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ABSTRACT- Four /11u Cenomn11im1 sites with dinosa111jòotpri11~ are ht•11! rl.'pomd fi"(Jm the lstritm CllffJt (M~ Cror1till}. Footprints tt/1! 
prescrved in marine limestones of tht retnrl!OllS Adl"intic-Dinaric Carbonare Plntform .. The presence ~f di11ostturs suggests thi! existence o/ emer­
gent nren.s on the carbonate plnifarm despitc the foc/. t.hnt thi! Ime Ci:no111n11im1 is co11sidered m1 int1trv11t of se11 lcve/highs11111d nnd the geologie 
evidence of emer:si<>11 of thi: plttiform iJ 11e1:r scnrce i11 !stri'!. The most co111111011 dì11osnurs are medù11JJ·S11u d ki/Jeds~ mon probllb/y rhcropoas. 
Un11s11al(y s1n1J/l sauropods are a/so prestmt m at le11st two tttes. Absence of lnrgt1 pn:dators nJltl of /arge p!t111t-eatmg dinosa111"S coultl be due to t111 
inmlnr hnkirm bj nnnlo!J• with the presene/! of n simi/111" nssocintio11 i11 the 11pper Albin11 o/ !stria nnd in ag11!eme111 wirh the p11/eogeogmphic 
reco11s1mcti.011s oj cemrnl Teth;1s. 

RIA UNTO - ~ iti con im proncc di dino auri nel enomaniano superiore (Crcmceo superiore) della Penisola lmian:i ( roa-1,ia)] -
Qj1nttro siti del Cenomnniano ruperiore con omut di dinosrmro 11e11go110 seg11al11ti no/In costa lstriann (Cronti11 nord occi.der1t1ile). Le orme so110 
comcrvnte i11 cnlcrtri mt1ri11i 1Mln pinttn/Urmn c11rbo1lllticn Adriritic11-Di11nricr1 del Ci1!tnceo. la presenza di dinosauri suggerisce l'esistmzn nella 
pinttnformn di fll1!e mu:rse 11011ostnnte che il Ct1no111m1in110 mperiore sin co11sidern10 m1 intervallo di nito st11ziom111m1to marino 11 livel/Q glob11/e. 
I dinosauri più comuni erano bipedi di medie dimensioni, molto probt1bil1111mte teropodi: Jlnche sauropodi di dimensioni pnrticolarmmte ridotte 
sono }l'esenti ù1 11/111e110 due siti. L'nsstJ11Z11 di grandi Jn1!dnrori e di gm.11di vt-ger11rir111i potrebbe essere elov11rn 1tll'hllbitt1t im11Ùm!, in fll1t1logi11 co11 
In presenza di 111111 simile nssocinz i<>ne ne/L'Albi1111 <> mpcriore d11/l'lstrin o in ncc(Jrdo con le ricortmzio11i paleogeogrnjìche del/11 Tetide ccntmk. 

INTRODUCTION 

Before rhe beginning ofour fìeld re earch in J 993 
rhe only Cenomanian crack site in rhe lstrian region 
(NW Croaria) reported in the literarure wa thar of 
Feno!iga (known aJ as Fenolega), a mail isl.er near 
the ouchern point of che I crian penin ·ula. This ire 
was mentioned for the fìrst time in the literature by 

ogaJa (1975) and was described by Gogala & 
Pavlovec (1978), Tisljar et al. (1983), Leghissa & 
Leonardi (1990), and Pavlovec & Gogala (1993). 
However, none of these papers described the whole 
outcrop and all the dinosaur tracks acrually preserved. 

Here we describe in detail the Fenoliga ire and 
other three sites, one new and two others which pre­
viously have been only briefly reported in the litera­
ture (Dalla Vecchia, 1998; Dalla Vecchia & Tarlao, 
1995; Dalla Vecchia &Venturini, 1996). 

Dinosaur tracks have also been noted by occasion­
ai visitors on Unije island of Quarnaro (W roatia), 
jusr south ro the region here considered. Tlùs record 
wa nored by Dalla Vecchia & Tarlao (1995). F.M. 
Dalla Vecchia and A. Tarlao vi ired Unije on 

eptember 1995. They surveyed the sourheasrern 
coast of the island with ut fìnding any dinosaur evi­
dence. The nonheaste rn coa r of the island, which 
can be reached only by boat, was later surveyed by 

Mrs M. Nikolié, inhabitant of the island, who sent us 
the photographs of every srrucrure which was remi­
niscenr of a tridacryl dinosaur footprinr. Only one of 
che phocogra.pbed scructUie could acmally be a 
dino aur foorprinr, pos ibJy belonging ro a medium-
ized bipedal individuai. Cross-seccion of rudisr 
hell G'ln be recognized on che footp rin r-bearing sur­

face and the surrou nding laye.r contain the oy ter­
!ike bivalve Chondrodont'a, wh ich is particularly fre­
quenr in rhe middle-lare Cenomanian. 

This paper is che second conrriburion dedicated to 

a derailed description of che dinosaur ichnological 
record of Istria; the first was dedicated to two new 
Albian sites (Dalla Vecchia, Tarlao, Tunis & 
Venturini, 2000). 

F.M. Dalla Vecchia is re ponsible for d1e paleon­
to!ogicaJ and/aleogcographical pare of chi paper, . 
Venturini an . Tun is prepared the sedimenrologi­
cal-stracigraphical secrion, and A. Tarlao di covered 
the sites and helped in che field work. 

Sometimes we report two munes for ach. locaJity 
because che part of the Istrian region where footprinc 
are found i bi lingual (ltal ian and Croacian). 

Abbreviarions: A = pace angu!ation, A0 = inter­
digi ta l angle, AWS = average walk.ing peed, d = 
!engch of the pare of <ligie m projecti ng beyond ends 
of Il and. IV, h = heighr ar h ip, L = foocprim length 
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Lm = length of manual print of quadrupedal track­
makers, Lp = length of pedal prinr of quadrupedal 
trackmakers, M = average value, R = lengrh of the rear 
of che pedal princ, SL =stride lengch, V= velociry, W 
= foocprint w.idch of tridaci;yl foocprincs, Wm = width 
of manual print of quadrupedal trackmakers, Wp = 
width of pedal prinr of quadrupedal trackmakers. 

METHOOOLOGY 

The English terms concerning verrebrate pale­
oichnology mainly fo.Uow Farlow and Chapman 
(1997) . According to W.A.S. SaI.'jeanc (pers. comm., 
May 1998) "crack" is a sequence of foocprints and 
"rrackway" is che area occupied by che rracks. We fol­
low here chis orchodox use, desp ice che facr rhar che 
term "crack" is often used in che licerarure as a syn­
onym of "foorprinr'', and "rrackway" is considered as 
a sequence of foocprincs. We use che rerms "gaie" and 
"crotting gaie" in the sense ofThulborn (1990). 

Wc do nor use d1e words "continenr" and "conri­
nencal" in rhe ~eo.logical sense of "conrinenral crusc" 
as opposed to 'oceanic crusr". "Continenc" is inrend­
ed in rhe geograr.hical meaning of "wide emergenc 
area" opposed to 'island", a small emergem area. 

All the surfaces wid1 footprinrs were mapped. We 
oudined with chalk che margins of the footprint and 
ali che orher visible fearures, including rhe displace­
ment rims, when che lighr was che besc possible co 
idencify rhem; rhen we made a copy on wide, crans­
parenr sheecs of polyerhylene scretched out on che 
foocprinc-bearing surface, using an indelible felc ren. 
ln this way we obtained an exact reproduction o che 
su-uccures we have recognized in the fìeld and we 
were able ro work cm chem and reproduce che foor­
princ-beari ng surface in ilie labo rarory, when neces­
sary. Then tne map was reduced phorographically and 
by computer to rhe fìnal size fo r prinring. The bercer 
preserved and the mosc inrerescing foocprinrs were 
cast wich silicon rubber or plasri li ne. Measuremencs 
were raken mainly on che cracings and on cascs 
because of che always diffìculr logisric sicuacion of che 
sires (bad illuminacion, wearher problems, access 
problems, war hazards ecc.). Drawings of che foor­
princs were prepared by tracing phorographs wich che 
casrs of che specimens ac band. 

Hern we will consider as "small bipedal dinosaur 
foocprinrs" rhose wicb L<l5 cm and "mid-sized" those 
wirh 15<L<25 cm. ThL1lborn (1990) used che carego­
ry "small bipedal dinosaur" fo r chose rridactyl prinrs 
wirh L<25 cm, bue we chink it is useful co make a fur­
cher distinccion. The foorp rinrs belonging to a crack 
ofren have diffcrent lengchs. Therefore che height ac 
hip (h) was calculaced using che mean ofL if foocprincs 
were nor very deformed or nor poorly preserved; the 
lengch of che lcss deformed or besr preserved footprinc 
was used if lengrhs of orher foorprinrs were nor reli­
able. Hcighr ar hip is che size paramecer foi,- trackmak­
ers and is used in speed esrimares (see below). 
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Te.xc-fìg. I - A-C) Paramcccrs of cridaccyl foorprints, 0) par.11ne­
tcrs of sauropod pcdal prinrs. Legend: Il, Hl, IV "' 
lcngch of digir rI, Jll, IV; II-Ili = imerdigitaJ angle 
11-llT°; m-rv = interdigical an&lc fl1-rY0

; a= lcn&th 
of che projccting part of digu Jll; L = foorpnnc 
lcngd1 {of tridaccyl foocprints); Lp = oucc.:r pcdal 
princ lengrh; lp = borcom pcdal print lcngrh; R = 
lcngth of che rcar of the pedal print (of rridaccyl 
footprims); W = footprinc width (of rridaccyl foor­
prinrs); Wp = ouccr pcdal prim widch; wp = borrom 
pcdal prinr width. 

T he incerdigical angle is calculated as shown in 
Texc-fìg. lA. 

The relative projeccion of digic III (Rld) was 
obcained from measuremencs caken on footprincs by 
che merhod shown in Texr-fig. lC. Because of rhe 
non-opcimal preservarion of rhe foorp rincs, mainly 
che frequenc absence of one or more of claw marks 
or/and rhe elongation of "heel" because ilie fooc had 
slipped, che R/d ratio is just indicative. 

The stride SL in the tracks of bipedal rrackmakers 
is measured raking as reference point the proximal 
termioation of digit m prinr, which is nearly always 
preserved and is usually che less ambiguously defìned 
digitai mark. 

SL/h is indicative of che gaie of the trackmaker. 
Accord ing co Thulborn ( 1990, p. 260) SLfh less than 
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2 indicate a walking gaie, berween 2 and 2.9 a rrot­
ring gait and greater than 2.9 a running gair. 

peed (V) i alculaced by rhe equacion of 
Alexande1· (1976) V= 0.25 x g 0.5 x L'67 x h·1.17. Tbe 
criticai parameter in thi equation is the helght at hip 
(h), because there are many differenr ways to estimate 
it. For the reason explained in Dalla Vecchia & 
Tarlao (2000, p. 230), we choo e rhe morphomerric 
ratio merhod (h = 4.GL, for mail bipedal dinosaur 
wirb L<25 cm) for h estimare . Tnis permics a betcer 
comparison with the AWS (see below), b cause che 
formula to calculate AWS is based on data from 
bipedal dinosaurs in generai (Thulborn, 1990). For 
quadrupedal tracks h = 4Lp according to Alexander 
(1976). 

The mean of SL is used to calculate SL/h and V in 
horc and long crack . Li highly variable in che lar­

rer; for cnis reason in cwo ca e we plotced the varia­
rion in rhi parameter along rhe crack. 

Th Average Walking Speed (AW ) is che speed 
rhat we would expect from a dinosaur with a heigh at 
hip h had it walked with the average gair expected for 
incLividuals of comparable ize belongiJ1g co irs taxo­
nomic group (SL/~1~ 1.29 for b.ipedal rridacryl track­
makers, ca1 ulated on a ampie of 400 cracks; see 
Thulborn, 1990, p. 293). AW i useful to underscand 
wheth r che trackmaker was going fascer or nor with 
respecc to che expected walking speed on rhe basis of 
individua! of imilar ize in Thulborn' ampie. AW 
is calculated here by the equarion l 0.6 of Thulborn 
(1990) for bipedal cridacryl rrackmakers and by h.is 
equarion 10.8 far quadrupedal tra kmakers. 

Th cLireccion (D) of che a·acks, of rhe foorprint 
pair and of each ingle i olated footprint i rnea ured 
as azimuthal angle ru1d plocted to check whether chere 
are prefer nrial direction . f cour e, whar we mea-
u red are the directions with re pecr to che pre ent 

day po ition of che norch: they are not the originai 
direcrions of che trackrnakers, since Isu·ia rorated 
counterclockwise about 50°, mainly after middle 
Eocene times (Marton et al., 1995). 

When rhe longirucLinal axi of rhe foorprint is 
direcced inward or oucward wirh re pece co the mid­
line of che rrackway, we use respecrively rhe term 
"inward roration" and "oucward rotati on ' . 

Ali the foorprinrs are negative (concave) epireliefs. 
We created acronym for che tracks and single 

foocprinrs wich lerter corresponding co che localiry 
(for exarnple FEN = Fenoliga islet sire, LD = S. 
Lorenzo di Da.ila/Lovrecica ire). This abbreviation, 
followed by a number idenrifìes a single tridactyl 
footprinr (for example, LD16). The lerrer T idenri­
fìes a crack (for example, LD-Tl), che lerrer S a 
au ropod footpdnt or crack (for example, FEN- TJ) . 

Leccer · p and m distingui h ·auropod manual and 
pedal prinrs. For each footprinr of a track chere are a 
couple of numbers, che fir r indicating che rrack, the 
econd che foorprinc (for example, FEN-Tl-1) 

according to the direcrion of movemenr. 

Ali the data are available at the Museo 
Paleontologico Cittadino of Monfalcone or from F. 
M. Dalla Vecchia (e-mail: fabdalla@cin.it). 

AGE AND PALEOENVIRONMENT 

The four sites here described are, from north to 
sourh, S. Lorenzo di Daila/Lovreéica, Cariga­
dor/Karigador, Grakalovac (reporced in lirerature als 
a Promontore/Prernamura sire), and Fenoliga or 
F nolega (Texr-fìg. 2). They occur in a rhick equence 
of Cretaceou marine carbonaces ourcropping along 
the lmian coa r (see for example, Tisljar et al. 1983; 
Vlahovié et al., 1994; Velié et aL., 1 95). 

Their daring to rhe late Cenomanian is based on 
foraminiferal associacions found in che sites. The 
foramin ifers wirh biostrarigraphic importance found 
in che samples from S. Lorenzo di Daila/LovreCica ite 
are Vidalina cf. hispanìca Schlurnberger, V. cf. radoici­
cae herchi & Schroeder, Broeckina (Pn.strikella) bai-
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Text-fìg. 2 - Late Cenomanian sites with dinosaur foocprinc in 
Istria. 1) S. Lorenzo di Daila/Lovrecica (Uma­
go/Umag), 2) Carigador/Karigador, 3) Grakalovac 
(Promonrore/Prcmanrum), 4) Fcmoliga islet. 
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canica Cherchi, Radoicié & Schroeder, Ch1ysalidina 
grad4ta d.'Orbigny and Biconcava bentori H amaou i & 
Saior-Marc. Among che foraminifers found in rhe 
amples from Carigador/Karigador there are Broeckina 

balcanica, Vidalina cf. hispanica, V radoicicae, 
Chrysalidina gradata and Biconcava bentori. lo the 
samples from Grakalovac site we found Merlingina 
cretacea Hamaoui & Sainr-Marc, Broeckina balcanica, 
VidaLina sp., Pseudorhipidioni!1a cf. casertana De 
Camo, Pseudorhapydionina cf. dubia (De Castro), 
Ch1ysaLidina grttdata and Pseudolitzwnella sp. The fooc­
print-bearing level of Grakalovac can be correlated as 
approximacel_y in rhe .same scracigraphic position ~f 
chac of Fenoltga, few kilometres away, also on the basi 
of a marker bed made of large bivalves (inoceramids?) 
found in d1e boch ourcrops. Finally, in che samples 
from Fenoliga sire Biplanata peneropliformes Hamaoui 
& Saint-Mare, B1·oeckina balcanica, Vidafina cf. his­
panica, Pseudm·hapydionina ditbia, Chrysaiidina grada­
ta and Biconcava bentori are presene. 

In che biozonation of rhe Cenoman ian of NW 
Isrria by Ylahovié & Velié (1994) Vidalina cf. hispan­
ica is found only ac the very beginning of rhe assem­
blage zone CEN-5, i. e. ac rhe base of che upper 
Cenomanian. The only ocher species of Vidalina (V 
radoicicae) occurs only in CEN-5. Broeckina balcani­
ca is found in the zones CEN-4 (upper part of the 
middle Cenomanian) and CEN-5, with an acme in 
che larter. Biconcava bentori, Pseudorhapydionina 
dubia an d Bipfanata peneropiifonnes occur from che 
rpiddle of che CEN-4 co che end of CEN-5. 
Ch1ysalidina gradata is present in CEN-3 to CEN-5 , 
i.e. in che whole middle-upper Cenomanian. 

Therefore, the footprinc-bearing sir:es are siruated 
in che upper Cenomanian, probably at che base of che 
upper Cenoma.nian. The Fenoliga outcrop was dared 
as lare Cenomanian on che basis of c:he foraminiferal 
contene of rhe samples also by Leghissa and Leonardi 
( 1990, p. 12) a11d as middle-lace Cenoman.ian by 
Mezga & Bajrakcarevié (1999) on che basis of che 
presence of Broeckina cf. balcanica. 

Cenomanian limestones outcrop like an elongared 
and nearly concinuous band from the norchwescern 
co che southwescern extremities of che peninsula (e.g. 
Tisljar et al, 1983; Vlahovié et al., 1994). Footprinc 
sices are found where chis band reaches the presenc­
day coastline, i.e. at che extre.miries of che band. 

The section containing che footprinc-bearing layer 
of the S. Lorenzo di Daila/Lovrecica site is shown in 
Text-fìg. 3A. The footprinr-bearing layer is a rudscone 
with abundanc muddy marrix, w]ch rounded micrit­
ic-microspariti.c clascs and a graded structure. The 
clasts somecimes include miliolids; desiccacion scruc­
tures and vadose silt are also observed. This suggesr 
edimentation caused by scorms in an inrer-supracidal 

environme.nt. Srorms eroded and cransporred mud 
clascs from d1e lagoon and clasrs of parrially aJtered 
sediments frorn supratidal settings. This siruation 
resembles rhat of Grakalovac site (see below) where, 

however, rhe sedimenration probab1y occurred in an 
incertidal-subtidal set:ting. There are mounds wich 
radiolirid ~·udists and the oysrer Chondrodonta jus 
above che footprint-bearing layer of rhe S. Lorenzo di 
Daila/Lovrecica site. In d1e same section, stratigraph­
icaliy few metres above che foorprim-bearing layer, 
knoll-shaped scromacolires can be observed. 

The upper pare of the foorprinr-bearing layer of 
d1e Carigador/Karigador site differs from that of S. 
Lorenzo Cl.i Daila/Lovrecica. lt is a fossiliferous wacke­
srone wich widespread evidence of desiccarion, 
deposited in an open lagoonal environmeoc some­
rimes subjecc co emersion. It is covered by a thin layer 
( 1. 5 cm) of irregular bands of wackestone-packstone­
grainstone containing pellets, peloids and che a.lgae 
Thaumatopoi·eil.a sp .. The environment of deposicion 
of chis layer was probably a cidal-flat. Alcernarions 
berween rhese rwo facies and, less common, float­
st0nes wirh rad.io.lici.d rudists and Chondrodonta sp., 
characterize che whole invescigaced seccion (Texc-ftg. 
3B). Jusr above che footprint-bearing layer rhere is a 
rhinly bedded. interval 20 cm rhick; mud-cracks are 
observed about one metre above che latter. 

The section conraining the footprint-bearing layer 
of che Grakalovac site is shown in Tex:r~fig. 3C. In chin 
section d1e footprinc-bearing layer appears as a pack­
srone-rudscone wich micritic clasrs and foraminifers 
(Miliolidae, Ophralmidiidae, fragmems of Broeckina 
balcanica and Biconcava benton). There are mow1d 
wirh radioli tid rudiscs and a thick bed oflarge bivalves 
(inoceramids?) a few metres belòw the layer. 

The seccion comaining che footprinc-be.'lring layer 
of che Fenoliga sire is snown in Texr-fig. 3D. The 
foorprinc-bearing layer is a bioclastic wackesmne wim 
fragments of rudisc bivalves ~ and foraminifers 
(Miliolidae, Broeckina balcanica, Cuneolina sp., etc.). 
Desiccation structures (microvacuities with sparry 
calcite, mud-cracks) and vadose silt are also observed. 
The foocprinc-bearing layer is covered by a slightly 
dolomitized mudscone with ostracods. 

ummariiing, che segment of che sequence where 
the foocprtnts are preserved is cbaraccerized by 
mounds with radiolitid rudiscs and Chondrodonta, 
and is dominated by floatstones with rudist bivalves, 
and bioclastic and fossiliferous wackestones and 
packestones. The environments are usually chose of 
an open lagoon (subridal) wich generally rapid and 
short-lasting e~isodes of ridai flar deposicion. 

The id.entifìcation of long-lasting emersions in 
Istria and in che Karst region during che midd.le-late 
Cenomanian is one of che objectives of our future 
research. No geological evidences of prolonged emer­
sion of che carbonare platform (bauxires, fresh-wacer 
mari levels, pedogenecic breccias ecc.) or long-lascing 
hiacus are found in che middle-upper Cenomanian of 
Istria (e.g. Velié et al., 1995; Vlahovié et al., 1994; 
Vlahovié & Velié, 1994). In contrast, they are rela­
tively common in ocher s'egments of the carbonate 
placform sequence of the region (e.g. Dini et al., 
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LOVRECICA - S.LORENZO DAILA 

LITHOLOGY 

...... '• .. .. 

BlOFACIES 
Pst1udorhopydionino sp. 

8. bo/conico 
Vidalino cf. rodoicicut1 

Rudisls 

Thuumutoport1llo sp. 
Chrysalidina sp. 
Biconcavo sp. 
Vidalina cf. hispanica 
Rudista. 
Chondradanla sp. 
8rtHckino sp. 
Chrysalidina gradata 
Rudì, ls 
Miliolidae sp. 
Nt1rzarata sp .. 
Cunt1alina sp. 
Biconcavo sp. 
Thoumot . .A•olisaccus sp. 
Clomasp1ro sp. 
Chrysalidina sp., 
Viaalina sp. 
8ro11Ckina bolconicu 

FENOLIGA ISLET 

© 
LITHOLOGY 

)t:"' .,L.~ 
.... r l.., .... "" 

.) L. '""\ r ' 

o 

BIOFACIES 
BrtHckina balcanicu 
Vidal1na cf. hispanica 
F' ragm. of Bivolves 
/liplonqlr1 sp., 
fhoumq/~ sp. 
Ostracads 
Rudist fr., Brot1ck1na sp. 
Rudist fr., t.liliolidae 

Rudist fr., Cunt10ltnu sp. 
Pst1udal11uant1//a sp. 

Rudists 
Cunt10/1na puvonia 
Biconcavo btlnton' 
Chrysulidino grado/o 

Pst1vdotflopydion1na dubio 
8rat1ek1na 11p, Vidal1na sp. 
TubiphyfH, 
Chrysolid1i:io 11p. 

Miliolidoe, Cunt1olina sp. 

F'rogments al Bivolves 

Bivolves, Ophlolmidiidae 
Nt1uarato 11p., 
Cunt1olina so. 
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KARIGADOR-CARIGADOR 

® 
LITHOLOGY 

:z: z 

~ S5 
8 8 

~ u_ ~ ~ 
_J cr: z CL C§ ~ Ll.J 

BIOFACIES => Ll.J (L 

r.n I- a: o 

'.&-?1 -.&~ Rudists, I~ Chondrodonla sp. 

*- = 
Vidolino cf. hisponi'ca - = 
Vidolina cf. rodoicicot1 
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Text-fig. 3 - horc marigraphic columns of rhe secrio.ns con caining rhc foo cprint-bearin.g lcvels: A) . Lorenzo di Da.ila/Lovrecica, B) 
Cnrigador/Kati~dor, C) Grakalovac (Promontore/Premanrura) and D) Fenoliga islct. Lcgcnd: I) lloarscone wi tb rudisrs, 
2) fossili fe rous mtracla tic packsrone, 3) pellcrriferou, pack ·1·onc, 4) wackescone/mudstone, 5) dolosrone, 6) laminarion , 
7) muds cracks, 8) biocurbarion, 9) desicc:tcion lllicrostructures. 
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1998; Dalla Vecchia eta!., 2000; Maticec eta!., 1996; 
Tunis & Venturini, 2000). Desiccation structures and 
vadose silr are usually found in rhe secrions of rhe 
Ce11omanian sires only in associacion wirh che fooc­
prinr-bearing levels. The Cenomauian facies are 
decidedly more "open" (i.e. subridal wirh rich and 
dive(sifìed foraminiferal associacions) rhan rhose with 
foorprints of che Hauterivian, upper Barremian and 
upper Albian. 

THE SITES: S. LORENZO DI DAILN LOVRECICA (SLD) 

A single foocprim-bearing surface occurs in the 
site. The main exposure outcrops as a narrow band 
(see PI. lA and Texc-fìg. 4) along che coast jusc south 
of S. Lorenzo di Daila/Lovrecica (Umago/Umag; 
NW lsrria). Another outcrop of che same surface is 
exposed a dozen of metres more to che south. Tbis 
lacrer ourcrop was nor srudied in decail since ic bears 
only a few, badly preserved cridactyl footprints simi­
lar to those of the main outcrop. 

PALEOICHNOLOGICAL DESCRIPTION 

Cascs were caken of prints SLD-Tl-1, 3, 5, 6, 9; 
SLD-T2-2, 3, 4, 5; SLD-T3-1; SLD-T4-l, 2; SLD­
T5-1, 2; SLD-T6-1; SLD-T7-l; SLD-T9-l, 2; SLD­
Tl0-1; SLD-Tl 1-1; SLD-T12-1; SLD-T14-10; SLD­
T15-1,7; SLD16, SLD18, SLD19. They are stored at 
che Museo Paleontologico Cittadino of Monfalcone. 

Texr-fìg. 4 - The S. Lorenzo di Daila/Lovrccica sire. A. Tarlao 
srands on rhe footprinr-l>earing surface (see PI. lA). 

5Ucm 

Because rhe foorprinc-bearing surface is exposed 
along rhe shore, ic sUffered marine corrosio.n (i.e. car­
bonate dissolution) and is usually flooded by che sea 
during scorms. As a consequence, che srace of preser­
vation of the foorprincs is nor good. 

Five shorc cracks, seven probable but very incom­
plete cracks, three pairs of foorprinrs, and four single 
foorprints, for a coral of 58 foorprints, were idemifìed 
on the main ourcropping surface. Ali che foorprinrs 
were impressed by functionally tridactyl mesaxonic feec 
of bipedal, smalJ co medium-sized dinosaurs; only one 
reaches 25 cm in length. The foorprints ru:e rather shal­
low, some because they are still pardy fìlled in by the 
originai sediment. L ranges from 14.5 cm, co 25 cm. 
Mosr of rhe L values are grouped in che incerval J 7.5-
22.5 cm wid1our a rnarked mode; only rwo smaller and 
rwo larger trackmaker are out of this group. 

We briefly describe the five most complete track 
segments (Tab. 1). 

SLD-Tl (PI. lA; Texc-fìgs 5, 6, 7Al-5) is a segment 
wirh nine consecutive foorprims; Tl-8 cannor be iden­
rifìed. L ranges from 2 I .5-18.5 on (M = 20.4 cm), 
W/L is radlCl· constane (0.62-0.70; M = 0.63) and iJ1di­
cares rather slim, elongared footprincs. A 0 ranges from 
22°-50° (M = 39.6°; N = 5), R/d ranges from 1.05-1.50 
(M = 1.35; N = 4) . Tl-5 is rhe mosr disrincrive foot­
princ, wirh a rised displacemenr rin1, but ic is stili pan­
ly filled in (Tex:r-fìg. 6). The digir m princ is much 
longer rhan rhe other rwo, as can be observcd in Tl-1 
(Text-fìg. ?Al), Tl-5 (Texc-fìg. 7A3) and Tl-9 (Text­
fìg. 7A5) (R/d is lAO in Tl-5). Digit 111 is sigmoid and 
slighdy widcr midway along irs lengd1 chan proximally. 
The end of rhe digiral/rinr is triangular and pointed 
bue wichout a separate daw mark._ Digic TV is slighdy 
sigmoid in Tl-1 and 5, and digic 11 is curved medially. 
Bod1 are narrow disrally, bue no clear claw marks can be 
een. In Tl-5 the pri11t of <ligie IV seems co be proxi­

mally fused ro rhat of digit III, bue this is nor acrually 
the case as can be seen in Tl-l, 6 and 9. The track i 
directed srraight ro NW, and foorprinrs show a clear 
ourward rorarion (Texr-fìg. 5). SL rangcs from 162-170 
cm (M = 165.9 cm), A 173°-178° (M = 175.2°). SL/h 
using M values is 1.77, indicative of a fast walking gait. 

SLD-T2 (Pl. lA; Texc-figs 7] 1-3) is a sequence of 
fìve consecuci.ve footprincs. L ranges from 14.5 to 16 
cm (M = 15.7 cm), W/L from 0.58 co 0.65 (M = 
0.61), A° ranges from 28°-40° (M = 34.7°), R/d is 1.24 

2 ~ 4 

~------~ ~~ ~~ @ 
SLD-Tl-1 5 

Texr-fìg. 5 - Track SLD-Tl, S. Lorenzo di Daila/Lovrecica site. Note rhe ourward rotarion. Scale bar= 50 cm. 
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Text-fig. 6 - The footprint SLD-Tl-5. Scale bar= 10 cm. 

and 1.40. The rwo .better preserv d footprinr (SLD­
T2-2 and 3; Texr-fig. 7J l-2) differ lighrly each ocher 
in che shaee of digit N, which i slighdy i15moid and 
narrow in f2-3 and wider and straighc in 12-2. Digit 
III i decidedly longer rhan digic Il and IV. In T2-2 
digit III i wider i11 ics midd.le portion and the disral 
end is criangular and sharply poinced, bue wirhout a 
claw mark ;eparated from che preceeding pad princ. 
SLD-T2-5 (Tex.t-fìg. 7J3) ha che princs of digit ll and 
JV like chose in PR-Tland PR-T3 ( ee below) and has 
a digit III prinr which i narrower and more igmoid 
rhan those of SLD-T2-2 and 3. The crack i direcced 
craighc co che W W, and foocprincs show a slighr our­

ward rotation. SL ranges from l l 7.5-121 cm (M = 
118.8 m), A from 171°-174° (M = 172.3°). SL/h 
using M values is 1.64 indicative of a fa r walking gaie. 

LD-T3 (PI. lA; Texr-fig. 71) i a segment of four 
consecutive foorprinrs; T3-4 is only parcly preserved. 
L range. from 21to18 cm (M = 19.3 cm), W/L from 
0.55 co 0.74 (M = 0.62),A0 i 53°, R/d is rather high 
(abouc 1.80) in T3- l (Texr-fig. 71) che besr preserved 
foorprinc. This ha a very lighdy sigmoid digir ill 
wirhout a poinred end. The crack i. directed saaighr 

Trackway L W/L h SL 

SLD-Tl 20.4 0.63 93.8 165.9 
SLD-T2 15.7 0.61 72.2 118.8 
SLD-T3 19.3 0.62 88.8 142 
SLD-T4 20.1 0.65 92.5 161.7 
SLD-T5 18.3 0.65 84.2 151 

to WNW and foocprint how a very lighr inward 
rotarion. L range from 139 to 145 cm (M = t42 
cm), A is 163°-167°. L/h u ing M values i J..60, 
indicative of a fast walking gait. 

LD-T4 (PI. lA; Text-fig 7Bl-2) is a egment of 
four consecutive foocprinrs. L ranges from 20.5-19.5 
cm (M = 20. l cm), W/L ranges from 0.56-0.73 (M = 
0.65), A° is 30° and 36° R/cf i 1.26 and 1.47 respec­
tively in T4-l and T4-2. Tbesc are che best pre erved 
foocprincs io rhe crack and ai·e racher similar to each 
other (Texc-fìgs 7B 1-2). Digit lIJ i sigmoid in T4-2 
and has a rriangular point wich a narrow claw mark in 
bod1 foorpr.inrs. The uack is direcred straighr co S W 
and footprints show a slighr ouLWard rorarion. S 
ranges from 161.5-l 62 cm (M = 161.7 cm), A rangcs 
from 170°-173°. SL/h u ing M values i l.75, indica­
tive of a fa r walking gaie. 

SLD-T5 (PI. lA; Texr-fìg 7Ll-2) is a segmenc of 
fìve con ecutive footprinrs; T5-4 caimot be identi­
fied. L range from 19.5-17 cm (M = 18.3 cm), W/L 
rang~ fro.m 0.61-0.78? (M = 0.65). A0 and R/d can­
nor be mea urcd because of rh poor stare of preser­
vation . Thar ofT5-2 is a ca ·e of a digir lII parri.cular­
ly swollen in che middle-di tal parr (Text-fìg. 712). 
The track is direcred traighr co che E E and foot­
pr:inc show a slighc ourward roration. L range from 
152-150 cm (M = 84 .2 cm) A is 172°, L/h using M 
va lue is 1.79 ind icative of a fa r walking gait. 

A igmoid digic Ill is found in SLD-TG-1 (Text­
fìg. 7G), SLD-T7-1 (Texr-fìg. 7H), SLD-TlO-J 
(Texc-fìg. 7C), LO-Tl 5-1 (Texc-fig. 7P I), SLD16 
(Text-fig. 7F) and LDI 9 (Texc-fig. 7E). LD-T6-l 
and SLD-T7-1 dosely resemble SLD-Tl-5. ln LD­
T7-l ali <ligie show narrow and poin.ted claw marks. 
In SLD-T9-1 and T9-2 (Texr-fig 7Kl-2) the only 
pointed <ligie is che second· A° is 45° and 65° respec­
rively, R/d is 1.46 in borh footprinrs. In LD-TlO-l 
(Texr-fig. 7C) che nd of digir III print i rriangular 
and poinced, and rh print of digic II i very shorc and 
curved medially, A" is 50°, R/d i 1.60. SLD-Tl4-10 
(Texr-fì$· 7D), i tbc srnaUesr (L = 14.5 cm), ha a 
long, lighrly igmoid digic m, and a long curved 
claw mark, A° i 56°, and R/d is 1.43. Foocprinr of 
crack SLD-Tl5 (Tl5- 1 and T15-7; Texr-fìgs 7P1-2) 

SL/L SL/h V AWS V/AWS D 

8.13 1.77 7.05 3.77 1.87 298 
7.57 1.64 5.47 3.38 1.62 247 
7.36 1.60 5.80 3.68 1.58 285 
8.05 1.75 6.86 3.75 1.83 210 
8.25 1.79 6.83 3.60 1.90 111 

Tab. 1 - Data for thc tridactyl tracks of S.Lorcnzo di Daila/Lovrccica. The mean valuc ofL and SL was used to calculate h, SL/L, SL/h, 
V and AWS. L, h and SL are in centimctres; V and AW in km/hr, D in dcgrees. 
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Texr-fig. 8 - Map of lhe Carigador/Karigaclor site. Linc with 
points in fronc idcncifies the antcrior margin of rhe 
displacemeM rim . Scale bar = I m. 

in STl-3, 11 and 14 (Text-fìgs 8-11). Therefore, 
there is no doubt that the trackmaker was 
quadrupedal. The kind of preservarion of the foot­
prints is somewhat complex. The footprints are al! 

7 .. .. \ 

®-~ o 
s \ A. l 

Cò- \ 3 

o 
lm KAR-ST2-1 

more or less stili covered by che overlyi ng, rhinly bed­
ded limesrones. These covering layers parcly fili che 
foocprinr wirh a concemric, onion-like pattern (Tex.t­
fìgs 9-10) so thac cl1e accual bocrom morphology of 
che footprinr (mainly in che pedal prints) cannoc be 
seen. A similar preservacion is observed, for example, 
in Rotundichnimn rnuenchehagensis Hendricks from 
che Lower Creraceous of Miinchehagen, Gerrnany 
(F.M. Dalla Vecchia, pers. obs.) . For rhis reason bot­
tom lengths (l) and widrhs (w) canooc be ineaStLred 
and only oucer lengths (L) and widrhs (W), which 
give che maximum possible size of che fooc (see Texr­
fìg. 1 D) are here reporced. Also the latter cannot be 
accurately measured because the flanks of the foot­
print (mainly in rhe pedal prinrs) are nor sceep, and 
che border becween footprint and surrounding unde­
formed layer surface cannor be easily disringuished. 
Sometimes, part of the rnargin of the pedaJ princs, 
and in some cases che whole manual prim, are hard ly 
discinguishable or masked ar aH, because rhe infi lli ng 
layers have che sarne appearance of che printed layer 
and blend wirh it. 

KAR-STl-5 to STl-8 (Text-fìgs 9-11) is the best 
preserved segment of the track and STl-7 is the best 
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A' B' 

Texr-fìg. 9 - auropod ma1111s-per couples of rhc KAR- f1 track of Carigaclor/Karigaclor ire. A-A') TI-I, pedal princ only, wirh 1hc long 
axis inclined LO thc upper righe corner of che phoro (arrow); che foorprin t is sti li parrly fìllcd 111 by che overlying rhin laycrs 
in , nonion-like pattern; B-B') couple Tl -5 with thc rhe pedal pTint sci ll mostly fìlled in by i:he overlying chin layer likc 
Tl- 1, C.C') couplc Tl -6; D-D') couplc Tl -7. Ligh1 i from che lower lcft side of thc phocos. Linc with points in fronc 

idcncifies thc anrcrior margin of rhc displaccmcnc rirn . Legend: m = manual princ, p " peci: I princ. cale bar = l O cm. 

pre erved pes-manus couple (Texr-figs 90-0') of rhe 
whole crack. The pedal princ i triangular to ovai, 
widcr anteriorly without any a-ace of eparate digitai 
prinr and claw marks. lf developed claws had 
occurred in rhe trackmaker, their mark should be vis­
ible in rhe anrerior margin of the footprint, not cov­
ered by the overlyillg layer . There is a faint lacerai 
lobe which could be the print of che digit V if, a we 
hypoth ize on p. 48, these are sauropod fi otprim . 
Lp in Tl-6p and Tl-7p i ab uc 40 cm and Wp is 
around 33 cm. 

The manual prinr is placed in front the pedal 
prinr, lighcly laterally ro ir (Texc-fìgs l 0-11). In mosr 
ca e it is very narrow and crescenr- haped. In Tl-7 
the di rance berween che middJe poinr of the posreri­
or margin of the manual prinr and che ancerior mar­
gin of th.e pedal prim i only 8 cm, and chere is a rised. 
di placemenr rim berween che pedal and che maoual 
princ. There i no doubt chat che di placemenr rim 
caused by the pedal impression trongly deformed the 
manual print. Lm in ST1-6m and Tl-7m is about 

l 6 and 15 cm respeccively and Wm i abour 29 and 
27 cm. The manual prinr of, T I-10 appear to be les 
deformed and les ere cene- haped rhan the ocher , 
wirh Lm ab uc 20 cm and Wm 26 m. In any case, 
no digiral print are recognizable. 

The pedal prinrs how a marked ourward rocation 
which is 30°, 20° and 27° respeccively in KAR- Tl-
5 tO 7. The manual print has tbe ame outward rora­
tion a che ped.al print. 

The gleno-acecabular disrance, timared follow­
ing Thulborn (1990, p. 238), is only 163 cm; obvi­
ously, chi e rirnace depends on che gair of che animai 
and chei·efote i ve11• approxirnate. 

Pedal L range frorn 123- 136 cm (M = 128.15 
cm; = 10); SLp of Tl -4/6 i 134 cm, of ST l-5/7 
i 135.5 cm and of STl-6/8 is 123 cm. Manual Li 
129 and 130 cm respeccively in STl -5/7 and 6/8. 
Pedal A ranges from 105°-123° in che fìm eight foot­
prints (M = 115.5°; N = 6)· ic can be calculaced con­
fidently only in che fu c pare of th.e crack, before che 
incerseccion wich KAR-ST2. In ch fir. t fìve srrides A 
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Text-fìg. 10 - The crack segmem KAR-STl -5 to 8, wirh in the 
uppcr-mjddJe pare of d1c tìgure che crossing of 
KAR-STI :u1d KAR-~T2. Phowgraph in slighcly 
pcrspeccive view; vi~w m che SSW direcrion. 
Light is from the left side of the photo. Scale bar 
(center) = 10 cm. 

increases (105°, 115°, 119°, 119°, 12Y'); the highest 
A value is measured in the best preserved footprints 
STl-5/7. Manual A is lower than the pedal one: in 
STl-5/7 is 90°. 

4 

-

Outer (external) width for the forefeet is 90 cm 
(STl-5/7) and che corresponding for che hindfeet is 
77 cm. The inner width in the sel?menr STl-4 ro 8 i 
posidve bur rather narrow, nor liigher chan few cen­
cimen·es (Texc-fìg. l l). According to Farlow (1992, 
pp. 108-109) wide-gauge crackways are those in 
whieh the manual and pedal prints are "well away 
from che crackwa).' midi i ne" wbereas those of narrow­
gauge trackways 'are dose or even intersect the uack­
way micUine". Tberefore the gauge is neicher narrow 
nor accuaUy wide and this appears to be a case of 
medium-gauged track (cf. Meyer et ai., 1994, fig. 4). 
Direccion is 200° and the trackmaker was moving on 
a strail?bt line (Texc-fìg. 8). 

Gait as indicated by SL/h (0.80), calculated with 
the mean of SL and h (160 cm) calculated as 4Lp 
using Lp = 40 cm, is a very slow walking (Tab. 2). 

-=--'KAR=-=_,_-=S....:.T2-= is a segmenr of crack wich 14 consecu­
tive pedal prinrs (Text-fig. 8). The crack was longer, 
bue its NW ponion was oearJy compleceJy weathered 
away; a pedal prinr wich a dear anterior displacement 
rim can be idencifi.ed abouc 3 m SW from KAR-ST2-
1 but was not mapped. Manual prints are identifìable 
only in ST2-4, ST2-5, ST2-6, ST2-ll and ST2-14, 
perhaE's also in ST2-8 and ST2- l 2 (where it appear: 
co be fìlled in by che overlying layers). The absence of 
the manual prim is probably due co che compression 
caused by che pedal displacement rim or by che amal­
gamation berween che footprinc-beari ng layer and the 
ovedying layers. The kind of preservaàon is che same 
as chac of KAR-STl, bue here che state of preserva­
tion is generally worse. The overall pedal and manual 
morphology and size is the same as in KAR-STl. 
KAR-ST2-8p, 9p, lOp and 12p and 8m and 12m are 
more or less stili fìlled in by the ovedying layers. The 
best preserved rnanus-pes couple' is ST2- l 1, wbere, 
however, che pedaJ princ is not filled in, but is strnng­
ly weachered and che manual pl'inc is deformed by eh 
pedal one. Lp is about 40 cm and Wp is a.round 33 
cm; Lm is abour 16 cm and Wm 24 cm. In any case, 
no digitai prints are clearly recognizable. The few 
pedal prims wbere che rotation can be measured, 
how a marked oucward rocation (from 23° up to 
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Text-fig. 11 - Map of che crack segment KAR-STl-1 to 8. Line with points in front identifies the anterior margin of the displacement 

rim. Lcgcnd: m = manual print, p = pedal print. Scale bar = 1 m. 
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nearly 40°). Pedal SL ranges from 117-140 cm (M = 

130.2 cm; N = 12) similar to KAR-STl; manual SL 
is around 130 cm. Pedal A ranges from 112°-123° 
(M = 115.3°, the same as for KAR- Tl; N = 10) and 
i rather regular, wich only rhe econd tride marked­
ly longer than rhe others. Manual A appear ro be 
around 90°, decidedly !esser rhan the pedal A, like in 
KAR-STl. Ourer (exrernal) widrh for rhe forefeer is 
77-90 cm and the corresp nding for rh hindfeer is 
65-75 cm (rhe variabiliry is due to che poor pre erva­
cion) . The inner widtb i po icive, bur nevèr h igher 
than 8-1 O cm. Therefore che gauge is neirher narrow 
nor acrually wide and this i another cas of medium­
gauged track Direcrion is L40° and rhe rrackmaker 
wa moving on a srraight line. Ir crossed che track 
KAR-STl, and seems to overlap irs foocprims. 
Po sibly, the u-a kmaker KAR-ST2 passed through 
che ire after KAR- Tl. In facc, in tbe zone of incer-
ecrion wirh KAR-STI the rrackway KAR-ST2 

appears les regular than before and after, so che c:::ross­
ing rh oth.er crack po ibly influenced he gair of che 
anima!. Gaie as indicared by SL/h (0.81), calculared 
with che mean of SL and h ( 160 cm) calculared a 
4Lp using Lp = 40 'cm, is a very slow walk and is near­
ly the same as rhat of rhe rrackmaker of KAR-STl 
(Tab. 2). 

A " a·ing" of six nearly rounded foocprints, all 
with L of about 27 cm and mo dy fìlled by che over­
lying layers, occurs jusr to che right side fKAR-ST2, 
berween ST2-2 and ST2-6, and nearly parallel ro ir 
(O = 168°) (Text-fìg. 8). They were probably made by 
a single u-ackmaker, bue a clear organization in a track 
cannot be idenrifìed. In rhe map we indicate this pos-
ible crack a KAR-53. 

1vfany other rounded ro ovai depression , nor 
dearly organ ized in crack and poorly preserved, 
occur in the sire. T hey have ·iz ·imilar or lower ro 
tho e of the foorprim of KAR- T1 and T2. Ha!f a 
dozen are visible ro che left of KAR-STJ. Only rhe 
berter preserved are reporred in che map (Texr-fig. 8). 
KAR-54 is an ovai pedal prinr wirh Lp abour 40 cm, 
Wp abour 28 cm and O = 185°. KAR-55 appears ro 
be an i olared, shallow rnanus-pes couple. T he pedal 
prinr is elliprical, abour 32 cm loog and abour 24 cm 
wide, wirh D = 105°. The pos ible manual print i sir­
uared jusr in front of the pedal priot and appears robe 
very mali (Lm - 10 m; Wrn - 17 cm) and eUiptica l. 

Trackway Lp h A 5L 

KAR-5Tl ~40 160 115.5 128.1 
KAR-5T2 -40 160 115.3 130.2 
KAR-53 27 108 
KAR-54 39 156 
KAR-55 32 128 

GRAKALOVAC PROMONTORY (PR) 

The foocprint-bearing surfaces are iruared along 
the shore about 1.5 km SW of Premanrura/Promon­
tore (SW lsrria) . They are expo ed in a narrow and 
elo ngared outcrop in the upper pare of a diff. Two 
short tracks wirh tridacryl foorprinrs are preserved on 
a bed surfuce inrensely biorurbared by inverrebrares. 
Three orher tridacryl footprinrs are vi ible in rhe same 
ouccrop bue on a surface abour five miUirnerres 
below. Both the footprinr-bearing surfac are cov­
ered by a microbreccia lev I few millimerres thick, 
which is parcly preserved in ide che footprinc . 

A few cen ti rnetres below the footprint-bearing 
surfaces, probable foocprinrs in verrical eros -section 
are visible (Dalla Vecchia & Vemurini , 1996) (Texr­
fig. 3C). 

PALEOICHNOLOGICAL DESCRIPTION 

Two tracks (PR-Tl and PR-T2) are visible on the 
northern part of the outcrop, whereas another track 
(P'R-T3) and a single foo rprinr (PR4) are pre erved in 
rhe ourhern pan, on che lower surface (Texr-fig. 12). 
PR-Tl and PR-T3 were impressed by animals of sim­
ilar ize wbile PR-T2 wa made by a larger one. Ali 
are m.cdium.-si.zed, rridactyl me axonic foorprints. 
T he stare of preservacion i nor good, the prints are 
rarher hallow and difficul c ro be se n wichour low­
angled ligh t. Casts were taken of prints PR-Tl-3 and 
4, PR-T2-2, 4 and 5, PR-T3-2, and PR4. They are 
srored at che Museo Paleoncologico C ittadino of 
Monfalcone. 

PR-Tl i a track segmenr wirh four consecutive 
footprincs (Texr-figs 12, l 3Al-2). Footprinrs are rd­
arively smaJJ , with low A° and elongated digit ITI. L 
ra nges from 16-18 cm (M = 17 cm) W/L 0.44-0.53 
(M= 0.49), A° is low (24° and l7°), R/d is 1.33 and 
1.52 respectively in Tl-3 and 4. The track is directed 
srraight m che ENE (75°). L is 107-116.5 cm (M = 
111.5 cm), A ranges from 173°-176° (M=l 74.S 0

) . 

SUL using M values is 6.56, SL/h is 1.47, indicative 
of a walking gaie. 

PR-T2 i a crack segmenc wirh five consecutive 
foorprincs (Tex.c-fìg . 12, 13Cl-3). L range from 
24.5-26 cm (M = 25.4 cm), W/L ranges from 0.54-
0.68 (M = 0.59), A° range from 20°-50° (M 

5L/Lp 5L/h V AW5 V/AW5 D 

3.20 0.80 2.45 3.22 0.76 200 
3.25 0.81 2.51 3.22 0.78 140 

168 
185 
105 

Tab. 2 - Moasurements of che sau ropod footprints and tracks of the arigador/Karigador site. Lp, SL (pedaJ) and h are in centimetres, 
A in degrees, V and AW in km/hr, D in degrees. In KAR-ST! and 2 Lp, A and SL are mean mcasurements. 
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Text-fig. 12 - Map of the Grakalov~c sire. Linc with poinrs in front identifies the anterior margin of the displac~ment rim. Dashed lines 
identify the non-triclacryl foocprints. Scale bar = 1 m. · 

34.2°), R/d is very variable (1.48, 2.07, ~ 1.65). The 
best preserved footprinr is T2-4 (Text-fig. 13C2). 
Narrow and pointed daw marks seem to occur on 
digit Il and IV. These digiral prints are narrow elon­
gated, wirh larger, rounded proximal pads. Digic l1l is 
narrow, elongaced and curvcd mcdially, mai11ly che 
dis~al scgmen:, wich a rr!angul~r. and eoi1'.ced r7rrni­
nat1on. The d1scal half of che d1g1ta1 pnnt 1s dcc1dcd­
ly decper chan che proxirnal. Digir Il is 105 mm 
long, digidll is 175 mm, digidV is 125 mm, R/d i 
1.48. Thls footprint is che mosr faithful to fooc mor­
phoiow because the ochcrs are more deformed. The 
variability in che morphology of che three cast foor­
prims can be observed in Tex.t-fìgs 13Cl-3. The crack 
is directed srraighr co che ENE (48°). SL ranges from 
142-146.5 cm (M = 144.7 cm), A ranges from 164°-
1680 (M = L66°). SL/L using M values is 5.70, SL/h 
is 1.24, indicative of a relacively slow walking ga.it 
(Tab. 3) . 

PR-T3 is a track segment wich a left-right pair of 

consecutive footprints (Texr-fi.g. 12), with the same 
ENE direction as PR-Tl (72°) and similar size (L = 
17 cm). The becrer preserved footprinc {T3-2; Texc­
fig. 138) is narrow (W/L = 0.59) , A0 is 30° and R/d 
is 1.28. The princs of digic III and digir N show tri­
angular claw marks. 

Footprints of PR-Tl and PR-T3 have similar size 
and morphology. A° is very low, digir I1 ends proxi­
mally before digic IV and boch appear nearly parallel to 
digic m. Thc larter is narrow and scraighr, wich che 
same width at che proximal end, in che middJe and at 
che distal end. In rhe besc prese.rved foocprinc PR-Tl -
3, trianguJac bue nor very narrow and sharp claw marks 
are visibJe on digirs lll and IV. The overall aspect of che 
"heel" plus digit Il and digit rv is rnughly reccangular 
because of low A0 (see Texr-fìgs 13Al-2, B). 

PR4 is a single foocprinr of uncertai11 morpholo­
gy, about 18.5 cm long. lt is possibly a "composite" 
foorprinc made by che overlapping of rwo tridacryl 
foocprints wich che size of rhose ofPR-T3. 



CENOMANIAN DINOSAUR TRACK SITES OF ISTRIA 39 

Text-fìg. 13 -A sample of the tridactyl foorprints from the upper Cenomanian site of Grakalovac: Al) PR-Tl-3, A2) Tl- 4, B) PR-T3· 
2, Cl) PR-T2-2, C2) T2-4, C3) T2-5. The phoros are raken from the casts of the footprinr . Lighting is from the left side. 
Scale bar= 10 cm. 

Shallow roughly circular to quadrangular depres­
sion , 17 co 29 cm long, occur on rhe upper foor­
erinr-bearing urface of rhe ouccrop and cross PR-T l 
(Texc-fìg. 12). They are nor clearly organized in a 
rrack, our form a "band" a i che case of imilar 
depres ion in the Fenoliga ire (see below). Th y do 
nor show a diagnoscic morpb.ology despice eh facc 
rhac che oudine of om of them could vaguely 
resemble chac of sauropod manual princ . 

Trackway L W/L h SL 

PR-Tl 17 0.54 78.2 111.5 
PR-T2 25.4 0.59 116.7 144.7 
PR-T3 17 0.59 78.2 

FENOLIGA ISLET (FEN) 

1 lùs sire was che objecr of ome preliminary 
and/or incomplete investigacions on che part of sever­
a] aurhor (Gogala, 1975· Gogala & Pavlovec, 1978; 
Ttljar et ai., 1983; Leghi sa & Leonardi 1990; 
Pavlovec & Gogala, 1993), and was menrioned also 
in Dalla Vecchia (l 994a,b; l 997a,b), Dalla Vecchia et 
al. (1993) and Dalla Vecchia & Tarlao (1995). A 
decailed de cripti.on was publi hed recendy by Mezga 
& Bajrakrarevié (1999).We mapped in May 1997 che 
whole surface and ali che foorprinr w identifìed are 

SL/L SL/h V AWS V/AWS D 

6.56 1.47 4.49 3.49 1.29 75 
5.70 1.24 4.34 4.13 1.05 48 

72 

Tab. 3 - Data far the trida cyl tracks of Grakalovac site. The mean value of L and SL was used to calculate h, SL/L, SL/h, V and AWS. 
L, h and SL are in ccntirnetres; V and AW · in km/hr, D in degrees. 
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Text-fig. 14 - A segment of track FEN-T2, Fenolign islet. The 
arrows point to the footprints.Thc st:alc bar is 1 O 
centimetres. 

reporred here in rhe PI. lB . Our map differs some­
what from that publisbed by Mezga & Baj raktarevié 
(1999, fig. 3), mainly because we did not map the 
rounded depressions occurring in rhe very corroded 
N-NE pare of che ouccrop. We avoided this because 
che poorly preserved depressions appeared ro us 
carcely informacive and rhe cime accorded to map 

this site, very diffìculr to reach, was limited ro just a 
day. Mezga & Bajraktarevié (1999) interpreted rhese 
boles (group a-e and rracks V and VI in fìg. 3) as 
sauropod foorprints. We also found r.he tridacryl 
cracks to be slighcly more compiere, longer and linear, 
and che main sauropod rrack shoner, rhan rhose 
reporced by Mezga & Bajrakcarevi.é (1999, fìg. 3). 

The wide footprint-bear.ing surface is exposcd 
along rhe sbore of rhe islet and is parcly submerged by 
che sea during high ride and complerely flooded dur­
ing srorms. Therefore, rhe surface suffered both 
rrong erosion and corrnsion (i.e. chemical dissolu­

tion of carbonates) . As a consequence, che state of 
preservation of che foocprims is in generai vcry poor 
and is poorer in the pare which is usually submerged. 

PALEOICHNOLOGICAL DESCRIPTION 

There are rwo long (FEN-Tl and FEN-T2; Texc­
fig. 14) and a shorrer rrack (FEN-T3), ali impressed 
by bipedal rri.dactyl trackmakers (PI. lB). FEN-Tl, 
20 m long, has 29 consecutive footprints; FEN-T2 
hows 25 consecutive footprincs; FEN-T3 sh.ows fìve 

footprincs. Cascs were taken of prinrs FEN-Tl-11, 
13, 14, FEN-T2-7 and 8, FEN-T3-2. They are srored 
at the Museo Paleontologico Cittadino of Monfal­
cone. 

The foorprincs, when che state of preservarion per­
mits to detect it, have a digit m decidedly longer than 
che ocher two, and whicb is narrow and poinred or 
rapering; the prints of digirs II and IV are usually nar­
row. 

The trackmakers were medium-sized, mean L in 
FEN-Tl, FEN-T2, FEN-T3 being respectively 16.8 
cm, 21.4 cm and 17.5 cm (Tab. 4). 

A0 ranges from 38°-60° (M = 48.3°) in che seven 
footprints of FEN-Tl where it can be measured; R/d 
ranges from 0.94-1.57 (N = 7; M = 1.16), bur is 
abour l in rhe besr preserved prinr. The prinr of digic 
ID is narrow and sinuous as can be seen in footprinrs 
Tl-3, 11 , 15 and 21. Tl-13 and Tl-14 are similar 
each ocher (Texc-6gs I 5A2-3; FEN-Tl-13 is probably 
rhe foorprinr of fìg. 5C in Mezga & Bajrakrarevié, 
1999), wirh relatively wide and unformed digitai 
prinrs. T he digic IIl prinr is curved in Tl - l 3, but 
nearly srraiglu in Tl-14. Tl-11 (Texc-fìg. l5Al) i 
differenr aud resemblcs che foorprints of FEN-T2 (see 
below); digir III is narrow, sigmoid and wich a narrow 
claw mark. Some footprints srill prese.rve che origina! 
infìlJing made by microbreccia with clasrs 1-4 mm in 
diameter. A is variable but ge,nerally high, ranging 
from l 60°-178° (M = 172.2°; N = 17). Somerimes a 
lighc ourward rorarion occurred where che crackmak­

er slowed down and SL is lcss (e.g. becween footprint 
Tl-13/15). SL is very variable (Texr-fìg. 16A) ranging 
from 134 cm to 148 cm (possibly up to 152 cm), M 
= 142.7 cm (N = 18). SL/h cakulaced with che mean 
of L is 1.85 and would indicate a fast waJking ~ait; V 
calculated with rhe mean of L is 6.87 k:m/hr (1ab. 4). 
The crackmaker of FEN-Tl was moving in a sinuous 
way with a SSW direction (154°). 

A° ranges from 50°-81° (M = 58.2°; N = 6) in 
FEN-T2 and foorprints have also a higbly variable 
R/d ranging from 1.07-2.00 (M = 1.65; N = 7) 
because of the poor preservarion. The print of digit 
lU is long, bur it is noc very projecàng because eh 
heel" prinr is relarively long. In the cast T2-7 and 

T2-8 (Texr-fìgs I 5B l -2; T2-7 is fìgured also in Mezga 
& Bajraktarevié, 1999, fig. 5A) digir li ends prox.i­
maUy before digit IV and all d.igiral prints are narrow 
and long. Ali digitai princs are sinuous in T2-8, le. 
sinuous in T2-7 where digit IlI is srraight and taper­
ing. The "heel" prinr appears co be wide in borh spec­
imens. The digiral prin cs are clearJy deepened by cor­
rosion and rhey are exrended beyond their acrual 



CENOMANIAN DINOSAUR TRACK SITES OF ISTRIA 41 

Text-fìg. 15 - A sample of rhc rridactyl footprints from the upper Cenomanian site of Fenoliga: Al) FEN-Tl-11, A2) Tl-13, A3) Tl-
14, Bl) FE -T2-7, B2) T2-8, C) FEN-T3-2. The photos are taken from the casrs ofthe footprints. Lighting is from the 
left side. Scale bar = 1 O cm. 

length as fractures i11 eh lim eone. le i p ibJe chac 
rhese fraceures were originally mud-crack set oue on 
rhe digitai prinrs (cf. Thulborn, 1990, fìg. 5. I 9c). A is 
highly variable bue generally low, ranging from 132°-
1760 (M = 154.3°; N = 16). omeeirnes a slighr our­
ward rotation occur (e.g. berween footprints T2-5 ro 
8 and T2-17 ro 18) just after a change of direccion , 
bue usually no rocarion is evidenr. SL i very variable, 
ranging from 121.5 to 149 cm (M = 139 m; N = 18) 
(Texc-fìg. 16B). SL/h cal ulaced wich che rnean of L is 
1.41 and would indicare a walking gaie, V calculaeed 
wirh the mean of L is 4.96 km/hr (Tab. 4). The crack­
maker of FEN-T2 was rravelling with a sinuou gaie 
like FEN-Tl, bue moving t0 che W (208°). 

F.EN-T3 is a h re, craight track eg.ment. 1n che 
better/reserved foocprinr (T3-2; Texc-fìg. 15C also 
figure in Mezga & Bajrakrarevié, 1999, fìg. 5D) A0 

i 63° and R/d is 0.93. The prinr of digit III i nar­
row. A slighc ourward rorarion occur and A i high, 
ranging from abour 180° t0 175° (M = 177.3"; N = 
3). Mean L i 182 cm, L/h i 2.78 and che gaie, 
according to Thulborn (1990), i a fa e eroe. V i 9.84 

km/hr and che direccion is to SSW (167°), similar to 
che direction of FEN-Tl. 

A "band" of non-tridacryl, circular to ovai to cre­
cenc- haped depressions, is found in the zone where 
FEN-Tl crosses FEN-T2 and FEN-T3 crosses FEN­
T2 (Pl. lB). T h.ese relarively shallow depres ion are 
most probably footprints ancl apparenrly belong ro a 
non-rridacryl trackmaker. However, no orh.er clcar 
feature rhaa peripheral ourline is re ogni1..able. They 
do nor appeared ro u · clearly organized in a crack, but 
chey are di rribuced on an elongaced, rrail-like band. 
Mezga & Bajraktarevié, on the contrary, have idenci­
fied chi "band" a a sauropod crack (Mezga & 
Bajraktarevié l 999; crack III of fig. 3· fìg. 4A). 

On rh.e souchern parr of che ouccrop a long and 
curved crack (FEN-STl, PI. 1 B, Text-fìg. 17) i found 
which wa · d cribed in decail by Leghi sa & Leonardi 
(1990) and Mezga & Bajrakrarevié (1999). They 
identified rhi rrack as thac of a auropod moving 
roughly from SE co NW, wirh a wide-gauge and 
wich pedal princ completely or nearly complerely 
overplapping manual prinrs. 
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Texc-fìg. 16 - Variacion of SL (in cemirnecres, vercic.'tl scaJe) in 
FEN-Tl (A) and FEN-T2 (B) trackways. The 
horizonral line rcpresenrs che mcan SL value 
(rcspecrively 142.7 cm and 139 cm), and che 
graph shows che oscillation aro und ic. The ques­
cion mark is used for uncerrain measu rcments. 
The graph is intcrrupted due to 1nissi11g 
values.The uncertain measurement FEN-T2-
19/21 is acrually oucside thc figure, but is report­
ed inside, indicated with che doned Jines; values 
for 18/20 and 20-22 are missing). 

We observed 32 consecutive footprincs (FEN-
Tl -9 ro 40) rhar uodoubcedly belong co che same 

crack, bue anorher eighc foocprints couJd beJong w it 
andare here idenrified wirh a number and a quescion 
mark. Unforrunacely, chis pare of the crack is over-

Trackway L W/L h SL 

FEN-Tl 16.8 0.67 77.3 142.7 
FEN-T2 21.4 0.64 98.4 139 
FEN-T3 17.5 0.51 80.5 182 

lapped by a "band" of other, similarly rounded ro ovaJ 
foorprints, and che relacionship among chem cannoc 
be clearly recognized (Pl. l B). Mezga & Bajraktarevié 
(1999) found 42 foocprinrs as belonging ro FEN-STl, 
bue do nor report che overlapping "band". 

The crack isso poorly preserved chac ic is nor easy 
co idencify the acrual direcrion of movemenc of the 
trackmaker. In our opinion, che previous idenrifica­
cions could be wrong, and in order co develop chi 
argumenc we cannot avoid facing some ichnotaxo­
nomic aspecrs. The displacement rims, which in 
auropod prinrs are usually more developed in front 

and mediai or lacerai to the foocprint chan poscerior­
ly (see Dalla Vecchia & Tarlao, 2000; Farlow et al, 
1989 and also che footprints of Carigador/Kariga­
dor), are found here on outer sides and on the "souch­
ern" side (acrually from SE co SW) of che foocprint 
(i.e. che supposed "poscerior" one, Texr-fig. 17) 
where chey are sometimes huge (Text-fìgs 17, l8A, 
C). Furthermore, che foorprints are ofren ovai co o·i­
angular in shape, with che "souchern" porcion wider 
chan che "northern" one (e.g. STl-6?-7?, ll-12, 16, 
19-20, 26, 28-29, 31-33; Texc-fìg. 17; see upside 
down fìg. 20 of Me-z.ga & Bajrakrarevié, 1999). Thi 
is che shape we would expect if che rrackmaker was a 
auropod direcced co southern quadrants (see below) . 

If so, many foorprincs show an oucward rocacion (see 
Texc-fìg. 17), which is rhe usual case of sauropod 
crackways (Thulborn, 1990). Leghissa & Leooardi 
(1990) noced in some cases rhe bypass of the pedal 
prinr over the manual one, which would be racher 
unusual for sauropods; in concrasc, if che crackmaker 
was heading souch, che manual prinr would be in che 
"normai" position, in fronc of che/edal princ. Such 
possiblc manual prinrs are obsc1:ve in front of pedal 
princ STI-8?, 11 , 14, 16, 18, 20-21 and are ofren 
connecced to rbe laccer by srrucrures caused by che 
strong dissolucion of carbonaces chat occurred in 
recent cimes. 

Leghissa & Leonardi (l 990) were miscaken m 
rheir statemene because of che presence of grooves in 
che foocprincs, which they incerpreced as claw marks. 
Claws marks occur in che anrerior pare of che sauro­
pod pedal prinrs, and so Legnissa & Leonardi (1990) 
idencifìed rhe pordon with che grooves as the anreri­
or pare of che Istrian foocprints. These grooves are 
acrually corrosion fearures caused by rhe acrion of che 
marine wacer on fracrures of che rock, as was also con­
cluded by Mezga & Bajraktarevié (1999). This inter-

SL/L SL/h V AWS V/AWS D 

8.49 1.85 6.87 3.48 1.97 154 
6.49 1.41 4.96 3.85 1.29 208 
10.68 2.26 9.84 3.54 2.78 167 

Tab. 4 - Data for the tridacryl cracks ofFcnol1a islcr. The mean v<Llue ofL and SL was used co calculate h, SL/L, SL/h, V and AWS. 
L, h and SL are in cemimccres; Van AWS in km/hr, D in degrees. 
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Text-fig. 17 - The track FEN-STl, rcdrawn from the map (PI. lB), cxclud ing some structures probablr due to corrosion. Line with 
points in fronc idcntifìes rhc amerior margin of the displacemen t rim. Legend: m = manua print. Scale bar= 1 m. 

pretation i upported by che presence of up co even 
very large, and more smaller grooves per foocprint 
(Text-fig. 18B). auropod had at mo r o nly fo ur 
clawed pedal digits (Farlow, 1992). According co our 
incerprerarion rhese grooves are fonned in cl1e poste-

rìor, shallower part of rhe footprint and cannot be 
claw marks al ·o for this rea on. They ou ld have been 
creaced by the running water flowing inco the foor­
princ by rhe loping of the urface, the crap-effecc of 
che deeper parrs of che foorprinr and che barrier effecr 
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of che displacement rims; they are acruaJJy enlarged 
fracrures . In our opinion they are not collapse struc­
mrcs, as interpreted by Mezga & Bajrakcarevié 
(1999), because co llapse srrucrures in sauropod princs 
are concentric more chan radiai (Dalla Vecchia & 
Tarlao, 2000). 

Parameters were measured on 32 foocprincs of 
rrack FEN-STl from footprinc STl -9 to 40. The 
crack is curved, with rhe concavity to SW; che crack­
maker was direcced ac the begin.ning of the curve co 

E andar che end to SSW (PI. lB); the chord of che 
whole track is 160°. 

lt must be emphasized agai n thac the stare of 
preservacion is very poor (see Texc-fìg. 18 and Mezga 
& Bajraktarevié, 1999, fig. 2B-D). Some footprincs 
(STl-3?, 5?, 9, 15, l 7, 19, 22) sciJJ preserve pan of che 
original infìlling of mdisc shell debris (Texc-fìg. 18D). 

The disposition of che consecutive footprim: 
appears that of a bipedal crackmaker, because in rnost 
cases no manual princ is present or identifìab1e, and 
also the few possible manual princs are dose co rhe 
corresponding pedal prints and connecced to chem by 
corrosion structures. Absence of manual princ could 

be originai (i.e. the t.rackmaker was accua.lly a bjped), 
caused by che very poor state of preservation or by che 
overlap of other footprints. Pes-manus overlap, more 
or less coral, suggested by Leonardi & Leghissa 
(I 990) and subsequencly also by Mezga & 
Bajraktarevié (1999), is a plausible explanarion, and 
was also observed i~o an Albian sauropod crack of 
Iscria (Dalla Vecchia & Tarlao, 2000). Th_is will be 
developed further in the discussion. 

lr is exrremely difficult co measure accurately Lp 
and Wp of chese foocprincs. The pedal prinrs are basi­
cally misshapen depressions, roughly oval or circular, 
generally longer than wide (Texc-fìg. 17; PI. IB). Lp 
ranges from 42-53 cm (M = 47 cm; N = 29). Because 
of che corrosion wbich enlarged rhe footprints, Lp 
was originally lower than 47 cm, probably around 40 
cm. This is che measuremenr indipendencly reported 
by Mezga & Bajrakrarevié (1999) and, incidencally, is 
che lengcl1 of the pedal princs successively found in 
Carigador/Kari~dor site. 

Paramecers of the crackway also cannoc be precise­
ly measured because cl1e ourline of the foorprinrs i 
uncercain and heavily modi.fìed by corrosion. We 

Text-fìg. 18 - Footprints from the sauropod track FEN-STl. A) ST 1-25, anterior pan ca the lefr, note che stili wcll-evidcnc displacemenc 
rim; B) STl-18, anrerior pare co che borrom of che figure, note che severa] "claw" marks; C) STJ-26, ancerior pare co the 
lefr uppcr corner, noce che stili wcll-evidcnc displacemenr rim; O) STl-5?, anrerior pareto dlc lcfc, noce the mfilling of 
rudisc debris. Phocos are nor caken exaccly from abovc che foorprints. Scale bar= 10 cm. 
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Lp h A SL SL/L SL/h V AWS V/AWS 

~40 160 98.5 121.6 3.04 0.76 2.24 3.22 0.70 

Tab. - 5 - Measurements of the sauropod trackway FEN-STl, Fenoliga islet. Lp, h and SL are in centimetres, A in degrees,V and AWS 
in km/hr. Lp, A and SL are mean measurements. 

choo e che middle poinc: of the <lepre ion a rhe ref­
erence poinr. A, alrhough inexact, i rather Jow and 
ranges from 86°-108° (N = 30, M = 98.5°). This is in 
agreement wirh che mean of 96° measured by 
Leghis a & Leonardi (1990, p. 15) and the mean of 
97.73° of Me.zga & Bajrakrarevié (1999). 

SL is variable and in the segment FEN-STl-8 m 
40 ranges from 104.5-136.5 cm (M = 121.6 cnr N = 
30 ). In the prnbable fìr r segmenc of che c:rack (FEN­
STl-1? to 8?) SL is even more variable, with a lower­
mo e value of 89 cm and an uppermost 149 cm; bow­
ever, including rhese seven more L values M does 
nor change greatly (120.7 m). . 

Gaie as indicared by L/b (0.76), calculated w1rb 
che mean of SL anp h (160 cm) calculared as 4Lp 
using Lp = 40 cm (Tab. 5), is a very slow walk, as sug-
ge ced also by low A value. . . . . . 

Measuring the outer wtdrh and to~er w1dch 1 d1f­
fìcu lt becau e of rhe stare of preserva non and che Ctu'­

varure of che a·ackway. Measurement are inexact, 
because corrosion has enlarged eh fooc:princ:s. For an 
overwiew of c:bese parameters ee Texc-6g. 17 and 
Mezga & Bajraktarevié (1999). 

T he gauge of FEN-STl was coosidered a wid~ b,r 
Mezga & Bajraktarevié (1999). We observe r.har 1t ts 
variable io the different egment (see Texc-fìg. 17), 
also because of curvature, and i mo e similar c:o the 
meditLtn-gauge example in fìg. 4 of Meyer et al. 
(1994) c:han to che wide-gauge example in che same 
figure and in fìg. I ofWilson & Carrano (1999). 

DISCUSSI ON 

In the sample of 26 values the footprint 
width/length ratio (W/L) shows a clear mode for 
0.65 not very different from the mean (0.66) (Text­
fìg. 19B). There are two groups. Most of the values 
are grouped between 0.50 and 0.70 and show the 
prevalence of relatively narrow footprints. The sec­
ond, much smaller, group is repre ented by wider 
foocprints (W/L = 0.77-0.81), ali from the site of S. 
Lorenzo di Daila/Lovrecica. There is not a: clear rela­
tionship between L and W/L of the footprints; how­
ever the larger footprints (L>21 cm) are always nar­
row (W/L<0.70). W/L in the late Albian sample of 
Solaris II site based on 241 values, ranges from 0.41 
to 0.93, but 81.3% of the values occur between 0.50-
0.70, the mean is 0.61 and the mode is 0.55 and 0.58 
(Dalla Vecchia & Tarlao, 2000, fìg. 12). 
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Size and determination - The whole sample shows 
a concentration of the L value around the interval 
15.5-22.5 cm wirhout a marked mode (Texr-fìg. 
19A). Mean is 19.98 cm. A eparated mail group i 
found in the inc:erva! 24.5-25.5 cm. Therefore mosr 
of the trackmakers were medium-sized. The distribu­
cion in Texr-fìg. 19A is nor significatively differenr 
frorn rhat reported in Dalla Vecchia, 1998 fig .. 7, 
which was ba ed on preliminary dar~. Fo.orprmr 
Jengrh in che lare Albian ampie of Solans Il s1 te (N= 
293) ran~es from 11 and 26 cm, mode i J 9 cm (class 
size 18.S-1.9 .5 cm), and M is 18.16 cm (Dalla 
Veccl1ia & Tadao, 2000, fig. 11). The Ceno!11anian 
sample ha a higher mean lengc:h value, but ch1s co~ld 
be pardy due to c:he different tare of preservat1on 
(corrosion and infìlling). 
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Text-fig. 19 -A) Distribution oflcngth (L) of the tridaccyl f~oc­
prinrs (single, pairs and tracks) of the rhrec sarcs 
(N ~ 26 mcasurements in centimetres). B) 
Distributi~n of widrh/lengrh rado (W/L) in a 
sample of cridaccyl foorprirus from che thrce sices 
(N = 26). Also rhe range o!' valuc for "chcropod" 
footprints a.n.d "ornìrhopod" foorprinr followtng 
Thulborn (1990) is rcponcd for e mparison. 
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Inrerdigital angles are racher variable, even among 
foocprincs of t:be same rrack (e.g. in SLD-Tl rhey range 
from. 22°-50°, in PR-T2 thcy range from 20°-50°). 
However, measuremenrs are rather low, even in c.he 
wider foocprinrs. A° ranges from 20.5° to 63° (M = 
43.41°; N = 15) and falls in the fìeld of "rheropod" 
foorprints (see Dalla Vecchia & Tarlao, 2000, fìg. 13). 
Mean A° is higher in the Fenoliga site (M = 56.6°; N = 
3), inrermediace in S. Lorenzo di Daila/Lovrecica sam­
ple (M = 45.5°; N = 9), and lower in the Grakalovac 
sarnple (M = 28.2°, N = 3). The mean A° in the late 
Albian sample of Solaris Il site is che same (M = 43.4°, 
N = 135; Dalla Vecd1ia & Tadao, 2000, fig. 13A). 

R/d is very variable, even in footp.rints of rhe same 
track: in SLD-Tl it ranges from] .05-1.50, in PR-T2 
from l.48-2.07, in FEN-Tl from 0.94-1.57, in 
FEN-T2 from 1.07-2.00. The mean is J .52 (N = 9), 
1.40 (N = 3) and 1.25 (N = 3) respectively in the San 
Lorenzo di D<tila/Lovrecica, Grakalovac and Fenoliga 
sire; che mean for rhe Cenomanian sample is 1.39. 
R/d in c.h.e lare AJbian sample of Solaris Il sire range 
from 0.91-2.36 and M ;,,, l.36 (N = 89) (Dalla 
Vecd1ia &Tar!ao, 2000,.fìg. 14). This suggesrs rhat in 
che Cenornan1an foorpnncs che leogch of rhe pare of 
digir m projecring beyond ends of n and JV is com­
pararively shorrer rhan c.h.e lengch of che rear of rh 
pedal print wirh respecr ro the Albian sample, bur this 
difference is nor significane. 

The problem of che idenricy of che medium to small-
ized tridacryl crackmakers was discussed by Dalla 

Vecdlja & Tarlao (2000) in their srudy of che large upper 
Albian foocprint sample of Istria, and ro rhat paper we 
refer. Of com-se, medium to small-siz.ed rridaccyl foot­
prinrs cannoc be referred precisely ro a cheropod genu 
Jike Coelurosaurus, as Me'l..ga & Bajraktarevié (J 999) do 
with regard ro che foorprints of Fenoliga (ibidem, p. 741: 
" ... these foorprints are assigned ro a theropod dinosaur, 
i.e. Coelurosaurus'}, also because Coelurosmm.tS does nor 
exisr (see Weishampel et al, 1990). 

The relative narrowncss of che foorp1·ints (W/L), 
low inrerdigical angle, che elongacion and narrowness 
of che digita! prints, a digic III impression which i 
usually markedly longer than che others and projecc­
ing, digita! prints wbich are curved, sigmoid and wirh 
pad prinrs, the digitai print rermination which is 
ofren poinced, somerirnes wirh narrow cla~s marks, a 
digit 1J print whid1 is shorcer chan rhe digit IV 
impression and che proximaJ indencarion berween che 
prinr of cligir II and rhe "heel" prinr, observed in 
rnosr of the foorprincs, and especially in c.he bercer 
preserved, suggest that mosr of rhem are "cheropod' 
foo9Jrincs in che ichnologic sense (see Dalla Vecchia 
& 1arlao, 2000). At che state of che present knowl­
edge of che skeleral suucrure of che feer and of the 
narigraphic d.isrribution of mcdium-size cheropods 

and ornithopods, it seems mosr probable thar rhey are 
actual theropod footprincs (ibidem). However, che 
poor state of preservar.ion cannoc supporr rhis with 
rhe furrher dara obrained from rhe Albian sarnple. 

ome foocprints from the S. Lorenzo di 
Daila/LovreCica site differ from most of the ocher tri­
daccyl footprinrs of similar size from boc.h che upper 
Cenomanian and upper Albian of lmia (Dalla Vecchia 
& Tarlao, 2000). They have a digic IU prinr which is 
quice long, bue also panicularly swollen in c.he middle­
disral pare (e.g. SLD-T5-2; SLD-Tl 1-1 , Sill-Tl5-1 
and 7; Texr-fìgs 7L2, O, Pl-2; 20E-F) and chis is unusu­
al in "cheropod" footprinrs. This feature could be due to 
che subscrare conditi.on and in some cases is emphasized 
(e.g. in SLD-Tl -5, see Texr-fig. 6) by che stili partly pre­
sene infllling of c.he princ (absenr in che Albian foot­
prinrs of rhe Solaris sire). However, some footprinrs 
apparendy wichour infìlling also present chis feacme. 
The possibiliry chat rhe aurhor of these foorprinrs could 
have been an ornithopod, or a theropod witl1 a peculiar 
digir III, should be considered. However, an ornichopod 
crackmaker seems less probable because claw marks are 
presene on some of rhese footprims (cf. SLD-T15-1 and 
SLD-Tl 1-1), R/d is perhaps roo low (e.g. iris less chan 
1.8 in SLD-Tl5-I and 1.53 in SLD-Tll-1) for 
omithopod Peer (Dalla Vecmia & Tarlao, 2000) and 
foocprinrs are decideclly asymmetrical. 

The foorprints SLD-Tl2- l and SLD 18 also bave 
a wide digir Ili, bue tl1e maximum widc.h is ar rhe base 
or near it, an.d is constane or decreases gencly distally, 
except in che rennina! parr where che print is criangu­
lar pointed (Texc-figs 7M, N; 20G). In SLD-Tl2-l 
rhis shape is probably re.lared ro che facc thac che prinr 
of digic l.II is nearly complerely filled in and i.es actu­
al morphology is noc visible. 

An indicarion of rhe possible presence of rwo 
kinds of trackmaker in che S. Lorenzo di 
Daila/Lovrecica site is given by a group of disrincdy 
w.ider footprinrs (Texc-fig. 198) . • 

lchnocaxonornic comparisons will be considered 
in. anocher paper. However, we muse commenr on 
previous paleoichnological comparisons. Mezga & 
Bajrakrarevié (1999, p. 741) frnd their "rype speci­
men B" of Fenoliga islet (here Texc-fìg. 15 B J) "mosr 
similar ro t:be ichnogenus Ornithomimipui'. Even if 
this ichnogenus would be based on unquesrionabl 
diagnoscìc characrers, and we suspect thar this is far co 
be cercain, rhe comparison would be impossibl 
because rhe very poor state of prcservation of rh 
lstrian specimen (see Texc-fig. 15Bl). Tbe same is 
true for che other tridaccyl footprinrs of rhe sire, con-
idered similar to Eitb1·ontes and AnchisauriJms (Mezga 

& Bajrakrarevié, 1999, p. 743). The only ching we 
feel confonable ro say is tl1at, if rhe footprinrs were 
acrually impressed by a d1eropod maker, as mosr like­
ly, chey ali belong co a rheropod wic.h a plesiornorphic 
kind of foor, and nor co che apomorphic-foored dro­
maeosaurids and rroodonrids. 

Gait, speedandAWS- There is a high variabiliry in 
che gaits of che cridacryl nackmakers among che dif­
ferenr sices. Larger nackmakers (FEN-T2 and PR-T2; 
che larcer was considered as a mediw11-sized individua! 
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Text-fìg. 20 - Diffcrent morphologies of tridactyl footprinrs in the late Ccnomanian sites ofisrria. A) SLO-Tl-5 B) LD 16, ) SLD­
T9-2, D) SLD-T2-2, E) LO-Tll-1, F) SLD-Tl5-l, G) LD-Tl2-l, H) PR-Tl -3. I) P.R-T2-4. Drawings cakcn from 
the casts. Of course, the left-right symmetry in casts is reversed from actual footprints. Legend: II= prinr ofdigir LI . cale 
bar= 3 cm. 

in che esrimacion ofV even if L is slighcly more chan 
25 cm) have a markedly slower gaie wirh respecr co che 
maller ones (Tabs. 1. 3). In che long rracks of che 

Fenoliga i ler ire che cride was clearly oscillacing as 
al o th direction of movemenc which i more or ]es 
undulacing. The relacively high number of consecu­
tive foocprinrs in FEN-Tl and FEN-T2 allows u co 
rese che change in cl1e gaie of che trackmaker by plor­
cing che chang of SL value (Text-fìg. 16). Because V 
is proporrional ro L these variacions reflecc also 
peed variarion . L was markedly osciUating around 

rh average vaJue, cherefore che gaie was not a con-
tane, relacively fase (mainly in FEN-Tl) walking, a 

suggesced by SUh and V/AWS calculaced wich che 
mean of L, but was a sequence of acceleracion and 
slowing down . This suggesc a behaviour slightly 
more complex chan a imp]e ero sing che sire, even if 
ic is noc exactly che behaviour of an ani mal randomly 
wandering. If we rake a horr segmen.r of FEN-TJ and 
FEN-T2 ir would appear straighr and che gaie would 
appear more or less coosram. This suggests thar che 
hort egmems of a crack can give informacion only 

abouc cl1e "insranc" gait ( peed) of che crackmaker and 
is uninformative about che actual, overall gaie. Despice 
the change of speed in che am crack, ic i clear rhar 

FEN-Tl was moving comparacively fasrer rhan FEN­
T2 and FEN-T3 was moviug decidedly fasrer (wich a 
trotting gaie) than d1e orher cwo. 

The trackmakers of the Gmkalovac site moved rel­
arively slower if compared with those of S. Lorenzo di 
Daila/Lov'recica, and have V jusc slighdy higher than 
AWS (see Tab. 3). 

SL/h of the tracks of che S. Lorenzo di 
Daila/Lovrecica sire poinrs to a imilar gaie forali che 
fìve trackmaker (Tab. 4). They were fast walking and 
ali moved in a straight line, ac least in che horr dis­
rance, with V decidedly hjgher than AW (Tab. 4). 

Directions - The relacively large crack ampie of S. 
Lorenzo di Daila/Lovrecica site shows us rhar the tri­
daccyl trackmakers had freferencial directions, with a 
bimodal distriburion o che directions to ESE and 
WNW. Thi, behaviour of che crnckmakers al o ug­
gest rhat the animals were noc randomly wandering. 

In the Grakalovac ire che rwo trackmaker of 
maller size wenc nearly exaccly in the same direction 

(ENE), even if rhey passed at different rimes, tl1e 
footprincs bein~ on slighrly different Jevels. The larg­
er crackrnaker 1 also ENE direcred, but diagonally 
crossed the direccion of che ocher cracks. 
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In the Fenoliga islet site two tridacryl rrackmakers 
were moving SSE and one SSW The maker of FEN-
Tl ac che end of rhe crack was mov.in.g ro rhe SSW, 

coo. According to Mezga & Bajraktarevié (1999) the 
tracks in their Fenoligan sample show a preferencial 
(non-random) direcrion (ro NW, SSE and, !esser, 
SW), but these authors misunderstood che direction 
(verse) of che main crack and the same could be true 
for other non-tridactyl tracks. 

Preferential directions were ·also observed in the 
rridacryl footprint sample of che upper Albian Solaris 
ire oflmia where d1ey appear co be relaced co topo­

graphic conscrainrs, Like che coastline direcrion (DaUa 
Vecchia & Tarlao, 2000). This is mosr probably also 
the case of the upper Cenornanian samples, where the 
coasrline direction could be responsible for the uni­
modal or bimodal distribution. However, unlike from 
the Albian sites, the Cenomanian ones do not show 
evidence of markers for locai topography (e.g. ripple 
marks and drainage channels). 

The inAuence of a common behaviour on this dis­
tribution of directions (i.e. individuals passing 
together at the same momenr) cannoc be exduded or 
confìrmed because there is no way co cleady distin­
guish che resulcing crack pattern from ch.at of single 
individuals passing at difforenr moments along a 
band of wer sedimenr topographically consrrained 
(i.e. bordered by the sea or a lagoon on one side, by 
lagoon, swamps, bushland or forest on che ocher). 

QUADRUPEDAL TRACKMAKERS 

Determination - KAR-STl and KAR-ST2 of the 
Carigador/Karigador site arpear to have been 
impressed by che same kind o trackmaker. The mor­
phology of che bcrcer preserved foorprims (boch man­
ual and pedal) of KAR-STl perfecdy macches with 
rhe footprinrs usually actribuced to sauropods (cf in 
particular, Thulborn, 1990, pp. 168-171; see also 
Farlow et al., 1989; Ishigaki, 1989; Lockley, Farlow & 
Meyer, 1994; Meyer et af., 1994; Piteman & Gi llecte, 
1989). Also parameters of che track correspond. The 
ourward pedal rocation is rhe same found in sauropod 
cracks (Thulborn, 1990), and the manus shows a dis­
tinct outward rotation (ibidem). Pedal A in the best 
preserved KAR-STl is the same as in Brontopodus 
Farlow, Pirtmru1 & Hawthorne (100°-120° in the 
Albian tracks ofTexas according to Farlow et al., 1989) 
as also SL/Lp (2-5 in Brontopoaiu; ibidem). Manual A 
is less chan pedal A, in agreemenr wich rhat repòrted 
by Thulborn (1990, p. 172) for sauropods. 

The odier foocprints of cl1e sire also most proba­
bly belong to rhe same kind of crackmaker. 

Alchough che manual prints are deformed by sed­
iment pusfied forward by pedal pressure, considedng 
rhac probably chey were originally as long as wide, 
like in che better prcserved Brontopodus aod 
Titanosaurimanus Dalla Vecchia & Tarlao princs, 
manual princ width suggests thac heteropody was nor 

very marked. However, this is not the case ofKAR-55 
(and possibly also FEN-STl), where the manual 
print appears ro be rather small. 

As reporced above, che long crack FEN-STl of che 
Fenoliga isler was interprered by Leghissa & Leonardi 
(I 990) as sauropodan, wirh complete or nearly com­
piere pes-mmzus ovedap. Pes-manus overlap is noc 
common in sauropods bue, for example, occurs in 
some rracks from che Albian Paluxy River site of 
Texas (Farlow, 1987) and in a crack from rhe Albian 
of Istria (Dalla Vecchia & Tarlao, 2000). The inter­
prerarion by Leghissa & Leonardi (1990) was accepr­
ed by Lockley, Meyer et al. (1994) which considered 
FEN-STl as one of che few known Lare Crecaceous 
auro.Pod cracks. However, che formai description by 
. Leonardi was based on phocographs and noc on 

direct observarions or accurate maps (Leghissa & 
Leonardi, 1990, p. 15). This led to some miscakes, 
some of which we mentioned above. 

The size of the FEN-STl trackmaker could be 
consistenr with thar of a large ornirhopod (e.g. iguan­
odomid) or a large theropod dinosaur, not only of a 
sauropod. On che Main Brioni/Brijun Island (SW 
Istria) a similar bipedal crack wich 20 consecutive 
footprinc is found in che upper Albian (Dalla Vecchia, 
1997a; Da.Ila Vecchia & Vlahovié in progress). Ali che 
footprinrs are shallow, rounded or elliptical, about 
30-35 cm long and thc rather variable A is as low as 
115°. Only one footprint on a total of 20 is without 
doubr tridacryl, with shorr, wide digitai prinrs, 
absence of claw marks and a high A 0 value, and shows 
thar che trackmaker was most probably an ornitho­
pod. The case of FEN-STJ could be similar and a 
deeper analysis is needed ro confirm or disprove ics 
sauropodan origin. The very poo.r preservation per­
mits us only to say char chere is no evidence that th 
footprims are rridacryl and rhat because of size and 
age the rrackmal<er was a dinosaur. No morphology 
can acrually be recognized except char each rrint is a 
depression with a more or less circular-ova oudine. 
Cretaceous dinosaurs wirh circular-ovaJ, non-tridactyl 
pedal princs were all quadrupedal. Sometimes in 
FEN-ST1 d1ere is a possible smaller prinr in front of 
che larger one (pedaJ), also suggesting that the track­
maker was quadrnpedal. However, che most reliable 
feature suggesting an idencification as a quadrupedal 
dino~-aur is che regularly low pace angu lation. A in rhc 
late Albian, bipedal crack above mentioned is on aver­
age higher than in FEN-STl, ranging from 115°-
1590 (M = 135.6°; N = 14). Therefore, if the track­
maker was quadrupedal, in FEN-STl there was ofren 
a complete or nearly complete pes-manus overlap. 
Pace angulacion in quadrupedal iguanodontians is 
dearly higher than in FEN-STI (Moraralla et al., 
1992, ] 994; Thulbom, 1990). A of sauropod tracks 
is ofren in the range 120°-140° according tO 
Thulborn (1990), bue is 100°-120° in rhe Albian 
tracks ofTexas according Farlow et al. (1989), as men­
tioned above; cherefore che values in FEN-STl (M = 
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98.5°) are even lower than tho e usual fot auropod . 
The trackmaker i more likely a auropod rhan a 

neoceratopsian mainly because of the age of the site 
which excludes the latter. Neoceratopsians are found 
only in che Campanian-Maa rrichtian of Nonh 
America and ea e-cenerai Asia (Dodson & Currie, 
1990). However, on thesc grounds an ankylosaurian 
trackmaker cannot be excluded, because ankylosauri­
an were fow1d in che continental Lower e Upper 
Cretaceou of Europe and Asia (Coombs & 
Maryanska, 1990). Both uppo ed neoceracopsian 
and ankylosaurian pedal prinr are only slighrly 
longer rhan wide or as wide a long (Thulborn, 
1990). Ankylo aurian p dal prinr, mainly in rhe 
Early Crecaceous TetrapodosmmJS borealis remberg, 
the be.se defìned ichnocaxon amibuced co thi group, 
how four relatively long digitai princs, and che band 

ha 6ve hort and divergenc digitai prinrs, withour 
pedal overprinr (Thulbom, 1990, fìg. 6.41a). This 
sul%esrs rhat the foorprincs of FEN- T I are nor 
ankylosaurian. Sauropod cracks are rnuch more com­
mon in che fossil record than cho e of ankylo aurian 
and neocerarop ian . Furthermore, samopod fooc­
princs are common: in carbonare platform ·eccings 
(Lockley, Hunr & Meyer, 1994), wherea chose of 
ankylosaurian. and neoceracop ians are praccically 
absent. 

The sauropod tracks of Carigador/Karigador and 
Fenoliga sites were impres ed by animals of similar 
size ano wich a sirnilar slow gaie. However, KAR-STl 
and T2 have A va1ue higher rhan FEN-STl, and 
al o L and V are slighcly higher in KAR- Tl and 
T2. The gauge i narrower in rhe cracks of 

Carigador/Karigador ice. KAR-STI and FEN-STl 
differ al o in che overlap of che pes and che manus. 

lf che ocher rounded-oval depression , idenrifìed 
by Mezga & Bajrakcarevié (1999) in che Fenoliga sir 
are sauropod prints (acrually Mezga & Bajraktarevié 
do nor prove with valid characcer tbi amibution, 
bue cheir idenrificacion as auropodan is plau ible), 
and the carement chac chere ar nine group f auro­
pod footprints ranging from 40-23 cm is correct, it 
would be che evidence that racher small sauropods 
( maller than in che e rimation by Mezga & 
Bajrakrarevié, 1999, p. 743) were common in chis 
site. Also the rounded prinrs in Grakalovac sire could 
be small sauropod prims and would confirm rhe rel­
ative abundance of small auropods in che upper 
Cenomanian of Istria. 

The auropods repre enced in the lare Ceno­
manian crack sample had a ize decidedly reduced in 
compari on with che auropodan randard based on 
che osreological record (Dod on, 1990) a ize com­
par.able co chac of che Albian auropod of I tria rep­
re ented by footprints (Tabs. 2 5; cf. Dalla Vecchia & 
Tarlao, 2000). According to Thulborn (1990 p. 169) 
print lengrhs of sauropod hindfeer range from 50-
150 cm, but are often abour 90-100 cm. According 
co Farlow et al. (1989) pedal prinr lengch of 

Brontopodu.s (Albian of Texa ), che besr known 
·auropodan ichnotaxon, range from 50 co over 100 
cm. T be lare Cenomanian sauropod foorprinr of 
I tria are c.herefore unusually small. 

Th gauge f FEN-STl is wider than chat of 
KAR- TI and T2, bue not a wide as usual in 
Creraceous sauropod rracks (Wilson & Carrano, 
1999). M. Lockl y (per . comm. in Dalla Vecchia & · 
Tarlao, 2000) ugge red rhar che relatively narrower 
gauge of che Albian sauropod crack of the olari site 
could be due ro che small size of rhe trackmaker. 
However, wid -gauge crack of mail sauroeod are 
known in eh Lare Jura ic of Porrugal (Lockley, 
Meyer & d anro , l 994) . Furrherm re, ac ording 
co WiJson & Carrano (1999, p. 252) "lack of y cem­
aric size differenc berween foorprint gauges argues 
againsc body- ize-relared influence '. 

Gait, speed and directions - The three sauropod 
crackmakers (KAR-STl, KAR-ST2 and FEN-STl) 
had all a slow walking gait and a V decidedly less than 
AWS (V/AWS = 0.70-0.78). Therefore, r.hey were 
moving very slowly even for sauropod srandard . 

The sauropods of Carigad r/Karigador site were 
all moving to the ESE- W, che sa.me range of direc­
tions of the trackmakers at Fenoliga (bipedal and 
quadrupedal). 

Comparisons - KAR-STI particularly resembles 
rhe aurop~1d crad< of fìg. 6.15b of T lmlborn (1990) 
labcled a unnamed crackway from the Jurassic of 
Marocco". 

The gauge of KAR- Tl and 'T2 resemble rhac 
of che AJbian auropod crack ar the olaris Il outcrop 
(Dalla Vecchia & Tarlao 2000). The gauge of KAR­
STI is decidedly narrower than in Brontopodus ( ee 
Farlow et al, 1989; Lockley, Farlow & Meyer, 1994) 
and, according ro che defrnition of narrow gauge ( ee 
p. 36), cou ld b con idered narrow, becau e foor­
prinrs are "clos ro che rrackway mid i i ne". Actually, as 
reported above, the gauge of che lstrian rracks is most 
remini cene of che medium-gauge of Meyer et al. 
(1994 fìg. 4). lo KAR- T 1 rhe crescenr-shaped man­
ual print i placed in front of and !arerai ro rhe pedal 
oDe, rhat i pedal princs are doser ro che midline rhan 
are manual princs. Thi i che condition in narrow­
gauge trackway according to Wilson & Carrano 
(1999, p. 254), who al o contend thar ali posr-Apcian 
auropod track axe wide-gauged, and Tirano auria 

made only wide-gaugcd tracks because of keletal 
con traincs in rhe femur and hip. Following WiJson 
& Carrano (ibidem, fìg. 6) rhe only sauropods durtng 
late Cen manian times were Tirano auria. Thc ich­
nological record from che upper Cenomanian oflsrria 
is nor in agre ment with uch generalizacio.n . 

Beside che _gauge, eh besc-known idrnogenu 
BrontopodiL~ differs from KAR-STl and KAR-ST2 
becau e, according co ics diagno is (Farlow et al., 
1989, pp. 391- 92) ir ha 1) larger size, 2) a manus 
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prinr as wide as long and with impression of digits I, 
V and conjoined Jf-IV, 3) a pedal prinr with large, 
latera lly directed claw marks ar digirs 1-Ill, diminish­
ing in size from I ro III, 4) a manus print mediai co a 
line through the pes prim long axis, such that manus 
prinr cenrers are somewhat doser co the crack midline 
chan pes prinr cenrers, 5) oucer limits of che rrack 
defined by the pedal prinr, 6) manus-pes distance 0.5-
1.2 times pes princ length. 

A rdacive abundance of smalJ sauropods and che 
absence of large ones was also observed in che lare 
Albian ouccrops of the Solaris site (Dalla Vecchia & 
Tarlao, 2000) where che maximum Lp is about 50 
cm. Like che Albian Isrrian ichnotaxon Titano­
samùnanus nana Dalla Vecd1ia & Tarlao (Dalla 
Vecchia & Tarlao, 2000), the Cenomanian pedal 
princs do noc show che large claw mark on digic I 
ofren found in sauropodan pedal princs (e.g. Farlow 
et aL., ] 989; Lockley, Farlow & Meyer, 1994; Meyer 
et al., 1994). In Titanosaurimanus nana che pedal claw 
marks are small, and in rhe Cenomanian footprincs 
they are nor found at ali. Unforcunacely, Titano­
saurimanus is diagnosed mainly on rnanual charac­
cers, which indicare also a ricanosaur affinjty of rhe 
trackmaker, and manuaJ print morphology is poorly 
preserved in the Cenomanian sample, also because of 
anceroposterior deformacion caused by the sediment 
displacemenr on che parr of the pes. 

The gaie was particularly slow in both the si11gle late 
Albian ami che three late Cenomanian rracks (cf. Dalla 
Vecchia & Tarlao, 2000, rab. 6), wl1ich ali have a pace 
angulation lower than rhose indicated as most frequem 
fo r sauropods by Thulboro (1990, p. 169). In borb the 
Albian track of Solaris II outcrop and the 'FEN-ST! 
rhere is compiere or nearly complete manus-pes over­
lap; however, this is noL the case for KAR-STI. 

PALEOGEOGRAPHICAL REMARKS 

The peri-Adriatic region, which basicaHy corre­
sponds to rhe present day Adriatic Sea and rhe sur­
rounding mownain chains in lraly, Slovenia and 

roaria, was an area of nearly exclusively carbonate sed­
imencarion from che Lare Triassic to the end of the 
Cretaceous (Zappaterra, 1990). The lsrrian region was 
part of che nòrthem point of che Adriatic-Dinaric car­
bonate plarform. T he Adriatic-Dinaric carbonare plac­
form was a palcogeographk unir formed during the 
Jurassi.c chac now ourcrops mainly in norrheaste(·n Iraly, 

loven ia, Croaria, western Bosnia and western 
Monrenegro. During Cenomanian times the platfo1:m 
was roughly N-S elongated and was bordered co che W, 
E and N by marine basinaJ areas (see Cati, Sartorio & 
Venturini, 1989; Zappaterra, 1990). le was on.e of che 
Creraceous peri-Adria.tic p latforms "analogous to d1 
Bahamas archipelago, not only in their carbonate facies, 
platform size and shape, and rate of subsidence .... buc 
also in che imemaJ architecture" (Eberli et aL, 1993, p. 
216) . The paJeogeographic relarionships of che Adriatic-

Dinaric carbonate platfonn with the other paleogeo­
graphic units of peri-Terhys, are shown in the late 
Cenomanian paleogeographic map of Pbilip et al 
(1993) (here Text-fig. 21). Of course, che present day 
posicion of many paleogeographic uoirs is differenc from 
thar occupied during Cretaceous times. The Adriatic­
Dinaric carbonate platform was the norchern termina­
tion of a larger, narrow and NW to SE elongated, shal­
low marine paJeogeograpruc unir made only of carbon­
ate platforms in the reconstrucrion of these aud1ors. 
Accordjng to che paleogeographic maps (see Dercoun et 
aL, 1993) ic had been surrounde by deep marine 
croughs since Jurassic times, and in .lS somehow sepa­
rared from boch European and African-Arabian comi­
nenrs during rhe Cenomanian (see also Eberli et aL, 
I 993) . According to Philip etaL (1993, p. 154 and map) 
the Apulian domain, and d1ercfore also d1e unit under 
discussion, was separared from Africa by an oceanic 
rmugh during lare Cenomanian (seeTexc-f:ìg. 21). 

As noted by Dalla Vecdtia (l997b; 1998) and Dalla 
Vecchia & Tarlao (2000), che Cretaceous Adriacic­
Dinar.ic carbonate platform was connecced ro orher 
carbonate platforms, bue was very far (hundreds of 
kjlometres) from "land", rhe latter considered as a wide 
emergent area of sediment source, sediment bypass or 
with silicoclasric fluvial/lacustrine sedimentation. 
Furthermore, during Cenomanian times, deep marine 
basins complecely surrounded this plarform. There­
fore, according to the paleogeographic reconsrruccions, 
we are dealing with rhe singular case of dinosaurs l.iv­
ing on a carbonate platform practicaUy separared from 
a cominental area by deep marine basins. In facc, che 
ocher carbonate p.larforms where d_inosaur ichnofaunas 
are fou nd (e.g Texas and PorrugaJ) were pericominen­
ral plarforms {i.e. rhey bordered.land margins) with 
carbonares grading landward into siliciclasric shore and 
cominenral sedimenrs. ln theseJericoncinenral plar~ 
forms che sauropods had the usu giant size and large 
theropods were common (Pirrman, 1989; Dalla 
Vecchia & Tarlao, 2000). 

This suggesrs d1e possibilicy that the Cenomanian 
dinosaurs were living on reJacively smalJ islands (as sug­
gested also by che absence of widespread and prolonged 
emersions of che platform). This could have an impor­
tant meaning for the understandi.ng of runosaur mecab­
olism. The presence of only smaJl-sized sauropods sug­
gesrs, combined wich che reduced size of d1e rridaccyl 
trackmakers, chat the insular condirions hypod1esized 
for the late Albian, with dwarf sauropods and relarively 
small predators, continued during the late Cenomanian. 

Presurnably, che Cenomanian dinosaurs were the 
descendants of those living on che Isrrian ponio.n of 
the Adriatic-Dinaric platform during late Albian 
r.imes (see Dalla Vecchia & Tarlao, 2000), ar leasr 9.5 
m.y. earlier according to Harland et al. (1982), as sug­
gesced by rhe overaJI similar ichnological associarion. 

T he lare Cenomanian-early Turonian flooding of 
rhc platform (Polsak, 1979; Jenkyns, 1991 ; Gusié & 
Jelaska, 1993; Tentar et al., 1993) probably led to the 
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1' xc-lìg. 21 - Palacogcography of ccnrral Tcù1y during rhe lace enomanian (afcer Philip uni., 1993, modilìed and rcdrawn). Legend: 
whicc == land, grny = ccrrigenou. hclf wd slrnllow ccrrigenous basin ( ·hallow sca), light grny =ca rbonare plarform (shallow 
sca), dark gcay = dcCJ> sea (ocean, basin and slopc, induding che sea where the halk wa depositing) . Thc a ceri$k indi­
care che po ition of rhc norrhcrn pHt of rhc Adriaric-Dinaric arbonarc Placform and of che siccs here dcscribcd. The 
po ition of rhe Ea rern Medircrranean ccan i indicaced by rhc ryli1,ed drawing of thc ru tal ·car formcd by rhe occan-
1c spreading. Abbrcviarions: AM == J\rmorican Massif (norrhwe rern france), AnA = Anù-Arlas (Morocco), A = Apulia 
Carbonare Placform (-ouchern lraly), AP = Lazio-Abruzzi- ampania arbonare Placform (cenrral-sourhcrn lcaly), BO = 
Bcy Daglari (Turkey), BM =- Bohcmian Ma if (mainly B hcmia, zcch Republic), Ca =- alabria ( ouchcm lra ly), ET = 
·a rern Taurus (Turkey) , G = avrovo (Bulgaria), GO = olija Massif (Montenegro), IM = lbcrian Mescrn ( pain}, K 
= Klrs hir (Turkcy), Le = Lcbanon, M = Massif cnrral (France), PL = Pclagoninn Mas.-;if (norrhern reccc) , J>n = 
Panorrnides ( icily insula.r IraJy). Rh = Rhodope Massif (sourhern Bulsaria) , RM = Rheni h Mas if (western ermany 
partly Bclgium, LllXemburg nnd N France) S = ardinia (insu lar [raly) , 1 a = Tarra Mouncs ( lovakia and sourhcrn Pola.nd). 
Thc line eros. ing d1c lìgure i che parallcl 20°N. 

migration or ex.rinction of the local dinosaur fauna. 
In fact, the successive di no aurian evidence in the late 
amonian (lcalian Kar t) and Campanian/Maa rrich­

rian ( lovenian Kar t) how a differenr compo icion 
of che planr-earers (primary consumer ), which 
became dominaced by hadro aurs. 

The Cenomanian crack ires with footprinrs are 
limiced co jusr a narrow band in che W Istria, where 
Cenomanian rocks ouccrop, and where bed ufaces 
can be iove rigaced because rhey ar exposed. The 
dinosaurs very probably lived io ocher, emergenc and 
vegetaced patr of che placfonn and occasionally 
arrived on che cidal flars, che only piace where rhey 
could leave evidence of their presence c.here. 

Probably our knowledge of Me ozoic carbonat 
placform ceorral Techy paleogeography and 
dino aur paleobiology i rill inadequace co under­
rand cheir reciprocai inreracrion . 

CONCLUSIONS 

We reponed four ices with dino aur fo cprinc 
exp ed along che lscrian coa c in upper Cenomanian 
limestones. Din saur pre ence poinr ro che exisren e 
of emergenr areas of che carbonate plarfonn desp ir · 
che fact thac marine lime eone wirh rudisc are preva­
lent and geologica! evidence of prolonged emersion 
very scarce in Istria. The lanci vertebraces lived on the 
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carbonate placform despire che facc rhac che lare 
enomanian is universally considered a worldwide 

inrerval of sea level highsrnnd (Haq et al., 1987· 
Jenkyns, 199 l; Phi.lip et ai., 1993). 

The most common dinosaurs were medium-sized 
bipeds, mosr probably rheropods. Small sau1·opods 
are reprcsented, coo, and could have been relatively 
common; they are one of the rare ichnologic evidence 
of rbis group in rbe Uppcr Crecaceous (Locl<ley, 
Meyer et ai., 1994; Lockley &Meyer, 2000). Absence 
f large predarors and large plam-eaters suggesrs rhar 

rhe insular habicac hyporhesized for che lare Alb.ian 
Iscrian dinosaurs (Dalla Vecchia & Tarlao, 2000) con­
tinued into che Cenomanian, in agreement with che 
palaeogeographic reconscructions of cen t.ral Techys. 
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