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ABSTRACT: The asseritilage 'OIl t'he &steroiid' remaiillsflfom ·the' Korytnica Basin 
(MidlcUe ' Miocene; Holy" Cro.ss ~:ountains,Cel1sbrail~lalnd)_ con'tailllSOIssioles beloo .. : 
~g to the orders Paxillosida atnd Valv,atida;. The g6nius Astropectert- is represen- , 
ted by four species: AstTopecten orcinulatus WIENBERG RASMUSSEN, -AstTO~ 
pecten sp. A, Astropecten SIP., B,anid Astropecten SIP. C: ,The genus Luidia is re
presented by two species: L'li,idiq; ' cilicrris .(PHIJ:,IPPI) and L. aZtimwta ,(SA Y). Mo
reover, the repre:sentathres, of the famiily GoriiaSlterikla'e 8!'e ',also ,Present. The whole 
investigated assemblage . mdicates' atropicaa shall~ow-marjne environment, and dt 

shows certainaJff,initie:s to the Recent asteroid fauna of , the " :rndo-Padfic. 

INTRODUCTION 

The asteroid , remains ar~ comparatively, oommonin the Middle Mio
cene (Badenian'j '-deposi.ts in Poland. TheY 'were reported from , the sandy 
sections exposed 'at Nawodzice (BA£UK& RADWANSKI 1968) and Swi
niary in the easterl1 ,:- part of the Holy : Cr()~, :Mountains _'(RADWANSKI 
1973) where -wholly"preserved ~teroid :' skeletons occ~r (seeBAt..UK & 
RADWANSKll9~8, ' 't'ext-fig. k 3; RA:P:WANSKI 1970, Text-fig. 3, and 
1977, Fig. 172/9): ! im~ftom Nisko,wan_~~tNm..vy ~C~?in :, the_Qarpathians 
(BAt..UK . 1970f ' where loose,sk~lfttal;:,~lements'wete found. 

• ..... ., :., .. ... .... • - '" 0 '. 

In the Korytnica -l3.,flSiri th,~ aste:rQ.id ; ~icles were first recognized by 
KOWALEWSKI (192(:;:1930,p.70>/ who .teportedAst_rGlpectensp. and/or 
Luidia sp. bOoth in, the Korytnica Clays and in,' th~ member· overlying the 
clays, i. e.the marly ' s~ndswith-'Heterostegina and other fossils (see 

BAt..UK & RADWANSKI 1977, Text-fig. 4). The presence of the Astro
pecten o~cles in the, Korytilica Basin has also been stated by BAt..UK 
(19715), aAt..UK & RADWANSKI (1977), HOFFMAN (1977), RADWAN-
SKA (1982), and GUTOWSKI (1984). ' . 

Among rich assemhlages ' Oof div-e-rse fosSils in the Korytnica Basin; the 
asteroid ossicles are an accessory element (see ,BAt..UK,& RADWANSKI 
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1977, HOFFMAN 1977). A systematic study has recently been underta
ken by the present author (KACZMARSKA 1985), to recognize the mor
phology of isolated ossicles and their taxonomical attribution. 

As it was recognized by BLAKE (1973), the morphology o,f certain 
skeletal ossicles of the ,asteroids may be useful in taxonomic studies. 
However, because of the scarcity of the cOIlllParative material, the pre
sent author has not been able to define the specific assignment of many , 
ossic1es, the taxonomy of which still .remains ope'n to discussion. 

Any attempt to recognize the compo.sition of the asteroid assembla
ges on the basis of isolatedossicleshas not as ' yet been presented for 
the Tertiary sequences of Europe. The previous reports on the Tertiary 
asteroids in Europe concern larger fragments and more or less whoUy 
preserved skeletons which are relatively very rare fossils in some Paleo
gene strata of northern and western Europe (FORBES 1852, WIENBERG 
RASMUSSEN 1972), in the Neogene of Italy (see SACCO 1893, ' DEL 
PRATO 1896), as well as in the Miocene of the Vienna Basin (HELLER 
1858), Hungary and Rumania (VADASZ 1915), and the Ukraine. Soviet 
Union (KUDRIN IfI57). 

Fig.' 1. Paleoen~ironmentai sketch of the Korytnica Ba~in. to show localities yielding the 
investigated assemblage of asteroids. both from 'the Korythica 'Clays: Ly - Mt. Lysa. 
K -~ Karsy. ,Pn K'orytnica-Plebania. and froni H ---- the' overlying marly sands with Heterostegin,(l 
Within the sketch indicated are: marine area' , of the basin 'during , the Middle Mio<;:elie 
(Badenian) transgression (blank), present-day outcrops ,of the KorytnicaClays (.I'tipp(~(:i). 
preserved fragments of littoral , structures (circled), and land , or island areas along the seashore' 

. (hachured); adopted from 'BALUK& RADWANSKI (1977, Text-fig, 2) " 
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The investigated material comes from four localities in the Korytni
ca Basin (Text-fig. 1), and it was obtained during sifting the samples. 
All the pssicles are relatively well preserved and some of them, especia
lly the marginals and amibulacraIs, are very <:ommon in the sampled 
sites. 

THE ASTEROID OSSIOLES 

The asteroid skeleton consists of many osSides (see Text-figs 2-3). 
The most important are superomarginals and inferomarginals from . the 
margin of the arm; the ambulacral ossicles are supported by the ,adam
bulacral ossicles and form an ambulacral groove which is opened orally 
(Text-fig. 2). The specialized ossicles (mouth angle plates,cit.cumoral 
ossicles, odontophores) are present in the oral region ' (Text-:-fig. 3). The 
surface of arms and of the disc is covered by actinals on the 'oralside, 

, , 

and-by abactinals on the aboral side (Text-fig. 2). Very numerous spines, 
spinelets and tubercles are attached to the main ossicles: ' 

__ --' InfM 

SupAmb 

Act 

Amb 

Fig. i Section through an idealized asteroid arm, to show the posItion of particular 
ossicles; SupM - superomarginals. InfM - inferomarginals. Amb .-- ambulacrals. Adamb·
adambulacrals. SupAmb·- superambulacrals. Act .-- actinals. Abact ._- abactinals (commonly. 

, these are the paxillae) , , 

Th~ terminology. abbreviations and phrases used m the present pa
per,while describing the ossicles and/or their elements, follow thosegi
yen by SPENCER & WRIGHT (1966), BLAKE (1973, 1980, 1981, 1983). 
and MULLER (1978). For a detailed description of circumoral ossicles 
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suggested are the new terms, such as the adoral. circumoral extension 
("zweiter Cirtumoralfortsatz" of MULLER 1978) and thedistal. cirCumo
ral',extension {"erster Circumoralfortsatz" of ' MULLER 1978}. For mouth 

.," " 

Fig. 3. Posit,ion of ossic1es in theoraJ'region of an asteroid (oral view; at left. adambulacrals 
and mouth angle plates partly removed); Ambb·- ambulacrals, ' 'Adambb --'adambulacrals, 

MP - mouth angle plates; C -circumorals, 0 ,- od6{ltophore ' 

angle plates sug~estedare the terms: the outer face for the lateraUy 
directed face of the ossicle in its furrow view, and tqe inner face for the 
face directed toward the opposite :member of the mouth·.;angle ossicle 
pair. 

PLATE I 

Astropecten granulatus WIENBERG RASM1!SSEN, 1972 
1- Scale" 2-3 - spines, 4-6 - repaired("~egenerated") spines, 7-9 ---:- SupMM 

, b abradial, c aboral 'views), 10 - InfM (lOa lateral, lOb oral view) 
' All photos x ' lQ; taken'by K, ZIELINSKA 

(a lateral, 
" 

~ , ~.:' . 
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,ASTEROIDS 

SYSTEMATIC ACCOUNT 

Order Paxillosida PERRIER. 1894 " . 
Suborder Diplozonina SPENCER & WRIGHT. 1966 

Family Astropectenidae G RA Y, 1840 

Genus Astropecten GRAY, 1840 

Astropecten 9ranulatus WIENBERG RASMUSSEN, 1972 
(PIs 1-3) . ' . ', ' 
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1972, ·Astropecten "ranI/latus n, iip,; H, WIENBERG RASMUSSEN, pp; 38-40, PI, 3. Figs 5-11. 

MATERIAL: 121 superomarginals, 180 lnferomarglnals, 117 ambulacrals,i9 adambulacrals • 
. 2 superambulacrals, 3 mouth angle plates, 5 circumorals. 1 odontophore, 13 terminals, ' 
23 pa~lUl¥!, 1 madreporlte. 73 spines, spinelets and scales from . ~he Korytnlca Clays 0; 
36 superomarglnals, 8 interomarginala and l ' ambulacral ossicle from the marly sands, 

DESCRIPTION ' 

Superomarginalossicles (PI. 1. Figs 7-9) are massive, high, narrow (height 
3.7-5.5 mm, width 2.8-4.2 mm), trianigular jjn side-face outlitrie; outer face oon
vex, covered by small, densely spaced spine-bases with one larger 'spine-base lo
cated near the aboral margin; on side faces large fasct>lar surfaces covered ' by 
small fasciolar, spine-bases; articulation area quarter-circular in shape; articulation 
ridge well developed; intermarginal face concave; inner face flat or concave; ossi
cles from the distal fragment' of the arm are less '. symmetrical, lower and long; 
interbrachial SupMM cuneate. 

Inferomarginal ossicles (PI. 1, Fig. 10 and .PI. 2, Figs 3-4) are large, massive, 
wide and low (height 5.0 mm, width 7.5 mm):, triangular to ovate in side-face 

. outline; outer face covered by very small spine-bases, and. a row of about five 
large spine-bases continues along the, distal margin, the base near · the intermargi
nal margin being the largest; on side face a large articulation area; articulation 
ridge prominent, may ' be disjunct; vertical ridge distinct; intermarginal face short 

. and convex; inner face long and flat with a weak superambulacral 'boss. 
Ambulacral os~icles (PI. 2, Fig. 1) are asymmetrical, wide and short (width 

4,2-7.7 mm, length 1.2-2.0 mm); ambulaaral body trapezoid; dentition well de
veloped, consists of horizontal lateral slats and , vertical medial slats; lower inser
tion for transverse muscles (UG) small, triangular; oral groove deep and narrow; 
oral apophyse weak; winglike structur,-:s (GG) , asymmetrical; proximal GG (pGG) 

• A . largoc gr,O'Ilp.oIf these osSicles, which " may be' ascrIbed to Q11e ilnidivo1dual, 
was contained in a SlbeolI of ,the gastlrdpodAncilla glandiformis (LAMARCK), aclia1g 
as a preseil"va,tionaJ. tra!p. Tbis g)roUp COIl1Sists of: 1 :superomaa:giml~, 2 'inferomargi
naIs, 4 fra·gmenlts of margilUalLs. 3 amblXlacrals (SlU ieft), 1'1 adamlbulacrals (8 lefJt 
and 3 right), 2 superambulacrals, 23 paxUlae, 73 S!ptnes, Slpille1ets and ~ca'les, as 
well as 12 urnioentified fragments, 

PLATE 2 

Astropecten granulatus WIENBERG RASMUSSEN, 1972 ' 
i-Left Amb (la oral, Jb distal , le proximal view), 2 - right Adamb (2a proximal, 

2b distal view); 3-4 - InfMM (a lateral, b oral views), 5-6 - paxillae 
All photos x 10:' 1 --4 taken by K, ZIELINSKA, 5-6 by L LUSZCZEWSKA, M, Se, . 
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weak, U-shaped, opens oraIry, distal' GG (dGG) semielliptical, flattened; surface on 
the proximal and distal sides of the ambulacral body for articulation with lIleigh-
boring Ambb (N) prominent, oVl;lte; aboral ridge high. . 

Adambulacral ossicl~s (PI. '2,Fig. 2) ' are smail .(height 2.2-3.2 mm, width 
1.7-3.3 mm). rect8lIl.gular in side-face outline; adtadial prominence distinct, pal 
cuneate; both pa2 and pa3 semicircular;pQ.4'ttfang,ular arid high; pml narrow SIIld 

high; pm2 and pm3 wide, deep, trapezoid; both dal and da2 · weak; dmI wide; oral 
face covered by spine-bases. 

Superambulacral ossicles are very smail (width 2.0 · mm, length 1.0 mm), tra
pezoid. flattened. 

Mouth angle plates (PI. 3, Fig. 3) are'largeossic1es (height 2.0 mm, length 3.0 
mm), with their main body rectangular; outer face corwex, with a broad adoral 
blade, bears nUmerous spme-bases; inlIler face concave, with two' dentitions: adoral 
consists Of irregular slats, dlstalconsists 'of vertical slats; firstambuiacral articu
lation bar low and broad. 

Circumoral ossicles (PI. 3; F.igs 5-6) are large and massive, long and wide 
(width 5.4 tpnl, length 1.6 mm), with their body large; dentition well developed 
consists of horizontal lateral slats and vertical medial slats; iIIlsertion fQr trans
verse muscles small, triangular~adoral circumoral extension rather weak; distal 
circumoral extension wide and high. 

Odontophores:<,{PI. 3; Fig. 4) are relatively large ossicles(width 3.5 mm, length 
4.0). triangular in o~t~ille, symmetrical; distal 'pa'l1. of ossicle forms a wedge-shaped 
extension; oral face concave; lateral~s bent iIIlw:ard; abOral face convex. 

Terminal ossieles (PI. 3, Fig. 2) are relatively large '(width, 2.0 mm, length 2.3 
mm), rectangular to trapezoid'; 'outer face covered by small. densely spaced spine
-bases; proximal niche shallow. gradually widened; distal niche narrow and deep; 
aboral face divided by the longitudinal median , concavity; lateral edges short, ob
liquely tnmcate witl) crescent-shaped structures for attachment to the arm. 

Paxillae (PI. 2, Figs 5-6) are fine but high ossicles (height 2.0-3.0 mm); basal 
part ovate, sometimes with radial extensIons, convex; column of the paxilla coni
cal; aboral terminus of 'the ossicle (tabula) rounded. 

Madreporite (PI. 3, Fig. 1) Is 'found (diameter 2.2 min),'with its outer convex, 
bearing three intersectLrig systems of parallel grooves; on ,iinner' face SIIl elongate 
opening with fragments of the cellar forms the stone canal.· 

Sphies . (PI. . 1, Figs 2~) are predominantly ovate · arid round in sectiOOl (di
mensiOlIled 2.5-6.0 mm); Long, flattOOed spines are called herein the scales (PI. 1, 
Fig. 1). Some of the spines are repaired '(see PI. 1, Fig~ ~6) during the ariimal's 
life ("regenerated" as called formerly. see BAl..UK &RAoWANSKI 1984. cp. 215). 

REMARKS: The :ilnvestliigated, SupMM, lInfMM, Ambl;> and t~m.inals resemble 
thOse of :the Eo~ne specje,s"Astropecte1l.granulatus W:tENBElRG RASMUsSEN. The 
term.i.n,a.lsare however rather Itraa>ezoid iIIlI.t;I;eald of hexagon'8!I, · as these referred to 
by WtENBERGRASMUSSEN(1912) . 

.. PLATE 3 

Astropecten granulatus WIENBERG RASMUSSEN, 1972 
1- Madreporite (la aboral. Ib oral view), 2 - terminal ossicle (2a oral, 2baboral view). 
3-- mouth angle plate (3a inner, Jb outer view). 4 - odontophore (4aoral. 4b aboral 

view). 5·6 -~- circumorals (a oral. b aboral views) 
All photos x 10; taken· by K, ZIELlNSKA 
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On the other ha:nd, Sup...'\<I!M, InfMM,Ambb, Adambb anId mQuth angle p1aJtes 
resemble also those ,oif the modem species Astropecten armatus GRAY (see BLA
KE 1973, pP. 4-~, Figs 2N -0 anld ip. 42, PII. 14, figs 361--55), :Iirom wnic~ they differ 
in some mi:nor detaill;;. In InfiMM aibradial region is smaller tha:n in A. armatus; 
ambulacral bodIes di:Ilfer fromtlhose of A. armatus :iJn tiheir trapero~d insteaid of 
reatarrJ.gular outli:ne, dGG ,dilf,fer in. their semielHpticaJ. instead of "SiUbrectangula.r 
outili:ne, and moutih alll'~e p1ates differ dn their rectangular i<nsteatd Oi. quad:raJngle 
outline. 

Astropecten. sp" A, 
,(PI. 4,Figs 1 and 2) 

,lII[ATERIAt.: 3711 llUperomarglnals and .33 , I,nfer~arglnals from, the K;orytnica Clays; 16 in-
teromargln,~lB from th~ ,marly sands: ' , ' 

DESCRIPTION 

Superomarginal ossicles (PI. 4, Fig. 2) are ,massive, high, narrow (height 2.5,
,-4.0 mm, width 3.5-4.0 mm); outer, face ' convex, smooth; on side faces a large 
fasciolar surface; articulation area large; a'rticulation'ridge well developed; inter
marginal .face concave; inner face flat. DistingUished from SupMM of Astropectem ' 
aTanulatus WIENBERG RASMUSSEN by their 'smooth outer face .. 

Interomarginal ossicles (PI. 4, Fig. 1) are large, massive, wide and low (height 
3.8 mm; width 3.8 mm); triangular to ovate in side-face outline; outer face cove
red by very small spine-bases; row of three or four large spine-bases , near the 
di!!tal margin, the base near, intermargi:nal margins is the largest and located mo
re centraUy; ,011 ~ide face a large articulation area; artic~lation ridge well develo
ped;intennarginaltace large and flat; on ilnnerface a moderately prominent su
perambulacral boss. J)istinguished from " LnfM of Astrapecten granuZatus WIEN
BERG R.ASMUSSEl'j: by their. spine..,bases distribuUon. 

REMARKS: The invesUgated ossicles resemble those of the modem species 
Astr~pecten calijornicus FiSHER (see BLAKE 1973, A>. 4~3;P1. 14; figs 1-12), 
fr:om Which SupMMd1.fferll!l theilr wealldy coocave intermQll"g,inal face, a.nd IrifMM 

. ili their spine-bases distribution. 

3 

PLAI:I\E ,4 

Astropecten sp. A 
1 ~ InfM (la lateral, Iboral view), 2 --:-: SupM (2a lateral, 2b oral view) 

Asttopecten sp. B 
3 - InlM (3a · lateral, 3b oral, 3e abradial view) 

" A~tropecten sp. C 
4 - InfM (4a lateral, 4b oral view) 

Asteroid undetennined ossicles 
5-7 - Paxillae, 8-10 ~ spines, 11- sCale 

All photos x 10; taken by K, ZIELlNSKA 
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Astropecten sp. B 
(PI. 4, Fig. 3) 

MATERIAL: 18 inferomarginals. from the Korytnica ,Clays. 

DESCRIPTION 

Inferomarginal ossicles (PI. 4, Fig. 3) are massive, wide and low (height 2.5 
mm, width 4.8 mm), almo,st quadrangled in side'-face outline; outer face covered 
by very small spine-bases; row of three "enlarged ,spiJIle-bases near the distal mar
gin and six large spine-bases in two ' rows along the iJIltermarginal margin; on si
de face a very large articulation area; articulation ridge well devel;oped; inter
marginal face very wide and flat; . on ' inner fac~' a weak superambulacral boss . 

. Disti~uished from InfMM of other Astropecten ~pecies from the Ko~ytlD.ica Clays 
by their spine-bases distribution. 

REMARKS: The ihvestlligated ossicles show si~Har m-namentatiOl!l as those m 
the Danian ;species Astropecten postornatus WIENBERG RASMUSSEN, 1945 (see 
WIENBERG RASMUSSEN 1972,pp. 37'-38 a1ndPl. 3, F,ilg. 4a-4b) , but they differ 
in -their almost quadrangled instead of s,'UbtriangtlQaa: outline. 

Astropecten Sp. C 
(PI. 4, Fig. 4) 

MATERIAL: 863 interomarginals from the Korytnlca Clays. 

DESCRIllTION 

Inferomarginal ossicles (PI. 4, Fig. 4) are massive, wide and low. (height 3.8-
-6.0 mm, width 5.5-6.5 mm), triangular to ovat"e in side-face outline, similar to 
those of Astropecten sp. B; outer face covered by; small spine-bases; row of abOut 
five large spine-bases, curving from the proximal aboral corner,' continues towa:rd 
the abradial elD.d of the distal margin of the outer face; second row of spine-bases 
along the prOXimal margin; on side face a large artiCulation area; articulation 
ridge well developed; intermarginal face convex; inner face flat. DistiJIlguished 
from InfMM of other Astropectim species from the Korytnica Clays by their spi-} . 

ne-bases distribution. 

PLATE 5 

Luidia Sp. div. 
1-4 - Paxillae (a aboral, b lateral views; 3 is in lateral view), 5 - mouth arigle plate 

(5a inner, 5b outer v;ew) 

Luidia ciliaris (PHILIPPI, 1837) 
6 - Adamb (6a proximal, 6b distal view), 7 - InfM~' (7a lateral. 7b oral view), 8 - left 

Amb (Ba oral, Bb abor~i view) 
Luidia alternata (SAY" 1825) 

9 c...-. Adamb (9a proximal, 9b distal view), 10 - InfM (lOa lateral, lOb oral view), 11-
right Amb (oral view), 12 -left Amb (oral view) 

All photos x 10; taken by K. ZIIiLINSKA 
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Family Luidiidae VERRILL, 1899 

Genus LUidia FORBES, 1839 
Luidia ciliaris (PHILIPPI, 1837) 

(PI. 5, Figs 6-8) 

1837. Astertas cutarts PHILIPPI; R. A. PHILIPPI. p. 194. 
1972. Lutdta ctuarts (PHILIPPI); D. B. BLAKE. p. 307. Teltt-flg. 1. 
1973. Lutdta ctltarts (PHILIPPI); D. B. BLAKE, p. 40, PI. IQ. Figs 1-26. 
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MATERIAL: 574 inferomarginals, 485 smbulacrals, 17 adariibulacrals from the Korytnica clays. 

DESCRIPTION 

[nferoJilarginal ossicles (PI. 5, Fig. 7) are rather small (height 3.0 mm, width 
3.6 mm), crescent-shaped, without any dis1rl.nct ilnrier:-face step; moderately promi
ne,nt superambulacral boss; outer "face convex with three large spine-bases; distal 
articulation ridge large, angular; proximal articUlation ridge rather weak. 

Ambulacral ossicles (PI. 5, F~g. 8) are almost symmetrical (width · 4.2 mm, 
length 2.1 mm); ambulacral body triangular; dentition weakly developed W1ith a 
medial gap; UG small, triangular; oral groove shallow; oral apophyse prominent; 
adambulacral notch deep, angular; GG almost symmetrical; N low elongate; aboral 
ridge low, rounded . 

. Adambulacral ossicles (PI. 5, Fig. 6) are small (height 2.3 mm, Width 1.9 mm), 
rectangular; pal angular; both pa2 and pa3 small; pa4 tl1i.angular; pml wide; dml 
relatively large; oral surface rownded, with weak spine-bases. 

REMARKS: The investigated ossicles agree well with those of the modern spe
cies 'l"eferred to in tUhe synonymy. 

Luidia alternata (SAY, 1825) 
(Pl. 5, Figs 9---12) 

1973. Lutdta atternata (SAY); D. B. BLAKE, pp. 33-34, PI." 6, Figs 25-42; 

MATERIAL: 57 inferomiuginals. 23 ambulacrsls, 4 adambulacrals from the Korytnica Clays. 

DESCRIPTION 

Inferomarginal ossicles (PI. 5, Fig. 10) are high (height 5.1 mm, width 5.0 mm), 
semielliptical, with an inner-face step; s:uperambulacral boss prominelllt; abradial 
region large, elliptical; outer face with two large spine-bases; distal articulation 
ridge large, trapezoid. Distinguished from InfMM bf L. ciHa7'is by the number" and 
position of spine-bases,andoutHne of the distal ~rticulatiOlll ridge. 

AmbulacraI ossicles (PI. 5, Figs U-12) are moderately massive (width 4.5-
7.7 mm, length 1.5-2.4 mm); ambulacral body trapezoid; dentition consists of ver
tical slats, lateral slats enlarged; UG small. triarigular; oral groove shallow; oral 

'PLATE 6 

Goniasteridae, gen. et sI'. ind~t. 
1- Amb (la oral, l~ distal, le proximal view), 2 -l«ft Adamb (2adistal, 2bproximal 

view), 3 - right Adamb (3a proximal, 3b distal view), 4 - Amb (lateral view) 

All photos .x 10; taken by K. ZIELINSKA 
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apophyse prominent; GG aSYIPmetrical; margins parallel, pGG taper abradially, 
dGG taper adradially; adambulacral notch curved; N moderately prominent, ovate; 
aboral ridge law, rounded. DistinguIshed from Ambb of L. ciliaris by asymmetrical 
GG and the appearance ,of dentition. 

Adambulacral ossicles (Pl. 5, Fig. 9) are quadrate (height 3.6 mm, width 3.2 mm); 
adradial prominence distiJIlct; pal cuneate; both pa2 and pa3 weak; pa4 triangular 
and high; both pm2 and pm3 bro;l.d imd triangular; oral margi.n ·wide and ' rOUlIlde:ct; 
oral surface covered by spine-bases. Distinguished from Adambb of other investi
gated Luidia species I:lY their quadrate ou.tlLne aIlld triangular pm3. 

REMARKS: The lin~tiJgated ossicles agree well with thloise of the modem spe
cies referred to in the synonymy. 

, Luidia Sp. div. 
(PI. 5, Figs 1-5) 

MATERIAL: 16 mo~th angle, plates and 56 ,paxUlae from the , Korytruca Clays. 

DESCRIPTION 

MOQ.tti ,angle plates (PI. 5, Fig. 5) are large (height 3.5 mm, length 4.0 mm), 
with their main body of sub circular shape; outer face with a ,broad adonil bl~de, 
bears numerous ~pine"bases; )Illner face with two dentitions (adoral , and medial) 
cOmposed of irregUlar slats: fh·st ambulacral. bar low and broad, directed adorally. 

Paxillae (PI. 5, FigS 1-:-4) ,have their basal parts (width 2.7 -3.5 mm, length 
3.5 - 4.0 mm) cross-shaped and the 'columella not very high (rarely preserved; 
if broken it leaves an ovate scar). 

REMARKS: The -mvestigated mouth amgle plates resembl~ those of the modern 
specieS L. phragma CLARK (see ~LAKE 1973, Text-fig. lL-M), blllt they differ in 
their su,bcircular instead of subtriangulaJr ouUi.ne. 

The investigated paxiIlae a;re similar to specimens from the M:iocene deposits 
or' H\lJIllgary, l'eferred by vAPAsZ (tin5, p.95, Text-fig. 8) as "cadcaredu$ corpusCles" 
(Kalkkorperchen) af Asterias. BLAKE (1973, PIs 4-5 ami 10--l}ll) desm"ibedsimi~M 
ossicles as paxi:1lae of diverse species of Luidia. 

Order Valvatida PERRIER, 1884 
Suborder Granulosina PERRIER, 1894 
Family 'Goriia.stetidae FORBES, 1841 

Goniasteridae, gen. et sp. indet. 
(PIs 6-7) 

MATERIAL: 84 marginals, , 10 ambulacrals, 72 adambulacrals, 3 mouth, angle plates,· 4 circum
orals. 52 actlnals and abactinals from the Korytnlca ' Clays; 14 adambulacrals from the 
marly sands, 

PLATE 7 

Goniasteridae, gen. et sp. indet. 
I-Mouth angle plate (la out~~, lb Inner view), 2-InfM (2a lateral, 2b oral view); 
3"'- SupM (~a 'lateral,' 3b abradilll view), 4 - abactinal ossicle (lateral view), 5 ~ lihactinal 

ossicle ' (oral view), 6 - circu.moral (6a oral; 6b aboral view) 
All photos x,lO; taken by K, ZIELINSKA 
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DESCRIPTION 

Marginal .ossicles (PI. 7, Figs 2~3) are . massi've (height 4.3 ~ 6.5 mm, width 
3.0 - 4.5 mm), triamgular in shape; outer face convex with a rectangular 'protu
berance and sometimes with irregularly spaced elongate or .circular depreSsions 
(alveolae ?); side-facearticulati<llll ridge. lacking; inner. face flat or convex; inter
marginal face flat Or concave. 

Ambulacral ossicles- (PI. 6,Figs 1 and 4) are rather small twidth 5.1 mm, 
length 1.5 mm); ambulacral body rectangular to trapezoid; dentitiocn well developed, 
composed of irregular . slats; DG large and triangular; oral apophyse prominent; 
adambulacral notch curved; N large, prominent; the angle between the plame of 
adambulacral/ambulacral articulatio~ and the ossicle . axis ab.out. 40°. 

Adambulacral ossicles (PI. 6, Figs 2-3) are large (height 4,5 .."... 6.5 mill, width . 
3.0 - 4.6 . mm), quadrangled in shape, with a. distinct adradial prominence; pal 
forms an oblique groove; pa4 angular; both pm2 and pmJ broad; dml broad; both 
dm2 ' and dmJ ridge-shaped; oral surface wide, roimdet;i, cOvered b:y .fine spine
-bases. , 

Mouth angle plates (PI. 7, Fig. 1) are relatively large (height 4.5 ~ 5.6 mm, ' 
length 6.3 - 7.7 mm), with their main body triangular; outer rfa'ce with a large, 
elongate adoral blade, deep and broad first adambulacral articulabon ,~urface, it 
bears a row of spine-bases; inner face concave, with two swellings (first one in 
the adoral part, . second one iIri the m.edial part of the ossicle); first "ambulacral 
articulation bar prominent, directed adOr-ally.· 

Circumoral ossicles (PI. 7, Fig. 6) are maSsive ~width 3.0 ' mm, ie~gih2.0mm), 
with their main body large, massive, rectangular; dentition well developed, com
posed of irregular slats; adoral circumoral extension small, distal circumoral 
extension broad, flattened. . , 

Actinal and abactinal" ossicles (PI. 7, Figs 4-5)vaiyiri o!tite(height 3.0 -
6.0 mm) amd shape (o'Vate, quadrangle, hexagonal); their outer terminus is convex, 
either smpoth or covered. by. fine depressions. 

REMARKS: The ilrivestigated marglnals, actinals .'. and "abact'nnals are ' similar to 
those m a com,pletely 1Pl'e5e:rVed specimen from the 'C-oeVal Middle ' Miocene deposits 
exposed a.t Na.-wodzi~, and w:hich rese:mJb1es rtthe~oIdern genus , Ceramaster a.ndha:s 
been assigned to the family Gon-iasteri!Ciae FORBES by BAUlK & RADW A~SKI 
(1968, p. 450). ' 

. ,- . .'::. 

BLAKE. (1983) studied ,the morphology . of ossic'les .1-elaJteid !to the ambuilacral 
f~rrow ' in the ' Va:lvatfda"and rec~gjni7.~d ~()me chai-acle:dstJc featu~es of their skele
tOrts. These features oocnoeu:n: i(i)The va'1ue ·oif · angiebetween the plane of Amb/ 
fAdambarticulaJtioo amd the OIssicie "axis; and· (ii)SOI1MsttiuctU're·of t'he ambUlaCnil 
furrlowj which i;s , rea;lized due ·to Closely .Spaced , atdambula'Cirals, ;Qio..rthe grouml Of 

PLATE 8 
... 

Asteroid undetermined ·. ossicles 
1,,,,- TeI:minaIA , (la oral, Jb , aboral view); 2- terminal . B. (24 oral. .2b aboral view), 
3 -ctt;rminaI C , (3a oral,, }b .aboralvieV\'), 4-,terminal .. D . (4a oral, , 4bdistai- . vie\V), 
5.....,.. cirCUInOflll B ' (5a oral, 5b aboral view), ·6.....,.. circumo~al A (6a o~ai, 6b abor~l view), 
7 ~ odontophdre ' {7a 'o~ai, 71i aboralview),8 ~ mouth angle "plate (8aouter, 8b inner 

view); 9-U~ inadrejlOrites . 
, All PJ,dtos xl.O';taken b~ le ZIEUNSKA 
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these features ·the present aJutlmr sugge.~ts the fami;ly assilgnment , od: the ,investigated 
Ambb and Adamtlb, as that of tihe Gcmia'steridae. The a'ssociated ci:rcumoral OiSsi
cles have been a.ssigned identica.Uy OIWing to theirr de!lltition simiJlar toO 'those of the 
ambulacral ossicles. 

The i1nvestigated mouth angle plates Tesemible those of Metopaster tumidus 
SPENCER komthe Dower' MaastriC'htian 'Of the Isle of Rtigen(see MULLER 1978, 
p. 478, Text-fig. 573 t-u), but they are smaller and d~o~d 'Of ornamentation. 

Asteroidea indet. 
Order and family unrecognizable 

The taxonomicaalYlIDll"ecogmza;ble material contadns diverse OISSicles, ,some of 
which worth ' to be presented (see PI. 4, F'i~ 5-<1.1 and Pl. 8, Figs 1,.....,1)3). 

The terminal OiSsides are of foulI'types, ca:Ued herein A, B, C, and D (PI. 8, 
Figs 1-4). The only one of the type A (PI. 8, Ftg. 1) resembles 'tihat described by 
VADASZ .(1915, p. 95, Text-jlig. 6), from the Miooene deposits Of Hungary, as a ter
minal ossicle of Asteri(l8 oc ,Goniaster, but it dilffers iJn its rather ovalte instead of 
elongate outline. 

The cLrou.moral ossicles are of two types, caoUed helI'eiIn A and B. (Pl. 8, Figs : 
5-6). Present are also the odontophores (PI. 8, Fig. 7), mouth aongle 'plates (Pl. 8, 
Fig. 8) and madreporite.s (PJ. 8, Figs 9-13). SmcHl ossilC'les are II'E!IP1"esented by pa
xUlae (pI. 4, Figs5-7}; .spines (Pl. 4, Figs 8-10), ant! scales (PI. 4, Fig. 11). The 
spines are much variaible :J.:lbt!h in their size {3.0-7.5 mm) aD.1d shape of the section 
(triangular, ovate, semici£rculax, ci,rcular); some of tlhem aTe ;repaired to the lSIa'lIle 
ex.ten·t as those of Astropecten granuZatus WIENBERG RASMUSSEN (see Pi. I, 
Fi,gs 4-6). 

REMARKS ON· ECOLOGY AND BIOGEOGRAPHY 

The environmental conditions, such as extremely shallow depths, nor
. mal salinity, well ventillated water (for details see BAt.UK & RAD
WANSKI 1977) during the sedimentation in the Korytnica Basin appea

. red rather convenient for the <lsteroids, which became here relatively , 
. abundant. 

The modern Astropecten and Luidia. have similar ha/bits and habi
tats, as they live in shallow waters on wlcoIl$olidated sl,lbstrates and 
burrow beneath the surface. They are predators, feeding mainly upon 
different mollusks,small crustaceans and other echinoderms. (see HY
MAN 1955, CHRISTENSEN 1970, BLAKE1982). Contrary to that, the 
representatives ' of the Valvatida are small-particle feeders with stout 
skeleton; they also prefer warm, shallow waters. 

The composition of the asteroid assemblage from the Korytnica Ba;.. 
sin shows certain affinities to the Recent asteroid fauna Of the tropical 
Indo-Pacific, while its . generic co~position is taken into account. ' In the 
Indo-Pacific region the representatives of the orders Valvatida and the 
Paxillosida predominate (see BLAKE 1983). Such tropical Indo-Pacific 

,affinities of diverse organic communities have formerly been' indicated 
in the Korytnica Basin by BAt.UK & RADWANSKI (1977). 
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\ l I,. ' ,'ROZGWIAZDY Z BASENU :~'ORYTNICY: ' 
'. ~ !'>:- ,'. ' ! 

(Streszczenie) 

Przedmiotem pracy jest analiza: zespołu szczątków' rozgwiażd . pochodzących z 
BasE!nU Korytnlcy (pa'trz fig. 1-'-3 oraz : pl. 1....:.,s)~· WiękSiOśf tych .s ,zczątkówóktórych 
liUba sięga około 38PO r: tOyeh pły: e,k. s*i,eletowyi;i~:~/,ó&tała o:l;na4zona dó poz~ą-

. , • • -, ' , • . . .. ... '.' ',..., > ••• ', . ' ' . ,"o , '" , ' 

mu gatunku, chociaż dla mektórych szczątków. motlliwe było r:ozp~aI!lie wYłącznie 
wyżSzych jednQstek taksonomicznych. ' , ,, t • 

Ro.dzilj AątrOpecten w· bildanym'materiale . reprezentowany'· jest· przez' . 4 . gatun
ki: Astropecie'n granulatus WIENBERGRASMUSSEN, 'iQ72~· AstTooP~cten~. A, 
Astropecten sp. B,oraz . Astropeęten sp .. C. Wśród·su;~tltó~ J:od7;cduLtiid·~.WY'" 
ró:bnić moŻllla dwa gatunki znane dotychczas tYlko . zfaunażisiejszych ,~ Luid.ia . 
ciliciris 'tl?HILIPPI, 1837)oraź L. alternuta (SA Y, 18ę5); :a' ta~ż~ ' szereg form gatun:' 
kowo nieoznaczalnych~ BIdtej nieozrulczalne są róWhiei W~iystkie : s:iczątki należą-
ce do rodziny G.onia,steridae FO:ĘtBE~, 1841. .... .. ..' . . . 

Skład badanego zespołu rozgwiazd wskazuje na śrooOlWisko . płytl0ch wód stre
fy tropikalnej .i Wykazuje .. peWlrie . podObieństwo do faUlIlY 'dzisiejsiych ' rozgWiil'żd 
z ollrs?laru dndo-pacyficznego: ; .... ' . , ., . . 

., ._ 'I . ". ~ 
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