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ABSTRACT - Thero pod (Reptilia, Dinosauria) footprints are described from Albian (Lower Cretaceous) limestones
of Quieto/Mima fver mouth [Istria, Croatia). Sedimentology and paleocnvironments as shon by the outcrop are
considered, All available data aboul the presence of dinosaurs in Istria doring the Cretaceous are reported.

BIASSUNTO - Vengono descritte delle impronte di dinosaure teropode provenienti dai calcari albiani | Cretaceo in-
erivre) della foce del fiume QuisteMima (lsirin, Croazia), Yengono considerate la sedimentologia ¢ le condizioni
palesambientali testimonzate nell affioramento. Sono ripartati tutti 1 daci disponibili sulla presenza dei dinosaurt in

Istria durante il Cretacen.

Key werds: Tebmology, Dinosaeria, Theropoda,

Istrea, Croaida.

INTRODUCTION

The presence of dinosaur footprints in an area at the
mouth of Quicto/Mirna river (MW Istria; Fig 1) has long
been known to fossil collectors but not to paleontolo-
gists and it has not been adequately documented in the
paleontological literature, Calligaris (1988) is the only
one who reported on, very bricfly, this subject, This sit-
lli{ti{?H ]1.;."[] L t['H.: rn::mmfﬁ] 1_1" :I'Ir.'.ur]}f H]l. ti'lL:' |Iul;_.'1lpr'ir:||.:i on
Il]t‘ F]HT! l':IJI tﬁl'l‘ﬁh:il !’h‘.‘”l:rﬁ |:?|:I.|.'H'tf i.l WS E?[‘H‘i.\i]‘l:'llt' Ly ﬁlf.'i.f,.'['l'
tifically describe them de ez, The “not large in size ther-
opod footprints from an unspecilied area in Tsiria” which
are kept at the Museum of Natural History of Milan, as
Leghissa and Leonardi (1990, p. 12} reported, are very
likely to belong to this outerop. As Leghissa and Leonar-
di said “the person who offered the samples to the Mu.
seum refused to provide their localization” (p. 12} which,
however, accarding to various sources collected in
Trieste, was the mouth of Chuicto/ Mirna river. In addition
to this, both shape and size of the footprints as well as the
appearance and the thickness of the laver correspond,
One of these Tootprings has been illustrated by Pinna
(1985, p. 208). The photographs taken by one of us (A,
Tarlao) are currently the only evidence of the better pre-
served trackway - and of another one intersecting it - (Fig,
21 Two ﬁl.:lly_ll:' fu::ll}:rjhl-.i [romr this lossililerous level bat
[rom different teackways, and now available {or investi-
pations, will be described below.

F.M. Dalla Vecchia dealt with the paleontological part,
."ll.. T:i.:rl.:iu I'."|.11 I.':L'[E'IJ l] = ﬁl:li:l'.'i.] nmens as W':I] A% 5OIme ‘.!H‘.a o
the field, GG. Tunis dealt with both sedimentology and
stratigraphy of the outcrop.

Albiar, Lower Cretaceons, Carbonate sedimentology,

Since the lstrian region is bilingual, borh lralian and
Croatian names have been reported, when available, for
each locality,
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Fig. 1 - Location of the fossiliferous site at the Quicto/Mirna
river mouth,
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Fig. 2 - The main trackway, now complerely removed. The toor-
print of the Tarlas collection belomged o this rackwaay

PALECONTOLOGICAL DESCEIPTION

(e Footprint of the mair trackway which bad ool
been removed by fossil sellers was collecred by one of s
(A, Tarlao! in 1977, thus preventng it [rom belng lost
[sold or distroyved ), and it is now part of his personal col
lection, The foorpring is available to anvone interested o
study i 11 is preserved on a vellow limestone slab 27 = 27
% 2.5 cmoin size, The footpring (Figs, 3, 440 15 iriclaciy],
mesaxonic, with a median digit much longer than the twa
outer ones, [ts length, as measured from the hind end of
the “heel” ro the preserved end af the median (LD
digit, 15 225 mm: i1s maximum width, as measured
berween its ourer dipits, is abour 130 mm, The preserved
part of the digit 111 is abour 145 mm long and the two
outer digits are about 93 mm long. The digic 11T becomes
.;I.I_"Ill..lpl;!fl 1A' Cr On '|r.\.‘- I“F\.rill l:'”l.l i||1l| E'."Tl".‘i':']l:h 1|l.':r{' i
I'Ii,'l'il"ll_l;_'\.\_:l .\,'\."l'g‘ll"."l_'. -Tl?ll.:' |1.._"|'||'Iir'|i‘|| E!‘l.ril!'.. t'(:l':':'x:h]:l(:l[lll]n%': 141 ||:IL‘.
claw track, is not complete because of a (racture i the
slab, The maximum width of the digit (48 mmtis reached
in correspondence to the point where the other rwo
digits end. The outer margin of the leht ourer digit, which
appears to be betrer impressed than the right one, s slight-
lv inwardly bowed but the digit impression s actually
straight, Its maximum widih s abow 3558 mn. The
track of l'i_Eht outer Liigil proscnls the same widil of the
lefr ene and is ourwardly bent, Both ourer digirs diverge
a little being almaost parallel 1o the axis of the digit 111

Fig. 3 The footpring of the Tarlao collection & s betore irs
remaval, (x 0.2,

teach outer dignt forms with it an angle o abour 10°).
There is not any evidenee of claw track o the right out
er digit. May be a very light claw impression, more evi
dent in the picture of the foorprint before its removal, can
be seen on the lefr digit. Mo pads are clearly visible though
the "plancar”™ pare of the digics was racher sweelling, Howe-
ever, the sibivone rubber mould shows the presence of
=0 |1.L|':JL'|L|:|| |:.- evidentiated areas I:T'-i\'_L. 4L The track
of the “heel™ is guite visible especially on the left side but
it is markedly less impressed than che anterior part of the
pes; on the dghe side there 1s not a marked track of the
“heel” but a shallow, clongated and backwardly oriented
furrowy, probably due 1o the draggmg of the pes, Allerna-
tively, it might be the track of the digic T, usually smaller

A B

Fig. 4 - Al Drawing of the tootprint ol the Tarlao collection, [
drawing of the foctprint rom the Speleovivarium of Triesie
Seitle bars 3 0m



and backwardly oriented, especially in Theropoda; in this
case the described footprint would be the impression of
the left pes, the lett digit would be the digic IV and the
right digit would be the digic 11 To support the belong-
ing of the Footprint to che left pes there are alse position
and .‘ih:i]‘.lﬂ.' ol the “heel™ and the curward ben c]'in,'-_: of the
right dhigit (see Haubold, 1971, Figs, 40, 41, 471 Between
the left dligic and the apex of the “heel” there is 0 weak in-
dentation, A clear {|i5p].tcm1|¢r1l rim ol 1he ~,1':|£|;:1'[c:-g§_::ud
substrate can l]l]l:_;" ks u;:hsl:n't'd L the lefi side ul. the Iluut-
pring, T this part of the foo impression the maximuam
cepth s 20 nun whereas, on the opposite side, the maxi-
FRRLATRL! tit'pl!h is abonn the hall of this value, This, ;L]:_;-ng with
the Turroe lel by the leh jrar ol 1the “heel”, might sug-
sests that the pes leaned onothe left sede and seriorly, T
it were the print of the lelt pes, this wonld be companble
"'\.'\'..|I': el '1||.|!]|':I||} .\i‘.‘.'irlt'.fl“]l‘ |HH'|‘:I] Imeeeanl (!i‘t]ll‘. |.:l:r|:|}“ -
lazed to the running of the animal, with a higher antero-
lazeral pes support, In order 10 berter undersrand and
confirm our speculations it would have been necessaiy to
observe the footprine o sits aJun;, with the other anes left
by the same animal. Currently this is not possible because
the removal and dispersion of [hc- footprints.

The general morphology of the deseribed track, the
comparatively clongated digits, the presence of laws, the
low interdigital angle and size, allow us to ascribe it to a
medinmesized theropod dinosaur (Haobold, 19715 Leo.
nardi, 1984, 1989 Fittman, 19891 As previously ohb-
served, Teghissa and Teonardi 119900 had come to the
same conclusion regarding the faotprints kep ae the Mu-
senm of Matural Thistory in Milan,

|'III. |f-'.|'rg1.: !'ilHl'l‘ "."."irl'l il '“l.'” [}rinl l::..\:[:n:h.lit‘.d Al 1|1': g]’.‘{"l{:”'v"i'
varium of Treste was submirted o us o be described
IFig. 50. This footprine s reidacryl, mesaxonic, with the
digit ILL markedly longer than the outer ones, and is small-
er than the one described above since it is 203 mm long.
It belong then to a different trackway and o a slightly
shorter in size individual. 'I'lh:ll;;:JJ the I-I.FI.HFII.'iI:IL is weel] -
ident because it is quite deeply impressed in the sedi-
ment, its state of preservation is not good. The outline of
digits is not easily identifiable, especially along the inne
margins of ourer digits. bes wideh, as measured from one
distal end to the other of the two lateral digits, is 140 mm
and, in its central part, it is 20 mm deep. The angle of di
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vergence between digin 1 and the outer ones is about 307
for the left one and about 157 for the rigth one. A draw-
ing of this footprine (Vig. 4B) has been reported togech-
erwith that of the other described rrack, to allow a direct
comparison of the two. The digic L1 is pointed a1 the end
but a claw impression is not clearly distinguishahle; also
the left dizit is pointed at the end. The latter is ourward-
lv bent. On the left margin of the footprint there is a slight
indentation just distal to the apex of the “heel”™, The tea
above-mentioned characteristics are tepical of the thero-
pod footprints of Early Cretaceous age deseribed by Pigt-
man {1989, According to this Auwther, the leolprint m
guestion would belong to the right pes as the outwardly
bent digit is usually the medial (11 one. The comparison
with the tracks illustrated by Pittroan (1989 and Haubold
(19710 permits to regard the attribution o theropods as
|il¢(']:|' HFHEEI .I'll 1.|| i"\' Ak, Tll'll,,'!'" AT, h CPAROT, SO '::l‘:l“l:'!l:.‘-\
matnly due to the |1i;.1|| angle of divergence ol the lefe
digit andl the low slenderness of the ourer digits, Alterna-
tively, it might be the track left by a simall bipedal oenithis-
chian, Somerimes it is very hard to distinguish berween
faotprines helonging to small theropods and those be-
longing to small biped crnithischians (Leonardi, 1984),
Another tridactyl footprint which was removed by fossil
sellers seems to testity the presence of ornithischian tracks
in the same surface. This print is neatly as wide as long,
digic 111 is srocky and relatively short, lateral digits arc
short and stocky too. the angle of divergence between
digits is relatively high. However, currently we can
ohserve these features onlv an a photograph (Fig. a).
Cin visiting the outcrop where footprines were collect-
ed, currently placed within a camping site, it was possible
to identity what is left of the fossiliterous lovel, Three tro-
dactyl footprints, very badly preserved, were idenriticd
here which have “survived " in 5 Just because of their
bad state of preservat won. Two tracks belongs to the same
trackway, are i succession and are WS directed; the

Fig. & - The single foorprint perhaps impressed by a hipedal or
nithischian, before its removal (zhout = 00151
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third one is single, nearly paralle] o the others but orient-
e to the opposite way at a distance of about 1.8 m (Fig.
71 This one (Fig. 84715 210 mm long with a very elon.
pared digic T 1115 mm). The pring of the lefr outer digit
is loosely impressed and pratically unrecognizable. The
rrack of the right digit is very wide at its base but tapers
rapidly becoming pointed at the apex. The angle of diver-
gence is low tabour 1571, The right part of “heel” impres-
sion is recognizable which has an indentation between his
apex and the dght lateral digit. The hindmose of the two
consceutive footprints is partially preserved (Fig. 8B);
there are the impressions of the pointed ends of the lat-
cral digits and maost of the digit LI print. The preserved
poction s 120 mm long and the digic 111 s about 105 mm

4
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—

Fig. 7 - Deawing of all the footprine sull present in the our-
crop (A, Band C = see Fig, 81 Scale bur: 10 cn.

long. The distal part of the latter is bent towards the righe,
The angle of divergence of the outer digits 10 the digin TTT
seems relatively high (abour 287 35°1 The discal pare of
digit 111 in the subsequent footprint is not impressed and

its lenght cannot be therefore accurately measured (Fig,
81 The preserved part of the footprint is 165 mm long,
measuring 107 mmon lenght brom the apex of the outer
digits to the “heel”; at the distal end of the lateral digirs
icis 103 mm in width, The impressions of the two outer
digits are pointed but rather short and stocky; the inter-
digital angle (11- L1l and II1-1V) is 25°-28° The distance
between the points of the two right outer digits (oblique
pace] is 36 cm. The longitudinal axes of the two footprints
are pratically on the same straight line and the oblique
pace is therefore coincident with the pace,

As for its general outline and interdigital angle, the
single track is similar to the previously deseribed footprin:
of the Tarlao collection and is artributed to a2 medium-
sized theropod. The other two footprints are similar in
size and in the relatively high angle of divergence 1o the
track from the Speleovivarium and thevefore the same
conclusions can be drawn on them as those previously re.
ported for the latzer,

SEDIMENTARY EMVIRONMENT AND AGE OF
THE SEQUENCE

A continuous and detailed sanpling of carbonate rocks
was performed along the short outeropping section
tabout 120 cm thick) where the dinosaur footpring can
be observed (Fig: 9. The purpose of this work was 1o de-
seribe the sedimentological features occurring immediate-
ly betare and after the episode characterized by the pres.
ence ol dinosaurs,

The analysis of the thin sections 4.5 cm laree) point out
shallow marine platform carbonates deposited insubtidal,
intertidal and also supratidal environments. Predominant
facies are thin bedded pelletal mudstone/wackesione and
tossiliferous wackestone/ packstone typical of intertidal to
shallow subtidal environment. As for this fenesteal faliric
and rare vadose structures are very significant. The lower
part of the cxamined scetion (sample A, B C: 10 em) is
mainly composed of intertidal to supratidal limestones:
these can be assigned 1o a very restricted environment
which exhibits the aliernation of mertidal 1o supratidal
sediments. Strangely, the layer containing the fooprnts
(sample D) gives evidence of the “relatively™ more open
envitonment within the entire section. The overlying three

Fig. 8 - The footprints still & st seen individuoally: A) single footpring; B) posterior footprine of the trackway: C) anterior footpring

of the wrackway. Scale bar: 10 em.
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Fig. 9 - Lithelogy and evolution of sedimentary environments at the outerop of Ouieto/Mima viver mouth, 1) Pelleral limestone; 23
tossiliterons mudstone. wackestone packstone, sometimes with fragments of bivalves; 3} packsione- grainscenc: 41 mudstonge-
wachestone; 51 clay; &) desiceation breecia and cracks; 71 emersion breccia (flan pebble) and breceia-like limestone,

layers (sample E, F, (5; glohally 18 em thick) are also sub-
tidal limestones.

Probably, the presecvation of the footprints s related
to this small transgressive event. The link with sea level
fluctuations and tracks preservation needs to be tested in
the other tracksites,

Owing to the presence of Vercorsella lanrentit, Nezza
zatinells picardii, Sabandia minuta, Vercorsella scarvellai,
Debarina sp., Cuneoling pavonia parva and Neoiragie cf,
fnsalita, the age can be dated back to the lower pars of
Lare Albian. In particular, Neosragia of. fngofig was iden-
tified on the surface with footprinzs.

Above the level with dinosaur footprings & rendencing
shallowing upward microcyvele 123 em thick; sample H1,

H2, 1) is characteristic. Herein Microcodizm and rhizo-
turbation have been observed as well desiceation fearures
are evident at the top of layer 1. Other three very short
cyeles with alternation of intertidal and supratidal lime-
stones occur. The rhythms of shallowing-upwards short
sequences are compaosed by biomicrire, pelletal or weak-
Ly skeletal (nstracods, benthic foraminifers) wacksiones,
wackstone characterized by fenestral fabric and rare vugs
filled with vadose crystal silt, and also by intraformation-
al breceia (desiceation breceia, desiceation cracks or ero-
siomal leatures),

Desiceation cracks on the surface of fenestral lime-
stone, intraformational breceia with clavey matrix and a
thin discontinuous laver of greenish clavey mal appear
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near the top ol the section (02,005, 045 The brecena con
sists of poorly sorted, big in size anguolar frsgments or peb
bles of pelletal and Tenestreal limestones from the nex

.I.'Il_fl_'ll.".'gllj' |.!'l. -Llh.

According v Tishr er 2l 119830, sporad

Ak |||

¢i
cally more or less marked emergences of the carbonate
platform oceurved o the eod of the Lare Aptian as well
in the fowermost Alhian, The ver of cmersion breceia
with marly and clavey mateix documents thar these envi-
ronmental conditions occurred also in the lower part ol
the Late Albian.

Above the lavers characterized by temporaey emersion,
shallow marine carbonnres poi

1L e g o reslerict-

le B, 5, T, T2

|_-:_| H T |w|'IZI-.|:L| 1 LN MCnt !~'..|:|.I

3

DINOSAUR POPULATION OF ISTRIA DURING
'HE CRETACEQUS

The medium-sized theropod foorprings deseribed in
this paper contribute to increase bath the taxonomic di
versity and the geographic and stratigraphic Jisiribucion
il the dinosaurs which had populated Istrian region. This
abundance of dinosaur cvidences has not been recorded
in the specialized lterature: it is to be noted tthe lat
bk i"l."i'g-i-i|';|!1|}1q-; et il

vl L'f.1=1"|'u-:n|:|=.|n||n [Mnossan ey
reports stinply the presence ol “Theropod footpring”
Prooms The * Meocomian ™ of Croatia and mentions as the on
by relerence a study by Bachoten-Eoln {1925h1 dsee W
n|‘.-.||||;>-.'|. TR, . Lt h. Most inlormations absout o

tracks in Isteia has been briefly reported in sedimemolog -
ical, strmigraphic or divalpative papers. The resul is tha
the knowledge of Tsirian dinosaurs is characrerieed by

Frar, 10 - Bonw cemains of dmosaors O Lower Barremian, near Kovi

of ilium: I part of long bone of the limbe, The scale bar 5 centimetric: its complete lens

o Bowermij), Ao caudal werschen

it would be oo
v been published

AT l'l-\:-l-.1|?\if1'i J.:"!l"' -\.'I'E'll'l.' W -.lt'."'
LS L] |||!-|'|:||'-.|'-\. .:l.:||:||'! '-'-||:|| 1895 i]llL'
in some journals which are difficalr o e found, poorl
distributed or linguistically hard to understand.

H'“”'l '\.“l'“""-'-\.ll:r '."\-\.']'I-I.:illl' L r.('lll"Lil ..I: ;'I."""\."\-l. ] |!l-\.||" =
mian limestones around Rovigno/Rovini (5W Istria
(Boscarolli ¢r af, 1993), There are vertehrae, rib frag
mienis, part of an IIiLII]'l l:"|. il _‘i;,'..,l,]"lll;j ;'||':.|I:r 1

limbs as well as several other unidendibfied bony

8

¢ long bones

of the
raginents. belonging to different individuals (Fig, 1)
(Dl Vecchia, in prep. ). Ditterentdy from the sites with

sOmes ooy ol Seemn 1o |I:.' LA

dinosaur tracks, these Din

UL, |1n'-.'5;|:3'~,', in i

i 1 i
I'll.Zlhrln.'-.‘l Ny IMarine IIL,‘.;i,I IR IrOnITCT

swcustrme environment Y enturing, pers, com

A tracks 123

3% om long) of Late Barre

Large rridae

lar, 19871 and belong

mim age lsee Velic and T
maore individials, are present on the Salsa/Pogledalo
Peomantory of the main Brioni Bropon sband (5% Tsimal,
next 1o Barbana/Barban promontory, These tootprings

have been only recentely discovered: they have never been
described bur only briefly mentioned and, party, photo
graphically documented
ljar, 1987 and Fereard, 1992), One of the Authors (Dally
Veechia) nuide a brief excursion on this localioy an the be
sinning of April 1993 withour having 1
ever, to carry on a detailed survey of the footprings. They
FrCesEnT Compg
cd with claws, with the diwit [ longer than the outer ones
and usually low interdigetal ansle (Fig. 11A-DN. Some
|

, NF o
L&, O l_'h.ll!!'."l'\.'. L l.'l.l. wna ks

e possibiliny, how

i'---.|~_u rfﬂl'_-_'.ll-.'-.‘: and thin .|i_~_'il:- provid

A
times, one of the two outer dietes has an ouewardly bent
1A 120 the medial digit, according

Jiseal w.h:-in;: (1
1o Pratman, 1959,

5 darsal viby Fraemens: €21 par

Fem.



the apex of the “heel” (Fig, 1B The tracks are decply
il'.l'll':-rl_'hﬁﬂ'l.l and, in some cases, much delormed, |'-ruE'.u:|hE:.'
becaose of the high amount of water in the orginal car-
bonate mud. Sometimes there is not the impression of the
i P "FI;-:. L1C-D. ¢ :ln|}- [ IIcu:-I.E‘.n'inhi l.'||..'i5r|§-F l'n:[nng
to the same trackw ay 1 Fig. 12

On the main Brioni/Brijun island there are also the
tracks discovered by Bachofen Echt (19252, ) and men-
tioned by Weishampel (19900, They should be placed
next to the Rocea promontory (" Kap Rocea”, Bachofen
L.';."E'I[, |52 }llf. * oSt |Hili.'i':ii1ll o g sonth-oriented -
ninsula”. Tr can be reterved, from the Author's indica-
tioms, that the Fossiliferous layer s a quarry basal bed. [r
was not possible o surely idenoly what Bachofen Echi
delines Rovea promoniors and the location of the fossil
iferous outerop remains uncertain. The layers conraining
the cracks might also have been removed or ruined. The
description by Bachofen-Echt mentions many single,
desply impressed footprints and trackwavs, The betier
preserved reackway was composed of 3 rricicry] foos
prints, each being 26 com long and 19 com wide; the pace
lengrh was 26 cm. The Foorprints were placed next o the
axis of the trackway snd the "heel ™ was deeply impressed,
Surpristingly, the impression of a web linking the digit 11
point 1o that of digic T was observed by Bachoten-Lchr,
Heweever, by analogy with similar structures observed in

Y

Fig. 1lasd - Fasepi
Upper Barremian. Scale bar: 1 em,

s ol large theropods outeropping slong the coast of Salsa
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other dinosaur tracks, very ikely this “web print” can be
considered a sedimentary strocture {Leonardi, pers,
com, b Therefore, it is not related 1o the mortology of the
foor of the dinosaur. Another trackway was found which
was almost parallel to this one and composed of 3 snall
cr '[III.|.-'II.'['.-| [L'i"l"rir”b. ':.l:ll'l |||..' SAIThC |.i:"\.-'|.'|- 'il:l'iill.'i.' '||'I..|]'|:l\.'
other trackways were presents (even formed by 10 con-
secutive tracks? which crossed one another and, accord
i to Bacholen-Echi, had heen impressed by 5.7 differ
onit, "'.".ll':;'i[IL{ tor siee mdividhuals, The smaallest track was 13
em long and 8 cm wide, the largest was 33 om long, Pace
length of the smallest individual was 20 cmy, that ol 1he
largese one waz of 140 cm. The German paleontolouis
identified also on this same surtace but on ather lavers
tocy, soune short, wide tracks with the impression of 3
nails. which seemed sornelimes (o ul.':r]up. I'he better
preserved track was 14 cm long and 15 cm wide.
Bacholen-Echt ascribed all the tridactvl foorprine o
Jl_:f."l!l'ff)ufl'.”l' ]l !"h:'ll_.ll.l }'I:.' ['ll'.'l'll_"-l'_{ ,l‘;l_' \.':'I'|(_'|" |:'|I'_I IL'I:'Ir"||':l'||_'|r_|
cations on Brioni/Brijun dincsans tracks were written,
lchmology was still going through a pioneering phase and
almast all che large ridacryl foorprints were indiscrimi:
nately attributed o Lowaodan (see Deelair, 19890 Leshis
s and Leonardi (19900 and the alresdy menrioned Wi
shampel (19900 beleve, avcording w when can be inlerred
by the illustraions made by Bacholen-Echa (1925b1, tha

“opledalo [PrOmontoTy, maiin Bivi o 1 1L islirzd
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Fig. 12 - The fossiliferous surface of SalsaPogledalo proman:
tory with the more evident trackway, Upper Barremian. Scale
bar (to the left of the main footprint): 10 cm

the footprints belong to theropods. This seems 1o be the
maost likely attribution. The German paleontologist attrib-
uted, on baron Nopesa suggestion, the circular tracks o
large turtles. Leghissa and Leonardi (1990} point out the
similarity with tracks left by savropod dinosaurs. OFf
course, in order to make a correct identification of these
tracks an s situ detailed study should be necessary,

The age of the trackways is indicated by Bachofen-Echt
as “MNeocomian”, since he believed that the whole main
Brioni/Brijun island had been formed by rocks deposited
during this time span. Leghissa and Leonardi (1990), on
the basis of the Carta Geologica d'ltalia, Foglio 774
[1935) corrected the dating in Lower Cenomanian. Recent
studies {Velic” and Tisljar, 1987} date the limestones of this
island to Barremian and to Albian, with a limited presence
of Lower Aptian. It would be possible to know if the
tracks describved in 1925 are Barremian or Albian only by
identifying with certainty the Rocca promontory.

Always on the main Brioni/Brijun island some dino-
saur tracks are present in two different levels of Early Al-
bian age (Pol3ak, 1965; Velic” and Tidljar, 1987; Velic™ er
al., 1989), These levels outcrop in two different localities
of the southern part of the island, next to Plode promon.
rory {Baia di Laura) and 1o Pliesivac promentory, About
the former site the literature mentions few data, whereas

about the latter we only know that there are “reptilian
footprints™ in it. Polsak (1965) ascribed, with some
doubts (see the explanation of plate 1), some of the tracks
of Plofe promontory to Igwarodos, basing its attribution
on the work by Bachofen-Echt (1925h), Tn Poliac opin-
ion there were two types of track, belonging to *different
animals” (p. 493). The Authors who later on described,
always briefly, these prints have always agreed with the
interpretation provided by Polfak, They too evidentiat-
ed the presence of two “different species™ (Velic™ and
Tigljar, 1987, p. 165). The only illustration of these tracks
was provided by Polsak (1963, P11, Fig. 1), Tt is a reidac-
tyl footprint probably 25-30 ¢m long, with the ourer
digits forming a relatively low angle of divergence o digit
111, and with a rather elongated “heel” print. Unfortunately,
the elongation of the digit 111, as well as the presence of
claws, cannot be established on the only basis of that pho-
tograph. However, the attribution to a theropod dinesaur
is once again plausible. Other data on the outcrop of
Plode promontory are contained in a recently published
divulgative paper (Ferrari, 1992). The outcrop is a dis-
missed quarry with extended and rich in tracks laver sur-
faces exposed. The outcrop features well correspond with
those described by Bacholfen-Echt regarding the Rocea
promaontory outcrop, Rocea promontory might be then
the same place as Plode promontory, However, accord-
ing to Ferrari, here the tracks are always single and *nev-
er grouped together to form crackways™ (p, 131),

In the near-by islet of Fenoléga (near Promontore/Pre-
mantura promontory) several tracks can be found which
have been attributed to the Lower Turonian or to the
Upper Cenomanian { Gogala, 1973; Gogala and Pavlovec,
1978; Leghissa and Leonardi, 1990; Paunovic’, 1983; Tis-
ljar et al., 1983). The latrer dating is the more plausible. Tis-
ljar e¢ al. (1983 ) ascribed an about 20 m long trackway com-
posed of circular -elliptical tracks to a ornithopod or a car
nosaur dinosaur on the basis of the works of Gogala (1975)
and Gogala and Pavlovec (1978), These Authors, howey-
er, did not provide a detailed description of the tracks. Re-
centely, Leghissa and Leonardi (1990) have attribuzed the
teackway 1o a sauropod dinosaur, which is certainly more
correct, since the trackway was clearly impressed by a
quadrupedal animal (Fig. 13). Next to this trackway, on the
same layer surface, there are other trackways composed of
tridactyl footprints, smaller than the previous ones, attrib-
uted by Tigljar o 2l . (1983 ) 1o coelurosaurs, more precise-
ly to the family Ornithomimidae (p. 29).

Fig. 13 - The sauropod trackway of the islet of Fenolega (Upper Cenomanian), After Leghissa and Leonardi (19900, modified, Seale bae | m.



These tracks were noted also |:|:,' L ;]IiHHH gl Leonar-
di 119907 who idemified them, however, as belonging o
“perhaps vounger” sauropods (p.12). One of us (AL Tar-
lio), whao had visited the islet, confirmed their presence
and their probable identification as medium-small size
theropod footprints. However, the ateribution to a given
tamily is risky in the light of the present knowledge on
Theropoda. Becauze of the poor distribution of the study
by Leghissa dnd Leonardi, we report the parameters of
the main (sa ul'upurl:l Lj'ai_']-cway: "par;i; a:1gu]a11'|;m M 967
stride M 117 cm, obligue pace about 80 cm; external
trackway width about %0 cmy internal width M 20 em,
with positive values; gauge M 47 cm, The sets nearly al-
witys are in total overlap, that is to say the foot covers up
completely the hand: sometimes it looks as if there were
overstep with marginal overlap. the greatest length of the
set in the later case is about 72 cm. The manus is consid-
erably smaller thun the pes; abour 1/2 as area; morpho-
logical derails are not known. The hind footprints are
sﬂgh[]y E]l!'p[i::al (400 % 30 cml; lhﬁ}' g'w:. SOMEtimes, par-
ticulaely in the central part of the trackway, the impres-
sion of sharp and pointed toss. The toe T seems always
clearly directed medially, that is rather rare in this type of
Footprints; toes TT-TTT-TV are dirccted forwards with a low
digit divarication; roe V is small, without nail and direet-
ed laterally, nearly backwards." (p. 6). Leghisza and Le-
anardi (p. 16) seem to be inclined to attribute the tracks
to a form similar to Camarasanrus.

Finally, Boscarolli e af. 11993) reported the presence
of dinosaur rracks also in the Senonian of Southern Tstria,
which is ztill 10 be adequarely verified.

The ohservations macde by one of the Authors (A, Tar-
lao) induce o think that there may be dinosaur tracks and
crackways in many other Tstrian localities,

CONCLUSIONS

The presence of dinosaurs has been therefore eviden-
tiared along nearly the whaole Tstrian coast and for almost
the whole Cretaceous (Fig. 14). Sauropods, small and
large theropods and, perhaps, bipedal ornithischians are
represented in this fossil record. Large rervestrial animals
were, then, customary goers of the tidal flats and the
shoals of the Lstrian part of the Dinaric carbonate plar-
form. In Southern Alps dinosaur tracks are present in a
similar palecenvironmental conrext in the Norian Dolo-
mia Principale Fm. of Pelmetto Mt (Mietto, 1984%) and
in the Liassic Calcar Grigi Fm, of Rovereto (Leonardi
arl Lanzinger, 1992}, The relative abundance of signs of
the pregence of dinosaurs in Istriz induce us to believe
that ticddal flars and coastal areas constituted for long time-
spans the margins of an extended land, provided with
vegetation and fresh water to support a population of
large animals. The identification and delimitation ol this
extended land, which has not been up 1o now recognized
as such but hypothesized, only recentely, just on the ba-
sis of the presence of large reptiles [ Leghissa and Leonar-
di, 1990; Tigljar ef o/, 1983), along with a review of the
paleogeography of the so-called African Promontory
[Apulia or Adriatic microplare) might be the abject of fu-
ture research on this subject. The provenance of Iscrian
dinosaurs (frem the North or from the South?), detec-
table through the study of their similarities to known fau-
nae, might be investigated by studving above all the bony
remains.
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The trackways of lstrian dinosaurs can be identified
because the layers containing them outcrop along the
coastline where the wave action does not allow the for-
mation of a soil and the covering with vegetation. The
subhorizontal position of layers allows the exposition of
wide, easily detectable surfaces. These factors are funda-
mental for the retrieval of fossil tracks: as a matter of fact,
though the outcropping of the same layers in the inner re-
gions of Istrian peninsula, dincsaur tracks have never re-
ported in them. If there had not been now a coastal line,
the fossil record of lstrian dinosaurs would have never
been discovered. One would wonder then about the ex
tent of ichnologic evidence hidden in regions geological-
ly stmilar to Istria - mainly as far as Lower Cretaceous is
concerned - for istance, Tulian and Carnic Pre-Alps,

The preservation of tracks on the sea shore has also
considerable disadvantages: the works aimed ar prepar-
ing the coastal areas for couristic purposes and the very
presence of thousands of tourists led and will continue 1o
lead to the deterioration or removal of the tracks. Wave
action, with all the related phenomena, determines their
erosion and corrosion as well as the biological aggression
aof the prart of :-||,t_-:m and molluses, The ]_'urq_:utn::n;:l_iun or a de-
tailed survey and casting of the dinosaur tracks is there-
fore absolutely necessary before they are irremediabily
ruined or definitively cancelled.

While printing this article, G. Tunis and 5. Venturini
collected new data which show that the bony remains
tound south of Rovigno/Bovingi are possibly of Early Al-
bian age,

Fig. 14 - Sites reported in the literature with evidences of dino-
saurs i [seria, 1) Mear Rovigno/Bovinij, ?Lower Barvemnian; 2)
Salsa/Pogledalo premonrory, Upper Barremian; 31 Plofe and
Pliefivac promontory, Lower Albian: 4) Quieto/Mirna
river mouth, Upper Albian; 31 Fenelega isler, Upper Cenoma-
nian; &) near Carnizeza, Senonian,
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