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Abstract. This paper presents the first Upper Cretaceous remains of fish in
Serbia, discovered near the village of Struganik. This is also the first described
find of Mesozoic fish in Serbia. A stone slab with visible contours of an almost
complete fish, with a total body length of about 20 cm, was excavated from the
Struganik quarry. Most bones are preserved as imprints. The number of
vertebrae, the shape and position of the cranial bones, the type of teeth, and
the position of the first dorsal fin all indicate that the studied specimen belongs
to the genus Enchodus known from several Upper Cretaceous localities in the
Tethys domain.

AncTpakT. Y 0BOM pajly Cy NpHMKa3aHH NPBU FOPHOKPEHU OCTaly pruba U3
Cp6uje, OTKpUBeHU Ha NMpodUIy Koju ce Hasasu y ceay CrpyraHuk. U3
CTPYraHWYKOI KaMeHOJIOMa HCKONaHa je KaMeHa IlJloya ca BU/AJ/bUBUM
KOHTypaMa CKOpO KOMILJIETHOT TeJsia pube, yKymnHe aykuHe oko 20 cm. Behu
Jleo CKeJieTa cayyBaH je Y BULy OTHCKa. bpoj mpi/beHOBa, 06JIMK U M0JI0K3]
KpaHHjaJIHUX KOCTH]Y, K0 U 110J10Kaj IPBOT L0P3aJIHOT [lepaja yKa3yjy Ha TO
Jla Ipoy4YaBaHU MpUMepak npunaza poxy Enchodus, koju je o casa no3HaT
13 o6s1actu TeTrca ca HEKOJIMKO JIOKAJIUTETA TOPHOKPE/IHE CTAPOCTH.

" Geological Survey of Serbia, Rovinjska 12, 11000 Belgrade, Serbia.
2Natural History Museum, Njego3eva 51, 11000 Belgrade, Serbia. E-mail: dragana.djuric@nhmbeo.rs
3University of Belgrade - Faculty of Mining and Geology, Djusina 7, 11000 Belgrade, Serbia.

4University of Belgrade - Faculty of Agriculture, Nemanjina 6, 11080 Belgrade - Zemun, Serbia.



KATARINA BRADIC-MILINOVIC, DRAGANA DJURIC, NEVENKA DJERIC, IVANA PETROVIC, NEMANJA KRSTEKANIC & UROS STOJADINOVIC

Introduction

The quarry near the village Struganik in western
Serbia (Figs. 1, 3a) represents a key location to
study the depositional evolution and paleogeogra-
phy of the distal Adriatic continental margin to-
wards the end of Cretaceous times. This paper
presents the first record of the Upper Cretaceous
fossil fish discovered in the Upper Santonian-Lower
Campanian thin-bedded marly limestones outcrop-
ping in the Struganik quarry. The taxonomic identi-
fication enabled meaningful new inferences regard-
ing the paleoenvironmental conditions on the distal
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Adriatic margin at the Santonian-Campanian tran-
sition.

Geological setting

The Cretaceous sedimentation across the entire
distal continental margin of Adria was associated
with the continuous shortening and overall trans-
gression, which was driven by the subduction of the
Adriatic plate beneath the overriding European
plate (i.e., the Sava subduction system, ScHMID et al.,
2020). Following the latest Jurassic obduction of

Fig. 1. a) Topographic map of Central Mediterranean orogens, displaying suture zones, orogenic fronts, and retro-wedges (modified

after KrSTEKANIC et al.,, 2020). The red rectangle marks the position of Figure 1b; b) Geological map of the connection between the Di-

narides, South Carpathians, and Pannonian Basin, with the zoom-in view of the broader study area delimited by the black rectangle

(modified after StojapiNovic et al, 2022). Blue rectangles in the zoom-in indicate the location of local geological maps in Figure 3.
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ophiolites over the distal Adriatic margin (the West-
ern Vardar Ophiolites Unit of Scumip et al., 2020, Fig.
1b), the new cycle of deposition started with the Al-
bian-Cenomanian transgressive coarse clastics that
are gradually deepening into clastic-carbonatic shelf
deposits (Figs. 2, 3).
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Fig. 2. General lithostratigraphic column of Mesozoic sedimen-
tation along the distal Adriatic margin (FiLipoviC et al., 1976;
DJERIC & GERZINA, 2014; BRAGINA et al, 2020). The yellow star marks
the approximate stratigraphic position of the analyzed specimen.

The onset of the Cretaceous overstep sequence
is marked by conglomerates, sandstones, and sandy
limestones with fragments of serpentinized peri-
dotites (Figs. 3e, f). The continued subsidence led to
the deposition of the distal shelf to proximal slope
carbonates and clastics during the Turonian-Santo-
nian (see DJERIC & GERZINA, 2014), followed by distal
slope sedimentation during the Santonian-Campa-
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Fig. 3. a) Local geological map of the Struganik area where the
Upper Cretaceous Sava trench turbidites are thrust on top of the
Santonian-Campanian carbonates of the Adriatic margin. The yel-
low star marks the position of the outcrop with the analyzed spec-
imen; b) Upward fining in the Santonian-Campanian calc-arenites
and limestones; ¢) Turbiditic sedimentary textures in the Santo-
nian-Campanian calc-arenites; d) Santonian-Campanian lime-
stones with chert nodules (outlined in black); e) Local geological
map of the Rajac area where the Upper Cretaceous Sava trench tur-
bidites are thrust on top of the Albian-Cenomanian Western Vardar
ophiolites overstep sequence; f) Basal deposits of the Cretaceous
sedimentation over the Adriatic margin represented by the Albian-
Cenomanian sandy limestones with centimeter-scale fragments of
serpentinized peridotites, indicated by arrows.

nian (i.e., the Struganik facies, Figs 2, 3a-d; BRAGINA
etal., 2020).

Material

The specimen was collected in 2020 by Predrag
Petrovi¢ in the Struganik quarry. The material com-
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prises one slab with a fossil fish and is deposited in
the Paleontological collection of the Stone Museum
in Pastri¢ village.

Systematic paleontology

TELEOSTEI MULLER, 1846

Order AULOPIFORMES RosEN, 1973

Family ENCHODONTIDAE WoobpwARD, 1901
ENCHODUS Acassiz, 1835

Enchodus sp.
(Figs. 4-6)

Diagnosis. The studied specimen represents one
almost wholly preserved skeleton. The fish skeleton
has a total length of 20 cm, with a head length of
about one-fourth of the entire body length. The ver-
tebrate column contains 32 vertebrae and 17 ab-
dominal vertebrae but is not wholly preserved and
probably contains more vertebrae.

Fig. 4. Slab with an imprint of an almost complete fish Enchodus sp. Scale bar 1 cm.

The skull includes well-preserved bones of the
jaws and partly preserved bones of the neurocra-
nium, while bones of the opercular series are en-
tirely missing. All skull bones are preserved as
imprints.

The first dorsal fin is partly preserved, and it
starts between the 6" and 7% vertebrae and includes
7 or more rays. The caudal, anal, and pectoral fins
are not preserved.

Neurocranium. Only the frontal bone is pre-
served. Itis a large, slender bone representing about

80% of the skull roof. The lateral margin of this bone
is excavated above the orbit and forms a spine shape
near the suture with the autosphenotic. The poste-
rior border of the frontal is not visible, and contigu-
ous bones such as the pterotic, parietals, and
supraoccipital are missing. The sensory canal and
tubercular surface of the bone are not noticeable.
The orbit is large and oval.

Jaws. The contour of the premaxilla is partly vis-
ible. Posteriorly, the pedicel of the premaxilla is not
preserved. The anterior margin close to the palatine
is slightly denticulate. The premaxilla wears one
strong tooth, which may represent the terminal
tooth of the dermopalatine (dpal). The ectoptery-
goid is a long, thin bone that gradually spreads pos-
teriorly and bears 7 or more canine-like teeth. There
is no apparent connection visible with the palatine,
posteriorly, there is a crack where contact with the
hyomandibula and quadrate would be expected. The
dentary is long, as is characteristic of all enchodon-
tids. Anteriorly, it bears two teeth comparable in
size and shape, and postero-medially is only one
much larger tooth. The re-
mainder of the oral margin
bears 5 or more equally sized
teeth. The posterior oral mar-
gin is without teeth. Partly
can observe angulo-articular,
ventrally is clear visible con-
tact with the dentary, like V-
shape. Eight branchial rays
are noticeable under the an-
gulo-articular.

Remarks. The described
specimen was assigned to the
genus Enchodus sp. (Aulopi-
formes) based on the presence of fangs on the
dermopalatine and an ectopterygoid with a mini-
mum of seven teeth. The head makes up appro-
ximately one-fourth of the total length of the
specimen, of which the large mouth opening stands
out. The size of these jaws positions Enchodus in the
middle of the food chain (FieLiTz, 2004). It is
considered that it probably fed on cephalopods
(GRANDSTAFF & PARIS, 1990), but it was also the prey of
larger predators, such as other teleosts or plesiosaurs
(CaviN, 1999). The spindly shape of the body and the
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Fig. 5. Enchodus sp. Skull with line drawing highlighting certain bones. Abbreviations: an-

angular, brr-branchiostegal rays, de-dentary, fr-frontal, mx-maxilla, pmx-premaxilla, etc.-ec-

topterygoid, dpal-dermopalatine, v-vertebrae. . Scale bar 1 cm.

Fig. 6. Enchodus sp. Dorsal fin with line drawing. Scale bar 1 cm.

position of the dorsal fin indicates an active swimmer.
The poor preservation of the remains did not permit
identification beyond the genus level.
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Discussion

The Enchodontidae is a fa-
mily of extinct marine tele-
osts characterized by an
elongate fusiform body and a
narrow elongate maxilla
(NELSoN, 2006). They belong
to the Aulopiformes, the so-
called lizardfishes, which in-
clude fifteen recent and nine
extinct families (Siva & GALLO,
2007). These marine fishes
are distributed from estua-
ries to the abyssal, occupying
both benthic and pelagic
habitats (BALDWIN & JOHNSON,
1996; NELSON, 2006). The first
fossil remains of Enchodon-
tidae occur from the early
Cretaceous. The most nume-
rous are those from the late
Cretaceous. According to Ca-
VIN etal. (2012), representati-
ves of the genus, Enchodus
were fast swimmers, middle-sized pelagic fishes,
and significant ichthyophagous predators during
the Late Cretaceous. They appeared to become
extinct at the Cretaceous-Palaeogene boundary. The
isolated finds of teeth from the Eocene, mentioned
by some authors (Siva & GaLLo, 2011; Rana et al,,
2005), are unreliable and may represent reworked
material.

The paleogeographic distribution of the genus
Enchodus is related primarily to the Tethys (today’s
Mediterranean region), the Western Interior Sea,
and the eastern coast of present-day North America
(FieLiTZ, 2004; CAVIN et al.,, 2012; HoLLoway et al.,
2017). Most species of this genus inhabited
epicontinental seas, and their evolution during the
Late Cretaceous resulted in a greater distribution of
Enchodus species (Diaz-Cruz et al., 2020; Goulric-
CavaLui et al,, 2016).

Compared to the Hungarian Santonian fauna
(SzaBo & Os1, 2017) or the younger, Maastrichtian
faunas of Romania (TriF & CoDREA, 2022), which
presents typical continental faunal elements of the
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European Late Cretaceous archipelago, the
Struganik fish fauna of similar geological age
indicates marine environment. A rich fish fauna of
the marine environment of the Senonian age is
known from Croatia (area of the central Dalmatian
inland; Rapovcic et al., 1983). The Upper Cretaceous,
marine fish fossil associations with representatives
of the genus Enchodus, have been described
worldwide (e.g., Greece, Italy, Israel, Syria, Lebanon,
Morocco, Egypt, Libya, India, Brazil, Mexico, North
America) (CaviN et al., 2012; HoLLoway et al., 2017),
but it should be emphasized that the most of the
Enchodus occurrences are based on fragmentary
remains, especially isolated teeth (CavIN et al,, 2012).
Although some species show a large area of
distribution, which agrees with the data that they
are fast-swimmer pelagic fishes, most species are
restricted to epicontinental seas. They do not cross
oceanic basins (Goulric-CavaLLl et al., 2016). The oc-
currence of several Enchodus species in western
Tethys and central Tethys can be considered a result
of a vicariant event (CaviN et al., 2012).
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Pe3ume

IIpBu Ha1a3 pocusiHe puode
(Enchodontoidei, Actinopterygii)
y KaMeHoJsioMy CTpyraHvka

y 3anaaHoj Cpouju

Y oBOM pajly je npuKasaH NpBU Hajia3 GpocuiHe

pube U3 TOpPHOKPEAHUX KpedkaKa JIoKaJuTeTa
CtpyraHuk (3anagnHa Cpb6uja, ci. 1, 3a). [letepmu-
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Halyja oBe pube je JaJjia BaXKHe M0JaTKe O MaJjeo-
€KOJIOUIKMM YCJ0BUMA Ha AUCTAJHOj aLpHjCKOj
MapruHU Ha npeJia3y CaHTOH- KaMI1aH.

Ha neJsioj fycTa/iHOj KOHTUHEHTAJIHOj] MaprMHU
Anpuje, TOKOM KpeJie celUMeHTalyja je 6uja no-
Be3aHa ca KOHTHHYHMPaHUM cKkpahMBameM U CBey-
KYyIIHOM TpaHCTPecHjoM, Koja je GuJia M3a3BaHa
CyOGYKIIMjOM aJIpUjCKe TMJIOYe HCIOJ, eBPOIICKe
mioye (Tj., CaBa cy6AyKIIMOHU CUCTEM, SCHMID et al.,
2020). ®anuje Ctpyranvka (cia. 3a) yuHe TaH-
KOCJIOjeBUTH JIAIOPOBUTHU KpeUykally, KaJIK-pyAUTH
Y KaJIK-apeHUTH KOju NokKa3yjy GHUHY JaMUHALUjy
1 GUHO ycUTHaBawe (1. 36) U KOHBOJIYLH]Y (CJIL.
311), Kao W Kpeumwaly. ca HoAysiaMa poxkHana (CJI.
31). TokoM KpeaHO- MajleoreHe KoJr3uje uaMehy
Anpuje u EBpornie, ropsbOKpeiHU TYPOUIUTH poBa
CaBa 30He (Tj. Jbuwka ¢popmanuja; STOJADINOVIC et
al,, 2022) 6usu cy HaBy4YeHHU IpeKo KpeJHOT Ce/1U-
MEeHTHOTI IOKPOBa a/ipyjcKe MapruHe (ci. 16, 3a, e).

OnvcaHu mNpuMepak je JeTepMHUHHUCAH Kao
Enchodus sp. (Aulopiformes) Ha 0CHOBY mpUCyCTBa
vW3pacjivHa y BUAY 3yb6a- JepMonajaTHUHyMa U
HajMame ceJilaM 3y6a Ha eKTOITePUTOU/JHOj KOCTH.
[71aBa YMHU OTHPUJIMKE jeJHY YETBPTUHY YKYIIHE
Jly’KMHe TeJia, OJf yera ce UCTHUYe BeJMKU OTBOP
ycTa. BesinurHa 0BUX 4esbyCTH ocTaBsba Enchodus
y cpeAuHy JaHua ucxpate (FieLiTz, 2004). CmaTpa
Cce /J1a ce BepOBAaTHO XpaHUO IVIaBOHOIILKMA (GRAND-
STAFF & PARIS, 1990), asu je 610 u nieH Behux puba
(CaviN, 1999). BpeTeHacT 06JIMK TeJsla U M0JI0XKA]
[PBOI J0p3aJIHOT Ilepaja yKa3yjy Ha aKTUBHOT
njvBada. Husak HUBO 04YBaHOCTU NpUMepKa je
YCJI0BUO JeTepMHUHALMO caMO [0 HHBOA poja.
Enchodontidae je usympsia mopoguiia MopCKUX
TeJIe0CTea, KOje KapaKTepulle U3/ly>KeHO, BpeTeHa-
CTO TeJIO U yCKa u3aykeHa Makcusia (NELsoN, 2006).
OBe Mopcke pube cy pacnpocTpameHe 0] ecTyapa
Jlo abucasia, 3ay3uMajyhu 1 6eHTOCKA U NeJlarnyHa
cTtaHuIuTa (BALDWIN & JOHNSON, 1996; NELSON, 2006).
[IpBu pocunnu ocrtanu Enchodontidae cy nosnatu
13 Jl0me Kpesie. HajopojHUju cy Haslaclu U3 ropmbe
kpege. [laneoreorpadcko pacnpocTpamerme poja
Enchodus Be3aHo je nmpBeHcTBeHO 3a Tetuc (ga-
Hallllbl MeauTepaH) ¥ 3anaZHo yHyTpallbe Mope
YW HCTOYHY 06asy JAaHaluimbe CeBepHe AMepuke
(FieLiTZ, 2004; CAVIN et al.,, 2012; HoLLoway et al.,
2017). ¥ nopebewy ca MahapckoM caHTOHCKOM
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dpaynoMm (SzaBo & Osi, 2017), uau mMaahoM macr-
puxtckoM ¢payHoM Pymynuje (TRIF & CODREA, 2022)
KOja npeAcTaB/ba TUIIMYHE eJleMeHTe KOHTUHEH-
TaJiHe dpayHe eBpPOICKOT apxuIlesara ropime KpeJe,
¢dayHa pu6ba u3 CTpyraHuka CJIMYHE CTAPOCTH jaCHO
yKasyje Ha MOPCKO OKpyXewe. Aconujanuje ¢po-
CHUJIHUX MOPCKHUX puba ropwe Kpeje ca Ipejc-
TaBHULMUMa poja Enchodus onvcaHe cy LIHpoOM

cBeta (CaviN et al.,, 2012; HoLLoway et al., 2017).
Mako Heke BpCTe MMOKa3yjy BeJKWKO NOApYydje pac-
NpPOCTpabea, LITO je Y CKJIaAy ca nojalnuma jia cy
neJsiaruuHe pube Koje 6p30 MIUBajy, BehuHa BpcTa
je orpaHMYeHa Ha eNMKOHTUHEHTA/IHA Mopa.
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