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Abstract. New fossils from the Late Cenomanian-Turonian locality in theBileća area are reported. The fossils include a diverse assemblage of snake-like reptile remains, fishes and plants. While fossil snakes have already beenfound in this area, the remains of fish and plants are reported for the first time.Based on the state of fossil preservation, the following were identified: thesnake Pachyophis (Simoliophiidae), the pychnodont fish Coelodus sp., and plantremains of the flowering plants groups Magnoliidae exc. Lilianae, Arecaceae(palm trees), and Cycadopsida.
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Апстракт. У овом раду су приказани нови горњоценоманско-туронскифосилни налази пронађени на локалитету у подручју Билеће. Фосилниостаци представљају разнолику асоцијацију остатака рептила сличнихзмијама, риба и биљака. Док су фосилне змије већ пронађене на овимпросторима, по први пут се наводе остаци риба и биљака. На основустања очуваности фосила идентификовани су: остаци змија рода Pachy -
ophis (Simoliophiidae), пикнодонтне рибе рода Coelodus и биљни остацигрупа цветница Magnoliidae exc. Lilianae, Arecaceae (палме) и Cycadopsida. 

Кључне речи:
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Introductionin the northern part of Herzegovina, particularlyin the Bileća area (Fig. 1), there are a large numberof quarries excavating limestone known as theBileća Stone. in the last decade, the popularity ofthis limestone and its use has increased, thus, thenumber of accidental finds of fossil remains has alsoincreased. according to the data obtained during ge-ological mapping in the areas of Bileća and Trebinje,NaTević & PeTrović (1970) considered the Bileća li -mestones as Turonian, while HrvaTović (2006) statesthat bituminous limestones with snake-like reptileremains (Pachyophis) from the Bileća area are LateCenomanian in age. These dense well-bedded lime-stones are known to have produced four pachyos-totic snake specimen thus far. Fossil remains of two

pachyostotic snakes (non-pathological increases inbone thickness) (HouSSaye, 2013) from the earlyLate Cretaceous (Turonian, Cenomanian) of the Bi -leća area have been known for 100 years (SLišković,1970). These two specimens, Pachyophis woodwardiNoPCSa (1923) and Mesophis nopcsai BoLkay (1925)come from the same locality of Selišta, north of Bile -ća. The holotype of Pachyophis woodwardi (NHMW1912-i8) is in the collections of the NaturhistorischeMuseum vienna, while Mesophis nopcsai is in the(zemaljski muzej) National Museum of Bosnia andHerzegovina in Sarajevo as part of a permanent ex-hibition. The fourth specimen of a pachyostotic sna -ke was found at the quarry referred to as Dubovac,three kilometers northwest of Bileća, during 2016and is housed in the Natural History Museum in Bel-grade (NHMBeo Mv 280; Djurić et al., 2017). in this work, we describe several new pachyos-totic snake fossils from the Bileća area, togetherwith the associated fish and plant fossils.
Geological settingThe rogošina quarry (42°51’34’’N 18°24’50’’e)is located in the Se Bosnia-Herzegovina, three kilo -meters south of the town of Bileća. Tectonically, thisentire region comprises parts of the external Dinari -des’ High-karst unit, which was formed during theCretaceous to Paleogene due to convergence be-tween adria- and europe-derived continental units(Figs 1a, b; DiMiTrijević, 1997; SCHMiD et al., 2020).The stratigraphic record within the High-karst unityields evidence for long geological evolution rangingfrom Late Triassic through Miocene times (NaTević& PeTrović, 1970). Mesozoic sedimentation tookplace in a carbonate platform environment, predo -minantly characterized by shallow-water marineconditions (vLaHović et al., 2005; Djaković et al.,2021). The most prominent stratigraphic membersare represented by massive and stratified limesto -nes and dolomites (Fig. 2). The analyzed fossilremains were discovered within the thin-beddedlimestones, stratigraphically defined as lower Turo -nian in age (Fig. 2; NaTević & PeTrović, 1970). TheMesozoic carbonates were highly tectonized follow -ing eocene-oligocene thrusting in the external parts
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Fig. 1. a. Topographic map of Central Mediterranean orogens,
displaying suture zones, orogenic fronts, and retro-wedges (mod-
ified after KrsTeKAnić et al., 2020). The red rectangle marks the
position of figure 1b; b. Tectonic map of the contact area between
the external Dinarides’ High Karst and Dalmatian Units in the se
Bosnia-Herzegovina (modified after vAn Unen et al., 2019). The
yellow star marks the location of the Bileća area.



of the Dinarides (van uNeN et al., 2019). The sub -sequent Miocene extension in the external Dinari -des was associated with the formation of a group ofintermontane basins (i.e. the Dinarides LakeSystem; MaNDić et al., 2011). The extension was fol-lowed by renewed shortening, which started duringthe late Miocene and remains presently active (vanuNeN et al., 2019).

The surrounding area of Bilećа (Fig. 1) is madeof Cretaceous sediments which belong to the de-posits of the adriatic Carbonate Platform of the peri-Mediterranean realm. The overall paleogeographicconditions of the northeastern part of the adriaticCarbonate Platform during the Late Cretaceouswere controlled by synsedimentary tectonics, eusta-tic sea level changes, and increases in the amount ofcarbonate production (vLaHović et al., 2005). Suchconditions led to local emergences of the platformand shallow-water depositional environments (vLa -Hović et al., 2005). The Late Cretaceous sedimentarysuccession near Bileća consists mainly of limestonesand dolomites which were deformed into large-scale open folds, locally truncated by thrusts duringthe Cenozoic uplift of the Dinarides.No detailed stratigraphic analysis of the site hasbeen performed, whereas its stratigraphic positionaccording to the Basic geological Map of yugoslaviais considered to be within lower Turonian sedi-ments (NaTević & PeTrović, 1970). The mappedlower Turonian lithostratigraphic unit is composedof thin-bedded limestones with interbedded dolo -mites and is positioned above Cenomanian dolomi -tes and below sediments in which the bivalve
Chondrodonta appears (middle Turonian). 
PaleontologyThe material upon which this study was basedwill be deposited in the collections of the Bileća Cul-tural Center “jevto Dedijer”, indicated by the num-bers: CCjD-r 1-11. it represents the result of severalyears of data collection from the site. all of the ma-terial described herein was found in well-beddedlimestones of the rogošina quarry (Fig. 3).
Snake fossilsThe remains of snakes brought from the rogo šinasite are preserved on 6 individual plates  show ing dif-ferent degrees of preservation. Three plates repre-sent the part and counterpart of the same specimen(Fig. 4). Most of the vertebrae were damaged whenthe plates were broken. Skull remains have not been
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Fig. 2. General lithostratigraphic column of the High Karst Unit
(simplified after nATević & PeTrović, 1970). The yellow star marks
the approximate stratigraphic position of the analyzed samples.
Abbreviations: Pz - Paleozoic, Pg - Paleogene. 



found on any of the specimens, nor are there tracesof hind-limb or pelvic elements known from otherpachyophiids (e.g., Caldwell & lee, 1997). Speci-mens consist exclusively of the remains of vertebraeand ribs. Morphologically, pachy stosis of the verte-brae and ribs is visible, but to a lesser degree thanthe specimen from 2016 (Đurić et al., 2017). Thelongest specimen (Fig. 4a) probably corresponds tothe middle and part of the posterior trunk of thebody, about 28 cm long with 73 visible vertebrae.The vertebrae from 33 to 48 positions of the pre-served column are exposed on the ventral side andare relatively well preserved. The second and thirdplates are the counterparts of this specimen (Fig.4b, c). ribs are visible along the entire length of the spe -cimen with pachyostotic proximal parts. The mostswollen ribs are from the 14th to 40th vertebrae.The balance of the specimen’s vertebral remains isdisturbed and mechanically polished (Fig. 5). Theshape of the vertebrae and pachyiostosis indicatethat the specimens belong to the snake Pachyophis,but later analyses will show the exact affiliation.
Fish fossilsFossil remains of fish werefound on two sedimentaryplates. One plate was cut andpolished during cutting in thequarry so that the teeth weredamaged (Fig. 6a). Two rowsof ellipsoidal to rectangularteeth can be identified as mo-lariform teeth, probably fromthe prearticular bone. On thesecond plate, there is a par-tially preserved remnant of avomer on which four rows ofteeth can be seen. The teeth ofthe central row are ellipsoidalto rectangular. On both sides(left and right) there is a rowof oval teeth. The fourth rowof ellipsoidal teeth was ex-posed only on the left side of
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Fig. 3. The Rogošina quarry.

Fig. 4. “Hind-limbed” snake remains Pachyophis sp.; part (a) and counterpart (b, c) of the
same specimen (a-CCJD-R 1, b-CCJD-R 2, c-CCJD-R 3).



the vomer. according to the appearance and arrange-ment of the teeth on the vomer, it can be assumedthat this specimen belongs to the genus Coelodus (Fig.6b). These remains certainly belong to pycnodontfish, although the generic identification based only onisolated teeth is not reliable (kriveT, 2005). ac cordingto PoiaTo-ariza, (2003) identification only based ondental remains can be considered parataxonomy.

PlantsThree specimens of fossilized plants were foundat the site. Specimens represent imprints andcompressions of individual parts of plants.

The first specimen represents an imprint-com -pres sion of a twig on which sympodial branchingcan be clearly seen (Fig. 7). This type of branchingindicates that the fossilized parts most likely belongto one of the numerous species of phanerophyteflowering plants (Angiospermae). remains of leaves,leaf scars, leaf stalks, or buds are not visible. Theabsence of leaves can be affected by long transportof the specimen to the de positional environment,mechanical damage due to which the branch driedup, or even seasonal leaf loss which would indicateseasonal changes. on the basis of this solitary spe -cimen nothing more can be said except that itbelongs to Magnoliidae (flowering plants) exclu ding
Lilianae (monocots).

The second specimen is represented by im -prints-compressions of two parts (positive andnegative) of the same plant organ, which overlapsin its lower, i.e., the upper end (Fig. 8a). The speci -men is characterized by regular, straight, and pa -rallel margins (Fig. 8a, b) and shows two structuressimilar to “plant shoots” that se parate to the left andright of the base (Fig. 8b). The “plant shoots” are
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Fig. 5. Pachyophis sp. fragments of vertebral column; (a-CCJD-r
4, b-CCJD-r 5, c-CCJD-r 6).

Fig. 6. isolated dentition of pycnodont fishes: a. fragment of
praearticulare dentition an indetermnated pycnodont, CCJD-r 8;
b. vomerine dentition of Coelodus sp. CCJD-r 7.

Fig. 7. Magnoliidae exc. Lilianae, ramunculus, imprint-compres-sion of twig (sympodial branching), CCJD-r 9.



short, un usually small in relation to the size of themain axis, and an alternating position about it.Microscopy confirmed that these structures are anintegral part of the plant and that they are notindependent parts om topof and beneath the fos -silized specimen. if we connect the positive and thenegative (Fig. 8a), it can be seen that these “plantshoots” are isolated, i.e., that there are no similarstructures above or below them. There is also noindication that there is a node from which these“shoots” would erupt. They do not look like bran -ches or buds and it is quite possible that they aresimply mechanical damage. Both, positive and nega -tive compressions are characterized by an extre -mely thick layer of carbonized organic matter, whichindicates that it is either a woody organ or an organwith a lot of mechanical tissue and a thick layer ofcuticle. in practice, there are not many plant fossils

that could easily be compared to this specimen. Fornow, this imprint most closely resembles a part ofpetiole (leaf stalk) or midrib of Arecaceae (palmtrees) or Cycadopsida (cycads and bennettites).
DiscussionSnakes from the Bileća location (Bosnia andHerzegovina) have been well known for more thana century. on the contrary, remains of fish and plantswere found in this area for the first time. unfor -tunately, all these findings were collected acciden -tally during the excavation of the building stone. Forthis reason, we cannot claim that all the remainshave the same stratigraphic origin. according to BarDeT et al. (2008) “hind-limbed”marine snakes were characteristic for the margin ofthe Mediterranean Tethys (from south-western eu-rope, adriatic, to Middle-east and North africa).
Pachyrhachis, Haasiophis and eupodophis are un-questionable hind-limbed snakes from the south-east margin of Tethys (Middle-east). other snakefossils simoliophis, Mesophis, and Pachiophis, forwhich no limb has been preserved or discovered,are known from the northern Tethyan margin(Bosnia-Herzegovina, Portugal, and France). allknown hind-limbed snakes belong to the Simolio-phiidae and were found exclusively in areas of for-mer tropical expanded carbonate platforms duringthe Cenomanian–Turonian. They are characterizedby pachy stosis of the vertebrae and ribs, a laterallycompressed body, and a small head. During the mid-dle Cretaceous, the adriatic Carbonate Platform wasone of the largest carbonate platforms of the peri-Mediterranean region (vLaHović et al., 2005) that fa-cilitated the evolution and radiation of marinesnakes. it is assumed that they were probably slowambush predators living in and around the marginsof reef mounds on a shallow-water carbonate plat-form (BuFFréNiL & rage, 1993; SCaNLoN et al., 1999;CaLDWeLL & aLBiNo, 2001).unlike the snake fossil remains, which are so farknown only from the Bileća area (SLišković, 1970;Djurić et al., 2017), a diverse fossil fish fauna in theadriatic Cretaceous are found in many localities(e.g., raDovčić et al., 1983; PaLCi et al., 2008; jurkovšek
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Fig. 8. ?Arecaceae vel Cycadopsida, petiolus, imprint-compression
of leaf stalk; a. approximate appearance and length of the entire
fossil remains CCJD-r 10-11(red rectangle - the overlapping of
positives and negatives); b. detail with “shoots” CCJD-r 11.



et al., 2016). at approximately the same age, in thenearest locality komen in Slovenia (PaLCi et al.,2008; CaviN et al., 2000), an abundant fish fauna wasdescribed with common Pycnodont remains. Mostpycnodont remains indicate shallow marine wateron the upper slope of the shelf zone (kriWeT 2001a),although brackish, and freshwater pycnodonts arealso known (PoyaTo-ariza, 2005). according to Nur-SaLL (1996), the fin shape and structure indicate thatthese fish inhabit areas of reefs or lagoons. Mola -riform teeth indicate a durophagous diet (NurSaLL,1996; PoyaTo-ariza, 2003; kriWeT & SCHMiTz, 2005),but not exclusively so according to PoyaTo-ariza(2005). Based on two specimens of fossil plants, notmuch can be said about the vegetation that in ha -bited the explored areas during the Cretaceous.However, these data are valuable for two reasons:the first is the confirmation that during the lateCenomanian–Turonian this area was inhabited byflowering plants Magnoliidae (angiospermae)which appear in the Cenomanian in greater num -bers. The second reason is the fact that this is oneof the rare, if not the first published findings of theCretaceous macroflora from Bosnia and Herzego -vina (HrvaTović, H. 2006; SokLić, 2019).The latest fossil finds of the pachyophiids andpycnodonts at the Bileća site certainly indicate ashallow water environment. However, the increa -singly frequent finds of these fossils, as well as thefirst finds of the remains of flowering plants, requiremore attention to and data collections at this site.
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Резиме

Нови налази горњоценоманско-
туронских пахиофидних змија, риба
и биљака у југоисточној Босни и
ХерцеговиниУ северном делу Херцеговине, посебно наподручју Билеће (Сл. 1), постоји велики бројкаменолома који ископавају кречњак познат каоБилећки камен. Према подацима добијеним то -ком геолошког картирања подручја Билеће иТребиња, NaTević & PeTrović (1970) сматрају би -лећке кречњаке туронским, док HrvaTović (2006)наводи да су битуминозни кречњаци са оста -цима змијоликог гмизавца (Pachyophis) из Биле -ће касноценоманске старости. Прва два прона-ђена примерка Pachyophis woodwardi NoPCSa(1923) и Mesophis nopcsai BoLkay (1925) потичу салокалитета Селишта, северно од Билеће. Холо -тип Pachyophis woodwardi (NHMW 1912-i8) идруги примерак чувају се у збирци Природњач -ког музеја у Бечу, док се Mesophis nopcsai налазиу Земаљском музеју Босне и Хер цеговине уСарајеву у оквиру сталне поставке. Четвртипримерак пахиостотичне змије прона ђен је укаменолому Дубовац, три километра северо -западно од Билеће и налази се у Природ њачкоммузеју у Београду (NHMBeo Mv 280; Djurić et al.,2017). У овом раду описујемо нове налазепахиостотичних змија, риба и биљака који по -тичу из каменолома Рогошина око 3 km јужно одБилеће. Седиментација мезозоика овог подручја од -вијала се у окружењу карбонатне платформе,коју претежно карактеришу плитководни мор -ски услови (vLaHović et al., 2005; Djaković et al.,2021). Најистакнутије стратиграфске члановепредстављају масивни и слојевити кречњаци идоломити (сл. 2). Анализирани фосилни остациоткривени су унутар танкослојевитих кречњака.Змије са локалитета Билећа (Босна и Херце -говина) познате су већ читав век, међутим,остаци риба и биљака први пут су пронађени наовом подручју. Нажалост, сви ови налази суслучајно прикупљени приликом ископавањаграђевинског камена, због чега не можемо да

тврдимо да сви остаци имају исто стратиграф -ско порекло. Према BarDeT et al. (2008), морскезмије са „задњим екстремитетима” су биле ка -рактеристичне за обод медитеранског Тетиса(од југозападне Европе, Јадрана, до Блискогистока и северне Африке). Pachyrhachis, Haasio-
phis и eupodophis су недвосмислено змије сазадњим екстремитетима са југоисточне маргинеТетиса (Блиски исток). Остале пахиостотичнезмије simoliophis, Mesophis, и Pachiophis, код којихнема доказа о постојању задњих екстремитета,познате су са северног обода Тетиса (Босна иХерцеговина, Португал и Француска). Све овепахиостотичне змије припадају фамилији Simo-liophiidae и пронађене су искључиво у обла -стима некадашњих тропских проширених кар-бо nатних платформи током ценоманско-ту -ронског периода. Карактерише их пахиoстоза(непатолошко увећање коштане масе, HouSSaye,2013) пршљенова и ребара, бочно спљоштенотело и мала глава. Током средње креде, Јадран -ска карбонатна платформа је била једна од нај -већих карбонатних платформи перимедите-ранског региона (vLaHović et al., 2005) која јеомогућила еволуцију и диверзификацију мор -ских змија. Претпоставља се да су то вероватнобили спори грабљивци који су живели на и окоивица морских гребена у плиткој води (BuFFréNiL& rage, 1993; SCaNLoN et al., 1999; CaLDWeLL & aL-BiNo, 2001). За разлику од фосилних остатаказмија, који су до сада познати само са подручјаБилеће (SLišković, 1970; Djurić et al., 2017), ра -зноврсна фосилна фауна риба из креде прона -ђена је на многим локалитетима јадранскогприобаља (raDovčić, TišLjar & jeLaSka, 1983; PaLCiet al., 2008; jurkovšek et al., 2016). На најближемлокалитету, Комен, у Словенији, који је прибли -жно исте старости (PaLCi et al., 2008; CaviN et al.,2000), описана је богата фауна риба са учеста -лим остацима пикнодонтних риба. Већинаостатака ових риба указује на плитку морскусредину на горњој падини континенталногпрага (kriWeT 2001a), иако су познати фосилниналази и из бракичних и слатководних седи -мената (PoyaTo-ariza, 2005). Према NurSaLL(1996), облик и структура пераја указују на то даове рибе насељавају подручја гребена или
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лагуна, док молариформни зуби указују надурофагни начин исхране (NurSaLL, 1996; PoyaTo-ariza, 2003; kriWeT & SCHMiTz, 2005). Међутим,PoyaTo-ariza (2005) сматра да је код ових рибаисхрана била разноврснија и да дуруфагија нијебила искључива.На основу два примерка фосилних биљака неможе се много рећи о вегетацији која је насе -љавала истражена подручја током креде. Међу -тим, ови подаци су драгоцени из два разлога:први је потврда да су током касног ценомана–турона ово подручје насељавале цветнице Ma -
gnoliidae (angiospermae) које се у ценоману

јављају у већем броју. Други разлог је чињеницада се ради о једном од ретких, ако не и о првимобјављеним налазима кредне макрофлоре изБосне и Херцеговине (HrvaTović, H. 2006; SokLić,2019). Најновији фосилни налази пахиофида ипикнодонта на локалитету Билећа свакакоуказују на плитководну средину. Међутим, свечешћи налази ових фосила, као и први налазиостатака цветница, захтевају већу пажњу иприкупљање података са овог локалитета.
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