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Abstract. This article describes the first find of blind snake remains from the
Middle Miocene sediments in the Vracevi¢ locality (Western Serbia). The nu-
merous snake remains were isolated from the fossil material of the Vracevi¢
site. Among the many fragmented vertebrae, only one has been identified as
belonging to a ‘scolecophidian’. This vertebra is characterized by the neural
arches depressed dorsoventrally; the vestigial neural spine limited to the most
posterior part of a neural arch; posterodorsal lamina of neural arch slightly
concave; paradiapophyses developed above the ventral margin of cotylar rim;
indistinct haemal keel visible only on the anterior part of vertebra centrum.

AmncTpaxT. Y 0BOM pajly pHKasaH je OIMC NPBUX Hasla3aka GOCUIHUX OCTa-
TaKa cjele 3MUje, IpoHaheHe y ce fJUMEHTHMA Cpe/iber MUOLEHA Ha JIOKaJIU-
TeTy BpauyeBuh (3amapna Cp6uja). U3 docunHor MaTepujasia JokKaauTeTa
BpaueBuh nsosioBaHu cy 6pojHU ocTaly 3MHja. Mehy MHOrMUM pparMeHTH-
CaHUM IpLI/bEHOBAMa, CaMo jeJlaH je uAeHTUPUKOBaH Kao NpUnajHUK Scole-
cophidia. OBaj mnpu/beH KapaKTepUIly [JOP30BEHTPaJHO CHJ/bOLITEHHU
HeypasIHU JIYKOBY; PYAMMEHTHCAHM HeypaJHU rpebeH OrpaHUYeH Ha
3aBPILHU €0 HEPBHOT JIyKa; 6JIar0 KOHKaBHA 33/ihba MBHULA HEYPaJHHUX
JIYKOBaQ, JJ0p3aJIHO IVIe[JaHo; Mapazranoduse pa3sBujeHe U3HA/L BEHTPaJIHE
MBUIle KOTHJIApHOT 060/1a; HejacHa XeMaJlHa KOOMJIMLA BH/I/bUBA CaMO Ha
npezmbeM Jiely TeJia Mpli/beHa.
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Introduction

‘Scolecophidia’ (sensu ZAHER et al., 2023), “blind
snakes” or “worm snakes”, are primitive non-
caenophidian snakes that have most probably split
from other Serpentes around the Early Cretaceous
(e.g., PYRON & BURBRINK, 2012; ZHENG & WIENS, 2016;
MIRALLES et al., 2018; FacHINI et al. 2020; ZAHER et al.,
2023). At first glance, these extremely small snakes
look more like worms than snakes. ‘Scolecophidia’
have long been considered lizards (BoNAPARTE, 1839;
GRraY, 1845) or a lineage of limbless lizards (McDOWELL
& BoGERT, 1954; RoBB, 1960) but, without any doubts,
ophidian origin of ‘scolecophidians’ is generally
accepted today (SzyNDLAR & GEORGALIS, 2023).

Due to the predominantly fossorial way of life
of‘scolecophidians’, the eyes are stunted and covered
by a large scale. The body has a cylindrical form,
and the cranial and caudal regions are similar in
appearance (CunpALL & IRrisH, 2008; FAcHINI et al.,
2020). The body is covered with small undifferen-
tiated, smooth, cycloid scales (ViTT & CALDWELL, 2009).
The synapomorphies of the ‘scolecophidians’ have
been studied in numerous articles (McDOWELL,
1987; RIEPPEL, 1988; CUNDALL et al., 1993; HoLMAN,
2000; LEE & ScaNLoN, 2002; ViTT & CALDWELL, 2009;
SzYNDLAR & GEORGALIS, 2023). Until recently, scole-
cophidians were considered a monophyletic group,
but according to several molecular data, this has
been refuted. Extant Scolecophidia are divided into
three clades: Leptotyphlopidae, Typhlopoidea and
Anomalepididae, (e.g., PYRoN et al., 2013; BURBRINK
et al, 2020; SzyNDLAR & GEORGALIS, 2023 and refer-
ences therein). According to the latest analyses, the
anomalepidids represent instead the sister group of
alethinophidians than that of the remaining scole-
cophidianss (ZAHER et al., 2023), or they are more
basal compared to the remaining scolecophidians
(BURBRINK et al., 2020; SzYNDLAR & GEORGALIS, 2023).
Today, scolecophinians are cosmopolitan in areas
with warmer climates. The only modern European
species, Xerotyphlops vermicularis (MERREM, 1820),
is distributed in the eastern Mediterranean.

Fossil records of ‘scolecophidians’ consist only of
isolated, often damaged vertebrae. The localities
where they were found are few and primarily of
Cenozoic age (SzYNDLAR, 1991; MEAD, 2013; GEORGALIS
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et al, 2017, 2019; Ivanov, 2022; SMITH & GEORGALIS,
2022). In Europe, the oldest find is from the Paleo-
cene of Belgium (FoLig, 2006; MEAD, 2013; RAGE et al,,
2021). Molecular analyses signify that blind snakes
are basal to other modern snakes. They are estimated
to have originated from Gondwana during the Upper
Jurassic or Lower Cretaceous (160-125 Ma) (VIDAL,
etal, 2010; PyroN & WaLLACH, 2014; ZHENG & WIENS,
2016; BUrBRINK et al., 2020).

Geological settings

Vracevic is located in western Serbia, about 15 km
southwest of Lazarevac and about 70 km from Bel-
grade. The locality is situated in the Mionica Basin
on the southern margin of the Pannonian Basin
(NEUBAUER, et al. 2016) (Fig.1). According to STEVANOVIC
(1953), during the middle-late Miocene it repre-
sented an isolated lacustrine basin that was occa-
sionally flooded from the north by the Paratethys
and the Lake Pannon (NEUBAUER, et al. 2016).

The Vracevi¢ locality has been known in paleo-
ntological research for more than 70 years. LASKAREV
(1948) described the first fossil found there (the pro-
boscidean Deinotherium giganteum). In the following
decades, during various geological investigations,
a variety of fossil remains were collected, mainly
brackish freshwater and terrestrial molluscs for
more details see BraDIC-MILINOVIC, et al. 2021 and
references therein. Increased research in the Vrace-
vi¢ locality in the last 20 years has led to the identi-
fication of numerous microvertebrate fossils from
the freshwater lake sediments. However, the precise
stratigraphic position of these sediments is still un-
clear and requires a multidisciplinary approach. In
several articles based on on the study of terrestrial
molluscs and micromammals, it was estimated that
the deposits can be assigned to the Sarmatian, MN
7+8 (MaRrkoviC, 2003, 2008; NEUBAUER, et al. 2016).
However, based on palynological data, Brabpic-
MiLiNoviC et al. (2021) extend the time frame of
these layers to the Upper Badenian (MN 7).

Material and Methods

During an excavation campaign from 1999-2002
in the outcrop 1 from the Vracevi¢ site, an abundant
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Fig. 1. Location of the Vracevic site (A, C). Geological map of the study area, modified from NEUBAUER, et al. 2016 (B).
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Fig. 2. Sedimentary column of Vracevic, outcrop 1 (demolished
site), modified from Markovi¢, 2008.
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assemblage of small vertebrate fossils was collected.
Unfortunately, this site has been demolished today.
Layer 2 (Fig. 2) is composed of light-brown clay with
accumulations of small vertebrates and molluscs,
and represents the main fossiliferous layer. The ver-
tebra described in this study originates from this
layer. The samples were water-screened in the Lab-
oratory of Natural History Museum Belgrade on
screens of 2, 1 and 0.5 mm mesh. Among the many
fragmented snake vertebrae, only one has been
identified as belonging to Scolecophidia. The mate-
rial is stored at the Natural History Museum Bel-
grade by the inventory number NHMBEO NH-176.
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The photographs were taken with a Stereomicroscop
BIO-OPTICA Type:1000 with attached microcamera
OPTIKA C-H4K. The osteological terminology used to
describe the vertebra was mainly taken from RAGE
(1984) and SzyNDLAR (1984).

Systematic paleontology

Order Squamata OppEL, 1811
Suborder Serpentes LINNAEUS, 1758
Infraorder Scolecophidia DumERIL & BiBRrON, 1844

Scolecophidia indet. (Fig. 3)

Material. one precloacal vertebra (NNMBEO NH-
176)

Description. The vertebra is very small, smaller
than 2 mm in centrum length, slightly elongated
(ratio of centrum length/neural arch width is 1.28).
The neural arch is depressed in posterior view, with
a vaulting ratio (sensu GEORGALIS et al., 2021) equal
to its posterior margin is slightly concave in dorsal
view, without a posterior medial notch. The vestigial
neural spine restricted to the posteriormost portion
of neural arch. It looks like a small tubercle on the
posterior edge of the neural arches. The inter-
zygapophyseal constriction is well expressed. The zy-
gosphene is completely broken, while the small
remains of the prezygapophyseal accessory processes
are directed anterolaterally in dorsal view, while
these are directed dorsally in anterior view. Contrary,
the direction of the long axis of the right prezy-
gapophyseal articular facet is directed roughly
anteroposterorly. The cotyle is slightly damaged, but
moderately depressed same as is the condyle. Para-
cotylar foramina are absent. The paradiapophyses
form a single articular surface. Lateral foramina are
present as well as two small subcentral foramina.
Haemal keel is barely noticeably visible on the front
part of the centrum.

Remarks. The vertebral characters described
above clearly indicate identification of the vertebra
as belonging to ‘scolecophidians’ This vertebra is
characterized by the neural arches depressed
dorsoventrally; the vestigial neural spine restricted
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to the posterior most portion of the neural arch; the
posterodorsal lamina of the neural arch slightly con-
cave; paradiapophyses developed above the ventral
margin of the cotylar rim; indistinct haemal keel
visible only on the anterior portion of the centrum
of vertebra. Unfortunately, the uniform morphology
of their vertebrae makes precise identification im-
possible (RaGE, 1984; SZYNDLAR, 1985, 1991; RAGE et
al,, 2021; SzyNDL & GEORGALIS, 2023). Some observed
characters, such as vestigial neural spine, or a barely
noticeable haemal keel may be a reflection of intra-
columnar variability or a taxonomic significance
(Fig. 3). However, current knowledge of the compa-
rative anatomy of the Scolechophidian skeleton
does not provide such a possibility.

Discussion and conclusion

The skeletal study of Scolecophidiais is focused
primarily on the cranial anatomy. Since the 19th
century, numerous authors have identified signifi-
cant differences between families (MULLER, 1831; JaN
& SORDELLI, 1860-1866; BOULENGER, 1893; SZYNDLAR
& GEORGALIS, 2023 and references therein). However,
the anatomy of the postcranial skeleton was initially
neglected. New technologies stimulated interest in the
study of vertebral morphology (MARTINS et al., 2019,
2021a, b; HERREL et al., 2021; SZYNDLAR & GEORGALIS,
2023 and references therein). The simplified verte-
bral anatomy is almost uniform and makes it diffi-
cult to differentiate members of families or lower
taxonomic categories.

Scolecophidian vertebrae are characterized by:
small and elongated centrum, depressed neural
arch, depressed cotyle and condyle, long prezy-
gapophyseal accessory processes, elongated prezy-
gapophyseal articular facets with the direction of
the major axis approaching the direction main axes
of the vertebrae, absent haemal keels, absent or ves-
tigial neural spine (except for a few anterior trunk
vertebrae) (see Szyndlar & Georgalis 2023).

Differences in the morphology of vertebrae be-
tween families, described by some authors (LisT,
1966; LEE & ScaNLoN, 2002; WALLACH, 2009, 2020;
FAcHINI et al., 2020; HERREL et al., 2021) cannot be
considered completely reliable (SzyNDLAR & GEORGALIS,
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Fig. 3. Scolecophodia inet. from the Middle Miocene of Vracevic, precloacal vertebra (NHMBEO NH-176) in dorsal (A), ventral (B),
lateral (C), anterior (D) and posterior (E) view. Abbrevitations: cd, condyle; ct, cotyle; If, lateral foramen; ptz, postzygapophysis; pz,
prezygapophysis; pzt, prezygapophiseal process; sf, subcentral foramen; pd, paradiapophysis; ns, vestigial neural spine; hk, “barely

noticeable haemal keel”.
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2023). According to SzyNDL & GEORGALIS, (2023), the
observed intracolumnar variability in many scole-
cophidians requires further investigation and com-
parison between a large numbers of taxa.

Based on the above, the described vertebra from
Vracevi¢ can be identified as Scolecophidia indet.
Small differences described as a vestigial neural
spine or a barely noticeable haemal keel will remain
as a note for future studies.
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Pe3ume

[IpBu npuMepakK cjiene 3Muje U3
cpeamer MUoLieHa 3anaaHe Cpouje

’Scolecophidia’ (mpema ZAHER et al., 2023), ,ciiene
3Muje” Wiu ,ipBoJIMKe 3MUje", Cy IPUMUTUBHE 3MU-
je Koje cy ce HajBepoBaTHHUje OBOjUJIe O OCTAJIUX
3muja (Serpentes) y Bpeme paHe kpejge (PYRON &
BURBRINK, 2012; ZHENG & WIENS, 2016; MIRALLES et al.,
2018; FacHINI et al. 2020; ZAHER et al., 2023). 360r
npeTeXHO GOCOPUATHOT HAUUHA }KUBOTA 04U OBUX
3MHja Cy 3aKpKJbajie U IpeKpUBeHe KPJ/byIITUMA.
Tesio UM je HUIUHAPUYHOT 06JIMKA, MAJTUX JUMEH-
314ja d [VIaBE€HU U PEINHU PETrruoH Cy CJIMYHOT U3rJjie-
na (CunpaL & IrisH, 2008; FacHINI et al.,, 2020).
'Scolecophidia’ cy no HeslaBHO cMaTpaHu MOHOQU-
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JIETCKOM TPYIIOM, ajld IIpeMa HeEKUM MoJIeKy1ap-
HUM aHa/iM3aMa JaHac je BehnHOM npuxBaheHO
BUXOBO MoauduIeTcKo mopekso. CaBpeMeHe
'Scolecophidia’ cy nogemene y Tpu kiaje: Lepto-
typhlopidae, Typhlopoidea u Anomalepididae
(PyroN et al,, 2013; BURBRINK et al., 2020; SZYNDLAR &
GEORGALIS, 2023).

JlokanuteT BpadeBuh ce Hajasu y 3amajHOj
Cp6uju, y Ba/beBCKO-MUOHUYKOM 6aceHy KOjH je
JleTa/bHO OMUCaH y BUllle pagoBa (NEUBAUER, et al.
2016; BrapI¢-MiLINoVIC, et al. 2021). [ManeoHToO-
JIOIIKA UCTPAKKBakba 0BOT JIOKAJIUTETA BpLIEHA Cy
Buille o7, 70 roAuHa, a NPBU onMHUcaHU OCUT je
Deinotherium giganteum (JIACKAPEB, 1948). [Ipeniu-
3aH cTpaTturpadcky 1noJsoxaj OBUX ceJjuMeHaTa je
joul yBeK JUCKYyTabU/IaH U 3axTeBa MYJTUUCLU-
IJIMHAPHU NPUCTYIL. Y HEKOJIMKO YJIaHaKa 3aCHOBa-
HHUX Ha aHa/JIM3W KOITHEHUX MeKyllalla U CUTHUX
cucapa IMpOoLEHEHO je Ja Cy Hacjare capMmaTcke
crapocty, MN 7+8 (MARKovi¢, 2003, 2008; NEUBAUER,
etal. 2016). MehyTum BraDI¢-MILINOVIC, et al. (2021)
Ha OCHOBY NaJIMHOJIOLIKHKX MOJaTaKa MpoLIUpyjy
BpPEMEHCKH OKBHUP OBHX CJIOjeBa Ha rOpwu 6ajseH
(MN 7). leta/bHuja cTpaTurpadcka aHaau3a Ha-
JIa3u ce y IOMEHYTOM pajy. Y KaMIlakbU UCKoIa-
Bawa o0f, 1999-2002. roauvHe Ha JIOKaJUTETY
BpaueBuh (mpodus 1) cakynbeHa je ¢ocusHa
acouyjanuja CH-THUX KMYMenaka. HaxasocT, oBaj
npodu je naHac ypyiuieH. Cioj 2, oBor npodusa
(cn. 2) je cactaBbeH of, cBeTsocMehe riMHe ca
HaKylIMHaMa CUTHUX KHYME€lbhadKa U MeKyllallad U
npesicTaB/ba IVIaBHU (GOCHUIOHOCHU CJIOj U3 KOT
[IOTUYE U NpPLI/bEH KOjU je ¥ 0OBOM pajy ONMHCAH.
WpeHTudrKoBaHH NpI/beH je oapeheH Kao npekJio-
aKaJIH{ U 4yyBa ce y 36upuu [Ipuposmadkor Myseja
y Beorpaay nos nuBenpHum 6pojem NHMBEO NH-
176. luMeH3yje Npiu/beHa Cy BeoMa MaJie, Jy>KUHa
HErOBOT TeJIa je Makba of, 2 MM. byiaro je usgy:xeH,
HeypasIHU JIYKOBU Cy CIJbOLITEHW TIJIeJJaHO ca
3a/ilbe CTpaHe, ca 0JJHOCOM cBOJioBa (npeMa GEOR-
GALIS et al. 2021) koju cy jeiHAKH HEr0BOj 33/ H0j
uBUIM. [JlefaHo Jop3ajiHO, 0Ba HMBUIA je 6Jyaro
KOHKaBHa 6e3 3a/ilber MeiujasiHoT 3ape3a. Pyau-
MeHTapHU HeypasiHU rpeGeH OrpaHUYeH je Ha Kpaj-
BU 33U Jleo HeypaJHor Jiyka. Mehysurano-
dU3Ha KOHCTPUKILHU]jA je J06p0 U3paxkeHa. 3Uro-
cdeHa je nornyHo owteheHa, J0K Cy Masii OCTaly
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npe3uranopusHUX HacTaBaka yCMEpPEHU aHTepo-
JlaTepaJiHO ¥ Jop3a/IHOM norvieay. HacynpoT ToMe,
npaBsall IJlaBHe OocCe Mpe3uranopusHux 3rI00HUX
NOBPILIMHA je MPUGJIMKAH NPaBLy OCe TeJsa NpIl/be-
Ha. Kotun 1 KoHJUA cy 6J1aro JOpP30BEHTPAIHO
crubolITeHU. [[apakoTUIapHU OTBOPHU CY OJCYTHHU.
[lapaguanoduse yuHe jejHy 3IJI06HY MOBPLIMHY.
[IpucyTHU cy 6GOYHM OTBOPU Kao M JBa MaJja
CyOIleHTpaIHA 0TBOPA. XaeMaJiHa KOOUJ/IHUIIA je je/iBa
IpUMeTHa Ha [IpeJiibeM JieJly TeJia NpLI/beHa.
HabpojaHu kapakTepu jacHO yka3syjy Ha NpHU-
NaJHOCT OBOr Hpll/beHa kJazu Scolecophidia.
HaxasocT, yjeqHadyeHa MmopdoJioruja npiibeHoBa
npunajHuKa OBe KJaJile OorpaHuMyaBa MNpelU3HY
unentudukanujy (RaGe, 1984; SzynpLAR, 1985,
1991; RAGE et al,, 2021; SzynDL & GEORGALIS, 2023).
Heku yoyeHU KapakTepH, Kao WITO je pyJUMeH-
TapHU HeypaJiHU rpebeH, WU jeiBa NpHUMeETHaA
xeMaJ/IHa KOOWJIMIa MOTy GUTH O/ipa3 BapHjabuI-
HOCTH NPIL/bEHOBA YHYTAap KUYMEHOr CTy6a UJIH
MOT'y UMaTH TaKCOHOMCKH 3Ha4aja (cauka 3).
AHaToMHja NOCTKpaHHjaJHOT cKeJseTa Scole-
cophidia je gyro 6usa 3aHemapeHa. HoBe TexHo-
JIOTHje Cy MOJCTaKkJie UHTepecoBake 3a Npoyya-
Bambe Mopdovioruje npubeHoBa (MARTINS et al.,, 2019,
2021a, b; HERREL et al.,, 2021; SZYNDLAR & GEORGALIS,
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2023 u pedepenue y wuma). [lojesHocTaB/beHA
aHaToMHuja mplbeHoBa Scolecophidia je ckopo
yjeAHaueHa W OTeXaBa pA3/IMKOBambe 4YJIaHOBA
nopoava U HUXHUX TAKCOHOMCKHUX KaTEFOpI/Ija.

[IpubeHoBe Scolecophidia kapakTepuiiy: Maso
U U3AYXKEHO TeJO, CIIkbOUTEHHW HeypaJIHU JIYLH,
CII/JbOIITEHUW KOTWUJ U KOHAWJ, AYTU INpe3uramno-
bU3HM HaAcTaBLUM, HU3AYKeHe Ipe3uranopusHe
3106He MOBPIIMHE Ca CMEPOM TJIaBHE OCe Koja je
NpUOGJIMXKHA CMepy Ooce KUUMEHHUX MNpLI/beHOBa3,
HeypaJIHh U XeMaJIHU HACTaBlU U YIJIABHOM Hepas-
BUjeHU (OCUM HEKOJIMKO NMpeJmUX MpLI/bEHOBA)
(BumeTH y SzYNDL & GEORGALIS, 2023). [Ipema SZYNDL
& GEORGALIS, (2023), youeHa BapujaGUIHOCT
NpLUI/bEHOBA YHYTap KHYMEHOT cTy6a KOJ MHOT'UX
cKoJiekodUIMja 3axTeBa Ja/be UCTPAKUBAKBE U
nopehemwe n3Mehy BesiMKor 6poja TakCoOHA.

Ha ocHOBy HaBeJleHOT, ONMHMCAaHU NpUIbEH U3
BpaueBuha ce Moxe uHAeHTUPUKOBATH Kao
Scolecophidia indet. MaJie pas/ivke onucaHe Kao
pPyAMMeHTapHU HeypaJIHU I'pebeH UM jesiBa NMpPHU-
MeTHa XeMaJiHa Koou/uLa octahe Kao HalloMeHa 3a
6yayha nucTpakuBama.
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