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MESOZOIC ECHINODERMATA OF STARA PLANINA, EASTERN SERBIA
by
Jovanka Mitrovic-Petrovic’

This work describes Echinodermata (Crinoidea and Echinoidea) from Triassic, Jurassic and Cretaceous
sedimentary rocks of Stara planina. Ten Crinoidea (nine of which are first found in Serbia) and eighteen
Echinoidea species (twelve for the first time found in Serbia) are identified. With the earlier known species,
the complete list of echinoderms from Stara planina numbers 15 Crinoidea and 46 Echinoidea species.

Paleontological and paleoecological characteristics of fauna are considered.

Each species is photographed and shown in one of the plates at the end of the article.
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Y palty je npHKa3aHa t})ayHa Echinodermata (Crinoidea h Echinoidea) Koja iiothmc H3 TpnjacKHX, jyp-
ckhx h Kpc/(Finx cefl[HMeHaTa Crape nnaHHHe. Mj(eHTH<})HKOBaHOje 10 Bpcra Crinoidea (ofl Tora je /(cbct Bpcra
no npBH nyr HatjeHO Ha xepHTopHjh CpCmje) h 18 BpcTa Echinoidea on >iera je /(naiiaccT no npBH nyr h/ichth-
(YJHKOBaHO y Cp6njn. Y3HMajyhH y 063«p Beh paHnje no3Hare Bpcre KOMnjieraH cnacaK exHHOflepMaTa ea

PajMaxpanc cy najieoHTo;iomKe h najicocKOjioniKc onJiHKe c})ayHe.
Cise Bpcre cy (JjororpatliHcaHC h npHKaaanc Hara6jiaMa y npHjiory.

K.byme pein: Crinoidea, Echinoidea, rpnjac, jypa, Kpc/(a, CTpaTHrpa(J)Hja, na“eoeKOJtorHja, Crapa n”aHHHa,
HCTOMiia CpfiHja.

INTRODUCTION

Mesozoic units of Stara Planina are fossiliferous and well studied. Almost all groups
of Mesozoic Invertebrata are found in them: Foraminifera, Infusoria, Radiolaria, Spongia,
Anthozoa, Gastropoda, Bivalvia, Nautiloidea, Ammonoidea, Bryozoa, Brachiopoda, Crino-
idea, and Echinoidea.

For detail information about Mesozoic rocks of Stara Planina, described by many
authors the reader is referred to The Geology of Stara Planina - Stratigraphy (Andjel-
kovic et al., 1996) which gives complete list of references.
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Very rich collections of fossils have been assembled from Stara Planina during
twenty-six years of continuous field investigation with undergraduates of regional
geology and paleontology, the Faculty of Mining and Geology. The first published work
concerned with echinoderms of Stara Planina alone is written by M itrovic-Petrovic
(1977). It deals only with Cretaceous echinoids. In the meantime, much more fossil
material has been collected from Triassic, Jurassic, and Cretaceous rocks. Besides Echi-
noidea, many Crinoidea forms have been identified. Before that, few crinoid species had
been known, represented only by columnal plates (Zivanovic, 1993; M itrovic-Pe-
trovic & Radulovic, 1994; Andjelkovic et al., 1996).

Also, the number of localities where fossil fauna was found increased to eight from
four wherefrom echinoid fauna was collected.

FOSSIL LOCALITIES

The localities where echinoderm fauna was collected are: Vrelo, Petrlas, Vladikina
ploca, Dobri Dol, Gradiste, Nisor, Skuvija and Grlja (Fig. 1).

Fig. 1. Map showing positons of fossiliferous locality in Stara Planina Mountain.
Cji. 1. CKHna nojio>Kaja aiochijionochhx jioKajiHTexa Ha Orapoj iuiannnM.

As the localities of Vladikina Ploca, Gradiste, and Skuvija are described in detail by
M itrovic-Petrovic (1977), Dobri Dol by the same author (1998), and Grlja by Mi-



trovic-Petrovic (1977) and M itrovic-Petrovic & Radulovic (1994), the remain-
ing three localities will be presently described, and only lists will be given of the newly
studied and identified Echinodermata from other localities.

Vrelo. Middle Triassic (Anisian) limestones are exposed at Vrelo, known under the
name of Jelovica Limestones (after the village of Jelovica), and can be traced from
Jelovica to Vrelo and further to the Sveta Bogorodica Monastery.

Lower part of the Jelovica Limestones in the Vrelo section contains a macro-asso-
ciation of dominanting Bivalvia: Lima radiata (Goldfuss), L. lineata (Schlotheim),
Entolium discites (Schlotheim), Velopecten alberti (Goldfuss), etc. (Andjelkovic et
al,, 1996).

Middle levels of the Jelovica Limestones are represented by dolomitic limestones
overlain by yellowish argillaceous limestones, mostly thick-bedded or nodular. The most
numerous in these limestones are brachiopods: Decurtella decurtata (Girard), Coenothy-
ris vulgaris Schlotheim, etc.

The upper part of the Jelovica Limestones are dolomitic, in which smaller or larger
stem fragments were found, and a numerosity of columnal plates of the species Encrinus
liliformis Lamarck. Limestone in which crinoid species for entire lumachelles (PI. I,
Fig. 1) is often reffered to as crinoid limestone, although it contains other macro-faunal
forms (brachiopods, gastropods) as well.

Below the Sveta Bogorodica Monastery, by the Vrelo-Visocka Rzana road, the
Jelovica Limestones are overlain by Ladinian dolomites in unconformable relationship
with Liassic sedimentary rocks.

Petrlas. Echinoid fossils from Petrlas locality were lent to me for study by J. Janki-
cevic. According to Andjelkovic et al. (1996) and oral comunication by J. Jankicevic,
these fossils are found in marly limestones and sandy limestones well exposed below the vil-
lage school. The rocks contain brachiopods and bivalves in addition to echinoids. The iden-
tified echinoid species are: "Cidaris" falssani Dumortier, Diademopsis serialis (Agassiz)
Desor, and the genus Holectypus whose specific identification was not possible. The
entire association indicates the Liassic.

Vladikina Ploca. Detailed description of the locality and the section where fossils
were collected is given by M itrovic-Petrovic (1977). In this work, only those species
will be mentioned which were found and studied after the publication of 1977, and the
newly identified Crinoidea forms from the same locality.

Echinoidea: "Cidaris" cydonifera Agassiz, Rhabdocidaris cf. tuberosa Desor, He-
mipedina minima Cotteau, Goniopygus iniricatus Agassiz and Collirites ovulum d’Or-
bigny.

Crinoidea: Pentacrinites carinatus Roemer, Sclerocrinus mamakensis Arendt, S.
rotundus Arendt, S. strambergensis (Jaekel), Hemicrinus thersitis (Jaekel) and Phyl-
locrinus balbakensis Arendt.

Most of echinoid species are stated in published literature to be Neocomian, whereas
crinoids include forms of Valanginian, Hauterivian, or Barremian age.

Stratigraphic boundary between individual stages is not possible to place, because
fauna was collected from marlstone debris and scree. Age of each species is given in the
complete list of species at the end of the article.



Dobri Dol. This locality is describes by Mitrovic-Petrovic (1998) in a contribu-
tion on the discovery of "Cidaris" lardy Desor, fossilised complete with spines, where
other echinoids were not considered. The species also found in this locality are Hemici-
daris clunifera Desor and Echinobrissus (Trematopygus) olfersii Desor. The former is
stated to be Upper Neocomian and the latter Neocomian.

Gradiste. The section at Gradiste is also described by M itrovic-Petrovic (1977).
Additional}' to echinoid species then studied, newly identified are: "Cidaris" muricata
Roemer, Tetragramma raulini Desor, T. caroli Loriol, Goniopygus peltatus (Agas-
siz), and Cyphosoma cf. loryi Gras.

The newly identified crinoid species from this locality are: Sclerocrinus nonpolitus
Arendt, Cyrtocrinites variabilis Arendt, Pentacrinites buchi Roemer and P. arzierensis
Loriol.

Echinoid fauna is mainly found in northern Gradiste slopes, and most of it is dated
in publications as Upper Neocomian or Lower Urgonian.

Two species of Pentacrinites are assigned by Roemer (1841) to Lower Cretaceous,
and the other two are Valanginian according to Arendt (1974). As majority of echino-
derm and other faunas indicate younger sedimentary rocks (predominantly Barremian), the
two crinoid species probably have a graeter range. This is all the more so that Arendt
(1974) mentions individual species which are found in Valanginian of Crimea and in
younger rocks elsewhere in the world (e.g. Sclerocrinus strambergensis (Jaekel) in Va-
langinian of Crimea, and in Neocomian of France).

Nisor. Barremian and Aptian Nisor Limestones, or "the limestone facies” (Andjelko-
vic, 1978), are uncovered in the village of Nisor (Andjelkovic et al., 1996). These lime-
stones are of organic-reef origin and bear corals, pachyodont shells, and other faunal remains.
Locally sandy limestones contain Pseudocidaris clunifera (Agassiz) Loriol of Aptian age.

Skuvija. The Skuvija section is described by M itrovid-Petrovic (1977). To its
list of identified echinoids presently are added Goniopygus noguessi Cotteau and G.
delphinensis Gras characteristic of the Upper Neocomian and Lower Aptian.

Grlja. This is the only locality of Stara Planina where Upper Cretaceous echino-
derms have been found. Cenomanian rocks in the sections are described by M itrovic-
-Petrovic & Radulovic (1994) and Turonian-Senonian section by M itrovic-Petro-
vic (1977). Newly identified echinoid species are Ovulaster gauthieri Cotteau, He-
miaster angustipneustes Desor, //. pullus Stoliczka, and the genus Echinocorys. All of
identified species indicate the Santonian.

PRINCIPAL CHARACTERISTICS OF STUDIED FAUNA
Paleontological Characteristics

Crinoidea. Ten Crinoidea species are identified, six of which are of the order
Cyrtocrinida characterised by their very small size. Three species belong to Pentacrinida and
one to Encrinida.

The genus Pentacrinites is represented only by stem fragments or isolated columnal
plates. Encrinus forms also are found only in stems or single columnal plates.



Unlike these, Cyrtocrinida representatives have preserved calyx or jointly calyx and
stems.

The published information (£ivanovic, 1993; M itrovic-Petrovic & Radulo-
vic, 1994; Andjelkovic et al., 1996) mentions five more crinoid species on Stara Pla-
nina, which makes a total of fifteen species.

Echinoidea. Echinoids are represented by eighteen species and two determined at
the genus level (Echinocorys and Holectypus).

Regular echinoids are dominant; the incidence ratio 13:5 in favour of Regularia. The
total number of identified species from Stara Planina is 31 regular and 15 irregular
echinoids.

Regular echinoids considered in this article are largely represented by whole ske-
letons (Goniopygus noguessi Cotteau G. intricatus Agassiz, G. delphinensis Gras,
Tetragramma raulini Desor, "Cidaris” falsani Dumortier, Hemipedina minima Cot-
teau, Diademopsis serialis (Agassiz) Desor. One specimen only is half a skeleton
(Cyphosoma cf. loryi Gras) and one only skeleton plates Rhabdocidaris cf. tuberosa
(Desor).

Four species are presented only in spicules: "Cidaris" cydonifera Agassiz, Tetragra-
mma caroli (Loriol), Hemicidaris clunifera Desor, and Goniopygus peltatus Agassiz.

A far graeter number of all regular echinoids are represented only by spicules (22
species out of 31), of which 20 species belong to the family Cidaridae.

Skeletons of irregular echinoids are mostly preserved, some being slightly damaged.

The complete list of Echinodermata, collected and treated from Mesozoic rocks of
Stara Planina (list at the end of the article) indicates the following:

1. Six of the fifteen Crinoidea species have been known from the study region. The
other nine were found for the first time not on Stara Planina alone, but on the whole
territory of Serbia.

2. The known number of Echinoidea species totals 46 (31 regular and 15 irregular)
twelve of which are first found in Serbia.

The species which were not known earlier from Mesozoic units of Serbia are
marked by asterisks in the list at the end of the article.

3. Crinoidea are found in five and Echinoidea in seven localities. Most of Crinoidea
(6) and Echinoidea (20) species are found in Vladikina Ploca. The second most fossili-
ferous is Gradiste with 4 crinoid and 13 echinoid species. The third highest in Crinoidea
is Vrelo (3 species) and Grlja in Echinoidea (7 species). These are followed by Crinoidea
(2 species) in Grlja and Echinoidea (6 species) in Skuvija. Echinoids from Dobri
Petrlas (two species in each), and crinoids (one species) from Lukanja are the
the list. Finally, the sixth in echinoids is Nisor where only one species is found. Some of
the species are found is more than one locality.

Paleoecological Characteristics
Paleoecological characteristics of Cretaceous Echinoidea of Stara Planina are pu-

blished by M itrovic-Petrovic (1977). This work will additionaly consider paleoeco-
logical features of Crinoidea, and of Triassic and Jurassic Echinodermata.

Dols
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Only one crinoid genus, Encrinus, is from Triassic rocks of Vrelo where echinoids
have not been found. Encrinus is characterised by strong skeleton, massive stem and
arms which branch at the base into two without further ramification (a total of ten arms).
This morphological feature indicates existence in shallow water on rocky floor, where
water energy was high and consequently food supply abundant, and there was not the
need for a greater arm branching. The strong currents are indicated by the fact that En-
crinus is represented only by stems and columnal plates, whilst other skeletal elements
were not found. Skeleton if perished animal rapidity disintegrated under wave impact.
Crinoids found in dolomitic limestones indicate a rocky floor densely populated (whole
iumachclles are formed of crinoid stems).

Two species of regular echinoids are formed in Liassic rocks at Petrlas: "Cidaris"
falssani Dumortier and Diademopsis serialis (Agassiz) Desor, and a representative of
irregular echinoids identified only at the genus level (Holectypus sp.).

Cidarids are known to have lived on a rocky floor and used their spines primarily
for locomotion. Their environment was littoral and neritic areas.

For Vladikina Ploca locality, Mitrovic-Petrovic (1977) states on the basis of
echinoids (primarily numerous Regularia) that it had rocky floor and small depth during
the Lower Cretaceous. This is confirmed and additionally supported by the presence of
Crinoidea dominantly of Cyrtocrinida order.

The main characteristic of Cyrtocrinida is their small size. The fossils are largely the
preserved calyx or calyx and stem systems, without a single arm found. Another impor-
tant characteristic is the frequent occurrence of fused stem columnals, in some examples
boundaries between columnals are invisible (e.g. Cyatocrinus variabilis Arendt - PL I;
Fig. 6, and Hemicrinus thersites (Jaekel) —PI. I, Fig. 7). Arendt (1974) states that
stem with fused columnals consists of two parts, the lower combined with the root and
the upper with the calyx, either of which has plates completely united. These forms have
calyx, stem and root all in "two articles", whereas arms are free, composed of rows of
osscicles. This phenomenon, known as oligomerisation, is found only among Cyrtocri-
nida, and has not been noted in either crinoids or echinoderms in general.

The third essential morphologic characteristic is the reduced number of arms, or
even their disappearance in some examples. Arendt (1974) writes that among Lower
Cretaccous crinoids of Crimea, there are three-, two-, and one arm crinoids. The two-
-arm crinoids were unknown before. The pentaradial symetry in these forms is replaced
by bilateral symetry.

A functional analysis of morphologic features gives an idea about the mode and
conditions of Cyrtocrinida life.

Short stems, fused skeletal elements, their thickness, and general compactness of the
structure are indications of the existence in comparatively shallow turbulent water abounding
in calcium carbonate. The development of notably bilaterally symetrical forms is an evidence
of the habitat where water energy was high. The number of arms could not have been redu-
ced where food was in short supply, because there were not water currents to bring the food.

The most typical habitats of cyrtocrinids, according to Arendt (1974), were areas of
much differentiated sea floor with mounds and depressions and sea currents which carried
microplancton (such places were suitable for building up of bioherms). Sediment deposition



was limited or none, and the floor was hard, rocky. Animals required normal salinity for their
existence (as in the case of all echinoderms), well oxygenated and warm water. This is why
they are common on reefs. However, they were often suppressed on reefs by fast
development of corals and other reef-builders, and migrated onto the periphery of bioherms.

Another locality of quite numerous Cyrtocrinida is Gradiste. M itrovic-Petrovic
(1977) states for this locality the exposed massive sandy limestones with pachyodont
shells, corals, brachiopods, echinoids, and other faunas, which indicate their reef character
(Urgonian deposits).

All the above stated about the paleoecological characteristics of Cyrtocrinida is
consistent with this conclusion, if one bears in mind the reef-building conditions.

Table 1. List of the Mesozoic Crinoidea of Stara Planina, with indicated age and locality.
Tabejia 1. CnncaK me3030jckHx Crinoidea Crape njiamme ca naana'iciioM crapomhy U mcctom Hajiacica.

Name of species (Ha3nn Bpcre) Age (Crapocr) Locality (Jlokhjihoct)

Encrinus liliformis Lamarck Middle Triassic (cpe«H,H rpHjac) Vrelo

Encrinus schlotheimi Quendstet Middle Triassic (cpe/ui.M rpnjac) Vrelo

Encrinus clubius Goldfuss Middle Triassic (cpeflftH rpHjac) Vrelo
Sclerocrinus mamakensis Arendt Lower Barremian (aoh.h OapcM) Vladikina ploca
Sclerocrinus nonpolitus Arendt Valanginian (BaneHjiHH) Gradiste

Sclerocrinus rotundus Arendt
Sclerocrinus strambergensis (Jaekel)
Cyrtocrinus variabilis Arendt
Phyllocrinus balbekensis Arendt*
Hemicrinus thersites (Jaekel)*
Pentacrinites arzierensis Loriol

Pentacrinites carinatus Roemer

Pentacrinites nodulus Roemer
Pentacrinites buchi Roemer
Seriocrinus laevisutus (Pompeckj)

Barremian (fiapeM)

Valanginian (BajieH"HH)
Valanginian (iiajicH/imi)

Upper Hauterivian (ropn.H oTpms)
Valanginian (BajieHj(HH)
Neocomian (hcokom)

Lower and Upper Cretaceous
(/fion,a hixipn.a Kpejta)
Cenomanian (ijjeHOMaH)

Lower Cretaceous OtOH>a Kpc/ia)
Liassic (jinjac)

Vladikina ploca
Vladikina ploca
Gradiste
Vladikina ploca
Vladikina ploca
Gradiste

Vladikina ploca, Grlja

Grlja
Gradiste
Velika Lukanja

The species marked by asterixes are for the first time found on the territory of Serbia.
*Bpcre oGeliexeHe 3BC3/ihhom npnir nyr cy natjcnc HarepeHHMa Cpfrnje.

CONCLUSION

Mesozoic sedimentary rocks of Stara Planina contain an abundant fauna of Echino-
dermata (Crinoidea and Echinoidea).

In this work, 10 Crinoidea and 18 Echinoidea species are identified. Of this number,
9 Crinoidea and 12 Echinoidea species are found for the first time in Serbia. Thus, 15
crinoid species are added to the earlier list of 5 crinoids, and the number of known
echinoids increased from 28 to 46.

Most of the fauna (10 crinoid and 37 echinoid species) are extracted from Lower
Cretaceous sedimentary rocks. The second most diverse are Upper Cretaceous forms (2
crinoid and 7 echinoid species), with one crinoid species found both in Lower and Upper
Cretaceous. Only two Echinoidea and one Crinoidea species are from Jurassic (Liassic)
rocks. Three crinoid species of the genus Encrinus are found in Triassic rocks.



The most numerous among Crinoidea are forms of Cyrtocrinida order. The preserved
skeletal parts include only calyx, and joined calyx and stem in two cases (Cyrtocrinus
vuriabilis Arendt and Hemicrinus thersites (Jaekel). The genera Encrinus and Penta-
crinites are represented only by stems and isolated columnal plates.

Among Echinoidea forms, Regularia are twice higher in incidence than Irregularia
(31:15). Mostly (22 out of 31 species) only spines are preserved.

Table 2. List of the Mesozoic Echinoidea of Stara Planina, with indicated age and locality.
Taf>ejta 2. CiwcaK Me3030jckHX Echinoidea Crape nnaHHHe ca Ha3Ha>teHOM crapomhy h mcctom HaliacKa.

Name of species (Ha3HB npcrc)

"Cidaris" pretiosa Desor
‘Cidaris" ryzacantha Gras
"Cidaris" pustulosa Gras
"Cidaris" cherenensis Savin

"Cidaris" lardy Desor

"Cidaris" pilum Michelin
"Cidaris" jauberti Cotteau
"Cidaris" frequens Szorenyi

"Cidaris" punctatissima Agassiz
"Cidaris" cydonifera Agassiz

"Cidaris" pyrenaica Cotteau
"Cidaris" cornifera Agassiz
"Cidaris" muricata Roemer
"Cidaris" fahsani Dumortier
Pseudocidaris clunifera Agassiz

Rhabdocidaris cf. tuberosa Desor
Acrocidaris meridanensis Cotteau
Hemicidaris clunifera Desor

Tetragramma raulini (Desor)
Tetragramma caroli Loriol
Goniopygus noguesi Cotteau
Goniopygus intricatus Agassiz

Goniopygus peltatus Agassiz

Goniopygus delphinensis Gras
Peltastes lardyi Cotteau

Cyphosoma cf. loryi Gras

Hemipedina minima Cotteau

Hemidiadema rugosum A gassiz
Diademopsis serialis (Ag.) Desor

Age (Crapocr)
Valanginian (BaneHj(HH)
Hauterivian (otphb)
Valanginian (BajieHj(HH)

Lower Hauterivian (floH.H otphb)
Neocomian, Urgonian

(hcokom, yproH)

Hauterivian (otphb)

Neocomian (neoKOM)

Lower Hauterivian (hoh>h otphb)
Middle Neocomian

(cpeflH>H otphb)

Upper Neocomian

(rOpftH HeOKOM)

Neocomian, Urgonian

(HeOKOM, yproH)

Barremian, Aptian (6apeM, anrr)
Middle Neocomian

(cpeflH>H HeokOM)

Liassic (jiHjac)

Neocomian, Barremian, Aptian
(HeOKOM, 6apeM, an-r)

Lower Neocomian (flOftH HeOKOM)
Valanginian (BalieH"HH)

Upper Neocomian(ropH3Hhbokom)
Valanginian, Urgonian
(BajiettfIHH, yproH)

Valanginian (BaneH/jHH)

Upper Neocomian

(ropftH HE0KOM)

Neocomian (hcokom)

Upper Neocomian

(ropH>H hcokom)

Lower Aptian (floibH am’)

Lower Aptian (aoh,h anT)

Upper Neocomian

(ropn.H hcokom)

Middle Neocomian

(cpeflHjH HeOKOM)

Upper Aptian (ropH>H anT)
Liassic (jinjac)

Locality (JIoKaJiHTCT)
Vladikina ploca
Vladikina ploca
Vladikina ploca
Vladikina ploca

Vladikina ploca, Skuvija

Vladikina ploca
Vladikina ploca
Vladikina ploca

Vladikina ploca

Vladikina ploca

Skuvija
Skuvija, Gradiste
Gradiste

Petrlas

Vladikina ploca, Nisor,
Gradiste

Vladikina ploca
Vladikina ploca

Dobri Dol

Gradiste
Gradiste
Skuvija
Vladikina ploca
Gradiste

Skuvija
Gradiste

Gradiste

Vladikina ploca

Gradiste
Petrlas



Magnosia lens Desor

Orthopsis repellini Cotteau
Pygaster truneatus A gassiz

Holectypus macropygus Desor

Holectypus corallinus d"Orbigny

Discoidea minima A gassiz

Pyrinci pygaea Agassiz

Pyrina cylindrica Gras

Echinobrissus (Trematopygus) olfersii Desor

Ovulaster gauthieri Cotteau*
CoUirites ovulum d’Orbigny*
Guettaria angladoi Gauthier
Toxaster retusus Lamarck
Hemiaster cristatus Stoliczka

Table 2 (continued) - TaCief/ia 2 (HacraBaic)

Valanginian (BanenAHH)
Neocomian, Urgonian
(HeoKOM, yproH)

Aptian, Cenomanian

(atrr, ueHOMan)

Neocomian, Lower Aptian
(HeoKOM, aoh.h am)
Hauterivian, Lower Barremian
(OTpHB, fiapeM)
Turanian (xypoH)
Hauterivian, Barremian, Aptian
(oxpHB, 6apeM, airr)

Aptian (anx)

Neocomian (hcokom)
Santonian (eaHTott)
Neocomian (hcokom)
Senonian (cchoh)

Hauterivian (otphb)

Senonian (cchoh)

Vladikina ploca

Gradiste

Skuvija

Vladikina ploca,
Gradiste

Gradiste

Grlja

Gradiste
Skuvija

Dobri Dol
Grlja

Vladikina ploca
Grlja

Vladikina ploca
Grlja

Upper Turanian (ropn.H xypoH) Grlja
Santonian (caHTOH) Grlja
Santonian (caHTOH) Grlja

Hemiaster sanio Lambert
Hemiaster pullus Stoliczka
Hemiaster angustipneustes Desor

The species marked by asterixes are for the first time found on the territory of Serbia.
' Bpcre oSejieskCHe 3Be3flHi;oM npBH nyr cy Hatjcne Ha TepenHMa Cp6nje.

Paleoecological characteristics and living conditions are studied only for three loca-
lities: Vrelo, Petrlas and Vladikina Ploca, because other localities were earlier studied for
paleoecology. An exception is Vladikina Ploca for which earlier paleoecological study is
now complemented with the morphofunctional analysis of Crinoidea.

Vrelo locality was characterised in the Middle Triassic by a hard, rocky floor, den-
sely populated by a numerosity of Encrinus forms (entire lumachelles built up of crinoid
stems). Water was shallow and currents strong.

Similar living conditions prevailed in Petrlas during the Liassic. This is suggested by
morphofunctional analysis of two echinoid species.

Paleoecological characteristics of numerous Cyrtocrinida forms at Vladikina Ploca
indicate life in comparatively shallow, turbulent sea, rich in calcium carbonate. The sea
floor was rocky, differentiated, with numerous mounds and depressions. Sediment depo-
sition was limited or there was not any. Salinity was normal, water oxygenation very
good, and water temperature fairly high (suitable for reef building).

Acknowlegements. | am grateful to J. Jankicevic for lending me the material from
Petrlas locality, and to all colleagues and students who helped me collecting Echino-
dermata over many years.
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PESUME

ME3030JCKW ECHWWOBEKMATA CTAPE NMJIAHVNHE
(MCTOYHA CPBIJA)

YBOJ

Me3030jckn TepeHn CTape nnaHuWHe cy o6po nNpoyveHn u Beoma POCUAOHOCHU. Y
bMMa cy HafjeHe roTOBO CBe rpyne Mme3030jckux lnyelefrala: PoratJndlera, JnlwsorJa,
Kaclolana, 8pon8Ja, An/boroa, Oaxlropocla, Blyalyla, \aumlolclea, ATTonolclea, Bryoroa,
BrachJopocla, Cnnolclea n EchtOlclea.

C 063Mpom Ha Benuku 6poj ayTopa KOju cy npoydvyaBasim Me3030jCKe CeAUMEHTE
Ctape nnaHuHe uuTaoumn ce ynyhyjy Ha [eonorujy Ctape nnaHuHe- CTpaturpadguja
(AncljelkoYlc e! al., 1996.) rge je gata KomnnetHa 6mbnunorpadcka nucTa.

Byayhn pa je CTtapa nnaHuMHa MOAMIOH Ha Kome ce Beh 26 roguHa 6e3 npekujga
o6aB/ba TepeHCKa HacTaBa ca CTyAeHTMMa Pyjaapcko-reofiowkor ¢gakynteta, Cmep 3a
pervoHanHy reonorujy m naneoHToNornjy, cakyn/mbeHe cy Beoma 6orate 36mpke ocuna.
Mpeu paj koju je noceBeheH MCK/bYYMBO NpoyyaBawy exumHogepmata CTape nniaHuHe
o6jaBuna je 3YLWroylc-Pelroylc (1977), n ogHOCK Ce CaMO Ha eXWHWAE KpeaHe CTa-
pocTu. ¥ mehyBpeMeHY je caKyn/beHOo joll MHOF0 MaTtepujana Koju noTm4ye M3 TpujacKmx,
JYPCKMX 1 KpegHux cegnumeHarta. NMopeg EchtoMea naeHTugurkosaH je n sehu 6poj npea-
cTaBHMKa Cnnolllea. [jo caja je 61Mn10 NO3HATO CaMO HEKO/IMKO BpCTa KPMHOBA NpeAcTas-
/beHUX UCK/bYUYUMBO naounuama gpwke (21lyanoylc, 1993; MUroylc-Pelroylc & Ka-
clnloylc, 1994; Ancljelkoylc el al., 1996).

Mopea Tora v 6poj nokanuTeTa U3 KOjux hayHa NoTmye je 3HaTHO yBehaH (YKynHo 8, AOK
je paHuje obpaheHa exnHUACKa hayHa cakyn/beHa camo U3 4 nokanuteTta). ExmHogepmatu cy
cakyn/beHn us cnegehux nokanuteta: Bpeno (tpujac), Metpnaw (nmjac), BnaguknHa nnoua,
Lo6pu gon, MNpagnwTe, Huwop, CkyBuja (cBe foa Kpefa), u 'prba (ropkwa Kpega) (cn. 1).

CTpaturpadcke 1 IMTONOLWKE OfNINKE NOKANUTETa M3 KOjUX je caKyn/beHa (hayHa
exXMHoAepMaTa NprKasaHe Cy Y EHIIeCKOM TEKCTY.



FMABHE OANMMKE MPOYYABAHE ®PAYHE

[ManeoHTONOLWKE O4/INKeE

Cnnol<Jea. geHTudunkosaHo je 10 Bpcta Cnnolea og yera 6 npunaga pegy Cyllo-
crinkJa umju ce npeacTaBHUUM OANMKYjy BP0 ManuMm AuMeH3njama. PenlacnwclkTa
npunagajy Tpu BpcTe a EncnwclTajegHa BpcTa.

Pog PelllacnnHes je npegcTtaB/beH caMo JenoBuMa [pLUKe WAXN WU30/10BAHWUM NJ0-
ynuama gpwke. Of poga Encnnux Takohe cy cayyBaHe caMO ApLIKe WAW MNojefuHe No-
ynLe Koje ynase y cactas JpLUKe.

HacynpoT Tome, Kog npeactasHuka Cyllocnwcla cavyyBaHe Cy yawlnue Wan vawuue
3ajefiHO ca LPLIKOM.

Mpema nogaunma n3 nutepatype (21YanoY1lc, 1993; MA:roYic-Pe1roY1C & Paclu-
loVic, 1994; AncljelkoYlc el al, 1996) Ha TepeHuma CTape niaHWHe Ce MNOMUHE
MPUCYCTBO joL NeT KPUHOUACKUX BPCTa, TAKO Aa ce LeNoKynaH cnucak cactoju og 15 BpcTa.

EchtoJJea. ExuHnan cy 3acTtyn/beHu ca 18 BpcTa [OK Cy ABa npeAcTaBHWKa ofpe-
heHa camo Ha HuMBOy poga (EckjnocoryH n Holeclypux).

MpaBuAHU jeXXeBU AOMUHMPAjY U HUXOB oaHOC je 13:5 y kopuct Kc8mlana. AKo ce
y3my y 063up cBe J0 cafja nosHaTe BpcTe ca CTape naaHWHe 6poj NpaBUNHKX jexeBa je

31, a HenpasunHux 15.
MpaBunHU je)xeBuM NpuKasaHuW y OBOM pafy Cy npejcTaB/beHUM y Hajsehem 6pojy

cnydajeBa uenum ckenetuma (ConopyyT noSmexl Collcam, C. Tlnca(na A8assi2, C.
<lelpKkTen$l$ Crak, Terra“ratTa ranT Bekor, "ClUanx" /akarn OwuTtorller, HeTjpe-
cna TWTa Colleaun, OlacleTopT aenalx (A8a8$%$lr) Bekor). Y jefHOM cnyuvajy ca-
4yyBaHO je camo nona ckeneta (CyphoxoTa cl. lory) Crax) ay Apyrom camo naouyuue
ckeneta (KkalldocTans cl. CuHeroua B e 4or).

Kopg yeTupu BpcTe eayyBaHe cy camo 6oa/mbe, "ClUar/a" cy/bn/Jera A8a$$lr, Te(ra-
yratTa carol (Eonol), HeTkllaT cluw/era Oekor n Cowopy”na pel(allly Aga8xj/..

YBNAOM Yy LeNoKynaH CnMcak npaBU/HUX jeXkeBa mpou3unasu, mehytum, ga je fa-
neko Hajsehun 6poj Ke8ularja npefcTaB/beH camo 6og/mbama (22 BpcTe of yKynHo 31). Of
Tora 6poja 20 npunaga amunmju ClUangae.

Kopa HenpaBMAHUX jexxeBa CKeneTu Cy MaxoM Y MOTMAYHOCTU cayyBaHW, NMOHeKaj ca
mManum owTehewunMa.

KomnneTtaH cnucak EchTo<3ertala fo caja cakyn/beHUX v o6paheHnx 13 mMe3030jCcKux
ceammeHata CTape nnaHuHe (Crnucak je Ha Kpajy eHrfneckor TeKcTa) ykasyje Ha cnegehe:

1. Op 15 Bpcta CnnoMea 6 je g0 cajga 6110 NO3HATO M3 NpoyvYaBaHWX 06/1acTu.
OcTanux 9 BpcTa je no NpBu nNyT HafleHO He camo Ha TepuTopuju CTape nNnaHwWHe, Beh n
Ha TepuTopujun uene Cpbuje.

2. YKynaH 6poj go caga no3HaTux BpcTa EchToMea je 46 (31 npaBuAHUX n 15 He-
npaBuUNHMX) o4 Yera je 12 npBu NyT KOHCTaToBaHO y Cpbunjn.

BpcTe Koje [0 caga HUCY 6une no3HaTe M3 Me3030jCKUX TepeHa Cpbuje o3HauveHe cy
3BE3MLLOM Y CMUCKY Ha Kpajy eHr/IeCKOr TeKCTa.

3. Cnnolea notnuy n3 5 a EchtoMea 13 7 nokanuteta. MNMpu ToMme, Hajsehun 6poj Bp-
cTa Kako Cnnolllea (6), Tako u Echtolllea (20) HafeH je y nokanuTeTy BnagukuHa nno-
Yya. Ha gpyrom mecTty je paguiiTte ca 4 KpuHOMACKe U 13 exuHMACKUX BpcTa. Ha Tpehem
mecTy cy CnnolJea y Bpeny (3 BpcTte), a Echtolclea y Np/wu (7 BpcTa). UeTBpTO MeECTO



Cnnoklea npunaga nokanutety [pma (2 BpcTe), a EchtoMea nokanutety CkyBuja (6
BpcTa). ExmHnan Jo6por gona v MeTpnawa cy Ha netom MecTy (y CBakOM cy HafeHe no
[Be BpcTe), A0K cy Cnnolllea n3 Jlykawe Ha neTom MecTy (jeaHa BpcTa). Hajsaa, wecTto
MECTO KO exuHuga 3ays3mma Huwop , ogakne notuye camo jefiHa BpcTa.

Tpeba HanoMeHYTW, NpU TOM, [a Cy HeKe BpcTe HaheHe y BULLIE NOKanuTeTa.

[Maneockosow ke ognnke

Kako cy naneoekonowke oannke kpegHux EchiwoMea CTape nnaHuMHe pasMaTtpaHe
y pagy MJilroY1c-Pel:roylc (1977), oBfe hemo Ta pasmarpatka LONYHUTU NpoyyaBatkbem
naneoekosioWwknMX ofgivka Cnnolea, Kao M ManeoeKoNOWKUM OfaMKaMa TPUjackux u
jypckux Echtoclernlla.

M3 Tpujackmx cegumeHata Bpena notuye camo jegaH KpUHOMACKM pod - Encnnus, fok
eXMHUAM yonwiTe HUCy HaheHW. Encnnua ce OAnuKyje CHaXXHWM CKeleToM, MaCMBHOM [pLu-
KOM ¥ pyynuama Koje ce y caMoj OCHOBM payBajy Ha ABa jena v fa/bux pasrpaHaBakba Hema
(Tako pa je ykynaH 6poj pyuuua 10). OBakBe MOP(JONOLIKE KapaKTepUCTUKe YKasyjy Ha
XXMBOT Ha CTEHOBUTOM [HY Y NANTKO]j BOAM YMjX CY NOKPETWM GUNM CHAXHM, TAKO Ja je npu-
TMuaj xpaHe 6o m3obunaH, Te Huje 6uno notpebe 3a Behum pasrpaHaBakem pyuuua. Ha
CHaXXHe MOoKpeTe BOJe YKasdyje U ummweHuua fa je Encnnus npeActaB/beH caMo Aplukama u
njoymMuama Koje ynase y cacTtas ApLUKe, LOK OCTanu fAefioBM CKeneta Hucy HaheHwu. lMocne
yruHyha XuBoTutbe CKeneT je 6p30 6MO AesnHTerpucaH MNofA CHaXXHWM yjapuma Tanaca.
Hanasak KpMHOBa y AOIOMUTUUYHUM KpeUtbalnma yKasyje Ha CTEHOBUTO AHO KOje Cy rycTo
Hace/baBanu (YnTaBe Nymakene cy nsrpaheHe of KpUHOUACKUX LpXKaKa).

Y nujackum cefumeHTuma MNeTpnawa HaheHe cy 4Be BPCTe NpaBUIHUX jeXeBa,;
(Jar/x" jalaaaT Owutoruner u0lacleTopxla .ver/au (ASaxx1l/) be8or, Kao ujefaH npeg-
CTaBHUK HenpaBWUIHUX jexxeBa MAEHTU(PMUKOBAH camo Ha HUBOY poaa (HoleOypua xp.).

3a umpapuie ce 3Ha Aa 3a CBOj OMNCTaHaK TpaXe YBPCTO - CTEHOBUTO LHO NO KOMe Ce
Kpehy nNpBeHCTBEHO NomMohy cBOjuX MpumapHux 6o4msu. CTaHOBHULM cy npuobancke u
HepuTCcKe obnacTu.

3a nokanuteT BnagmkmHa nnovya M1llroylc-Pelroylc (1977) Ha OCHOBY exumHupa
(npe cBera Benukor 6poja Ke8nlana) HaBoAM fa Ce y TOKY JOe Kpeje OA/IMKOBaO CTEHO-
BUTUM AHOM M Manom gy6uHom. Hanasak CnnoMea, npetexHo u3 pega CylocnnMa not-
Bphyje n gonykwaBa 0Baj 3aK/by4ak.

MnaBHa ognuka Cyrlocrwcla je ga cy BpAo Manux gumeHsmja. Y Hajsehem 6pojy cnyua-
jeBa cayyBaHa je Yalumua Uiy Yawmua ca 4pLWKOM, AOK pyyuLle yonwTe HUCY HaheHe. [pyra
BP/I0 3HayajHa KapaKTepmcTMKa je YyecTa nojaBa cpawhuBamwa YnaHaka apLuke, Tako ja cey
HeKMM c/yyajeBMMa rpaHumue m3mehy unaHaka yonwTe He Buae (HNp. kog spcTe Cylocnnua
yanalllrx Arenck - Ta6. I, cn. 6 n HeTknnua (kerakea (Jaekel) - Tab. I, cn. 7). Arenck
(1974) HaBoau Aa ce npum cpawhuBaky YaHaka ApLuKa fenn Ha [Ba fena ca Cyve/baBakem Mo
cpeauHnW. Hwxy feo cpacTa ca KOPEHOM a ropkM ca valuuom, Ymje cy naouvuue Takohe
NMOTAYHO cpacne. Yawwmua, ApLIKa M KOpPeH KoA TakBUX (POpMWU MpefcTaB/bajy cBera "asa
ynaHka", [OK Cy py4uLe ocTase NOKpPeTHe M CBakKa ce cacTojana of Hu3a YnaHaka. OBa nojasa
KOja je MHa4ye no3HaTta nog Ha3nMBoM ofiMromepusalmja cpehe ce NCKbYUMBO KOA NpeacTaBHUKA
pega CyMocnnMa v Huje 3ana)KeHa HX KOA ApYryUX KPUHOBA HU KOA eXUHOAepMaTa yonLTe.

Tpeha 6uTHa Mopd ool Ka KapaKTepMCcTMKa cacToju ce y CMarwerwy 6poja pyKy, ay
HEKMM CnyvajeBUMa je [OWA0 A0 HWUXOBOr MOTAYHOr uw4vesaBawa. Arench (1974)



n3Hocu fa Mehy fOHOKPeAHUM KpUHOBMMa KpuMa uma TPOpYyKMX, ABOPYKUX U jefHOpPY-
KUX KpuHoBa. pu TOMe, MCTMYe, fJa [LBOPYKU KPUHOBU paHuje yonwiTe Hucy 6unu
nosHatu. MeTo3pavyHa cuUMeTpuja je KOA HUX 3aMerweHa 6unatepansHom.

Ha ocHOBY PyHKLMOHaNHe aHanu3e MOP(ONOWKNX OCOBEHOCTU MOXe ce A06UTK
npeAcTaBa 0 Ha4YMHY ¥ ycnosuMa xusoTa Cyllocnwcla.

KpaTke Aplke, cpacTakbe CKeNeTHUX efeMeHaTa, wuxoBa 3a4eb/banoct u onwTa
KOMMaKTHOCT rpafe roBope O XWBOTY Yy Cpa3sMepHO NAWUTKOj, NOKPEeTHOj Bogu 60rartoj
Kanumjym kap6oHaTom. Pa3BMTak MHOrMX QOpMU ca BE/IMKUM CTEMeHOM 6unatepanHe
CUMEeTpUje rOBOPU 0 XMBOTY Ha MECTMMA Ca M3PaAXKEHUM CHaXHUM NOoKpeTuma Boje. [0
CMakera 6poja pyky He 6M MOrno ga gohe npu HeJOBO/bLHOj KOJIMUYMHU XpaHe Y MecTy
XWB/bewa 1 6€3 cTpyjara BOAE KOja Ty XpaHy AOHOCMK.

Mo Arenck-y (1974) HajTUNMUYHKja CTaHWUWITA LMPTOKPpUHMAA CYy 6Unn AenoBu jako
n3gmudepeHLMpaHOr MOPCKOT Ha Ca y3BULIEHMMA M yBanamMa ¥ 3HaTHOM NMOKPeT/bMUBOLL-
hy Bofe Koja je goHOCMNa MUKPOMNAHKTOH (TakBa mecTa cy 6una norogHa u 3a o6paso-
Batbe 6uMoxepma). OBfe je TanoXxewe cegumeHaTa 6UN0 BPNO OrpaHUYEHO WUAKM ra yon-
WwTe Huje 6MNO M NocTojano je TBPAO, KAMEHWTO AHO. [pu Tome Cy 3a CBOj ONCTaHakK
TPaXXWn HopManaH cannHuTeT (WTO je cAyyaj ca CBUM exuHogepmaTuma), fo6py aepa-
umjy n Tonny Bogy. 360r Tora je hMXoBa nojaBa Yecta U Ha cnpygosuma. Ha cnpygosuma
cy, MefyTM, 4YecTo BMAN YIpOXEHU CHaXHWM pa3Bmhem Kopana U Apyrux rpagutera
CNpyAoBa, Nna cy ce cTora 4ecto cenunu y obofHe fenose 6uoxepma.

Lpyrn nokanuTeT rge cy npeactasHuum CylocnnMa fgocta 6pojHu je paguTe.
MMroylc-Pelroyjc (1977) HaBoAW Aa Ccy Y OBOM /0KanuTeTy OTKPUBEHW MaCUBHM
MecKOBMTM KpedrbaluM, ca MaxMOAOHTHUM LIKO/bKaMa, Kopanuma, 6paxmonoguma, jexe-
BMMA M Ap. hayHOM, LWTO yKa3yje Ha CNpyaHU KapakTep (YPrOHCKW CeaUMEHTH).

CBe WITO je 40 caja peyeHO O Maneoekonowkum ognukama Cyllocnwicla y nOTAYHOj
je carnacHocTu ca OBUM 3aK/by4KOM, Kaja ce Mma y BUAY KOjU cy YCnoBU noTpebHM 3a
thopmMmuparbe cnpygosa.

3AK/bYYAK

Me3o3ojcku cegumeHnTn CTape nnaHuMHe cagpxe 6oraty ¢ayHy Echtoclertala (Cn-
noJclea n Echtollea).

Y oBome pagy uageHTudunkosaHo je 10 Bpcta CnnoMea u 18 BpcTta EchTtolllea. Op
Tora je 9 Bpcta CnnoMea n 12 Bpcta EchTo/ba no npeBu nyT HaheHO Ha TepeHMMa
Cpbuje. Tume je cnucak of 5 paHuje No3HaTUX BpCTa KPUHOBA AonyweH Ha 15 BpcTa, a
6poj o 28 Beh N0O3HATUX BPCTa eXMHMAa Noneo ce Ha 46.

Hajsehun feo ayHe noTuye M3 AOHOKpeaHUX cefumeHaTa (10 KpUHOMACKKUX W 37 exu-
HWACKMX BPpCTa). Ha Apyrom Mecry cy roptkOoKpefHU NpeAcTaBHULM (2 KPUHOMACKE U 7 eXUHUA-
CKMX BpCTa), C TUM MITO Ce jefHa KPUHOMACKA Bpcra cpehe Kako y [0OHOj TaKo U Y FOpHOj
Kpegn. U3 jypckux (nmnjackmx cegumeHata) notuyy camo Ase Bpcte EchToMea u jegHa BpcTa
CnnoJ/ba. Y Tpujackum cefMMeHTUMa cy HafleHe Tpy BpCre KpUHoMAcKor poga Encnnw.

Og Cnnolclca cy Haj6pojHuju npeactaBHuumM pegda Cyrlocnwcla. Of wWX0OBMX fenoBa
CKeneTa cayyBaHe Cy camo 4awwuue, a y aea cnydaja (CyMocnnw yanaMWx Arenck, u He-
nncrrux (kerlllea (Jaeke!) vawwuya 3ajegHo ca gpwkom. Pogosu Encnnux n PenlacrJT(ex
npefcTaB/beHN Cy caMo ApLiKaMa M U30/10BaHUM NnaoynLiaMa Koje ynase y cactas ApLUKE.

Mehy npeactasHmumma EchTokJea Ke§nlana uma npmbavxHO ABOCTPYKO BuLIe of 1rreSu-
lana (31:15). Y Hajsehem 6pojy cnyuyajeBa 22 o YKynHo 31 BpCTe cayyBaHe Cy camo 604/be.



llajieoeKOJiomKe oflJiHice cfiayHC h peKOHCTpyKijHja xhbothhx ycjiOBa npoy'iaBann
cy caMO 3a TpH jioKajmreTa: Bpejio, lleTpjiam h BjiaflHKHHa njiona, jep cy ocTajin
jioKajiHTeTH Beh paHHje iipoy'icHH ca najieoeKOJiouiKor cTaHOBHiirra. H3y3eTaK je Bjia-
HHKHHa iuio'ia nouiTO cy pannja najieoeKOJiouiica npoynaBajia Ha ocHOBy Echinoidea
ca/(a /(onyihCHa h Mopcf)04)yHKHHOnajiH()M aHajirooM Crinoidea.

JIoKajiHTeT Bpejio ce y cpe/(H>eM TpHjacy 0/yinK0Ba<) ‘iispcrHM, ctchobhthm ~hom Koje
je Shjio rycro HaceibeHO 6pojHHM HHflHBimyaMa po/ja Encrinus (iMTaBe nyMaKejie cy H3-
rpat)eHe o« KpmioHjicKkx ~piiiKu). Bo”a je 6mia iuiHTKa, a noKpeTH Boj(e BeoMa cHaxHH.

Cjihmhm jkhbothh ycjioBH Bjiaflajm cy h y jioKaliHTeTy IleTpjiam 3a BpeMe Jiwjaca.
Ha oBaj 3aKJi,y'iaK naBo/in Mopc”ocjDytiKHHonajiiia aHajiH3a 2 BpcTe joKCBa.

najieoeKOJiouiKe ocob6hhc 6pojnHx npeflCTaBHioca Cyrtocrinida y JioKaliHTeTy Bjia-
3HKHHa ruio‘ia roBope o XHBOTy y cpa3MepHO iuiHTKoj, noKpeTHoj, boj(h, 6oraToj Kaji-
UHjyM Kap6onaxoM. MopcKO bho je 6hjio ctchobhto h H3flH(J)epeHi;HpaHO ca 6pojHHM
y3BHiueitHMa h yBajiaMa. Tajio*eibe ce/tHMenara je 6hjio orpamraeHO hjih ra yonuiTe
HHje 6hjio. CajiHHHTeT je 6ho HopMajiaH, acpai(nja bo;;c Bpjio j(o6pa, a TeMnepaTypa
nojie flocra BHcoKa (noroflHa 3a 4>0pMHpaH>e cnpy/;0Ba).

3axeajiHuifa. 3axBaji>yjeM KOJiera J. JaiiKH'icBHhy Ha ycrymbeHOM MaxepHjajiy H3
jioxajiHTera lleTpjiam, Kao h cbhm KOlJieraMa h cTynemnMa kojh cy mh tokom HH3a
ro*HHa noMarajiH y caKynjbaay Echinodermata.

PLATE | TAEJIA

Fig, (Cji.) 1. Lumachelle with (jiyMaKClia ca) Encrinus liliformis Agassiz, XI.
la. Part of column (/(eo flpniKe), XI.
Fig. (Cji.) 2. Sclerocrinus mamakensis Arendt
Calyx, upper side (ropu.a crpaHa 'laniHuc), X2.
2a. Calyx, lower side (/(on.a crpaHa HaiUHue), X2.
Fig. (Cji.) 3. Sclerocrinus nonpolitus Arendt
Calyx, upper side (ropH>acrpaHa Mainline), X2.
3a. Calyx, lower side («OH>acrpaHa 'laniHuc), X2.
Fig. (Cji.) 4.  Serocrinus strambergensis (Jaekel)
Calyx, upper side. (ropH>a crpaHa 'lanmne), X2.
4a. Calyx, lower side. (j(on,acrpaHa naumne), X2.
Fig. (Cji.) 5.  Sclerocrinus rotundus Arendt
Calyx, upper side (ropH.acrpaHa MaiiiHije), X2.
5a. Calyx, lower side (flOH>acrpaHa 'laniHuc), X2.
5b. Calyx, lateral side (6olma crpaHa Maiimue), X2.
5c. Plate of stalk (luio’iHuaj(pnikc), X2.
Fig. (Cji.) 6.  Cyrtocrinus variabilis Arendt
Calyx with stalk, front side (‘iaiimna ca npuncoM, npeflita crpaHa), X2.
6a. Calyx with stalk, lateral side (‘laniHna ca flpuncoM, fxvma cipana), X2.
Fig. (Cji.) 7. Hemicrinus thersites (Jaekel)
Calyx with stalk, front side (laiimna ¢ KpnikOM, npejuta crpaHa), X2.
7a. Calyx with stalk, lateral side (>iaiiinna c/(pniKOM, go'ina crpaHa), X2.
Fig. (cji.) 8. Pentacrinus arzierensis Loriol
Stalk (upuika). X2.
8a. Plate of stalk (iuio'iHna /tpiiiKe), X2.
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Fig. (Cji.) 9.  Pentacrinites buchi Roemer
Stalk (jipiuKa), X2.
9a. Plate of stalk (njro'imia /(piriKc), X2.
Fig. (Cji.) 10. Pentacrinites carinatus Roemer
Stalk OipniKa), X2.
10a. Plate of stalk (njio'iHna /ipniKc), X2.
Fig. (Cji.) 11. Phyllocrinus balbekensis Arendt
Calyx, upper side (ropn.a crpaHa ’lauiHne), X2.
1la. Calyx, lower side (jion.a crpaHa laiiiHne), X2.

Photo: V. Radulovic (<I><rmrpaclinja: B. PajtyjioBHh)
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g. (Cji.) 1 "Cidaris" falssani Dumortier
Aboral side (afiopaliHa crpaaa), XI.
la. Oral side (opaliHa crpaHa), XI.
Ib. Lateral side (npocjuui),XI.

Fig. (cji.) 2. "Cidaris" cydonifera Agassiz
Spine (OoMli.a), XI,3.

Fig. (Cji.) 3.  Rhabdocidaris cf. tuberosa Desor
Interarabulaclar plate (mnepaMSyjiaKpajiHa njio'iHua), X2

Fig. (Cji.) 4. Hemicidaris clunifera Desor
Spine (Go”\jba), X2.

Fig. (Cji.) 5.  Pseudodiadema raulini Desor
Aboral side (a6opajiHacrpaHa), XI,3.
5a. Lateral view (npoiJiHJi), XI,3.
5b. Oral side (opajma crpaHa), XI,3.

Fig. (cji.) 6.  Pseudodiadema caroli Loriol
Spine (60j(Jba), X2.

Fig. (Cji.) 7. Cyphosoma cf. loryi Gras
Aboral side (aSopamacrpaHa), XI.
7a. Lateral view (npo(})nji), XI.

Fig. (Cji.) 8.  Goniopygus peltatus A gassiz
Spine (6oflJba), X2.

Fig. (Cji.) 9. Hemipedina minima Cotteau
Aboral side (aCopajiHa crpaHa), X2.
9a. Lateral view (npocjwui), X2.
9b. Oral side (opajiHa crpaHa), X2.

Fig. (cji.) 10. Goniopygus delphinensis Gras
Aboral side (afiopajma crpaHa), XI,3.
10a. Lateral view (npo(}>HJi), XI,3.

Fig. (cji.) 11. Goniopygus noguesi C otteau
Aboral side (a6opajma crpaHa), X2
11a. Lateral side (npocjMJi), X2.
lib. Oral side (opajiHacrpaHa), X2.

Fig. (cji.) 12. Goniopygus intricatus Agassiz

Aboral side (aCopajiHa crpaHa), X2.

12a. Oral side (opajma crpaHa), X2.

12b. Lateral view (npoc})HJi), X2.
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Fig. (cji.) 13. Hemiaster cristatus Stoliczka
Aboral side (aGopajmacrpaHa), XI.
13a. Lateral view (y3fly*HH npot}>HJi), XI.
13b. Posterior view (nonpc'iHH npotJjHJi), XI.

Photo: V. Radulovie (<I>oTorpa<})nja: B. Pa/(yjionnh)
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Fig. (cji.) 1. Diademopsis serialis (Agassiz) Desor
Aboral side (aOopajiHa crpaHa), X1.
la. Lateral side (npo(})HJi), X1.
Fig. (ciji.) 2. Hemiaster angustipneustes D esor
Aboral side (aOopajma crpana).,XI.
2a. Lateral side (yjfly>KHH npo(j>HJi), X1.
Fig. (cji.) 3.  Echinobrissus (Trematopygus) olfersii Desor
Aboral side (aSopajma crpaHa), X 1.
3a. Oral side (opajmacrpana). XI.
3b. Lateral side (y3fly>kHH npo(})HJi), X 1.
3c. Posterior side (nonpc'iHH npocljHji), X 1.
Fig. (Cji.) 4.  Collirites ovulum d’Orbigny
Aboral side (acopajiHa crpaHa), XI.
4a. Oral side (opajiHacrpaHa), XI.
4b. Lateral side (y:yiy*nn npofjinji), XI.
4c. Posterior side (nonpe«iHH npocliHji), X1.
Fig. (cji.) 5. Ovulaster gaulhieri Cotteau
Aboral side (afxipajina crpana), XI.
5a. Lateral side (y3fly*HH npocJjHji), X1.
5b. Posterior side (nonpc'iHH npo(})HJi), XI.
Fig. (Cji.) 6. Hemiaster pullus Stoliczka
Aboral side (a6opa;ma crpana), X2.
6a. Lateral side of another specimen (yajiyikHH npotfnui Npyror
upHMcpKa), X2.
6b. Aboral side Of another specimen (a6opajnia crpaHa jtpyror
npHMcpKa), X2.

Photo: V. Radulovie (<PoTorpaiJ)Hja: B. Paj(yjioimh)














