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Abstract. Records of Cretaceous marine snakes from Bosnia and Herzegovina have been known for near-
ly a hundred years. This paper presents a new finding of a pachyostotic snake from the local quarry Dubovac,
three kilometers northwest of Bile¢a. The specimen consists of 29 vertebrae, seven of which are detached
from the slab. The two best preserved vertebrae are almost square-shaped resembling Simoliophis rochebrunei
but neural arches are much more swollen. Vertebrae and ribs are extremely pachyostotic as in Pachyophis
woodwardi. Since there are no three-dimensional vertebrae of this species preserved from Bosnia and
Herzegovina, precise identification was limited to a certain extent.
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AncrpakTt. PocuIHE HaTa3u MOPCKUX 3MHja U3 KpEIHUX cennMeHara bocHe n XeplieroBuHe mo3HaTH Cy
Ol TIpe CKOpPO CTO TofWMHA. Y OBOM pajy je TMpHKa3aH HOBM Hajla3 MaxHOCTOTHYHE 3MHje TMpoHaleHe y
JIOKQJTHOM KaMmeHosiomy JlyOoBaill, 0ko Tpu KHJIOMETpa ceBepo3anaano oa bunehe. [Tpumepak unnn HU3 o 29
KAYMEHHX MPLIIJBEHOBA O] KOJUX Cy Ce/laM M30JI0BaHU U3 ceauMenTta. Mel)y H30/10BaHUM TPIIJLEHOBUMA J[BA
HajouyBaHMja Cy CBOJHUM CKOPO YETBPTACTHM OOJIMKOM CIIMYHA NpIJbeHOBUMa Simoliophis rochebrunei anu
Cy HEypaJHH JIynW BUIIe oTedeHH. [IpnubeHOBHM M pedpa Mokasyjy BHCOK CTENEH MaXHOCTO3e Kao KO
Pachyophis woodwardi. Tlpeunsna unentudukamnmja je y onpehenoj mepu Ouiia OrpaHuveHa jep He MOoCToje

cadyyBaHU TPOAUMCH3UOHAIHU IMPUIJbEHOBHU OBC BPCTE U3 Bocue u XepHeFOBI/IHe.

Kibyune peun: typon, buneha, 3Muje ca Horama, maxuocrosa, Pachyophis.

Introduction

Cretaceous marine snakes represent a significant
link in the interpretation of the phylogeny of Squamata
and they are important for the understanding of snake
origins ( ZAHER & RIEPPEL, 1999, 2002; LEE & SCAN-
LON, 2002; CALDWELL et al., 2015). Until today several
taxa of pachyostotic snakes have been collected and all
of them come from Cenomanian coastal regions of the
Mediterranean Tethys (RAGE & ESCUILLE, 2003).
Among these finds are fossils with preserved hind
limbs (Eupodophis, Haasiophis and Pachyrhachis), as
well as others in which the existence of hind limbs
cannot be confirmed (Mesophis, Pachyophis and Si-
moliophis). Around one hundred years ago, the fossil

remains of two pachyostotic (non-pathological increase
in bone thickness (HOusSAYE, 2013) snakes were found
in the Cenomanian sediments of Bosnia and Herzego-
vina (SLISKoOVIC, 1970). Both species, Pachyophis wo-
odwardi (NOPCsA, 1923) and Mesophis nopcsai (BOL-
KAY, 1925) come from the same locality of Selista,
north of Bile¢a. The holotype of Pachyophis wood-
wardi (NHMW 1912-18) is housed in the Naturhisto-
risches Museum Vienna (NHMW) while for Mesophis
nopcsai there is no clear evidence whether it was pre-
served or lost (LEE et al., 1999; RAGE & ESCUILLIE,
2003; BARDET et al., 2008; HOUSSAYE, 2010).

The specimen presented in this paper undoubtedly
belongs to the ancient marine squamate (Pachyophi-
idae) with the unsolved phylogenetic position. There is
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no consensus on whether Pachyophiidae present the
sister group to all other snakes (CALDWELL & LEE,
1997; LEE & CALDWELL, 1998), or they belong to ad-
vanced macrostomatan snakes, which is of no rele-
vance to the origins of snakes (ZAHER, 1998; ZAHER &
RIEPPEL, 1999). This report will briefly describe the
main morphological features of the specimen.

The locality and depositional environment

In the beginning of 2017, the authors of this paper
received a piece of a thin limestone slab with fossil
remains. The specimen was found in a local quarry
Dubovac (Fig. 1¢), three kilometers northwest of Bile¢a
(Bosnia and Herzegovina). The surrounding area of
Bileca (Fig. 1) is made of Cretaceous sediments which
belong to the deposits of the Adriatic Carbonate
Platform of the peri-Mediterranean realm. The overall
paleogeographic conditions of the northeastern part of
the Adriatic Carbonate Platform during the Late Creta-
ceous were controlled by synsedimentary tectonics,
eustatic sea level changes and increases of the amount
of carbonate material production (VLAHOVIC et al.,
2005). Such conditions led to local emergences of the
platform and shallow-water depositional environments
(VLAHOVIC et al., 2005). The Late Cretaceous sedimen-
tary succession near Bileca consists mainly of lime-
stones and dolomites which were deformed into large-
scale open folds, locally truncated by thrusts during the
Cenozoic uplift of the Dinarides.

No detailed analysis of the site was performed,
while its stratigraphic position according to the Basic
Geological Map of Yugoslavia is within lower Turo-
nian sediments (NATEVIC & PeTROVIC, 1970). The
mapped lower Turonian lithostratigraphic unit is com-
posed of thin bedded limestones with interbedded
dolomites and is positioned above Cenomanian dolo-
mites and below sediments in which the bivalve
Chondrodonta occur appear (middle Turonian). The
specimen is situated in the Natural History Museum in
Belgrade NHMBEO MV 280).

Description

The specimen is represented by a string of 29 ver-
tebrae associated with the corresponding ribs (Fig. 2).
The majority of vertebrae are complete and embedded
in the sediment with the exception of the last two rep-
resented only by their imprints on the slab.

The first three vertebrae that are exposed in dorsal
view are heavily damaged. Most of the following ver-
tebrae are exposed with their lateral side on the slab.
The last seven vertebrae in the string (two of which
are best preserved) are detached from the slab and
their lateral and ventral surface can be observed. In
dorsal view (Fig. 3b) the vertebrae are slightly wider
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Fig 1. a. Overview map of the Balkan Peninsula with the position
of the Adriatic Carbonate Platform deposits (modified after VLA-
HOVIC et al., 2005). b. Simplified geological map of the vicinity
of Bile¢a (modified after NATEVIC & PETROVIC, 1970). The star
symbol represents the original location of the specimen described
in this paper. Note that Selista toponym is placed according to the
position taken from the map sources and that it could possibly be
the same locality mentioned in Nopcsa (1925). ¢. Quarry in the
Lower Turonian carbonates located on the hill Dubovac in which
the specimen was found.

Fig. 2. Pachyostotic snake (Pachyophiidae NHMBEO MV 280)
from Bosnia and Herzegovina.
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than long and somewhat “butterfly-shaped” (LEE et
al., 1999). The prezygapophyses are oval in shape and
do not markedly project laterally like in Simoliophis
(RAGE et al., 2016). Prezygapophyseal processes are
lacking. The neural arches are distinctly swollen and
their posterior border is strongly concave (Fig. 3b).
The dorsal margin of the neural spine is swollen, elon-
gated and almost triangular in shape. Its anterior bor-
der is somewhat inclined posteriorly. The exposed
zygosphenal roof has concave edge.

the neural arches are convex. The centrum is thick and
surrounding condyle. The neural canal is ogival in
shape. Its size is approximately equal to condyle.
Ribs are associated with corresponding vertebrae,
but are not visibly articulated to them because they are
covered with sediment. They are well exposed along
the entire left side of the vertebral column. Proximal
ends of the ribs are so swollen that the intercostal
space is practically absent. Their thickness increases
moderately throughout this vertebral segment, while

Fig. 3. Pachyostotic snake (Pachyophiidae) from Bosnia and Herzegovina: detached vertebrae (NHMBEO MV 280) in right lateral (a), dor-
sal (b) and posterior (c¢) views. Abbreviations: cd - condyle; ir - interzygapophyeal ridge; nc - neural canal; ns - neural spine; pd - paradi-

apophysis; pr - prezygapophysis; pz - postzygapophysis; z - zygosphene. Scale bar equals 2 mm.

In lateral view (Fig. 3a) the vertebrae are visibly
higher than long. The neural spine is twice as long
then high and slightly overhanging posteriorly. The
interzygapophyseal ridge is thick and extremely
swollen. The paradiapophysis are almost rectangular
and inclined anteroventrally to posterodorsally. In
ventral view the centrum appears plate-like, wider
than long. The hemal keel is absent. Mid region of the
ventral surface of centrum is occupied by a shallow
groove with small unequal triangular extensions on
anterior and posterior side. In posterior view (Fig. 3¢)

the distal tip remains very slender. The vertebrae and
ribs are strongly pachyostotic. Their size and level of
pachyostosis increase gradually from anterior to pos-
terior region of the specimen.

Discussion

The specimen consists of 29 articulated vertebrae
with adjoining ribs. Although the sediment was bro-
ken in a few fragments, it has been determined that all
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belong to one individual as shown in Fig. 2. Pachyo-
stosis is well developed on all vertebrae and ribs and
gradually increases anteroposteriorly. Since pachyos-
tosis is the most prominent in the middle-trunk region
(LEE et al., 1999), we can propose that this preserved
segment belongs to anterior trunk and/or middle trunk
part of the snake. The entire column is mostly exposed
laterally and dorsally. Several of the last vertebrae dis-
play the highest degree of pachyostosis and the great-
est similarity with the described holotype of Pachy-
ophis (LEE et al., 1999). The last seven preserved ver-
tebrae are completely isolated from the sediment with
visible ventral surface. The general shape of the ver-
tebrae is almost rectangular as in Simoliophis (RAGE
et al., 2016). Centrum is slightly concave and shows
clear absence of the hemal keel. The plate-like cen-
trum, absence of hemal keel, shallow groove on ven-
tral surface of centrum is common with Simoliophis.
The prezygapophyses do not markedly project lateral-
ly and the interzygapophyseal constriction is little
expressed as in Simoliophis (RAGE et al., 2016). The
neural arches are much more swollen than in Simo-
liophis and their posterior border is strongly concave
in dorsal view. The latter is much more similar to
Pachyophis (LEE et al., 1999). The neural spines rise
from the zygosphene and attain their highest point at
the posterior end as in Pachyophis woodwardi (LEE et
al., 1999; Houssavg, 2010). Unlike Simoliophis the
neural spine is very low, twice as long than high and
extends over the condyle. The paradiapophysis almost
rectangular inclined anteroventrally to posterodorsal-
ly. In Simoliophis they are rather vertically (RAGE et
al., 2016). The vertebrae are extremely swollen. The
neural arches display the higher degree of pachyosto-
sis than centrum, while the centrum is more pachyos-
totic than arches as in the case of Simoliophis.

The ribs are extremely swollen, circular in cross
section and abruptly curved proximally, continuing
more straight and tapering to distal ends. It suggests
that this snake was laterally compressed, and there-
fore, probably was living in a marine environment
(LEE et al., 1999). This conclusion is supported by a
previously mentioned shallow-water depositional
environment of the Adriatic Carbonate Platform
where the specimen was found.

Conclusions

Opinion of the authors is that the studied specimen
is most similar to Pachyophis woodwardi primarily
because of the conspicuous pachyostosis of neural
arches, their strongly concave posterior border and
considerably low neural spine. Pachyrhachis and
Eupodophis do not show that strong pachyostosis
(RAGE & EscuiLLIE, 2003; Houssayg, 2010).
Regarding the similarities with Simoliophis, the plate-
like centrum, shallow groove on ventral surface of the

centrum and the absence of hemal keel, they couldn’t
prevail in comparison with the observed characters
that determine Pachyophis woodwardi. Since there
are no three-dimensional vertebrae of this species pre-
served from Bosnia and Herzegovina, precise identifi-
cation was limited to a certain extent.
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Pe3nme

HoBu Ha1a3 naxmocToOTCKE 3MHje U3
TypoHa bocHe u Xepuerosusne

Mopcke 3MHuje U3 Kpeae MpeAcTaBibajy 3Ha4dajHy
KapuKy 3a TyMademe (uiorenyje Squamata Kao u 1mo-
pexia 3muja. [lo maHac je mo3HATO BHIIE TaKCOHA TIa-
XHUOCTOTUYHHX 3MHja ca ‘“3aamuM Horama”. Kom He-
KHX Cy 3albll €KCTPEMHUTETH BUIJbUBU Y (DOCHITHUM
ocrartuma (Eupodophis, Haasiophis, n Pachyrha-
chis), TOK KofI APYTHUX HEMa J0Ka3a IlHUXOBOT TIOCTOja-
wa (Mesophis, Pachyophis, u Simoliophis). Ilpe cko-
PO CTO TOIMHA y CEAMMEHTHMA IIeHOMaHa Y OKOJIMHH
bunehe (bocna m Xepuerouna) nponaljene cy nBe
3MHje u3 oBe rpyne, Pachyophis woodwordy n Meso-

phis nopcsai (SLISKOVIC, 1970). Y oBoM pamy onucaH
je HOBM Haja3 MaxWOCTOTHYHE 3MHje TpoHaleHe y
JIOKAJTHOM KaMeHoJioMy JlyOoBarr, Tpu KujoMeTpa ce-
Bepo3amnagHo ox bunehe.

IIpumepak unHr HE3 o1 29 TIPILJBEHOBA ca Pedpu-
Ma y KpeumaukoM ceaumeHTy. [Ipema HOUSSAYE
(2013) maxmocro3a (HemaTosonKo moBehame Boryme-
Ha KOCTH]Jy Koje 100Wjajy OTeueH H3IVel) je BeoMma
r3pakeHa Ha MPIUJBEHOBHMA W peOpuMa M pacTe O
MIpebET Ka 3a]IihEeM JIelTy cadyBaHor jaena Tena. Kako
jé Tax®mocTo3a Haju3pakeHHja CPEAHMHOM TPYITHOT
peruona (LEE et al., 1999) moxemo 3aKJby4uTH Oa
cadyBaHU MIPUMEPAK MPEACTaBIba MPEIHH 10 CPEHU
neo Tpymna 3muje. [lociaenmsux cegaM MpILJbEHOBA je
M30JI0BaHO U3 CEIUMEHTa, O] KOjuX Cy JBa Haj0oJbe
ouyBaHa. OBH NPIIJLEHOBH Yj€IHO MMOKa3yjy 1 HaBehn
CTETeH TaxXHOCTO3e W MMajy OOJUK HAIUK JIENTHPY,
kao xox xonotuna Pachyophis woodwardi (LEE et al.,
1999). Ilpesuranoduse cy oBajHE W HUCY INPEBUIIES
nctypere 6o4dno. [Ipesuranodusam HacTaBm He I10-
ctoje. Heypamau iy nokasyjy Behn crenen maxmo-
cto3e on Simoliophis, a BUXOBa MOCTEPUOPHA HBHUIIA
jé M3pa3nuTo KOHKaBHA Kao kox Pachyophis woodwar-
di. Heypanau tpebeH je Takohe MaxmoCTOTHYaH H
00YHO TIeAaHo Mpena3u AyKuHy KoHauia. Takohe ce
Ha OBHM TIPIJBEHOBUMAa MOXKE YOUHTH Jla Ca BEH-
TpaJlHe CTpaHe IEHTPYyM H3IVIe[a 3apaBEHEHO, KPO3
CpPeIVHy ca IUINTKUM JKJbeOOM KOju ce HejelHaKo
JIEBKACTO MIMPH Ka MPENHEM U 3akheM Kpajy u uma
CKOpO TIPaBOYTAOHH OONIMK Kao u Simoliophis (RAGE
et al., 2016). PeOpa cy uzmayxeHa, y IpOKCHMaITHOM
JIeTy W3Pa3uTo MaxXHOCTOTHYIHA, a Mel)ypedapHu mpo-
CTOp CKOpPO JIa HE MOCTOjH, Kao IITO je TO CIIydaj KOI
Pachyophis woodwardi (LEE et al., 1999). ¥ npokcu-
MaJTHOM JIeTy HarJIO C€ CaBHjajy BEHTPAITHO, IIITO 3MHU-
j¥ maje 60YHO CIJBOIITEH U3IJIe]l, THITUYaH 32 CTaHOB-
HUKE MOPCKHX CTaHHUIITA.

[Ipoy4aBanu mpruMepak TOKa3yje HajBUIIIE CIUIHO-
ctu ca Pachyophis woodwardi, HapoduTo y Toriesy
M3paKeHe MaxXHOCTO3€ HEYpaJHWX JYKOBa, HHUXOBE
KOHKaBHE 3a][-¢ BHUIIE, Ka0 U M3Pa3UTO HUCKOT U BEO-
Ma OTE€4eHOT HeypaJHoT rpedena. Hacympor oBome of1-
CYCTBO XEMaJIHOT I'pebeHa Ha BEHTPAITHOj CTPaHHU IeH-
TpyMa, 3apaBmHEH M CKOPO YETBPTACT OOIHK BeoMma Cy
CITMYHM Kao Kox Simoliophis rochebrunei (RAGE et al.,
2016). Takohe, mocTojame BeoMa IUTUTKOT KaHalia Kpo3
CpenrHy IIEHTpyMa ca HejeTHAKIM JIEBKACTHM TIPOIIIH-
pemrMa Ha 00a Kpaja IpIbeHa, 0Baj TPUMeEpaK MmoBe-
3yje ca Simoliophis rochebrunei. be3 o03upa Ha cBe
CIMYHOCTHU ca Simoliophis rochebrunei aytopu cy mu-
[IUBEHA JIa je OBa MaxWOCTOTUYHA 3MHja HajCIHMYHHja
Pachyophis woodwardi. Melyytum, yzumajyhu y 063up
Jla JT0 cajia HUCY MTO3HATH M30JI0BaHU TPIIUBEHOBU OBE
BpcTe u3 bocHe m Xermerosune, npemnu3Ha HIeHTHPH-
Kalja je omia JeTMMUYHO OrpaHrYeHa.

Manuscript recieved April 24, 2017
Revised manuscript accepted November 1, 2017





