0.3—-0.6 (Dmp/Pl; Table 2).
Both the manus and pes prints are outwardly rotated relative
to the trackway midline. The outward rotation values for the
manus prints vary from 25° to 50°; values for the pes prints
are 25-42°. Sometimes the manus print centres are closer to
the trackway midline than the pes print centres (Fig. 5). The
manus prints are wider than long (38 cm long by 58 cm wide,
Table 1) and are asymmetrical with a large digit I impression
oriented in a medial direction, a large, posteriorly oriented,
triangular claw I mark, and impressions of digits II-V with a
slightly bent arrangement (Fig. 4A). Therefore, the manus
impressions reveal a large claw [ mark as well as impressions
of digits II-V arranged in a slightly bent metacarpal arch.
The well-preserved pes prints are longer than broad and oval
shaped (90 cm long by 60 cm wide, Table 1), and show four
claw marks: claws I and II show an anterior orientation and
claws III and IV are laterally oriented (Fig. 4B). The best-
preserved manus and pes prints are 2 cm deep and show a
mud rim. Low heteropody (the manus:pes area ratio is 1:2) is
another distinctive feature. The pace angulation is about 95°.

Tables 1 and 2 show the stride lengths and other values of the
G5 tracks and trackway. In relation to the pes print length, the
stride length is 3.4 times longer and the glenoacetabular dis-
tance is 3 times longer (A/Pl and Dga/Pl, Table 2). The esti-
mated glenoacetabular distance is 1.1 times the outer track-
way width (Dga/Wot, Table 2). The outer trackway width is
2.7 times the pes print length, and the inner trackway width is
1.2 times the pes print width (Wot/Pl and Wit/Pw, Table 2).

Comparison of the Galinha
trackways with the general
sauropod track record

Sauropod trackways from Galinha tracksite were compared
with tracks from different places and ages. Few Lower Juras-
sic sauropod trackways are known. Narrow-gauge trackways
similar to Parabrontopodus isp. with relatively small pes
prints were reported by Gierliiski (1997) from central Poland
and by Leonardi and Mietto (2000) from Lavini di Marco (It-
aly). However, these trackways are clearly distinct from the
much larger Portuguese Middle Jurassic wide gauge sauropod
trackways, showing a smaller inner trackway width, high
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Fig. 5. Segment of G5 sauropod trackway at the Galinha dinosaur tracksite
(Bairro, Serra de Aire, West-Central Portugal): Polyonyx gomesi igen. et
isp. nov. Modified from Santos (2003).

heteropody, and crescent-shaped manus prints without digit/
claw marks.

The Middle Jurassic sauropod track record is also poorly
known. Narrow- and wide gauge sauropod trackways have
been reported from the Middle Jurassic of Morocco (Dutuit
and Ouazzou 1980; Ishigaki 1988, 1989); these authors report
unnamed wide gauge trackways showing footprints with four
digit impressions and manus prints with no digit marks. They
also report narrow-gauge trackways such as Parabrontopodus
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isp. These Moroccan manus and pes print morphologies (Fig.
8H, J), and the size of the manus related to the pes prints, are
different from the Portuguese Middle Jurassic sauropod track
record (Fig. 8A, B, K). Breviparopus taghbaloutensis Dutuit
and Ouazzou, 1980 from the Middle Jurassic of Morocco is
represented by narrow-gauge sauropod trackway with anteri-
orly oriented pes claw marks (Fig. 8J), crescent-shaped manus
prints without digit marks, and high heteropody (Ishigaki
1989). The inner trackway width, pes claw mark orientation
and manus print shape of B. taghbaloutensis are similar to
those of Parabrontopodus isp.

Romano et al. (1999) reported sauropod prints from the
Middle Jurassic of Yorkshire, England. Some of the oval pes
prints described show digit prints rotated outwards relative to
the trackway midline that resemble those of Brontopodus.
The manus prints are crescent-shaped with no digit impres-
sions. These British prints differ from the Portuguese prints
in manus and pes morphology and heteropody (Romano and
Whyte 2003: 201). These have been reinterpreted as stego-
saur tracks by Whyte and Romano (2001).

Day et al. (2002) reported long sauropod trackways from
the Middle Jurassic of Oxford, England. Some of these track-
ways are wide gauge (Day et al. 2002, VFS, personal observa-
tion 2003) and are similar to the Portuguese trackways, but
they do not show such low heteropody. Further, the manus
prints show no digit/claw marks. Narrow-gauge trackways,
very similar to Parabrontopodus isp., were also reported from
the Oxford tracksite. However, these are quite different from
the wide gauge sauropod trackways at the Galinha site.

Upper Jurassic sauropod trackways have been found at
seven tracksites in Portugal but only two trackways reveal claw
traces. At Lagosteiros Bay (Cabo Espichel) there are wide
gauge trackways that show pes prints with four laterally rotated
claw marks (Fig. 8M) and small crescent shaped manus prints
without digit impressions (Meyer et al. 1994). These tracks
were attributed to Brontopodus isp. (Meyer et al. 1994) based
on their inner trackway width, their manus and pes print
morphologies, and heteropody. However, they differ from
trackways G1 and G5 at the Galinha tracksite with respect to
their heteropody and manus/pes print morphologies (Fig. 8).
A quadrupedal trackway with one very slight pes impression
and seven crescent shaped manus prints with five prominent
claw marks has been described for the Upper Jurassic of the
Sesimbra region (Santos et al. 1995; Santos 2003). In this
trackway, the manus claw I mark shows a medial orientation
(Fig. 8C). The manus print morphology is quite different to all
other known sauropod manus print morphologies (Fig. 8).

Lires (2000) reported narrow and wide gauge sauropod
trackways from the Upper Jurassic of Asturias (northern
Spain) and recognised three different pes print morphotypes.
One of these is similar to Brontopodus isp. pes prints (Fig. 8N)
and therefore, different to the pes prints of trackways G1 and
G5 at the Galinha tracksite. Gigantosauropous asturiensis
from the Late Jurassic of Spain (Mensink and Mertmann
1984; Lockley et al. 1994a, 2007) is represented by a nar-
row-gauge trackway. However, there are no morphological
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Fig. 6. Polyonyx isp., sauropod trackway G1 at the Galinha dinosaur tracksite (Bairro, Serra de Aire, West-Central Portugal). A. Trackway segment. B. Out-
line (B,) and photograph (B,) of left manus print with a slender and long impression in the centre of the track’s rear margin oriented in a postero-medial di-

rection. Modified from Santos (2003).

features that could allow a comparison with the sauropod
trackways at the Galinha tracksite.

Lower Cretaceous sauropod trackways are also quite dif-
ferent from the Portuguese Middle Jurassic sauropod track-
ways at the Galinha tracksite in terms of their manus and pes
print morphologies. Dalla Vecchia (1999) reported a manus
print from the Upper Hauterivian—Lower Barremian of north-
eastern Italy, showing a relatively well developed claw on
digit I (Fig. 8D). This manus print reminds one of Bronto-
podus birdi Farlow, Pittman, and Hawthorne, 1989 manus
print morphology. Titanosaurimanus nana Dalla Vecchia and
Tarlao, 2000 from the Lower Cretaceous of Croatia shows
small size U-shape manus prints with distinctive digit impres-
sions (Fig. 8E), quite different from the manus print morpho-
logies observed at the Galinha tracksite (Fig. 8A, B).

The Middle Jurassic sauropod trackways at the Galinha
tracksite are clearly wide gauge with inner trackway width
values even greater than those of B. birdi from the Lower
Cretaceous of the USA (Table 2). Trackway G2 from the

Galinha tracksite is not comparable to B. birdi in terms of
manus and pes print morphologies. On the contrary, the gen-
eral G2 manus print morphology is more similar to that of the
G1 manus tracks than that of Brontopodus. Trackways G3
and G4 are manus-dominated, showing crescent shaped mor-
phology (Fig. 3; Santos et al. 1994: fig. 5; Lockley and
Meyer 2000: fig. 6.6.). Their arrangement suggests they are
part of a wide gauge trackway. Despite the absence of digit
marks, the morphology of the G3 and G4 manus prints seems
to be more similar to the G1 manus prints than those of
Brontopodus. Trackways G1 and G5 are distinct from B.
birdi in terms of their heteropody and manus and pes print
morphologies (Fig. 8). Shape analysis (using geometric mor-
phometric techniques) performed on 30 sauropodomorph
pes prints from the ichnological world record (Rodrigues and
Santos 2004) corroborates the inference that the G5 trackway
pes print morphology is clearly different from that of Bronto-
podus pes prints. Indeed, B. birdi pes prints show all their
digit marks laterally oriented, with a small digit IV claw
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Fig. 7. Polyonyx isp., sauropod trackway G1 at the Galinha dinosaur tracksite
(Bairro, Serra de Aire, West-Central Portugal). A. Sauropod right manus. B.
Sauropod right pes prints. Photograph by Carlos Marques da Silva.

mark and a small digit V mark callosity, while along the G5
trackway at least ten pes prints reveal claw marks I and II to
have an anterior orientation, and claw marks III and IV to be
laterally oriented. Moreover, Brontopodus birdi pes prints
have digit print IV situated in a more posterior position than
in the G5 trackway pes prints. The Portuguese Middle Juras-
sic sauropod manus prints, with their slightly bent metacar-
pal arch, also show different morphology to B. birdi manus
prints. In B. birdi these prints are U-shaped, reflecting an
osteological tubular structure, and show clear evidence of
rounded marks made by digits [ and V in a more posterior po-
sition (Fig. 8F). Digits II-IV seem to be arranged together
and their impressions are crescent-shaped. Rotundichnus is
represented by a not particularly well-preserved wide gauge
sauropod trackway from the Lower Cretaceous of Germany
(Hendricks 1981). This is considered a Brontopodus-like
trackway (Lockley et al. 2004). A Lower Cretaceous sauro-
pod trackway with circular tracks from Argentina—Sauro-
podichnus giganteus—(Calvo 1991) is so poorly preserved
that they cannot be used in any comparison with the Galinha
trackways.

Sauropod tracks known from the Early Cretaceous of Ko-
rea were assigned to cf. Brontopodus (e.g., Lim et al. 1994;
Huh et al. 2003; Lockley et al. 2008). Therefore, Korean
sauropod tracks are clearly distinct, as the Portuguese Middle
Jurassic sauropod tracks differ from those assigned to Bronto-
podus.

The Upper Cretaceous sauropod track record also yields
U-shaped manus prints. Lockley et al. (2002) described sev-
eral sauropod trackways from the Upper Cretaceous of
Bolivia at the Humaca site. In these trackways the manus
prints are semicircular with five rounded callosities or blunt
claw impressions (Fig. 8G). The pes prints are sub-triangular
and sometimes show three blunt, equidimensional claw im-
pressions belonging to digits I-III (Lockley et al. 2002: 392).
The morphology of these manus prints is different from those
of the Portuguese Middle Jurassic sauropod manus prints
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(Fig. 8A, B). It is interesting to note that one trackway at the
Toro Toro site (Leonardi 1994: 193) is wide gauge and its
heteropody even lower than that of the Portuguese Middle
Jurassic sauropod trackways. The Humaca site shows sauro-
pod trackways with relatively high heteropody (Lockley et
al. 2002: fig. 7) and others with low heteropody (Lockley et
al. 2002: fig. 9). The trackways are narrow-gauge with inner
trackway widths of about 0—15 cm, quite different from the
Portuguese Middle Jurassic wide gauge trackways.

The wide gauge sauropod trackways of the Fumanya
tracksite (SE Pyrenees) were described by Schulp and Brokx
(1999) and later by Vila et al. (2005). These lower Maas-
trichtian tracks (Oms et al. 2007) show subrounded manus
prints with a U-shaped morphology. They are quite similar to
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Fig. 8. Sauropod ichnites with well preserved morphologies from the general
track record. A-I. sauropod manus prints (redrawn from Dalla Vecchia and
Tarlao 2000). A. Polyonyx gomesi igen. et isp. nov. from the Middle Jurassic
of Portugal. B. Polyonyx isp. from the Middle Jurassic of Portugal. C. left
manus print of a quadrupedal dinosaur from the Upper Jurassic of Portugal.
D. Unnamed print from the Lower Cretaceous of Italy. E. Titanosaurimanus
nana from the Early Cretaceous of Croatia. F. Brontopodus birdi from the
Lower Cretaceous of USA. G. Unnamed print from the Upper Cretaceous of
Bolivia. H. Breviparopus taghbaloutensis from the Middle Jurassic of Mo-
rocco. 1. Parabrontopodus mcintoshi from the Upper Jurassic of USA.
J-N. Sauropod pes prints. J. Breviparopus taghbaloutensis from the Middle
Jurassic of Morocco. K. Polyonyx gomesi igen. et isp. nov. from the Middle
Jurassic of Portugal. L. Brontopodus birdi from the Lower Cretaceous of
USA. M. Brontopodus aff. B. birdi from the Upper Jurassic of Portugal.
N. Unnamed print from the Upper Jurassic of Asturias, Spain. A, B, K, after
Santos et al. (1994); C, after Santos et al. (1995), Santos (2003); D, after Dalla
Vecchia 1999; E, after Dalla Vecchia and Tarlao 2000; F, L, after Farlow at
al. (1989); G, after Lockley et al. (2002); H, J, after Dutuit and Ouazzou
(1980), Ishigaki (1989); I, after Lockley et al. 1994a; M, after Meyer et al.
1994, Santos 2003; N, after Lires 2000.
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the characteristic Brontopodus isp. manus prints and there-
fore clearly distinct from the Portuguese Middle Jurassic
sauropod tracks characterised by low heteropody and differ-
ent manus print morphologies.

Dalla Vecchia (1999) and Dalla Vecchia and Tarlao
(2000) analysed the world sauropod track record and sug-
gested three sauropod manus morphotypes based on the con-
figuration of digit I: Morphotype A, which comprises manus
prints with a well-developed impression of the digit I claw
(these authors considered trackway G5 from Galinha tracksite
to belong to this morphotype); Morphotype B, characterised
by manus prints with the intermediate development of a digit I
claw (these authors considered trackway G1 from Galinha
tracksite to belong to this morphotype); and morphotype C
with manus prints without a claw I mark, and with rounded
marks made by digits [ and V (Brontopodus isp).

Discussion

There has been a long debate about why the claw I print is not
normally preserved in sauropod manus prints (e.g., Ginsburg
etal. 1966; Farlow et al. 1989), and in at least one paper it has
been suggested that sauropods walked on their knuckles with
their digits rotated backwards (Beaumont and Demathieu
1980). However, osteological studies revealed that the sauro-
pod metacarpus was held fully erect with the metacarpals
forming a semicircle in dorsal view; this is confirmed by the
crescent shape of sauropod manus prints (see e.g., Farlow et
al. 1989; Mclntosh 1990; Meyer et al. 1994; Moratalla et al.
1994; Santos et al. 1994; Christiansen 1997).

Consequently, the osteological record and the ichnological
evidence suggest that sauropods did not walk on their knuck-
les (Christiansen 1997). The Galinha tracksite shows the best
preserved impressions of any sauropod manus digit I known to
date.

Farlow (1992) was the first to recognise and define nar-
row and wide gauge sauropod trackways. Lockley et al.
(1994a) proposed Brontopodus birdi (Farlow et al. 1989) to
represent a wide gauge sauropod trackway and Parabronto-
podus isp. (Lockley et al. 1986) as an example of nar-
row-gauge sauropod trackway (those with no space between
the inner footprint margins). The inner trackway width of
trackway G1 from the Galinha tracksite clearly renders it a
wide gauge trackway, just like trackway G5 and Bronto-
podus birdi (Wit, Table 1; Wit/Pw, Table 2). This fact un-
doubtedly establishes the presence of wide gauge sauropod
trackway makers in the Middle Jurassic of Portugal (Santos
et al. 1994). Galinha trackways have manus and pes prints
with morphological features totally different from Bronto-
podus isp. manus and pes prints and do not obviously suggest
their inclusion in this ichnotaxon. The most interesting and
distinctive feature of trackway G1 is the long and narrow im-
pression at the centre of the manus track’s rear margin, ori-
ented in a posterior-medial direction. This mark can be ob-
served with the same morphology and occupying the same

position in both left and right manus prints along the track-
way (Fig. 6). This consistency over the same trackway rules
out the possibility of this impression being an extramorpho-
logical artefact. If taphonomic or preservational alterations
were solely responsible for the peculiar morphology of this
impression, it would not be reasonable to expect such a regu-
lar record of this impression along the trackway. It is also too
long and slender to be a metacarpus impression. Moreover,
the anatomical position of the sauropod metacarpus suggests
that it did not touch the ground. The most posterior region of
this slender impression seems to be the distal trace of a claw.
Trackway G5 shows manus prints with a large mark ori-
ented in a medial direction, with the same morphology and oc-
cupying the same position in both left and right manus prints
along the trackway (Figs. 4, 5). These regular and repeated
manus print morphologies observed in the G1 and G5 track-
ways reflect the biological structure of the trackmaker’s fore-
feet. Therefore, the following are here interpreted as a manus
digit I mark: (i) the impression at the centre of the manus
print’s rear margin, oriented in a posterior-medial direction, in
trackway G1; and (ii) the large impression oriented in a medial
direction with a sharp, posteriorly oriented mark, in trackway
GS5. The posterior position of manus digit I impressions sug-
gests that metacarpus I also occupies a posterior position, and
consequently that the whole metacarpus was built as a semi-
tubular structure. The morphology of the trackway G5 manus
prints shows similarities and differences to the trackway G1
manus prints. The similarities are the slightly bent metacarpal
arch and the low heteropody (manus:pes area ratio 1:2). How-
ever, the trackway G5 manus prints show five digit impres-
sions, while the trackway G1 manus prints show only the digit
I print. Also, the shape and the orientation of digit I in the
manus prints are different: both originate at the centre of the
track’s concave posterior margin, but in trackway G5 digit I is
slightly more medially positioned with an acuminated, poste-
riorly oriented distal end (Fig. 4). Finally, the trackway G5 pes
prints show four conspicuous digit marks not seen in trackway
G1 pes prints (Figs. 4, 6). Some of these morphological differ-
ences could be a result of preservation but others probably re-
flect anatomical structures. Despite these morphological dif-
ferences between G1 and G5 trackways it is still uncertain
which features are diagnostic at the ichnospecies level. For
this reason the G1 trackway is attributed to Polyonyx isp.
According to Wilson and Sereno (1998), the pes ungual
phalanges of sauropods are oriented in an external direction (as
seen in the footprints illustrated in Fig. 8K—N), but this is not
evident in Polyonyx gomesi igen. et isp. nov. The pes print dig-
its I and II show an anterior orientation while digits III and IV
have a lateral orientation (Fig. 8K). It is interesting to note that
Breviparopus taghbaloutensis (Fig. 8]) pes prints also show
anteriorly (or slightly laterally) directed digit claw marks.
Brontopodus birdi manus prints are also quite different
from the sauropod manus prints at the Galinha tracksite. The
former manus prints are U-shaped (suggesting all the meta-
carpals are arranged regularly) and show rounded marks of
digits I and V almost side by side at the posterior margin.
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Table 3. Sauropodomorpha ichno-morphotypes based on trackway features and pes and manus prints morphotypes (after Dalla Vecchia 1999; Dalla
Vecchia and Tarlao 2000; Avanzini et al. 2003; D’Orazi Porchetti and Nicésia 2007).

Sauropodomorpha
ichno-morphotypes

Main prints and trackways characteristics

Tetrasauropus-like 1. Narrow gauge trackways.

[\

. High heteropody.

. Elongated and tetradactyl pes prints with four inward arched and clawed digits, a well developed digit IV along the
lateral margin of the foot and a very short digit I in medial margin.
. Small manus prints with four inward arched claw marks.

Otozoum-like
Narrow-gauge trackway.

W = W

footprint.
High heteropody.

. Trackmaker generally bipede and quadrupede.

. Elongated pes prints with four inward digit marks, a well-developed mark of digit IV along the lateral margin of the

Breviparopus-like/ . Narrow-gauge trackway.
Parabrontopodus-like
. Crescent shaped manus prints.

. High heteropody.

. Wide pes prints with anteriorly (or slightly outwardly) directed claw or digit marks.

Brontopodus-like Wide-gauge trackway.

small callosity or pad mark at digit V.

. High heteropody.

. Pes prints longer than broad, with large, outwardly directed claw marks at digits I-III, a small claw at digit IV and

. U-shaped manus prints with rounded marks of digits I and V.

3
4
Polyonyx-like 1. Wide-gauge trackway.
2
3

4. Low heteropody.

. Pes prints with four claw marks (claws I-II oriented in an anterior direction; claws III-IV oriented laterally).
. Asymmetric manus prints with large digit I mark oriented in a medial direction and a large triangular claw mark I
posteriorly oriented, and impressions of digits II-V. Slightly bent disposition of manus digits [I-III-IV and V.

This metacarpal arrangement suggests a tubular structure for
B. birdi trackmaker manus. On the contrary, the sauropod
manus prints at the Galinha tracksite suggest an incompletely
tubular metacarpal arrangement; they are not arranged in
such a regular pattern. Metacarpals I1I-V are slightly bent
while metacarpal I is positioned in a more posterior position.
It is therefore suggested that the sauropod manus morpho-
logies preserved at the Galinha tracksite are the consequence
of a semi-tubular metacarpal structure not yet reported. This
arrangement would represent a functional tubular structure
but with a more primitive metacarpal (semi-tubular) arrange-
ment.

Several authors believe the sauropod manus probably
functioned as a single, rigid, block-like structure with no
intermetacarpal movements (McIntosh 1990; Upchurch 1994;
Bonnan 2003). Movement of the phalanges of digits II-IV
appear to have been restricted (e.g., Christiansen 1997) while
a pollex claw, present in many sauropods, may have pos-
sessed a limited range of flexion and extension (see e.g.,
Thulborn 1990; Upchurch 1994). Thus, the sauropod manus
appears to have functioned as a rigid structure to support the
body weight, and had a claw I with some degree of move-
ment. The semi-tubular arrangement of the metacarpus of the
Gl and G5 trackmakers, plus the posterior-medial pollex
orientation, suggest that this digit may have been capable
of some independent movement. However, the orientation,
length and general appearance of the digit I print is very con-
stant over the trackway, suggesting that, at least during loco-
motion, its orientation was relatively fixed. It should be men-
tioned that the posterior-medial orientation of the manus

digit I prints in the trackways suggests the presence of an un-
known eusauropod with the pollex posteriorly rotated. The
relatively large size of the manus and the semi-tubular ar-
rangement of the metacarpus may have improved the support
capability of the trackmaker manus during locomotion.

On the basis of different manus/pes prints and trackway
features known in the track record Avanzini et al. (2003) sug-
gested that Sauropodomorpha ichno-morphotypes could be
subdivided into four main groups based on their pes print mor-
phology: Tetrasauropus-like (sensu Tetrasauropus Ellenber-
ger 1972), Otozoum-like, Breviparopus-like, and Brontopo-
dus-like. Recently Tetrasauropus was amended and defined
by D’Orazi Porchetti and Nicésia (2007) but it is still consid-
ered an ichnotaxon related to sauropodomorphs. Lockley et al.
(2006) distinguish tracks from North America previously re-
ferred to Tetrasauropus from Evazoum (Nicosia and Loi
2003). Tetrasauropus is an ichnotaxa reserved to large-sized
quadrupedal tracks with a tetradactyl pes showing a strong
ectaxony, with the foot axis almost parallel to the midline of
the trackway, strong claws which in the pes bend inward and
the manus smaller than the pes (about 2/3) with four digits
(D’Orazi Porchetti and Nicésia 2007). In addition to the pro-
posal suggested by Avanzini et al. (2003) to subdivide Sauro-
podomorpha ichno-morphotypes into four groups we suggest
that a fifth subdivision exists due to the manus/pes prints and
trackway features of the ichnotaxon herein proposed: Tetra-
sauropus-like (sensu Ellenberger 1972; emended by D’Orazi
Porchetti and Nicosia 2007), Otozoum-like, Breviparopus/
Parabrontopodus-like; Brontopodus-like, and Polyonyx-like
(Table 3).
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Middle Jurassic sauropod
trackmakers

Lockley et al. (1994a) suggested brachiosaurids as track-
makers of classic wide gauge sauropod trackways and later
they have been assigned to Titanosauriformes according to
the phylogenetic proposal of Wilson and Carrano (1999).
However, the features of the wide gauge sauropod trackways
at the Galinha tracksite, with a large manus claw I mark and
manus prints with a slightly bent metacarpal arch, do not sup-
port such an assignation. Titanosauriformes have a reduced
manus ungual phalanx I (Salgado et al. 1997; Wilson and
Sereno 1998), therefore it is possible that the trackmakers of
G1 and G5 were basal neosauropods or eusauropods rather
than derived neosauropods. Henderson (2006) proposed
through his models and analyses, that wide gauge pattern in
sauropods may be the consequence of the position of their
centre of mass and body weight distribution. This author
came to the conclusion that wide gauge trackways were pro-
duced by large sauropods weighing more than 12 tons and
with more anteriorly-positioned centres of mass (which gave
them stability). This situation could have occurred more than
once in sauropod evolution (see Henderson 2006: fig. 13).
This relationship between wide gauge sauropod trackways
and anteriorisation of overall morphology has been also pro-
posed by other authors (e.g., Lockley et al. 2002).

The trackways at the Galinha tracksite show sauropod fea-
tures, namely a quadrupedal gait and huge manus and pes
prints (Carrano and Wilson 2001; Wilson 2002, 2005). More-
over, both the manus and pes prints show features of the
Eusauropoda (Carrano and Wilson 2001; Wilson 2002, 2005):
a manus digit I with two phalanges including a large ungual
phalanx; pes prints with a digit [ mark larger and more deeply
impressed than the other digit marks; pes prints showing a
semi-digitigrade pes with metatarsal spreading; and deep im-
pressions of the pedal ungual phalanges in the pes prints. The
evidence of pedal ungual prints offset laterally is a feature de-
scribed for Barapasaurus and more derived taxa (Wilson
2002, 2005). In the Galinha trackways, the pedal ungual prints
IIT and IV face anterolaterally. All pedal ungual phalanges
with anterolateral orientation, or claws II and III turned either
directly laterally or almost posterolaterally, are seen in neo-
sauropod forms (Bonnan 2005) and are probably traits of the
Neosauropoda. In contrast the sauropod trackways at the
Galinha tracksite have features that, according to Carrano and
Wilson (2001) and Wilson (2002, 2005), suggest that the
trackmakers were not neosauropods. The very large manus
prints with evidence of digit marks, including a large digit I
ungual phalanx, evidently exclude their having been made by
Titanosauriformes and/or brachiosaurids (Farlow 1992 and
Lockley et al. 1994a). Furthermore, Diplodocoidea, the sister
group of Macronaria, includes clades such as Diplodocidae
with small manus:pes size ratios (Lockley et al. 2002; Apeste-
guia 2005; Wright 2005). This also excludes these animals as
the potential makers of these tracks. Moreover, the manus

prints from the Galinha tracksite suggest a semi-tubular meta-
carpal arrangement that excludes Neosauropoda. The non-
vertical arrangement of the metacarpals is consistent with
large manus prints characterised by separate phalanges and a
digit claw I mark oriented in a posterior-medial direction.
This, however, excludes diplodocoids, camarasaurs, brachio-
saurs and titanosaurs (Upchurch 1994, 1998; Wilson and
Sereno 1998; Wilson and Carrano 1999; Apesteguia 2005;
Carrano 2005) as the trackmakers. Although the wide gauge
sauropod trackway pattern has previously been attributed to
brachiosaurids (e.g., Lockley et al. 1994a) and to Titano-
sauriformes (e.g., Wilson and Carrano 1999) or Titanosaurs
(Day et al. 2002) the presence of clear, wide gauge trackways
in the Middle Jurassic strongly suggests this type of trackway
pattern was not exclusive to titanosauriformes sauropods; the
Galinha trackmakers and this last sauropod group clearly had
a common locomotion pattern (wide gauge).

A wide gauge titanosaur trackway is represented by
Brontopodus birdi from the Lower Cretaceous at Paluxy
River, Dinosaur Valley State Park (USA) (described by
Farlow et al. 1989). This trackway is distinctive in that the
manus print length and width are about the same, the manus
is clawless, somewhat U-shaped and with the impressions of
digits I and V slightly separated from the impression of the
conjoined digits II-1V; the pes prints are longer than broad,
with large, laterally directed claw marks for digits I-IIT (digit
marks IV and V only seen in well-preserved prints). The
heteropody shown is high, with the pes area about 3 to 6
times larger that of the manus print area. The manus prints
are rotated outward with respect to the direction of travel, and
the manus print centres are somewhat closer to the trackway
midline than the pes track centres.

Titanosauriformes and titanosaurs were responsible for
Brontopodus-like wide gauge trackways due to their hind
limb structure (Wilson and Carrano 1999). These animals ex-
isted from the Middle Jurassic (with trackways clearly attrib-
uted to these sauropods at Ardley Quarry, Oxfordshire, re-
ported by Day et al. 2002) to the Upper Cretaceous (Wilson
and Carrano 1999). Titanosauriformes such as Lapparento-
saurus madagascariensis (Bonaparte 1986a; Upchurch et al.
2004) from the Bathonian of Madagascar, and the titanosaur
Janenschia robusta (Bonaparte et al. 2000; Upchurch et al.
2004) from the Upper Jurassic of Tendaguru (Tanzania),
were also wide gauge (Brontopodus-like) trackmakers.

Probably both the G1 and G5 trackways (Middle Jurassic
of Portugal) represent wide gauge basal eusauropod trackways
(Polyonyx-like). These both show asymmetric manus prints
that are wider than long and that have a rounded lateral edge
(digit mark V), a large digit I mark oriented in a posterior-me-
dial direction, impressions of digits II-V, and a slightly bent
metacarpal arch; the pes prints are longer than broad, oval
shaped, toe-less impressions or with four claw marks (claws
I-1I with an anterior orientation; claws III-IV are laterally ori-
ented). Their heteropody is low (the pes area is about twice the
manus print area). Occasionally the manus print centres are
closer to the trackway midline than the pes print centres. Both
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the manus and pes prints are rotated outward relative to the
trackway midline. The characters of the wide gauge sauropod
trackways at the Galinha site suggest that at least one basal
eusauropod was able to produce wide gauge trackways. The
osteological remains of basal eusauropods such as Patago-
saurus, Volkheimeria, Cetiosaurus, Cetiosauriscus, and Turia-
saurus (Upchurch et al. 2004; Royo-Torres et al. 2006) sug-
gest they could have produced wide gauge trackways. They
have some of the wide gauge trackmaker features described by
Wilson and Carrano (1999), e.g., wider sacra, limb morpho-
logies suggesting an angled posture, and increased eccentric-
ity of the femoral midshaft. Volkheimeria (Bonaparte 1986b)
and Patagosaurus (Bonaparte 1986b) show femora with the
proximal part inclined medially, although they also show a lat-
eral comb as in Titanosauriformes (Salgado et al. 1997).
Cetiosauriscus stewarti Charig, 1980 (Woodward 1905: fig.
49), sometimes attributed to Diplodocoidea incertae sedis
(Upchurch et al. 2004) but sometimes even exiled from Neo-
sauropoda (Heathcote and Upchurch 2003), has a high eccen-
tricity of the femoral midshaft similar to that seen in Brachio-
saurus and Saltasaurus (Fig. 9).

The turiasaurs represent another group of basal eusauro-
pods from the Middle Jurassic to Upper Jurassic—Lower Cre-
taceous boundary in Europe. The most complete taxon is
Turiasurus, represented by manus and pes remains belonging
to the same specimen (Royo-Torres et al. 2006). This seems to
share features with the Polyonyx morphotype: a manus-pes

-Cl-
[r

Fig. 9. A. Right femur of Diplodocus in anterior view. B. Right femur of
Brachiosaurus in anterior view. C. Right femur of Saltasaurus in anterior
view. D. Right femur of Patagosaurus in anterior view. E. Left femur of

Cetiosauriscus in posterior view. A—C, after Wilson and Carrano (1999); D,
after Bonaparte (1986b); E, after Woodward (1905).
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area ratio of 1:2, a large manus digit I ungual phalanx (possi-
bly articulated in a posterior position), and metatarsal V with a
strongly expanded distal end that allows the impression of
digit V to be made. Further, Turiasaurus has characteristics
that could allow it to produce wide gauge trackways. For ex-
ample, the proximal end of the humerus has a noticeable me-
dial slant, similar to the femur of Titanosauriformes, and the
femoral midshaft shows high eccentricity.

Conclusions

At the Galinha tracksite there is an unequivocal evidence of
wide gauge sauropod trackways produced by non-titano-
sauriformes. Their presence in the Middle Jurassic suggests
that their sauropod makers were more widely distributed
over time than previously thought. The proposed new ichno-
species Polyonyx gomesi igen. et isp. nov. is represented by a
wide gauge sauropod trackway characterised by manus
prints that are wider than long, and a large digit I mark ori-
ented in a medial direction with a large, posteriorly oriented
triangular claw mark. Digits II-V show a slightly bent ar-
rangement. The pes prints show four claw marks, I-II with an
anterior orientation, and III-IV laterally oriented. Polyonyx
igen. nov. manus print morphology yields information about
the display of the metacarpals and suggests an intermediate
stage of manus structure between the non-tubular primitive
sauropod manus and a tubular metacarpal distribution char-
acteristic of more derived sauropods.

The Galinha tracksite is home to wide gauge trackways
probably registered by a basal eusauropod and possibly a
member of Turiasauria. We add a new ichno-morphotype,
Polyonyx-like, to previous Sauropodomorpha subdivition
now into five groups: Tetrasauropus-like, Otozoum-like,
Breviparopus/Parabrontopodus-like, Brontopodus-like, and
Polyonyx-like.
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Pelo Dedo se
Vé o Gigante!

O primeiro monumento
natural de pegadas de dinossauro
-« foiclassificado hd dez anos, mas
desde 1996 que a conservagao e
museolizagdo das jazidas portuguesas
cai em sucessivos algapoes. No campo,
os paleontélogos inventam novas
formas de estudar pegadas.

de Gongalo Pereira
as de Luis Quinta

0 Centro de Acolhimento
do Monumento Natural
das Pegadas de
Dinossauro da Serra de
Aire, projectado pelo
arquitecto J.R Martins
Barata, é o ex-libris dos
museus Ee ar livre
dedicados a observagao
 de pegadas de dinossauro. -

—

——
VEREIRO 2006

.




EM PORTUGUES

outora, vem ver as

patas?”, pergunta,

sorridente, o senhor

Domingos, no res-

taurante O Cochei-
ro, a meia dazia de quilémetros
de Fitima, regido de forte pulsar
religioso, para onde acorrem
anualmente seis milhdes de pere-
grinos. O restaurante é uma répli-
ca de uma cavalariga e o senhor
Domingos, orgulhoso, confessa
que até ja foi figurante no filme
“Apari¢do”, de 1992. Como bom
anfitrido, porém, ele estd também a
vontade para discutir dinossauros,
a outra for¢a motora da regiao.

A “doutora” é Vanda Santos, a
unica investigadora portuguesa
especializada em paleoicnologia
(0 estudo das marcas fosseis da
actividade de seres vivos) e figura
incontornavel do processo de
conservagao do Monumento Na-
tural de Pegadas de Dinossauro da
Serra de Aire (MNDPDSA). Aos
poucos, o trabalho da doutora das
pegadas foi assimilado pelas co-
munidades onde o destino fez ca-
minhar os gigantes do passado hd
milhdes de anos. As “patas” sdo a
forma carinhosa de este empresa-
rio local agradecer o movimento
econémico gerado pelos 23 mil
visitantes anuais do monumento.

Tudo comegou em 1994. O es-
peledlogo Joao Carvalho desco-
briu pegadas de saurépode na
pedreira de Rui Galinha, uma
préspera exploragao que alimen-
tava de brita vdrias empreitadas
de auto-estradas em Portugal.
Vanda Santos ainda se lembra do
dia em que recebeu o telefonema
sugerindo uma visita a pedreira.
“Transportei os instrumentos tra-
dicionais para uma intervencao de
emergéncia’, conta. “Pensei que
encontraria duas ou trés pegadas,
faria moldes do que visse e foto-
grafaria o local para registo. Nun-
ca me passou pela cabeca que
uma pedreira daquela magnitude
pudesse ser parada.”
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A familia italiana Bartolucci é o protétipo do visitante tradicional de Ourém: veio

A forga de dinamite, perfuran-
do de dez em dez metros, a
pedreira chegara a um estrato do
Jurdssico com pegadas. Operdrios
espiavam os movimentos da pale-
ont6loga com mindcia enquanto
camides carregavam brita, alheios
ao que se desenrolava mais
abaixo. “Estava tanta gente sobre a
laje que eu s6 via pessoas. Néao via
pegadas”, conta ela. A observagao
cuidada do local, porém, consti-
tuiu a surpresa de uma vida.

NATIONAL GEOGRAPHIC * FEVEREIRO 2006

No perimetro que escolheu para
amostra, sempre que limpava a
laje, identificava novas pegadas.
Entusiasmada, Vanta Santos
pegou no giz e tentou encontrar
pegadas do mesmo animal.

Um dos trilhos, claramente de um
grande herbivoro, parecia nao ter
fim. Inesperadamente, Vanda
Santos ajudara a descobrir o
maior trilho de saurépodes da
Europa (147 metros) e um dos
mais bem conservados do mundo.

Seguiu-se um longo processo
de negociagio entre o Estado e o
empresério, que culminou na
aquisicdo do terreno por uma ver-
ba préxima dos cinco milhdes de
euros e na classificagdo, em 1996,
do local como Monumento Natu-
ral. Galopim de Carvalho, profes-
sor jubilado da Faculdade de
Ciéncias de Lisboa e ex-director
do Museu Nacional de Historia
Natural (MNHN), lembra que o
preco nao foi o negdcio miliond-

para visitar Fatima, mas nao quis deixar de ver as famosas pegadas de dinossauro.

rio que se temeu. “Houve quem
escrevesse que se pagou de mais
por um local daqueles. Eu creio
que nem o negdcio foi assim tao
miliondrio (quase metade da ver-
ba foi retida de imediato pelos
servigos fiscais), nem um bem
cultural pode ser caro de mais.
Penso até que tivemos sorte por
lidar com um empresério com
tanto respeito pelo patriménio.”
Pouco depois, fruto do entu-
siasmo gerado pelos dinossauros,

fa jaia mais importante

do pais e aquela que esta
mais bem preparada para
receber visitantes. Contén
uma das pistas de
saurépodes mais longas e
bem conservadas do mundo.

JURASSICO MEDIO
170 MILHOES DE ANOS
SAUROPODES
MONUMENTO NATURAL (1996)
UMA PISTA DE SAURGPODE
COM 147 METROS DE COMPRIMENTO.

NATIONAL GEOGRAPHIC * FEVEREIRO 2006
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A Ciéncia das Pegadas

Interpretar a rocha para descobrir os gigantes.

s jazidas com pegadas do cabo Espichel possuem indicadores
de comportamento gregario: trilhos paralelos regularmente
espacados, revelando o mesmo sentido de progressao, e
pegadas de dimensdes idénticas onde se estimaram velocidades
de deslocagao semelhantes. Exemplos como os desta ilustra¢io,
extrapolada a partir de informagao da baia dos Lagosteiros, sao
interpretados como evidéncias de comportamento gregario.
Desta forma, é possivel conhecer habitos de vida de organismos
que nio pertencem a fauna actual.
As pistas paralelas da praia dos Lagosteiros constituem
o primeiro exemplo de comportamento gregério nos saurépodes
na Europa, bem como o melhor testemunho conhecido entre
animais tao jovens.

//.esquerda

direrta

— Passada
“ PSSO
s progressao
== movimento corporal

. pegada

Nesta reconstituicao, um
adulto Brachiosaurus segue
sete juvenis. Os actuais co-
nhecimentos comportamen-
tais permitem afirmar que os
dinossauros eram progenito-
res extremosos. As pegadas
paralelas dos sete juvenis e
de um adulto levam-nos a
inferir que estariamos peran-
te uma “cena de familia”.
Estes dinossauros eram
verdadeiros gigantes entre
gigantes, atingindo centenas
de toneladas de peso e uma
altura de cerca de 15 metros.
Os braquiossaurios perten-
ciam ao grupo dos sauropo-
des e viveram no Jurassico.

Como os Elefantes

0s paleontélogos que estudam a
locomogao dos saurépodes usam como
modelo bioldgico o elefante na estrutura

dos membros e das patas. As pegadas per-
mitem estabelecer a sequéncia de contacto
das patas com o solo e perceber o tipo de
locomogao. Assim, as pegadas vao condicionar
e aferir a informac&o dos 0ssos e completam
0 puzzle da deslocacao destes animais.

S & Serra da
guey igg otk Arrabida LISBOA
SETUBAL -

Peninsula

Formacdes Sedimentares

~ Cenozéicas (<65 M.a.)
Cretacicas (65 a 145 M.a.)
assicas (145a 198 M.a.)

Anticlinal
da Arrébida

Evaporitos
oco
rochoso

Série
Sedimentar

Tecténica de
Compressao

o o

1 Juréssico

B Pegadas com
' Milhoes de Anos

Tectonica As lajes de calcério
que limitam a sul a praia dos
Lagosteiros formaram-se na
horizontal ha cerca de 145
milhdes de anos (1). Nesta érea, existia
uma extensa superficie litoral plana

e alagada, com sedimentos finos ndo
consolidados e com alguma plasticidade, sica
onde os dinossauros deixaram rastos.

2 Cretacico
(100 M.a.)

g

gerie sedimentd

Ao longo do tempo Acumularam-se dezenas
de metros de espessura de sedimentos que
hoje constituem as camadas sedimentares
desta regido (2), muitas das quais apresen-
tam na superficie rastos de dinossauros (3).

Moldes e contramoldes Ao passarem

[ cretacica

A Arrabida

As forcas tectonicas podem dobrar
camadas depositadas em planos hori-
zontais e originar estruturas tectonicas
como a chamada “monoclinal” do Espi-
chel. Esta corresponde ao flanco longo
de uma dobra cujo eixo se situa a sul
da linha de costa e esté associada a fa-
Iha da Arrabida. A deformagao é miocé-
nica, distinguindo-se dois episddios
compressivos principais: no Burdigaliano
(21,8 a 16,6 milhdes de anos) e no Tor-
toniano superior (8 a 6,5 Ma).

0 pendor das camadas diminui gra-
dualmente para norte: varia desde 70°
junto ao farol, atinge 45° nos Lagostei-
ros até que, na Foz da Fonte, o Miocéni-
co se sobrepde aos calcarios do
Cenomaniano em ligeira discordancia.

A ESCALA VARIA COM A PERSPECTIVA
FONTES: KULLBERG, KULLBERG E TERRINHA (2000)
IN MEM. GEOCIENCIAS, MNHN, N22, 35-84;

CARTA LITOLOGICA (1982) IN ATLAS DO AMBIENTE

~ trlho de pegadas de juvenis ' Um testemunhf) da passagem de um grupo ’de sete
~=trilho de pegadas de adultos - 4 Jh’- f pequenos saurdépodes seguido por trés individuos de grandes

deles se sobrepdem as dos juvenis.
FONTE: LOCKLEY, MEYER E SANTOS (1994) IN GAIA, N.#10, 27-35

dimensdes ficou preservado na arriba que limita a sul a praia dos
+ Lagosteiros e que constitui a jazida da Pedra da Mua. As sete pistas
sao paralelas e revelam que os animais de menores dimensdes
" viajavam a cerca de 5km/h. Os adultos deixaram também pistas
b paralelas entre si e passaram depois porque as pegadas de um

em sedimentos lamacentos e carbonatados,
0s animais deixaram as suas pegadas, isto €,
deixaram no solo a impressao ou o molde
do pé ou da méo (A). Por vezes, as camadas
inferiores também ficam deformadas e
conservam as subimpressoes.

0Os sedimentos que cobrem as impressdes
constituem a camada superior e na sua base
exibem em relevo os preenchimentos dos
moldes: os contramoldes.

ARTE DE FERNANDO CORREIA E NUNO FARINHA
CONSULTORES: VANDA SANTOS E LUIS RODRIGUES
(MUSEU NACIONAL DE HISTORIA NATURAL DA

UNIVERSIDADE DE LISBOA)
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que tinha motivado a macica
adesdo de 360 mil visitantes a
uma exposi¢ao do MNHN, a pe-
dreira tornou-se o primeiro par-
que paleontoldgico nacional,
simbolo do carinho que os portu-
gueses sentem por tudo o que
diga respeito aos dinossauros.
Actualmente, de um dos mira-
douros entretanto criados, a uma
altura de quase trinta metros, ob-
servam-se a olho nu as diversas
pistas de dinossauro que consti-
tuem a riqueza do local. Paralelo,
um rasto mais moderno é igual-
mente observavel no calcério — o
rasto dos milhares de visitantes
que, acompanhando as pegadas,
desgastam lentamente a rocha e
criam novas necessidades de con-
servagdo. Sao as dores de cresci-
mento de um parque moderno.
Seguramente que o gedlogo Ja-
cinto Pedro Gomes nao imagina-

NATIONAL GEOGRAPHIC

Um molde de gesso produzido por um entusiasta reforca a necessidade de vigilancia destes museus ao ar livre.

va, em 1884, que uma frac¢io tio
considerédvel da populacio se inte-
ressaria pelos estranhos animais
cujos vestigios contemplava entdo.
No cabo Mondego, a poucos qui-
lémetros da Figueira da Foz, o ge6-
logo foi chamado para observar

Extremamente bem
conservadas, as pegadas

do Algarve, como as da praia
da Salema, fornecem
informagoes Unicas sobre
ornitdpodes iguanodontideos
do Cretéacico.

CRETACICO INFERIOR
125-130 MILHOES DE ANOS
TEROPODES E ORNITOPODES
NAO TEM PROTECCAO
UMA PISTA DE IGUANODONTI-
DEO COM 2,20 METROS ATE A ANCA

fosseis encontrados pelos traba-
lhadores de uma mina de carvao.
Para seu espanto, vislumbrou pe-
gadas, que validavam as extrapo-
lagdes que jd entdo se faziam das
dimensdes gigantescas dos ani-
mais do Jurdssico. A descoberta,
que Jacinto Pedro Gomes se apres-
sou a comunicar a colegas belgas e
alemaes (embora o relatério do
achado s6 tenha sido publicado
postumamente), é a jazida com
pegadas de dinossauro que hd
mais tempo se conhece em Portu-
gal e um dos primeiros estudos no
mundo sobre o tema.

Luis Rodrigues, paleont6logo
do MNHN, é um herdeiro mo-
derno do gedlogo oitocentista.
Munido de um computador e de
uma aplica¢do informdtica que
permite transformar qualquer
objecto numa realidade tridimen-
sional, este doutorando dd nova

vida aos dinossauros. Vida digital,
entenda-se. Quantificando as dife-
renc¢as morfoldgicas e combinan-
do a informagao dos membros
com as pegadas deixadas na ro-
cha, Luis Rodrigues espera criar a
primeira base de dados evolutivos
de morfometria geométrica 3-D
dos fésseis das principais colecgoes
paleontoldgicas do mundo. Do
Carnegie Museum a Patagénia, an-
siando pelos afamados museus
chineses, o investigador tem pela
frente a tarefa de encontrar as for-
mas provéveis dos fosseis (e das
pegadas) mais bem conserva-
dos(as) do mundo. “A paleontolo-
gia evoluiu imenso desde o século
XIX, mas o trabalho de campo con-
tinua genericamente o mesmo’, diz.
Prova desta maxima ¢é o entu-
siasmo de Vanda Santos enquanto
limpa afanosamente o calcario de
uma laje em Vale de Meios (Rio
Maior), trabalho aparentemente
enfadonho mas potencialmente

Vanda Santos e Luis Rodrigues aplicam tecnologia para estudar am

Com centenas de pegadas
de carnivoros, esta jazida
justifica melhor conservagao
e valorizacao monumental.

JURASSICO MEDIO
170 MILHOES DE ANOS
TEROPODES
IMGVEL DE INTERESSE
MUNICIPAL (2003)
RARO CONJUNTO DE DEZENAS
DE PISTAS PARALELAS DE CARNIVOROS

frutifero. Onde o olho leigo vé
uma ligeira depressdo, a paleontd-
loga antevé informagdo. De certa
forma, o especialista em paleoic-
nologia ndo é muito diferente do
guia indigena, que 1é nas pegadas
o numero de feras das redondezas
e 0 seu comportamento recente.
Porém, quando se investiga o Ju-
réssico Médio, ha muito que as fe-
ras abandonaram o terreno.
Pontualmente considerada
como parente pobre da paleonto-
logia, sem o encanto téctil dos os-

Fhpat,

elhor jazida portuguesa com pegadas de carnivoros.

sos fossilizados, a paleoicnologia
fornece todavia informagdo com-
portamental. A pegada é parte de
uma sequéncia. Isolada, tem valor
relativo, como uma moeda roma-
na descontextualizada. Se bem
conservada, permite saber a identi-
dade do animal, as suas dimensoes
e a forma do pé ou mao que a dei-
xou. Uma pista, porém, revela da-
dos sobre 0 modo de locomogao: a
postura do membro, o sentido e a
velocidade de deslocagdo. Em jazi-
das como a dos Lagosteiros (cabo
Espichel), onde se observam sete
trilhos paralelos de saurépodes, é
possivel extrapolar que eles se-
guiam em manada. “E fascinante
imaginar comportamentos grega-
rios baseados na informagao im-
pressa na rocha. Normalmente,
essa informac¢do comportamental
nao pode ser fornecido pela osteo-
logia”, diz a paleontéloga.

Em Ourém, um dos trilhos é
foco de interessante polémica,




PDF

3/15/06

6:00 PM Page 2

EM PORTUGUES

+ Braganca

+Viana do Castelo

+ Braga

Jazidas de pegadas em Portugal
® Locais com pegadas de dinossauros
Terrenos do Cretacico (65 a 145 M.a.)

Terrenos do Juréssico Superior e Médio (145 a 175 M.a.)
Terrenos do Jurassico Inferior e Tridssico (175 a 251 M.a.)

@  Pegadas de Teropodes (carnivoros)

[ ] Pegadas de Ornitopodes (herbivoros)

[ ] Pegadas de Saurdpodes (herbivoros)

Cretacico Superior
1. Pego Longo - Carenque

[
(]

Cretacico Inferior
2. Praia Grande
3. Lagosteiros
4. Praia da Salema
5. Praia Santa

0000
[ X1

Jurassico Superior
6. Cabo Mondego
7. Pedreira / Amoreira
8.Serra da Pescaria
9. Sao0 Martinho do Porto
10. Pedras Negras
11. Pai Mogo
12. Praia da Areia Branca
13. Praia da Corva
14. Pedra da Mua
15. Praia do Cavalo
16. Pedreira da Rib. do Cavalo
17. Pedreira do Avelino
18. Foia do Carro

0000000000000
e o O oo

Jurassico Médio
19. Pedreira do Galinha [ )
20. Pé da Pedreira

MAPA: NUNO FARINHA E FERNANDO CORREIA )

FONTES: LOCKLEY ET AL (1994) E CARTA LITOLOGICA (1982)
pois o animal abrandou o passo
metros antes de se cruzar com o
trilho mais longo. Teria o animal
abrandado a vista do outro bem
maior? “Ninguém o pode afirmar
com total certeza, porque nao te-
mos meios de saber se as pegadas
foram produzidas no mesmo dia
ou na mesma semana. Mas a dis-
cussdo abre um campo aliciante
sobre o comportamento dos
grandes saurépodes.”

Se 0o Monumento Natural de
Ourém ¢ metaforicamente a bata-
lha de Aljubarrota da paleontolo-
gia portuguesa, a jazida de Pego
Longo (Carenque) é a batalha de
Alcécer-Quibir, o desfecho de que
poucos se querem lembrar. Des-
coberto em 1986, hd precisamente
20 anos (ironicamente, uma efe-
méride que poucos comemora-
rdo), apesar da fraca qualidade do
calcdrio margoso da regido, ali se
conservou o trilho de um prové-
vel ornitépode. Com 95 milhdes
de anos, as pegadas sdo as mais re-
centes do Cretécico em Portugal.

Em 1992, depois de o anincio
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+Viseu
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+ Guarda
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+ Portalegre
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314,15

_-'-'; Beja+

-

4518 Ao

do tracado da Circular Regional
Exterior de Lisboa (CREL) confi-
gurar a destrui¢do a prazo da jazi-
da, Galopim de Carvalho lancou
mdos a obra e mobilizou apoios
para uma batalha inesquecivel.

O cordao humano de 600 criangas
gritando “Salvem as Pegadas” tor-
nou-se a imagem de marca do
protesto. Por fim, a gigantesca
barreira politica que ameagava a
jazida colapsou. Por quase dez
milhoes de euros, o Estado portu-
gués construiu um ttnel para a
CREL, mantendo incélumes as
pegadas, e classificou, em 1997, 0
local como Monumento Natural.
A vitéria, porém, foi pirrica.

A museoliza¢ao do espago nun-
ca foi financiada, e 0o MNHN
manteve as pegadas cobertas com
geotéxtil e por uma camada de 20
a 30cm de terra. Ironicamente, as
pegadas tiveram de ficar enterra-
das para seu préprio bem! A ava-
liagao de Galopim de Carvalho
soa tristemente a um requiem pela
oportunidade perdida: “Hoje,
mais de uma década depois, teria
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feito exactamente o mesmo. De
facto, ganhdmos: reinvertemos
uma decisdo politica e salvimos
um bem cultural. Mas é pena que
0 local nunca tenha recebido o
museu projectado. Ocorreu o que
tantas vezes sucede em Portugal:
acabou-se o dinheiro!”

Aos poucos, a vegetagao ga-
nhou terreno sobre a jazida, como
se a natureza conspirasse para re-
meter as pegadas cada vez mais
para o centro da Terra. Hoje, tor-
na-se dificil descobrir o ponto
exacto onde se situam os trilhos
daquela que é, sarcasticamente, a
jazida portuguesa mais cara. E a
mais proxima da capital.

Um dia, nas imediagoes de Ca-
renque, Vanda Santos encontrou
um pastor que, esclarecido sobre
o papel da paleontologa, nao se
conteve: “A doutora vai desculpar,
mas eu ando aqui hd 40 anos e s6
vi cabras, ovelhas e vacas por estes
montes. Esses bichos eu nunca vil”
Como se vé, o papel pedagégico
da jazida de Carenque, explicando
e mostrando o mundo dos dinos-
sauros, tarda em consumar-se.

Nem tudo, porém, se perdeu.
A poucos metros da jazida, foi
atribuido o nome de Galopim
de Carvalho a uma nova escola
de ensino bésico em reconheci-
mento pelos servigos do gedlogo a
regido. Simbolicamente, talvez os
adultos do futuro ali formados
possam reinverter o desfecho da
batalha de Carenque. O

Impressionantes pela sua
envolvéncia, as jazidas do
cabo Espichel aguardam ha
décadas pela museolizacao.

JURASSICO SUPERIOR
145 MILHOES DE ANOS
TEROPODES E SAURGPODES
MONUMENTO NATURAL (1997)
UMA PISTA DE UM SAURGPO-
DE COXO (COM PASSO IRREGULAR)
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Paixao e Criatividade

Como o estranho mundo dos dinossauros inspira
autodidactas de norte a sul do pais

osé Joaquim tem 55 anos e é

carpinteiro em Casalinhos de

Alfaiata, a escassos quiléme-
tros de Torres Vedras. Em 1986,
precisamente no ano em que dois
alunos finalistas da Faculdade de
Ciéncias de Lisboa (Carlos Coke
e Paulo Monteiro) identificaram
um trilho na pedreira da Quinta
de Santa Luzia, em Pego Longo

(Carenque), José Joaquim iniciou
o seu ritual domingueiro. Sob o
sol inclemente ou fustigado pela
dgua da chuva, o carpinteiro se-
lecciona uma rota e caminha com
lentidao. Invariavelmente, o seu
olhar, treinado por duas décadas
de prospecgao, perscruta o ter-
reno como uma peneira. Onde
muitos veriam apenas uma arri-

ba, José Joaquim pressente um
campo inesgotdvel de materiais.

Os paleontélogos do Museu
Nacional de Histéria Natural ti-
nham-nos alertado para a surpre-
sa que a visita a oficina de José
Joaquim despertaria. A principio,
o alerta soou a uma espécie de
praxe aos jornalistas. Fora da es-
trada principal, porém, uma ta-
buleta chama os visitantes para o
“Pno. Museu Vivo Pré-Hist6rico”
Franqueada a porta, eis uma das
mais fantdsticas coleccdes priva-
das de fésseis do pais.

Cada material tem um curto
letreiro, referenciando a data e o
local da colheita. Na memoria de

Torres Vedras

De dentes a garras, de
fémures a vértebras, ha um
pouco de tudo na coleccao
privada de José Joaquim.
Nos altimos 20 anos, o
coleccionador perscrutou as
arribas da regiao torrejana
em busca de fosseis de
dinossauro. Apesar da
dimensao da colecgao,

José Joaquim ainda sonha
com um foéssil que
completasse a amostra
€como uma cereja no topo
do bolo. “Um dia, gostava
de encontrar ovos de
dinossauro.”

José Joaquim, porém, cada féssil
ganha uma histdria de carne e os-
s0. “Quando encontrei este dente,
virei-me para o Sol e dei gracas
por este momento. Nao se encon-
tram dentes todos os dias”, diz.

“Esta cabega de fémur foi a
minha primeira descoberta. Nem
sabia bem o que era. Encontrei-a
no alto de Santa Rita”, recorda
sem se deter. “Este outro vi-o
num dia de maré inesperada-
mente baixa. Estava fragmentado
em quatro pedagos incrivelmente
conservados. Trazé-los pela arri-
ba acima foi um trabalho dos
diabos!”

José Joaquim personifica o
entusiasmo que os dinossauros
geraram em mitdos e gratidos
nas tltimas duas décadas. A me-
dida que foram dadas a conhecer
jazidas, autodidactas como este
carpinteiro torrejano cultivaram
a sua paixao e ajudaram a des-
vendar um mundo que perma-
nece literalmente soterrado sob
camadas de sedimentos. Claro
estd que hd colheitas... e colhei-
tas. Devidamente enquadrado
pelo MNHN, José Joaquim cons-
truiu uma colec¢do admirdvel.

A saida, a pergunta ¢ inevité-
vel: “No letreiro, ‘Pno.” é diminu-
tivo de qué?”

“De Pequeno. Pequeno Museu
Vivo Pré-Hist6rico”, responde.
“Toda a vida fui modesto.”

Descoberta em 1986 e clas-
sificada em 1997, a jazida
de Carenque esta tapada.
Da presencga de dinossau-
ros, resta apenas esta ho-
menagem em cimento de
um construtor local.

PERIODO CRETACICO SUPERIOR
DATACAO 95 MILHOES DE ANOS
GRUPOS TEROPODES E ORNITGPODE (?)
ESTATUTO MONUMENTO

NATURAL (1997)

DESTAQUE UMA DAS LONGAS PISTAS
DE DINOSSAURO DO CRETACICO

Cimento em Carenque

Em Carenque, jd se viu, as pega-
das sao uma memdria recente
que as voltas e revoltas da politi-
ca reenviaram para debaixo da
terra. A escassos metros da jazi-
da tapada, porém, entre terrenos
baldios e montes de entulho
vazado sem rei nem roque, um
particular construiu em cimento
a sua prépria visio do mundo
dos dinossauros (em cima).

Anunciada por um letreiro
garrafal que chama ao local
“A Toca dos Dinossauros”, uma
curta faixa de terreno é
sobrepovoada por pequenos
dinossauros de cimento.
Anatomicamente incorrectos,
estes s30 0s Unicos vestigios do
entusiasmo que varreu Carenque
em meados da década de 1990,
quando os planos de museoliza-
¢do do trilho conhecido mais
perto de Lisboa captaram o ima-
gindrio desta localidade
encaixada entre os concelhos da
Amadora e de Sintra.

Para j4, porém, estes sao os
Unicos dinossauros que emergi-
ram da toca. Os outros permane-
cem tristemente tapados.
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