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TAKCOHOMCKH 3HAHAJ AnHKAJIHOr CHCTEMA 
KOA POflA CLYI*EASTER (ECHINOIDEA)

Ofl

JoBaHKe MHTpOBHh-IleTpOBHh*

n p o y H a B a H .e M  M op(|)o;iouiK H X  o,T-iHKa B ejiH K or 6 p o ja  B p c r a  h  npH M ep aK a p o ; ia  Clypeaster H3 
6a,iencK M x cejiHMenaTa JyrocjiaB H je, 'iaici>ylieHO je  n a  je ,  n o p e / i  ocTaJiHX m o p c |5 o :io iu k h x  KapaKTepnc- 
THKa, rp a t)a  aneKca B p jio  3HanajHa 3a H3j(Bajaibe nojeHHHHX B p c ra .  O b o  th m  n p e  h i t o  T . M o r t e n s e n  
(1 9 4 8 ) c M a rp a  a a  aneK C  H eM a B p e n H o c r  3 a  cneuHc})HHKy HfleHTH(})HKaqHjy, je p  M O * e  B ap n p a T H  k o ji 
pa3JiHMHTHX npHMepaKa n c re  B p c re .  H a rn e  ncKycTBo ca  cJjoch jihhm  KJiHneacrepHMa je  cacBHMa 
cy n p 0 T H 0 . A neK C  j e  pa3JiHMHT ko ;( pa3JiHHHTHX B p c r a ,  a  h c t h  k o jj npH M ep aK a H cre B p c re .  A n eK C  je  
M 0 H 0 6 a3 a jiaH  h  ja B J ta  ce y T p n  o c h o b h 3  oSJiHKa: cy6neT oyraoH H , neToyraoHH h  3Be3jjacrH. Y  OKBHpy 
C B a K o r o ;j o b h x  T H noB a 3 a n a * a j y  c e  3H3THa B a p u p a ih a  y  b c j ih ' ih u h  M a ;ip en o p H T a , c rp a H a M a  n e T o y r a -  
OHHKa (p a B iie  h j i h  K O H K aB iie ), o6jiH K y, b c j ih 'ih h h  h  no jio> K ajy  r o H o n o p a  h t ; (  Y n o p e t)H B aH a  j e  BeJiHMHHa 
ro H o n o p a  ca BejiH^iHHOM MaapenopHTa, K ao  h  B e jim H H a  M a jip en o p H T a  ca b c j ih h h h o m  cK e jieT a . H a  o c h o -  
By c b h x  t h x  e jieM eH aT a  k o ji 14 B p c r a  H HBe n o . iB p c re  o B o ra  p o jja  n s jjB o je iio  j e  16 [)ai.iH 'iH TH X  T H noB a 
aneKca.

Pa3MaTpaH je p a 3 J io r ,  K ao  h  iia 'iH ii HacraHKa M O H o6a3a jiH or aneKca.

K.i.VHHe peiH : Clypeastei; Ijajieimjen, M0H06a3ajiHH aneKC, MajipcnopHT, roHonope.

y B o a

BejiHKH 6poj ayTopa ce SaBH O  npoyHaBaH>eM mop4>ojiouikhx ojjJiHKa Clype- 
aster-a 6hjio y pajjoBHMa nocBehemiM hckji.v^hbo obom pojiy, hjih y pajiomiMa 
nocBeheiiHM HeoreHHM exHHHjiiiMa, Mel)y KojiiMa je Clypeastcr jejjan oji HajHeuihHX 
n p e jjc T a B H H K a .

Ty cnaj^ajy pajjoBH: G. C o ttea u -a  (1895), J. L am b ert-a  (1907), D . L o v i-  
sa to -a  (1910), M . E. V a d a sz -a  (1915), G. C h e c c h ia -R is p o li-a  (1926, 1927), 
T. M o rten sen -a  (1948), H. Hym an (1955), J. R om a n -a  (1952, 1960), P. 
K ie r -a  (1963, 1974), J. M itr o v ić -P e tr o v ić  (1969, 1984), A . M a r c o p o u lo u -

HHCTHTyT 3a perH O H ajiH y r e o j io rH jy  h  na jie0H T 0Ji0T H jy  PvaapcKO r e o j io u iK o r  (j)aK y ;iT err a  
Y H H B ep3H TeTa y B eorpa;jy , KaMCHH'iKa 6 , Beorpaji.



-D ia c a n to n i (1970, 1985), C. M ontenat h J. R om a n -a  (1970), I. Com a- 
sch i-C a r ia  (1972), B . N egretti (1984) h ^p.

KapaKTepacTH^HO je jja je BehHHa HaBefleHHX ayTopa cpa3MepHO MaJio 
na>KH.e nocBehHBajia rpal)H aneKca, h HHje My npnjjaBaJia bcjihkh 3Hanaj 3a 
HjjeHTH(j)HKaipijy iiojc;(HHHX BpcTa. I IpecvjlHHM KapaKTepHCTHKaMa 3a H3j(Bajai[,e 
riojejiHHHX BpcTa OBora pojja o6h'iho ce CMaTpajy o6jihk h jpiMCHSHje cKejieTa, 
o6jihk h jjHMeH3Hjc HCTajioHjja h nopHc[)epHHX 30Ha, jiHMensnje, oSjihk h nojioacaj 
nepncTOMa h nepnnpoKTa, nsrjieji aM6HTyca, ojijihkc yHyTpauiH.er CKejieTa htjj. 
3a aneKC ce oGh’iho Kaace jja je M0H06a3ajiaH h jja 3ay3HMa iiph6jiii>kho 
HeiiTpajiHH nojio>Kaj na a6opajinoj CTpaira.

MaJio fleTajbHHje onnce aneKca cpeheMO caMo koji G. C h e c h ia -R isp o li-a ,  
(1927), P. K ie r -a  (1963) h H a p o H H T O  y H3BaHpejjHoj M0H0rpa(J)HjH A . M arco- 
p o u lo u -D ia c a n to n i (1985) n o c B e h e H o j  HCKJhy*raBO M o p c f io J io rH jH  h  eB O Jiyn ;H jH  

Clypeastera.
npoyHaBaiteM Mopr}ioJiouiKHX ojpHKa BejiHKor 6poja BpcTa h  npHMepaKa 

pojja CIypcastcr 6ajieiicKc CTapocTH, 3ana3HJia caM 3HaTHe Bapnjannje y o6jiHKy h 
BejiHHHHH aneKca. O b o  M e je H a B e jio  H a  n o M H c a o  j(a 6 h  nopeji o c T a j in x  M o p c jio -  

jioihkhx K a p a K T e p n c T H K a  Koje ce CMaTpajy iipecyjiHHM 3a H3j jB a ja n ,e  nojejiHHiix 
B p c T a  h rpa^a aneKca 6nJia Bpjio 3HanajHa. O b o  thm npe ih to  T . M ortensen  
(1948, CTp. 10-11) C M aT p a  j ; a  a n e K C  H eM a BpejjHOCT 3a cneiiH4>HHKy jieTep- 
MHHau;Hjy, jep MO*e B a p n p a T i i  koji p a 3J in ' in T n x  npHMepaKa HCTe B p c T e , Kao i r a p .  

kojj p e n e i i T i i e  BpcTe Clypeaster rosaeeus. Harna n c K y c T B a  c a  (p o c H Jiin iM  K JiH n e- 

acTepHMa 6ajiencKe criapocrin cy c a c B H M  cynpoTHa. A neKC je  pa3JiH'iHT ko jj 
pa3JiHHHTHX BpcTa a hcth  kojj npHMepaKa H C T e  BpcTe.

MaTepnjaji u Meroj^e

O j i  B e j iH K o r  6 p o j a  n p o y H a B a H H X  n p H M e p a K a  a n e K C  j e  j j o 6 p o  o n y B a H  koj^  c j ie -  

j j e h n x  BpcTa: Clypeaster manini L o v isa to , Cl. pyramidalis M ich e lin , Cl. scillae 
D e sm o u lin s , Cl. scillae alienus V ad asz, Cl. airaghi Lam bert, Cl. mostoi L ov i-  
sa to , Cl. olisiponensis M ich elin , Cl. crassicostatus A g a ss iz , Cl. partschi 
M ich e lin , Cl. grandiflorus B ronn., Cl. grandiflorus anteacutus V ad asz, Cl. 
intermedius D esm o u lin s , Cl. danubicus V ad asz, Cl. tauricus D esm o u lin s , Cl. 
gibbosus (R isso ) M . de Serres h  Cl. cf. marginatus Lam arck.

K ojj n a B e j ie i iH X  B p c T a  i ip o y ' i a B a n e  c y  c j ie j ie h e  o j j j i h k c  a n e K c a :  n o j io ^ c a j,  

o 6 j i h k  h  B e j iH H H H a  M a j ip e n o p H e  nnoqe, o 6 j ih k ,  B e j iH H H H a  h  nojio>Kaj r o H o n o p a ,  
o 6 j i h k  h  n o J io > K a j o n e j ia p im x  n o p a .

j
Tpa^a aneKca

AneKC je M0H06a3ajiaH h k o j j  c b h x  BpcTa 3ay3HMa neinpajiaH hjih t o t o b o  

iieinpajian nojio*aj. JaBJba ce y  Tpii ocH O B H a o 6 jiH K a : c y 6 n e T o y r a o H H  ( Clypeaster 
partschi M ich e lin , Ta6. II c ji .  4; Cl. scillae alicnus Vadasz, Ta6. II c j i .  1; Cl. mostoi 
L o v isa to , Ta6. I c j i .  7; Cl. cf. marginatus Lam arck, Ta6. III c ji .  7, 8), neToyraoHH
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-  naj'icinhn ( Cl. intermedius D esm o u lin s Ta6. III c j i . 1,2; Cl. olisiponensis 
M ich e lin , Ta6. I c j i . 8; Cl. grandiflorus B ronn, Ta6. II c j i . 5, 6; Cl. tauricus 
D esm o u lin s Ta6. III c j i . 3.4; Cl. manini L o v isa to , Ta6. I c j i . 1,2; Cl. airaghi 
Lam bert, Ta6. I c j i . 5, 6), h  3Be3jjacT (Cl. crassicostatus A g a ss iz , Ta6. II c j i . 2, 3; 
CJ. scillae D esm o u lin s , Ta6.1 c j i . 4 h  Cl. pyramidalis M ich e lin , T a6.1 c j i . 3).

K o j i  cy6neToyraoHor a n e K c a  C T p aH e n e T o y ra o H H K a  cy 6jiaro 3ao6jbeHe. K o j i  

n e T o y r a o H o r  C T p aH e  n e T o y r J i a  c y  h j i h  n j i e a J in o  p a B H e  (Cl. manini L o v isa to , Ta6. 
I c j i .  1, 2; Cl. olisiponensis M ich e lin , Ta6. I c ji .  8; Cl. intermedius D e sm o u lin s , 
Ta6. III c ji .  1, 2; Cl. airaghi Lam bert, Ta6. I c ji .  5, 6) h j i h  6jiaro KOHKaBHe (Cl. 
tauricus D esm o u lin s Ta6. III c ji .  3 ,  4 ;  Cl. grandiflorus anteacutus V ad asz , Ta6. 11 
c j i .  7, 8). AneKC 3iie3jiacTOi o6jiHKa m o > k c  6 h t h  ca KpahHM ( Cl. crassiocostatus 
A g a ss iz , Ta6. II c j i .  2, 3 )  h j i h  j^ y * H M  KpaqHMa ( C1. pyramidalis M ich e lin , Ta6. I 
c j i .  3 ) .

Kojj MajipenopiiTa cy6neToyraHor hjih neToyraoHor o6jiHKa paBHa cTpana 
neToyrjia je OKpeHyTa npeMa HenapHOM aM6yjiaKpy a yrJiOBH neToyrjia ce Hajia3e 
y npaBny HHTepaM6yjiaKapa. Koji Majipenopirra 3Be3JiacTOi' o6jiHKa jiBa KpaKa cy 
oKpenyTa Ka npejiiboj a Tpn Ka 3ajiiboj c rpaiiH je>Ka.

BpojHe XHjtponope pa3JiHTiHTHX o6jiHKa h BejiH^Hiie Jieno cy yoHJbHBe caMO 
koji 'ie'inpii BpcTe h jejine nojjp.pc're: Cl. grandiflorus anteacutus V ad asz , Ta6. II 
cji. 7, 8; Cl. crassicostatus A g a ss iz , Ta6. II cji. 2, 3; CI. airaghi Lam bert, Ta6. I cji. 
5, 6, Cl. manini L o v isa to , Ta6.1 cji. 1 ,2  h Cl. cf. marginatus L am arck, Ta6. III cji. 
7 ,8 .

M ajipenopna iuiona je Majinx flHMeii3Hja. BejiHHHiia npe*mHKa Mepena na 
MecTy rjie je iuio'ia najuiHpa Kpehe ce oji 3,3 jio 9 mm. Hajcirrmijii Majipenopirr 
ojl 3,3 mm HMajy BpcTa: CJ. mostoi L ov isa to  h iiojiLipc'ra Cl. scillae alienus 
V adasz. HeniTO KpyiiHH]ii Majipenopirr oji 3,7 mm cpehe ce koji nojiBpcre Cl. 
grandiflorus anteacutus V adasz. I IpciHHK oji 4 mm HMajy BpcTe: Cl. scillae 
D esm o u lin s , Cl. danubicus V adasz h CI. cf. marginatus Lam arck, a oji 4,2 mm 
BpcTe Cl. manini L ovisato  h Cl. gibbosus (R isso ) m. de Serres. BpcTe Cl. 
partschi M ich elin , Cl. grandiflorus B ronn. h Cl. airaghi Lam bert cy ca iipeniiH- 
kom oji 5 mm. Heiu'ro KpyniiHjH Majipcnopirr iipe>iiiHKa 7 mm HMajy BpcTe: Cl. 
tauricus D esm ou lin s h Cl. intermedius D esm o u lin s . lipeHHHK Majipenopirra koji 
BpcTe Cl. crassicostatus A g. H3HOCH 8 mm, a koji BpcTe Cl. pyramidalis M ich elin  
8,6 mm. HajKpynHHjH Majipenopirr y oKBHpy npo^'iaiianor MaTepnjajia hmb BpcTa 
Cl. olisiponensis M ich elin  -  9 mm.

BejiHHinia h  pacnopeji r o H o n o p a  TaKoi)e iiapnpajy y 3H3THoj Mepn. Foho- 
nope cy cMeniTeHe h j i h  y yrjioBHMa neToyrjia, ojinocno Ha KpajeBHMa KpaKOBa 
koji 3Be3jiacrrHX aneKca, h j i h  cy Majio yjiaJBeiiH oji aneKca h Hajia3e ce yHyTap 
aM6yjiaKapa. npBH cjiv'iaj ce cpehe koji Clypeaster intermedius D e sm o u lin s , Ta6. 
III c ji .  1, 2; CI. maniniL o v isa to , Ta6. I c ji .  1, 2; Cl. olisiponensisM ich e lin , Ta6. I 
c ji .  8; Cl. airaghiLam bert T a6.1 c ji .  5, 6; Cl. tauncusD esm o u lin s Ta6. III c j i .  3, 4, 
Cl. grandiflorus B ronn. Ta6. II c j i .  5, 6 h  jip. /(pvrn, Hnp. koji BpcTe Clypeaster 
crassicostatus A g a ss iz , Ta6. II c ji .  2, 3.

BejiH'iHiia roHonopa ce Kpehe oji 0,3 mm. (Cl. mostoi L o v isa to , Cl. airaghi



L am bert, Cl. cf. marginatus Lam arck, Cl. scillae alienus V ad asz), npeKO 0,4 mm 
(CI. manini L o v isa to ), 33THM 0,6 mm (Cl. olisiponensis M ich e lin , Cl. crassicostatus 
A g a ss iz , Cl. pyramidalis M ich e lin , Cl. grandiflorus anteacutus V ad asz), jjaji>e 0,7 
mm ko/( Cl. grandiflorus B ronn., h Cl. denubicus V ad asz, 0,8 mm ko/( Cl. gibbosus 
(R isso ) m . de Serres jjo 0,9 mm ko^ Cl. intermedius D esm o u lin s.

0 6 j i h k  r o H o n o p a  r a K o ^ e  Bapnpa. Y  n eK iiM  cjiyiiajeBHMa cy HjjeajiHo npaBHJi- 
Hor OKpyrjior o6jiHKa (Hnp. Cl. manini L o v isa to , Ta6. I cji. 1, 2; Cl. scillae 
D e sm o u lin s , Ta6. I cji. 4). Kofl BpcTe Cl. airaghi Lam bert cy npH6jiHacHO OBaji- 
Hor o6jiHKa (Ta6. I cji. 5, 6). Haj3ajj, Mory 6h th  h iieiipaBHJiiior o6jiHKa (Cl. 
crassicostatus A g a ssiz ,T a 6 . II cji. 2, 3; Cl. mostoi L o v isa to , Ta6. I cji. 7; Cl. 
partschi M ich e lin , Ta6. II cji. 4; Cl. scillael alienus V a d asz ,T a6 . II cji. 1).

BejiH'iHiia roHonopa je yrjiaBH O M  y  cpa3Mepn ca b b j i h h h h o m  M a n p e n o p H T a .  
TaKO t j io p M a M a  ca HajcMTHHjMM M a jjp e n o p H T O M  o ; t r o B a p a j y  h  n a jc H T H H je  t o h o -  

nope ( Cl. mostoi L o v isa to  T a6.1 c ji .  7, Ci. scillae alienus V ad asz , Ta6. II c j i .1 ) .

To, Me^yTHM, HHje yBeK cjiyqaj. TaKO nnp. BpcTe ca HajKpynHHjHM 
M a /jp e iro p H T H M a  (Cl. crassiocostatus A g a ss iz , Ta6. II c j i .  2, 3 h  Cl. pyramidalis 
M ich e lin , Ta6. I cji. 3) H M ajy  c p a 3 M e p n o  K p y n H e , a jiH  H e h  H a jK p y n H H je  r o H o n o -  

p e .  H a jK p y n H H je  roHonope c e  c p e h y  kojj B p c T a  Cl. intermedius D esm o u lin s , ' i n j a  

j e  M a j ip e n o p r i a  i r j r o 'i a  H e n r r o  C H T iirrja  (7 mm) ojj M a jrp e r ro p r r e  r r j r o 'r e  Cl. olisipo- 
nensis M ich e lin  (9 mm).

TpaHHije o n e j i a p i r n x  rrJtO H H na npeMa Maj(perropnriy yrjiaBHOM i i n c y  ja c H O  

yo'iJbHBe. Y HajBeheM 6pojy cjiv’iajeisa liHjjJbHBe cy caMO on;ejiapHe nope. Koji 
B p c T e  Cl. crassicostatus A g a ss iz  (Ta6. II c j i .  2, 3) J i e n o  j e  yo 'iJ i> H B a o n e j r a p i r a  

i u i o ' i a  Koja c e  Hajia3H H a c n p a M  j i e c n o r  n a p H o r  a M 6 y j ia K p a  (onejiaprra HJto'ra I).
I H t o  c e  ' iH 'r e  o j j r io c a  Bejnt'iHHe M a j j p e i io p n e  iu io n e  n p e M a  B e jiH 'iH iin  c K e j ie -  

T a ,  y HajBeheM 6 p o j y  c j i y 'i a j e B a  o h h  cy y cpa3MepH, i j .  B p c T e  r ra jc H T rrn jH x  c K e j ie -  

Ta H M ajy  h  n a jM a i r .e  M a j jp e r r o p r r e  i u i o 'r e  h  o 6 p H y T O . TaKo H n p . B p c T a  Cl. mostoi 
L o v isa to  c a  jjy> KH H O M  C K e j ie T a  o j j  6,2 cm h  nojjBpc'ra Cl. scillae alienus V ad asz ca 
jjy> KH rroM  c K e j ie T a  ofl 5,8 cm H M ajy  Majjpenopin' npe'iHHKa 3,3 m m ; Cl. manini ca 
jjy>KHHOM C K e j ie T a  o j j  6,8 c m  H M a  M a j ip e n o p i iT  n p e 'iH H K a  4,3 m m ; Cl. grandiflorus 
jjy>KHiie 8,1 cm H M a  M a j jp e n o p H T  o j j  5 mm; C1 ;>2te/meć//u.sDesmoulins jjy*Hiie 9,4 
cm h  Cl. tauricus D esm o u lin s 10,5 cm HMajy M a j jp e n o p H T  o j j  7 mm; CI. crassico- 
status A g a ss iz  j j y * H H e  10,8 cm H M a  M a j jp e n o p H T  npeHHHKa 8 mm. Bpcra najBe- 
hnx jjH M e H 3 H ja , M e ^y T H M , CI. pyramidalis M ich elin  (17 cm) H eM a h  iiajiiehH M a jj- 

p e n o p H T  (8,6 m m ) .  HajBehe jjH M eH 3H je  M a j jp e n o p H T a  c p e h y  ce k o j j  BpcTe CI. 
olisiponensis M ich e lin  (9 mm). ( B h j j h  T a 6 e j i y  1).

Pa3Ma rpaii.e pa j iora u iiaMHiia nacTaiiKa M oiio6a3a:inor ancKca

Pa3Jior 3a HacTaHaK MOHo6a3ajiHor aneKca, Kao h iieroB na'irrrr nocTaHKa 
joiii yBeK HHcy jjobojlho pa3jaiuiieHH, HaKO cy o TOMe nncajiH MHorn ayTopH: T. 
M ortensen  (1948), H. H ym an (1955), P. K ier (1962,1974), h  jjp.

P. K ier (1974) Ka>Ke j j a  h b k o  p a 3 J i o r  H a c T a H K a  M0 H0 6 a 3 a jiH 0 r  a n e K c a  H H je 

j j o b o j b h o  pacBeTJben, o m h t o  je jja M0H06a3ajiHH aneKC 0M0ryhaBa je>Ky jja no-



Beha flHMeH3aje MaflpenopHTa. Y  M0H06a3ajiH0M aneKcy je^HHa reHHTajiHa njiona 
je Ma/ipenopnT. Ca necTaHKOM cbhx jipyiHX reHHTajiHHX iiJio'ia oHa 3ay3HMa 
Miioro Behn npocTop nero koj( TeTpa6a3ajiHor aneKca.

Ta6ejia 1. £(HMeH3Hje cK eJieT a (sy>KHHa, rn n p H H a , BHCHHa; y in m ) ,  npe^H H K  M ajjp e n o p H T a  H BejiHMHHa 
r o H o n o p a  KOfl n p o y > ia B a n n x  B p c ra  p o ;ia  Clypeastei 

Table 1. Test dimensions (length, wiđth, height), madieporite plate diameter, and size of gonopoies for 
the studied Clypeaster species. ,

H M e B p c re  

Species
jiy)KHHa
length

[iiH pm ia

vvide
BHCHHS

hight
MajipenopHT 

madrepor plate
roHonopa
gonopora

Clypester airaghi L a m b e r t 62 46 18 5,0 0,3
Clypeaster crassicostatus A g a s s i z 108 89 35 8,0 0,6
Clypeaster danubicus V adasz 78 62 22 4,0 0,4
Clypeaster gibbosus (R i s 0 )

M. de Serees
100 82 24 4,0 0,3

Clypeaster grandiflorus B ronn 81 60 15 5,0 0,7
Clypeaster grandiflorus anteacutus 

V adasz
96 80 18 3,7 0,6

Clypeaster intermedius D esm oulins 94 82 21 7,0 0,9
Clypeaster manini L 0 v i s a 10 68 51 12 4,2 0,4
Clypeaster cf. marginatus Lam arck 118 94 50 4,0 0,3
Clypeaster mostoi L 0 v i s a 10 62 46 18 5,0 0,3
Clypeaster olisiponensis M i c h e 1 i 11 98 90 3,2 9,0 0,6
Clypeaster partschi M i c h e 1 i n 134 124 41 7,0 0,4
Clypeaster pyramidalis M i c h e 1 i n 170 155 97 8,6 0,6
Clypeaster scillae D esm oulins 100 82 24 4,0 0,3
Clypeaster scillae alienus V adasz 58 . 49 13 3,3 0,3
Clypeaster tauricus D esm oulins 105 86 35 4,2 0,8

Ilafla y o h h ,  Mef)yTHM, fla j e  M 0 H 0 6 a 3a J iH H  a n e K C  n p H c y T a H  y r j ia B H O M  koj^ 

joKena B p j io  B e j iH K H X  j iH M e iis H ja  ( k o j j  K p y n H H X  n p e j ic T a B H H K a  Cassiduloida h  k o / j  

Clypeasteroida Kojh  c n a j ia j y  y  H a jK p y n H H je  no3HaTe joKene). K a p a K T e p H C J iT H ' i i io  

je jja cy M e 3030 j c K H  i ip e j i c T a B i in n n  Cassiduloida K o jn  H M a jy  TeTpa6a3ajian aneKC 
y r j ia B H O M  M a n ,n x  j(H M e H 3H ja  o j i  T c p n i i j a p i iH X  ca M 0 H 0 6 a 3a j iH H M  aneKCOM (Kao 
u ito  je Hnp. Echinolampas h jjp.). Beha Majipenopna ruio'ia CBaKaKO je 0M0ry- 
h a B a j ia  B e h n  n p H J iH B  B o j je  y iieuiHaHH K a H a j i ,  a  33 t h m  y a M 6y j ia K p a j i i iH  c h c t c m  
HHja je B e j iH H H H a  c p a 3M e p n a  b c j ih h h h h  i j e j i e  H H jjH B H jjy e . M o a c j^ a  6h  o b o  M o r J io  

6 h th  jej(HO 0 3  o 6j a in r L e r L a  3a c T B a p a i t e  M O H o 6 a 3a j iH o r  aneKca. Y  n p n j i o r  OBOMe 
rr/je h  q ir r r ,e r iH n a  j ja  KJimieacTepir Behnx j iH M e n s H ja  H M a jy  h  Behn a n e K C .

P. K ier (1962) c M a T p a  j j a  je p a 3 J i o r  O Be n p o M e H e  M O * j;a  T a j u i t o  j e  
M0H06a3ajuiH aneKC C T pyK T ypH O  ja'rrr jep  H eM a c y rr y p a .  H cT O B p e M e H O  H a r J ia m a B a  

f la  t o t o b o  c b h  npeceHOHCKH KacirjjvajiHjur ca TeTpa6a3ajiHHM aneKCOM HMajy 
o j^ j ih h h o  ca'iyBan anHKajiHH CHCTeM.

LUto ce T ir'ie  H aH im a H acTaH K a MOHo6a3ajiHor aneKca nocToje yrjiaB H O M  jnsa 
M H iujbeu>a: 1 . r e i iH 'r a j in e  iuione c y  cJ)y3 HOHHcaHe y  je jr n y  n e n T p a j m y  n e T o y r a o H y  

iu io ' iv  C K po3  H3 6 y u ie H y  x n jjp o i io p a M a  (H. H ym an, 1955). 2. Hrrje M o r y h e  p e h H  

jja j ih  cy n p o M e H e  y M o n o 6 a 3 ajiHH a n e K c  6 HJie n p o y 3p oK O B aH e (}ry3 n joM  reH H T aji-



h h x  iuiona, h > h x o b o m  p e c o p n n H jo M , h j ih  c e  i e H H T a j iH e  H J io n e  1, 3, 4 h  5 y o n n r r e  

H H c y  h h  p a 3B H J ie  (P . K ier,1962).
M aTepnjaji k o j h c m o  n p o y Tia B a jiH  HHje H aM  O M o r y h n o  p a 3p e m e ib e  0 B 0 r  

n n T a i i a .

3AKJby*IAK

Ha 0 CH0 B y f l e ' r a j b i i o r  i i p o y '! a B a i i , a  M0 H0 6 a 3 a jiH 0 r  a n e K c a  k o j j  B e j iH K o r  6 p o j a  

B p c T a  h  n p H M e p a K a  p o j ia  Clypeaster H 3 6 a / ie n c K H x  c e j iH M e n a 'r a  M o a c e  c e  3 a K Ji,y -  

h h t h  f la  a n e K C  H M a n e h n  s n a ' i a j  3a  H f le irn if j jH K a m ijv  i i o j e f l n m ix  B p c T a  h  n o f lB p c T a  
o B o r a  p o j ia  H e r o  m T o  c e  t o  j(o  c a j ja  c M a T p a n o .

M a j ( a  j ( o c rr a  c j i h tih h  H a  n p B H  n o r j i e j i  a n H K ajiH H  c h c t c m h  p a 3 J iH 'i i r r n x  B p c T a  

c e  j a c H o  p a 3J iH K y jy  o 6 j ih k o m  h  B e ju m iiH O M  M a j ip e i io p i r r a ,  K a o  h  o 6 j ih k o m ,  B e j iH -  
• ih h o m  h  n o j u m a j c M  r o H o i io p a  h  o n e j ia p n n x  n o p a .

O y H K i^ H O H a jiH H  3H a H a j c{)opMHpaiba M 0 H 0 6 a 3a j iH 0 r  a n e K c a  je jom  y B e K  
iie j io B O J b H O  pa3jaimbeH. Beha M a j ip e n o p H a  l u i o ' i a  je 0 M 0 r y h a B a J ia  B e h i i  h  6p>KH 
n p H H H B  B o j je  y  i i e m ' i a n n  K a H a j i ,  a 3a T H M  y  a M 6 y j ia K p a j iH H  C H C T eM  Miija je B e j iH -  
HHHa c p a 3M e p H a  b c j i h ' i h i i h  h c j i c  HHjiHBHjiye. Obo je jejjHO oj( M o r y h H X  o6jamH>e- 
i b a  n a c T a H K a  M O H o 6 a 3a j iH o r  a n e K c a .  3 acH O B aH O  j e  H a  H H ib e H H H H  j ja  j e  M 0 H 0 6 a -  

3 a j ia H  a n e K C  n p n c y T a H  y r j ia B H O M  k o j i  je> K eB a  B p j io  b b j ih k h x  j iH M C in i i j a .  K j i h i i c -  

a c r e p H jm  cnajiajy y H a jK p y n H H je  j(0 cajja n o 3H a T e  j e * e B e .  Y  O K B H p y  Cassiduloida 
M e 3030 j c K H  n p e j ic T a B H H H H  c a  TeTpa6a3ajiHHM a n e K C O M  c y  6 h j ih  3H aTH O  MaibHX 
j lH M e H 3H ja  o j j  T e p H n ja p n n x  ca M 0 H0 6 a 3a j iH H M  a n e K c o M .  M  y  o K B H p y  nojcj(HHiix 
B p c T a  poj^ a Clypeaster i ip e / iC T a B i in n n  Behnx j p M e i i3H ja  H M a jy  B e h n  M a j j p e n o p i r r  h  
o6pHyTO.
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TAXONOMIC SIGNIFICANCE OF APICAL SYSTEM 
IN THE CLYPEASTER ECfflNOIDS

by
*

Jovanka M itro v ić -P e tro v ić

A study of moiphologic features on a laige number of Clypeaster species and specimens from 
Badenian sedments of Yugoslavia resulted in the conclusion that, among other morphologic characters, 
the stmcture of apical system is very important for identification of some species. This even more so, 
because T. M ortensen  (1948) refutes the value of apical system for specific identification as it may 
vary in specimens of the same species. My experience with fossil Clypeasters is the opposite. Apical 
system varies among species, but is similar in specimens of the same species. It is monobasal and oc- 
curs in one of three principal forms: subpentagonal, pentagonal, or stellate. Each of the types may 
widely vary in the madreporite size, pentagon sides (straight or concave), shape, size and poisiton of 
gonopores, etc. The sizes are compared of gonopore to madreporite plate and madreporite plate to test. 
On the basis of all these elements in fourteen species and two subspecies of the genus, sixteen different 
types of apical system were identified.

The consideration is given to the reasons for and manner of the monobasal apical system devel- 
opment.

Key words: Clypeaster, Badenian, monobasal apical system, madreporite, gonopores.

IN TRODU C TION

Many paleontologists discussed morphologic features of Clypeaster either in 
works on this genus alone or in contributions conceming Neogene echinoids of which 
Clypeaster is one of the commonest.

These works include: G. C otteau (1895), J. L am bert (1907), D .L o v isa to  
(1910), M .E . V adasz (1915), G. C h e c h ia -R isp o li (1926, 1927), T. M or- 
tensen  (1948), H. Hym an (1955), J. Rom an (1952, 1960), P. K ier (1963, 
1974), J. M itro v ić -P e tro v ić  (1969, 1984), A. M arc o p o u lo u -D ia c a n to n i

University of Belgrade, Faculty of Mining and Geolgy, Institue of Regional Geology and 
Paleontology, Kamenička 6, Belgrade.



(1970, 1985), C. M on tenat and J. Rom an (1970), I. C o m asch i-C a ria  (1972), 
B. N eg re tti (1984), etc.

Characteristically, most of the mentioned authors give comparatively little con- 
sideration to the structure of apical system and its great significance for specific iden- 
tification. The shape and size of test, shapes and sizes of petaloid ambulacra and po- 
riferous zones, sizes, shapes and positions of peristome and periproct, apperance of 
ambitus, characters of test interior, etc. are commonly considered principal characteris- 
tics for specific identification. It is usually said of apical system to be monobasal and 
generally centrally situated on aboral surface.

More detailed descriptions ol' the apical disc are given by G .C h e ch ia -R isp o li 
(1927), P . K ier (1963), and especially in an excellent monograph by A. M arco- 
p o u lo u -D ia c a n to n i (1985) concemed entirely with the morphology and evolution 
of Clypeaster.

In a large number of Badenian Clypeaster species and specimens, I have noted 
significant variations in form and size of the apical system. It occurred to me that, 
among the morphologic features maintained essential for specific identification, the 
structure of apical system was also very important. This is even more so that 
T .M o rten sen  (1948, pp. 10-11) takes the apical system unfit for specific identifica- 
tions because it may vary from one specimen to another in the same species, as for 
instance in the recent species Clypeaster rosaceus . I have an entirely different experi- 
ence with Badenian Clypeaster. Their apical discs are unlike in different species, and 
similar in the same species.

MATERIALS AND METHODS

Among the many examined specimens, apical discs were well preserved in the 
following species: Clypeaster manini L o v isa to , Cl. pyramidalis M ich e lin , Cl. scillae 
D esm o u lin s , Cl. scillae alienus V adasz , Cl. airaghi L am bert, Cl. mostoi Lovi- 
sa to , Cl. olisiponensis M ich e lin , Cl. crassicostatus A g assiz , Cl. partschi Mi- 
ch e lin , Cl. grandiflorus B ronn ., Cl. grandiflorus anteacutus V adasz , CI. interme- 
dius D esm o u lin s , Cl. danubicus V adasz , Cl. tauricus D esm ou lins, Cl. gibbosus 
(Risso) m. de S e rre s , and CI. cf. marginatus L am arck.

The apical discs of the mentioned species were studied for position, shape and 
size of madreporite plates; shape, size and position of gonopores; shape and positon 
of ocular pores.

APICAL SYSTEM STRUCTURE

Apical system is monobasal in each species, centrally or subcentrally situated. It 
occurs in one of three principal forms: subpentagonal (Clypeaster partschi M ich elin , 
Pl. II, Fig. 4; Cl. scillae alienus V adasz , Pl. II, Fig. 1; Cl. mostoi L o v isa to , Pl. I, 
Fig. 7; Cl. cf. marginatus L am arck , Pl. III, Figs. 7, 8); the commonest pentagonal 
(C1. intermedius D esm o u lin s , Pl. III, Figs, 1 ,2 ; Cl. olisiponensis M ich elin , Pl. I, 
Fig. 8; Cl. grandiflorus B ronn ., Pl. II, Figs, 5, 6; Cl. tauricus D esm o u lin s , Pl. III,



Figs. 3, 4; Cl. manini L o v isa to , Pl. I, Figs. 1, 2; Cl. airaghi L am b ert, Pl. I, Figs. 5, 
6), or stellate {CI. crassicostatus A g assiz , Pl. II, Figs. 2, 3; Cl. scillae D esm o u lin s , 
Pl. I, Fig. 4; Cl. pyramidalis M ichelin , Pl. I, Fig. 3).

Where the apical system was subpentagonal, its sides are gently rounded; in pen- 
tagonal ones, the sides are either perfectly straight (Cl. manini L o v isa to , Pl. I, Figs. 
1 ,2 ; Cl. olisiponensis M ichelin , Pl. I, Fig. 8; Cl. intermedius D esm o u lin s , Pl. III, 
Figs. 1, 2; Cl. airaghi L am bert, Pl. I, Figs. 5, 6) or mildly concave (Cl. tauricus 
D esm o u lin s , Pl. III, Figs. 3, 4; Cl. grandiflorus anteacutus V ad asz , Pl. II, Figs. 7, 
8). A stellate apical system may have short (C'I. crassicostatus A g assiz , Pl. II, Figs. 
2, 3) or long legs (Cl. pyramidalis M ich elin , Pl. I, Fig. 3).

The madreporite plate of subpentagonal or pentagonal shape has a straight pen- 
tagon side tovvard the odd ambulacrum and pentagon legs pointed to interambulacra. 
The madreporite plate of stellate shape has two legs pointed to anterior and three to 
posterior surfaces of the echinoid.

A numerosity of hydropores varying in size and shape are well visible only in 
four species and one subspecies: Cl. grandiflorus anteacutus V ad asz , Pl. II, Figs. 7, 
8; Cl. crassicostatus A g assiz , Pl. II, Figs. 2, 3; Cl. airaghi L am bert, Pl. I, Figs. 5, 
6; Cl. manini L o v isa to , Pl. I, Figs. 1, 2; and Ci. cf. marginatus L am arck , Pl. III, 
Figs. 7, 8.

The madreporite plate is small. Its longest diameter varies from 3,3 mm to 9 
mm. The smallest madreporite plate of 3,3 mm is found in the species Cl. mostoi 
Lovisato, and the subspecies Cl. scillae alienus V adasz. The species Cl. scillae 
D esm o u lin s , Cl. danubicus V adasz , and Cl. cf. marginatus L am arck  have 4 mm 
long diameter, and Cl. nmnini L ovisato  and Cl. gibbosus (Risso) m. de S erres 4,2 
mm. The species Cl. partschi M ichelin , Cl. grandifiorus B ronn . and Cl. airaghi 
L am bert are 5 mm in diameter. Somewhat larger madreporite plate of 7 mm is pos- 
sessed by the species: Cl. tauricus D esm oulins and CI. intermedius D esm o u lin s . 
Cl. crassicostatus A gassiz  has madreporite plate of 8 mm, and Cl. pyramidalis 
M ichelin  8,6 mm. The largest madreporite plate of 9 mm found in the examined 
material was that of Cl. olisiponensis M ichelin .

Gonopores also much vary in size and position. They are situated either in peta- 
loid leg ends or are slightly removed from the apical disc and are in the ambulacra. 
The former case is found in Clypeaster intermedius D esm o u lin s , Pl. III, Figs. 1,2: 
Cl. manini L o v isa to , Pl. I, Figs. 1,2; Cl. olisiponensis M ich e lin , Pl. I, Fig. 8; Cl. 
airaghi L am bert, Pl. I, Figs, 5,6; Cl. tauricus D esm o u lin s , Pl. III, Figs, 3,4; CI. 
grandiflorus B ronn., Pl. II, Figs. 5,6; etc. The latter has been noted in Clypeaster 
crassicostatus A g assiz , Pl. II, Figs. 2,3.

Gonopores vary in size from 0,3 mm (Cl. mostoi L o v isa to , Cl. airaghi Lam- 
b e rt, O. cf. marginatus L am arck , Cl. scillae alienus V adasz) to 0,4 mm (Cl. ma- 
nini L ov isato ), to 0,6 mm (Cl. olisiponensis M ich elin , Cl. crassicostatus A g assiz , 
CI. pyramidalis M ichelin , Cl. grandiflorus anteacutus V adasz), to 0,7 mm in Cl. 
grandiflorus B ronn . and Cl. danubicus V adasz , to 0,8 mm in Cl. gibbosus (Risso) 
m. de S erres , to 0,9 mm in Cl. intermedius D esm ou lins.

The shape of gonpore is also variable. It can be perfectly regular circle (as in



67. manini L o v isa to , Pl. I, Figs. 1 , 2 ;  Cl. scillae D esm ou lins, Pl. I, Fig. 4), 
suboval (Cl. airaghi L am bert, Pl. I, Figs. 5, 6), or irregular (C1. crassicostatus 
A g ass iz , Pl. II, Figs. 2, 3; Cl. mostoi L o v isa to , Pl. I, Fig. 7; Cl. partschi M i- 
ch e lin , Pl. II, Fig. 4; Cl. scillae alienus V adasz, Pl. II, Fig. 1).

Gonopores are generally proportional in size with madreporite. Thus, the forms 
with the smallest madreporite have the smallest gonopores (67. mostoi L o v isa to , Pl. 
I, Fig. 7; Cl. scillae alienus V adasz , Pl. II, Fig. 1). But it is not always the case. 
Thus, the species with the largest madreporite (Cl. crassicostatus A g assiz , Pl. II, 
Figs. 2, 3 and Cl. pyramidalis M ich elin , Pl. I, Fig. 3) have comparatively large, but 
not the largest, gonopores. The species Cl. intermedius D esm oulins has the largest 
gonopore and the madreporite plate is somewhat smaller (7 mm) than that of Cl. 
olisiponensis M ichelin  (9 mm).

Ocular plates mostly have indistinct boundary with madreporite plate. In most of 
the specimens, only ocular pores are visible. Ocular plate (I), situated against the dex- 
tral even ambulacrum, is well visible in Cl. crassicostatus  Agassiz (Pl. II, Figs. 2, 
3).

The size relationship between madreporite plate and test is mainly proportional, 
that is small-test species have small madreporite plates and vice versa. Thus, Cl. 
mostoi L o v isa to  of the test length 6 2  cm, and Cl. scillae alienus V adasz 5,8 cm 
long, have madreporite plates 3,3 mm in diameter. The respective sizes of test and 
madreporite plate are 6,8 cm and 4,3 mm in Cl. manini, 8,1 cm and 5 mm in Cl. 
grandiflorus, 9,4 cm and 7 mm in Cl. intermedius D esm ou lins, 10,5 cm and 7 mm 
in 67. tauricus D esm o u lin s , 10,8 cm and 8 mm in 67. crassicostatus A gassiz . The 
largest species, however, 67. pyramidalis M ichelin  (17 cm) has not the largest 
madreporite plate (8,6 mm). The largest madreporite plate (9 mm) is noted in 67. 
olisiponensis M ichelin  (see Tab. I).

REASONS AND MANNERS OF MONOBASAL APICAL SYSTEM 
DEVELOPMENT CONSIDERATIONS

The reason for development of monobasal apical system, and the manner of its 
formation have not been well explained, although much considered by M ortensen  
(1948), Hyman  (1955), Kier  (1962, 1974), etc.

Kier  (1974) writes that, although the reason for development of the monobasal 
apical system has not been elucidated, obviously it enables the echinoid to increase 
the size of madreporite plate. Madreporite is the only genital plate in the monobasal 
apical disc. With the disappearance of all other genital plates, this plate has taken a 
much greater area than in a tetrabasal system.

It is noteworthy, however, that mainly very large echinoids (large representatives 
of Cassiduloids and Clypeasteroids which are among the largest known echinoids) 
have the monobasal apical system. Mesozoic Casiduloids, which have tetrabasal apical 
system are typically smaller in size than Tertiary ones with monobasal system (such 
as Echinolampas and others). The larger madreporite plate certainly allowed a greater 
water intake to the sand tube and to the ambulacral system of the size proportional



with the whole individual. This may be one of explanations for the development of 
the monobasal apical system. The premise is supported by the larger apical system in 
large Clypeasters.

The reason for the change, writes Kier  (1962), may be the stronger structure of 
the monobasal apical system because it is sutureless. He emphasizes that nearly all 
pre-Senonian cassiduloids with tetrabasal apex have well preserved apical system.

As to the manner of the monobasal apical system development, there are gene- 
rally two hypethesis: (1) Genital plates have fused into a central pentagonal plate well 
perforated by hydropores (Hyman,  1955); (2) the transformation into the monobasal 
apical system could have been caused by the fusion of genital plates, or their resorp- 
tion, or genital plates 1, 3, 4 and 5 never developed (Kier,  1962).

The material we studied has not provided the answer to the questions.

CONCLUSION

The detail study of monobasal apical system in a large number of species and 
specimens of Clypeaster from Badenian sediments permits the conclusion that the api- 
cal system has a greater significance for specific and subspecific identifications than 
has been believed.

Although apparently quite similar, apical systems of species clearly differ in 
shape and size of maddreporite plate, and in shape, size, and position of gonopores 
and ocular pores.

The functional importance of the monobasal apical system formation has not 
been clarified. The larger madreporite plate permitted higher and faster water intake to 
the sand tube and to the ambulacral system the size of which is proportional with the 
size of the individual. This is one of the possible explanations for the development of 
the monobasal apical system, based on the fact that monobasal apical system is pre-
sent mainly in very large echinoids. Clypeasteroids are among the largest known
echinoids. Mesozoic representatives of Cassiduloids with tetrabasal apical system were 
much smaller than Tertiary ones with monobasal system. The large-size species of 
the Clypeaster have larger madreporite plates, and vice versa.
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TABJIA I PLATE
A iiH K ajiH H  CHCTeM k o j i  p o f l a  Clypeaster 

T h e  a p ic a l  s y s te m  in  g e n u s  Clypeaster
C ji. (Fig.) 1. Clypeaster manini L o v isa to , x 3,2 
Cji. (Fig.) 2. Clypeaster manini L o v isa to , x 6,4 
C ji. (Fig.) 3. Clypeaster pyramidalis M ich e lin , x 32  
C ji. (Fig.) 4. Clypeaster scillae D esm o u lin s, x 
C ji. (Fig ) 5. Clypeaster airahgi L am bert, x 3,2 
C ji. (Fig.) 6. Clypeaster airughi L am bert, x 6,4 
C ji. (Fig.) 7. Clypeaster mostoi L o v isa to , x 3,2 
C ji. (Fig:) 8. Clypeaster olisiponensis M ic h e lin , x 3,2



TABJIA II PLATE 
AnHKajiim cncTeM ko,h pojia Clypeaster 
The apical system in genus Clypeaster

Oi. (Fig.) 1. Clypsaster sclllae alienus V ađ asz , x 3,2
C ji. (Fig.) 2. Clypeaster crassicostatus A g ass iz , x 3,2
Cji. (Fig.) 3. Clypeaster crassicostatus A g ass iz , x 6,4
Cji. (Fig.) 4. Clypeaster partschi M ich e lin , x 3,2
Cji. (Fig.) 5. ClypeastergrandiHonis B ro n n ., x 3,2
Cji. (rig.) 6. CIypeaster grandillorus B ro n n ., x 6,4
Cji. (Fig.) 7. Clypeaster grandifloms anteacutusVad asz , x 3,2
Cji. (Fig.) 8. Clypeaster grandiflorus anteacutus V ad asz , x 6,4

TAB.UA III PLATE
AiiKKaJlHH IIHC'I'CM KO;( pop;a Clypeaster 

Thc apical svstem in genus Clypeaster
C .i. (Fig.) 1. Clypsaster intermedius D esm o u lin s. x 3,2 
Cji. (Fig.) 2. Clvpeaster intemisdius D esm o u lin s, x 3,2 
Cji. (Fig.) 3. Clypeaster tauricus D esm o u lin s , x 3,2 
CjI. (Fig.) 4. Clypcaster launcus D esm o u lin s , x 6,4 
C ji. (Fig.) 5. Clypeaster danubicusVad asz , x 3,2 
Cji. (Fig.) 6. Clypeastcr gibbosus {R isso ) rn.de S c rre s , x 3,2 
C ji. (Fig.) 7. Clypei>ster cf. marginatus L am arck , x 3,2 
C ji. (Fig.) 8. Clypeaster cf. marginatus L am arck , x 6,4
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