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Abstract 
Investigations on Hutk section prove the age of Middle Frasnian to Early Famennian for this section. Three genera and 
eighteen species have been obtained. Index species such as P. zinaidae and I. vitabilis show the age of Middle to Late Frasnian 
(hassi � linguiformis Zone)�for the lower part of the section.   Some of the Famennian index species such as P. semicostatus, I. 
cornutus, I. iowaensis iowaensis and Pel. inclinatus reveal the age of Early Famennian (triangularis � Late crepida Zone). 
The new age ranges for some species have been determined in this paper. The earliest presence of I. iowaensis 
seems to be in Middle Frasnian and the range of P. alatus extends to Early Famennian. The oldest specimens of 
P. communis can be observed at the base of Hutk section by the age of Middle Frasnian. 
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P. = Polygnathus, I. = Icriodus, Pel. = Pelekysgnathus, 
UAE = Unassigned elements. 
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Żř���ƾƯ�ƾƴſ�źƔƳ�����ƹ�ƭřźƸŝ�ŶƳŻŚſ�ƩŵŚƘƯ�ŶƳřƺţ��Żř�ƾƄŴŝ��ƺŤƄǀƃ�ŶƳŻŚſ���ƾƫƹ�ŶƃŚŝ
�ſŚƴƃ�Ĭƴſ�źƔƳ�Żřƹ�ƾ�ƕƺƳƽŚƿŻ�ƹ�ƽŹƺƳŚū��ŹŚƀųŹ�ƲǀƴĤưƷƵ���Śºŝ�ƾţŚǀů�ƽŚƷ

�ŵŹřŵ�šƹŚƠţ�ƵŶƃ�źƧŷ�ƽŚƷŶƳŻŚſ�ƾƯ�źƔƳ�ƶŝ��ř�ƶƧ�ŶſŹƿ�ºŝ�ƾƫřƺţ�Ʋ�ƶ��šŹƺºƇ
�����ƾŞƿźŴţ�šŚŝƺſŹ�ƽƹŹ�ƵŶƳƹźƄǀěűźſ���������Źřźºƣ�ŚºƷŵŚě�ŶƳŻŚºſ�ƶºŝ�ƍƺºŝźƯ�ĬƳŹ

ƾƯ�ŵźǀĭ��������ŝ�ƽŚƸŤƳƹŵƺƴƧ�ƶƧ�Ʋƿř�ƶŝ�ƶūƺţ�Śŝ���ƶ���ƵŶƗŚƣ�Żř�ƵŶƯō�ŢſŵŌ�Ʋſ�ƖƐƤƯ�
���ƾƳŚǀƯ�ƲǀƳŻřźƟ��Ƶŵřŵ�ƱŚƄƳ�řŹ��ƾƯ��ŶƳř���������Ź�ƂºŴŝ�Ʋºſ�ƶºƧ�ŢƠĭ�Ʊřƺţŏ���ŶƳŻŚºſ�Ž

ƾƯ�ƶƯřŵř�ƲǀƄǀě�ƲǀƳŻřźƟ�Śţ�ƶƤƐƴƯ�ƲƿřŹŵ�ŚƷŵŚě�ŶŝŚƿ� ŵŶƘţ �ƾĮƴſ�ƶſŚƯ�ƽŚƸƤƟř
���ƵŶƴƷŵ�ƱŚƄƳ�ƾƫřƺţ�ŹŵŌ�ƶųźģ���ƦģƺƧ�ƽŚƷ��ƹ�ƽƹźƀě�źţ���ƾºƯ�ƽƹźƄºǀě��ŶºƃŚŝ��

�����Ʋƿř�Ţưƀƣ�ƲƿźţǇŚŝ�Źŵƾƫřƺţ��������ŶǀƠºſ�Ĭƴºſ�ƶſŚƯ�ƽŚƸƤƟř��ºŝ�ƶ�ƽřźŞŤºſ�Ô�ÑÎ�
źŤƯ�ŵƺūƹ���ƹ�ŵŹřŵ��ƽƹŹ�ƶƬƇŚƟǈŝ��ŚƸƤƟř�Ʋƿř�ƶƿǇ�Ʋǀƫƹř�ƍƺŝźƯ�šŚƴŝźƧ�ƽŚƷ��ƶŝ

ƾƯ�Źřźƣ�ƲƿżƳŹƺţ�źǀĭƳŶ��ƶƳƺưƳ��ƽŚƷƧ�ºŝ�ŢƳƹŵƺƴ�ƶ��Żř�ƵŶºƯō�Ţºſŵ �ƶºƿǇ���ƽŚºƷ
����Źŵ�Ɩƣřƹ�ƾƨƷō��������ƵŶºƴƷŵ�ƱŚƄºƳ�ƾĮƴºſ�ƶſŚƯ�ƽŚƸƤƟř�źƿŻŌ�������ƲǀƄºǀě�ƲǀƴƯŚºƟ�Ʋºſ�

(Middle triangularis - Late crepida Zone)�ƾºƯ���ŶƴºƃŚŝ����ƝźºƏŻř
źĮƿŵ�ƴƧ�ŵƺƹ��ºŝ�ƽŚºƸŤƳ�ƶ����Ǝºſƺţ�ƵŶºƯō�ŢºſŵWebster et al. (2003)Żř��
ƶƿǇ��ƽǇŚŝ�šŚƴŝźƧ�ƽŚƷ�ŚƸĮƴſ�ƶſŚƯ ƾƯ�ƱŚƄƳ�řŹ�ƲƿżƳŹƺţ�Ʋſ�ƷŵƴŶ���ƶūƺţ�Śŝ
ŝƶŵŹřƺƯ� źƧŷ�ƵŶƃ�ƾƯ�źƔƳ�ƶŝ������Įƴºſ�ƶºſŚƯ�ƂºŴŝ�ƶºƧ�ŶſŹƾ�ƴƯŚƟ�Ʋºſ��ººº�Ʋǀ

ƾƳŚǀƯ�����ƹ�ŶƃŚŝ�ƶŤƃřŵ�Ʋǀƀě����ƵŶƴƷŵ�ƱŚƄƳ�ƲƿřŌ�ƽƹźƀě������ƢºưƗ�ƮºƧ�Śºƿ������ƱŶºƃ�źºţ
�ƿŚƿŹŵ�ƎǀŰƯ�ŝ�ƾ��ƶšŹƺƇ�����ŚºƟ�Źŵ�šŶƯ�ƾƳǇƺƏ�Ư����ƾƳŚºǀƯ�Ʋǀƴ�����Ʋǀƀºě���Ţºſř��ƹ

�ƾƫřƺţźƧǀƴŝŝ�źƠ�ƶƶƿǇ�ƽƹŹ�ƵŶƳƹźƄǀě�šŹƺƇ�źƧŷ�ƽŚƷ�Źřźƣ�ƵŶƃ�ƾƯ�ŵźǀĭ���
Ɓźŝ�Ʋƿř ŝƶŵƺūƹ�źƏŚų��ƬǀƀƟ�ƕřƺƳřƽŚƸŹŵ�ƱŚǀƷŚƯ���Ʊō�ƽŚºƸƤƟř ���ƶºūƺţ�ŵŹƺºƯ

Ţººſř�Ƶŵƺººŝ�ƶººƬưū�Żř��Bleick & Goujet (1978)�ƶººƳƺĭ����ƾººƟƹźƘƯŻř�
��ƱŚºǀƷŚƯTuriniid���ƭŚºƳ�ƶºŝ�řŹ� Turinia hutkensis���ƽřźºŝ�ƲǀŤƀºŴƳ��Źŵ�ŹŚºŝ�

ƶƿǇ��Śě�ƽŚƷƿ����ƹ�ƾƿŚſŚƴƃ�Ɓźŝ�Ʋƿř�ƾƴǀ���ƾƟźƘƯŶƳŵźƧ�����ƶƿǇ�Ƣǀƣŵ�ƪŰƯ�ƶŤŞƫř�ƶƧ�Ō�
�ƆŴƄƯ�Ʊō�ƶŝ�ƍƺŝźƯŢƀǀƳ�(Turner et al., 2002)��ƱŚưƷ�ƶƳƺĭ��ǈŞƣ�ƶƧ
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�Ŷƃ�źƧŷ���źºŝ������Ɓźºŝ�Ʋºƿř�ƽƹŹ��Ʀºƿ����ţŚºƴŝźƧ�ƾƫřƺºţ�ƾ�Śºŝ������Źřźºƣ�źºƠǀƴŝźƧ�Ʋºſ
ƾƯ��ƭŚƳ�ƶƧ�ŵźǀĭźŝ�ƦţƺƷ�ŶƳŻŚſ�ƾưſŹ�źǀƛ��Ţſř�ƵŶƃ�ƵŵŚƸƳ�Ʊō�Wendt 

et al. 2002����
��

ƦţƺƷ�Ɓźŝ�ƾſŚƴƃ�ƶƴǀģ�ŢƀƿŻ��
������ŵƺƴƧ�ƶƗƺưŬƯ�ƽƹŹ�źŝ�ƵŶƃ�ƭŚŬƳř�ƽŚƸǀſŹźŝŤƳƹ��ƽŚƸ��ƶŝ����ƖƐƤƯ�Żř�ƵŶƯō�Ţſŵ

��ƵŶƴƷŵ�ƱŚƄƳ�ƦţƺƷŌ�ŵƺūƹ��Ð��ƹ�žƴū��ÎÕ���ƶƳƺĭ�ƹ�����ŵƺƴƧ�ƶºƳƺĭ�źºƿŻ�ƹ���Źŵ�ŢºƳ
���ƖƐƤƯ�ƲƿřŢſř����ƩƹŶūÎ�������ŢǀƘƣƺƯ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ��������ƹ�ƮºƷ�ƶºŝ�ŢŞƀƳ�ŚƸƤƟř�

��������Ţºſř�ƵŶºƃ�źƧŷ�ƖŝŚƴƯ�Źŵ�ƶƳƺĭ�źƷ�ƽřźŝ�ƶƧ�ƾƴſ����ƶºſ�ƱƹŻ�ŢƀºƿŻ���Ʋºƿř�Źŵ
ƾƯ�ƶŤųřŵźě�ŚƸƳō�ƶŝ�Ŝǀţźţ�ƶŝ�ƶƧ�ŶƴŤƀƷ�ƾƿŚſŚƴƃ�ƪŝŚƣ�Ɓźŝ�ŵƺƃ���ƪƨƃÏ����

��
ƱƹŻ�ŢƀƿŻ� :Early hassi - jamieae�B1-K45���

Ʋƿř�ƱƹŻ�ŢƀƿŻ�źŤƯ�Śţ�ƖƐƤƯ�ƵŶƗŚƣ�Żř�ƶƧ�Ţſř�ƾƿŚƸƤƟř�ƪƯŚƃ� Î�ÓÔ ��ŵƺºūƹ
ŵŶƳŹř���ƶƳƺĭƷ�ƲƿřŹŵ�ŵƺūƺƯ�ƽŚ�ŢƀƿŻƃ�ƱƹŻ�ººº�ƪƯŚP. angustidiscus, 

P. zinaidae,I. vitabilis, I. excavatus, I. iowaensis 
iowaensis, I. expansus, I. xenium, Pel. sp.��Ţºſř������Ʋºƿř�ƵŶºƗŚƣ

�ŢƀƿŻ�Śŝ�ƱƹŻƂƿřŶǀě�P. zinaidae��ƹ I. vitabilisƾƯ�ƾƿŚſŚƴƃ���ŵƺºƃ����Śºŝ
ƔƳ�ƶŝ�ƶūƺţºººººź�Kononova & Ovnatnova (2001)�ƿřŶǀěººº�ƶºƳƺĭ�ƂŌ�

P. zinaidae�Źŵ� Early hassi Zone�Ţſř�Ƶŵƺŝ�ƹ�ƶºƳƺĭ�Ō I. vitabilis 

�Źŵ�ǇŚưŤůř�żǀƳtransitans Zone��Ţºſř�ƵŶƃ�źƷŚƓ�.(Nazarova, 1997)�
ƸƓºĭ�ŹƺºººƶƳƺŌ� alternatus� I.ƵŶƗŚƣ�ŹŵŌ��ŢƀƿŻƽŶƘŝ�ƱƹŻ��Ŷºů���ƾƿǇŚºŝ�
Ʋƿř��ŢƀƿŻƱƹŻ�ƆŴƄƯ�řŹ�ƾƯ�ŶƴƧ� ����Ʋºƿř�Źŵ�ƶºūƺţ�ƪºŝŚƣ�šŚƨƳ�Żř���ŢƀºƿŻ

ƾưƿŶƣ�ŵƺūƹ��ƱƹŻ�ƶƳƺưƳ�Ʋƿźţ�ƶƳƺĭ�ƽŚƷŌ�P. communisƾƯ���ŶƃŚŝ��ƩƹŶū
Î���������������ƵŶƃ�ƁŹřżĭ�ƱŚƸƠƇř�ƶǀůŚƳ�Ʋǀƀě�ƲǀƳŻřźƟ�ƽŚƸƤƟř�Żř�ƶƳƺĭ�ƲǀưƷ�żǀƳ�ǈŞƣ

�Ţſř���ƱŚǀƬƘƯǈƛÎÐÕÏ���ƾŗŚƿźŞƧ�ƹ�ƱŚǀƬƘƯǈƛ�ÎÐÕÎ��ƶƳƺưƳ�ƾƫƹ��ƖƐƤƯ�ƽŚƷ
���Ư�ƲǀƳŻřźƟ�Ʋſ�ƦţƺƷ�ŶƳŹřŵ�ƾƳŚǀ�����������Ʋºƿř�ŵƺūƹ�Żř�ƾƃŹřżĭ�ƶƳƺĭ�ĢǀƷ�ƱƺƴƧ�Śţ

�����ƾưƿŶƣ�Ʋſ�Śŝ�ƾƿŚƸƤƟř�Źŵ�ƶƳƺĭ��������ƶºƐƤƳ�ĢǀƷ�Żř�ƲǀƄǀě�ƲǀƴƯŚƟ�Żř�źţ����Żř�ũŹŚºų�ƽř
Ţººſř�ƵŶƄººƳ��Ʊřźººƿř��ƾººƯ�źººƔƳ�ƶººŝ�ƲǀººƴĤưƷ��Ʋººƿř�Źŵ�ƶººƧ�ŶººſŹ�ŢƀººƿŻ�ƱƹŻ

ƶƳƺưƳ���ƶºƳƺĭźƿŻ�Żř�ƾƿŚºƷŌiowaensis � I. iowanensis���Ʋºſ�ƹ�ŵŹřŵ�ŵƺºūƹ�
���Ɯţ�żºǀƳ�ƶƳƺĭźƿŻ�Ʋƿř������ƾºƯ�ƾƳŚºǀƯ�ƲǀƳŻřźºƟ�ƶºŝ�ƹ�ƵŵźºƧ�źºǀǀ��ŶºſŹ���ƾưƿŶºƣ���Ʋƿźºţ

�ƶŝ�ƍƺŝźƯ�ƶƳƺĭźƿŻ�Ʋƿř�ƁŹřżĭZiegler and Sandberg (1990)��Ţºſř�
�Ʋǀƀě�ƲǀƳŻřźƟ�Ʋſ�Śŝ�ƾƿŚƸƤƟř�Żř�řŹ�Ʊō�ƶƧ(linguiformis Zone)��ƁŹřżºĭ�

ƵŵźƧ�ŶƳř���
�ŢƀƿŻ�ƱƹŻ:Early � Late rhenana��K45-K47���
�Ʋƿř�ŢƀƿŻſř�ƖƐƤƯ�Żř�ƾƄŴŝ�ƪƯŚƃ�ƱƹŻ�źŤƯ�Ʋǀŝ�ƶƧ�Ţ Î�ÓÔ Śţ�Ð�ÕÑ���Źřźƣ
ŵŹřŵ��ƶºººƳƺĭ����Żř�ŶºººƴţŹŚŞƗ�ƂºººŴŝ�Ʋºººƿř�Źŵ�ƵŶºººƃ�ƾƿŚºººſŚƴƃ�ƽŚºººƷ��P. 

angustidiscus I. alternatus alterntus, I. vitabilis,�����

��Ʋºƿř�ƕƹźƃ��ŢƀºƿŻ�����ƶºƳƺĭ�źºƿŻ�ŹƺºƸƓ�Śºŝ�ƱƹŻI. alternatus alternatus�
��ƾºƯ�ƆŴƄºƯ��ƹ�ŵƺºƃ�������ƶºƳƺĭ�Źƺƌºů�Ʋƿźºųō�Śºŝ�żºǀƳ��Ʊō�ƱŚºƿŚěI. vitabilis�
��ƾºƯ�ƶŤųŚƴºƃ��ŵƺºƃ���ƶºŝ�źºƔƳ��Ziegler & Sandberg (2000)�ƶºƳƺĭ�Ō� I. 

alternatus��źººŝřźŝ�ƾƴººſ�ƵŵƹŶººŰƯ�Zone�Early rhenana � Late 

crepida�ŵŹřŵ������źºƔƳ�ŽŚºſřźŝ�ƲǀºƴĤưƷ Nazarova (1997)��ƶºƳƺĭ� I. 

vitabilis���ƾƴºſ�ƵŵƹŶºŰƯ��źºŝřźŝ ?transitans � Late rhenana Zone �
ŵŵŹř�����ƶƳƺĭ�ƹŵ�Ʋƿř�řŸƫ�ƾƯ�����Śºě�ŶºƴƳřƺţƿ�����ƽǇŚºŝ�ƹ�Ʋǀ��ŢƀºƿŻ���řŹ�ƵŶºƃ�źºƧŷ�ƱƹŻ

ŶƴƴƧ�ƆŴƄƯ���
���

ƾƴǀŝŚƴǀŝ�ƂŴŝƲǀƳŻřźƟ�ŻźƯ�ƹ��ƲǀƴƯŚƟ��K47�K49)���
����Ʋǀŝ�ƶƬƇŚƟ�ŹŵÐ�ÕÑ���ƹ�ÖÒ�����ƆųŚƃ�ƪǀƀƟ�ŶƣŚƟ�ƾƄŴŝ�źŤƯ�������ŚºƸƴţ�ƹ�ŵŹřŵ�ŵƺºūƹ

Ʊō�Źŵ�ŵƺūƺƯ�ŢƳƹŵƺƴƧ�ƶƳƺĭ  P.  angustidiscus Ţſř��ƂŴŝ�Ʋƿř�Ʋſ�
�ƀƟ�Ʈĩǀƪ��Śŝ�ƔƳ�ŹŵºººººººŤƟźĭ�ź�ººººººº�ƲǀƘƣƺƯ�ººººººº�ƴƃ�ƶºƴǀģ�Ţ�ºººººƾſŚ��źºŝřźŝ�
ƱƹŻ � linguiformis ƱƹŻ�Śººţ� Early triangularisƾººƯ��ŶººƃŚŝ���ŻźººƯ
ǀƯºººººººƹŵ�ƱŚ ōƲǀƳŻřźƟ�śƺƨƃ �ƾºƯ�Źřźƣ�ƪƇŚƟ�Ŷů�Ʋƿř�Źŵ�ƲǀƴƯŚƟ�ƹ���ŵźºǀĭ��

�ŽŚſř�źŝ�������������ƈºƈŴŤƯ�Ǝºſƺţ�źºǀųř�ƽŚƸƫŚºſ�Źŵ�ƶºƧ�ƾƤǀƣŵ�šŚƘƫŚƐƯ�Ś���ŵŶºƘŤƯ�Ʊ
��ƵŶƃ�ƭŚŬƳřźƧ�Źŵ�ƾưǀƔƗ�ƶŧŵŚůř�ơŚƠţř�ƲǀƯŻ�ƵƟ�ƉřźƤƳř�ŦƗŚŝ�ƶƧ�Ţſř�ƵŵŚŤ

����Ţºſř�ƵŶƃ�ƱřŹřŶƳŚū�ƾƘưū���������īŹżºŝ�ƉřźºƤƳř�ƲǀºƯƹŵ�Ʋºƿř������Ŝºǀţźţ�źºƔƳ�Żř
ƾƳŚƯŻ���ƹŻƹźƳŚƟ�ƩƺƏ�Źŵ�ƿ�ƦǀŢſř�ƹ���ƶºŧŵŚů�ƭŚºƳ�Śºŝ�Ō�Kellwasser���ƵŶºƳřƺų
ƾƯ��ŵƺºƃ��(Becker & House ,  1994 ;   Walliser  et al., 1989;  

Sandberg & Ziegler, 1996; Sandberg et al., 1988)� 

����������Ŷƃ�źƧŷ�ƂŴŝ�ƶŝ�ƍƺŝźƯ�ƽŚƸƤƟř�Źŵ�ŚƸŤƳƹŵƺƴƧ�Ʊŵƺŝ�śŚǀưƧ�ŢƬƗ�Ƶ���ƲǀºưƷ�
���īŹżŝ�ƉřźƤƳřŢſř����ƲǀƳŻřźƟ�ŻźƯ�ƲǀǀƘţ�������������ƶºŝ�ŻŚºǀƳ�ƦºţƺƷ�Ɓźºŝ�Źŵ�ƲǀƴƯŚƟ�

����ƶƬƇŚƟ�Źŵ�ŵŶƘŤƯ�ƽŹřŵźŝ�ƶƳƺưƳ����������ƵŵźŤƀºĭ�ƢºǀƤŰţ�ƹ�ŵŹřŵ�ƵŚºţƺƧ�ƽŚºƷ����řŹ�ƽźºţ
ƾƯ�ŶŞƬƏ���
��

ŢƀƿŻ�ƱƹŻ:Middle triangularis - Late crepida�(K49-K60)���
��Ʋƿř��ŢƀƿŻƱƹŻ���źŤƯ�ƶƬƇŚƟ�ŹŵÖÒ�Śţ�Ö�ÏÍÏŵŹřŵ�Źřźƣ�.ƶƳƺĭ����Źŵ�ŵƺºūƺƯ�ƽŚƷ
�Ʋƿř�ŢƀƿŻ�Żř�ŶƴţŹŚŞƗ�ƱƹŻ���

P. communis communis, P. semicostatus, P. 
nodocostatus,  P. alatus, I. alternatus  
alternatus,  I. cornutus, Pel. Brevis, I. iowaensis   
iowaensis, I. alternatus helmsi, I. adanaensis, 
Pel. inclinatus.  

ƶººŝźººƔƳ�Sandberg & Dreesen (1984) ��ƶººƳƺĭ�ƲººſI. cornutus�
�źºŝřźŝMiddle triangularis - Late marginifera Zone��Ţºſř�����řŸºƫ
�ƕƹźƃ�ŢƀƿŻƾƯ�ƵŶƃ�źƧŷ�ƱƹŻ�ŶƳřƺţƢŝŚƐƯ�ƶƳƺĭ�ŹƺƸƓ�Śŝ�Ō I. cornutus 

�ĭ�źºƔƳ�Źŵ�ººººººƃ�ƶŤƟź�ººººŵƺ����ƲǀºƴĤưƷ�ƶºŝ��źºƔƳ�Ji & Ziegler (1993)ƹ��



 
ŢƀƿŻ�ƶƴǀģ�ƦţƺƷ�Ɓźŝ�Źŵ�Ʋǀƀě�ƲǀƳƹŵ�ƾƫřƺţ�ƾſŚƴƃ������

��

�ŹŚƸŝÕÒ�ƩŚſ��ƮƷŵżƳŚěƵŹŚưƃ���ÒÖ�                                                        ÖÔ ��
 

Ziegler & Sandberg (2000)���ƶºƳƺĭŌI. alternatus �ƴºſ�ƾ��ƩŵŚºƘƯ�
Early rhenana - Late crepida ZoneŵŹřŵ�������Ʋºƿř�Źƺƌºů�ƶºŝ�ƶūƺţ�Śŝ

�������������Ʋºƿř�ƾƿŚºƸƳ�Ŷºů��ƂŴŝ�Ʋƿř�ƽŚƸƤƟř�Ʋƿźųō�Źŵ�ƶƳƺĭ��ŢƀºƿŻƱƹŻ��ƆŴƄºƯ�
ƾƯ�ŵƺƃ���ƶºƳƺĭ�Ǝſƺţ�ƵŶƃ�źƧŷ�Ʋſ���ƽŚºƷI. adanaensis�ƹ�Pel. brevis�
ţŐƾƯ�Ŷǀƿ��ŵƺºƃ�������Ʋºƿř�Źŵ�ƶºūƺţ�ƪºŝŚƣ�ƶºŤƨƳ��ŢƀºƿŻ�ƱƹŻ���ƶºƳƺĭ�ŹƺƌºůŌ�P. 

alatus�Ţſř���������������ƱŚºƸū�Źŵ�ƲǀƴƯŚºƟ�ƽŚºƸƤƟř�Żř�ƶºƳƺĭ�Ʋºƿř�ƁŹřżºĭ�Ʋǀƫƹř�Ʋƿř�ƹ�
ƾƯ�ŶƃŚŝ���

�����Źŵ�ƾƬǀƀƟ�ƶƳƺĭ�ĢǀƷ���ƾƿǇŚŝ�ƂŴŝ��ƖƐƤƯ�Ʋƿř��������ƾºŞƿźŴţ�ŚţŶºưƗ�ƂºŴŝ����ƶºƧ
Ô�ÑÎ���źŤƯ�řźŞŤſ��ŵŹřŵ�ƾƫƹ�Ţſř�ƵŶƄƳ�řŶǀě�Ƨ�ŚŬƳō�Żř��Ʋºƿř�ƶ���ƾºŞƿźŴţ�ƽŚºƸƤƟř�

�ƶƿǇ�Ʋǀŝ�������ƹ�ƲǀƄºǀě�ƲǀƴƯŚƟ�Źřŵ�ƪǀƀƟ�ƽŚƷ������ƾºƯ�Źřźºƣ�ƲƿżƳŹƺºţ��ŶºƳźǀĭ����ǇŚºưŤůř�
�ƾƳŚǀƯ�ƲǀƴƯŚƟ�ƶŝ�ƍƺŝźƯ�ƾƯ�ƾƿǇŚŝ��ŶƴƃŚŝ���

��
ƽźǀĭ�ƶŬǀŤƳ��

ſŹźŝºº�ƗƺưŬƯ�ƾººƶ���������������ƄºƳ�ƢºǀƤŰţ�Ʋºƿř�Źŵ�ƵŶºƯō�Ţºſŵ�ƶºŝ�ƾŤƳƹŵƺƴƧ�ƽŚƷº�ƱŚ
ƾƯ�Ʒŵºƴſ�ƦţƺƷ�Ɓźŝ�ƶƧ�ŶºǀƳŻřźƟ�źŝřźŝ�ƾººƳŚǀƯ�ƲºƯŚƟ�Śţ�ƾǀƴººƄǀě�ƲºººƲǀ��

(hassi - Late crepida Zone)ŵŹřŵ�����ƶºſ��ŢƀºƿŻ���ƂºŴŝ�Ʀºƿ�ƹ�ƱƹŻ
ƵŶƃ�ƾƿŚſŚƴƃ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƾƴǀŝŚƴǀŝ��ƹŵ�ƶƧ�ŶƳř�ŢƀƿŻƶŝ�ƍƺŝźƯ�ƱƹŻ��

�������ƲǀƴƯŚƟ�ƶŝ�ƍƺŝźƯ�ƾƨƿ�ƹ�ƲǀƳŻřźƟ�Ţſř�����������ŶƳŻŚºſ�ƩŵŚºƘƯ�ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƖºƐƤƯ
����������ŵƺƃ�ƾƯ�ƶŤƟźĭ�źƔƳ�Źŵ�ƺŤƄǀƃ�ŶƳŻŚſ�Żř�ƾƄŴŝ�ƹ�ƭřźƸŝ��ƵŶƗŚƣŌ�Ʋƿř���ºŝ�Ɓźºŝ��ƶ

��ƱŚƄƳ�Ʋƿř�ƹ�ŵŹřŵ�Źřźƣ�ŚƷŵŚě�ŶƳŻŚſ�ƩŵŚƘƯ�šŚŝƺſŹ�ƽƹŹ�źŝ�ƵŶƳƹźƄǀě�šŹƺƇ
ƾƯ����Ź�Ʋſ�ƶƧ�ŶƷŵŏ���������ƾƯ�ƲǀƄǀě�ƲǀƳŻřźƟ�Śţ�ƶƤƐƴƯ�Ʋƿř�Źŵ�ŚƷŵŚě�ŶƳŻŚſ�Ž�ŶſŹ��ƹ�

ƵŶƗŚƣŌ�������Źŵ�ƭřźƸŝ�ŶƳŻŚſ�ƩŵŚƘƯ�šŚŝƺſŹ�Ʋƿř�Ɓźŝ���Ʋºſ��ƲǀƳŻřźºƟ���ƾƳŚºǀƯŵŹřŵ���
Ź�ƎǀŰƯ�Ʋǀƀě�ƹ�ƾƳŚǀƯ�ƲǀƴƯŚƟ�Źŵ�ƶƧ�ŶſŹ�ƾƯ�źƔƳ�ƶŝ�ƮƧ�ŹŚǀƀŝ�ƽŹřŸĭ�śƺſ

��������ƵŶƃ�ƶŤƃřŸĭ�ƾŞƿźŴţ�šŚŝƺſŹ�ƶƧ�ƾţŹƺƇ�ƶŝ�ƵŶƃ�ƢưƗ�ŶƳř������ƽřŶºŤŝř�Źŵ�ƾƫƹ
�źƠǀƴŝźƧ�ƲƿżƳŹƺţ��Ţſř�ƵŶƃ�ƮƧŚů�ƵŹŚŝƹŵ�ƾƿŚƿŹŵ�Ǝƿřźƃ���

��
�źƨƄţ�ƹ�źƿŶƤţ��
���ºŝ�ƢǀƤŰţ�Ʋƿř��ƶ���������Śºŝ�ƾƄºƷƹĦě�ƪƤŤƀºƯ�ŭźºƏ�šŹƺºƇ���ƾƫŚºƯ�ŢºƿŚưů��ƵŚĮƄºƳřŵ

��Ţººſř�ƵŶººƃ�ƭŚººŬƳř�ƱŚººĭżƯźƷƹ�ŶººƳŹŚĮƳ�Ƶ�řŵ�ƭźººŤŰƯ�ŢººſŚƿŹ�Żř�ƄººƳººº�ƵŚĮ
ƯźƷººººƹ�ƱŚĭż �ƪººưƗ�ƶººŝ�řŹ�źƨƄººţ�ƩŚººưƧ�Ʊō�ƾƄººƷƹĦě�ƭźººŤŰƯ�ƪººƧ�źƿŶººƯ
ƾƯ�ŵŹƹō�����ƵŚĮƄƿŚƯŻō�ƭźŤŰƯ�ŢƿźƿŶƯ�Żř�����ŚºưǀěřƺƷ�ŢƧźºƃ�ƽŚƷ�����Ʊřźºƿř�ƽŻŚºſ
�ŚƀƷ�����źƏŚų�ƶŝ��ƶǀƸţ�Źŵ�ƽŹŚƨưƷ����ƽŚƸƀºƨƗ�SEM������ŵƺºƃ�ƾºƯ�ƾƳřŵŹŶºƣ����Żř�
ō��ƱŚƿŚƣ���ƾŗŚƿźŞƧ�ŚƋŹ�ŶưŰƯ�źŤƧŵ�ƹ������Źŵ�ƦưƧ�źƏŚų�ƶŝ�ƽŹŚƄƟř�ŶǀƘſ����ƶƳƺưƳ�

řŵźŝƶƳƺưƳ�ƾŗƺƃ�Ŷǀſř�ƹ�ƾŗřźŰƇ�ƽŹ�ĮſŚĜſ�ŚƷżŵƺƃ�ƾƯ�ƽŹř���
��

��
��
��

�ƩƹŶūÎ��ƶƳƺưƳ�Źŵ�ŚƸŤƳƹŵƺƴĩ�İĭŶƴĩřźě�ƩƹŶū���įŚƷĨţƺƷ�Ɓźŝ���

��
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ƽŹŚĮƴŝŚŤƧ 

ŭ��ƱŚǀƬƘƯǈƛ.�ƾŗŚƿźŞƧ�ƹ�ƭ����ÎÐÕÎ������ƾŤƳƹŵƺºƴƧ�Ƶƹźºĭ�ƾƫŚºưŤůř�ŎƄºƴƯ�Polygnathus communis�ƹ�����Ʊō�ƂƿřŶºǀě�ƱŚºƯŻ�ŵŹƺºƯ�Źŵ�ƭŚºƸŝř�������Ʋǀºưƨƿ�ƹ�Ţƀºǀŝ�šǇŚºƤƯ�ƶºƗƺưŬƯ
�ƶŰƠƇ��ƲǀƯŻ�ƭƺƬƗ�ƾŗŚưƷŵźĭÑÍÔ�ÑÍÓ���

ŭ��ƱŚǀƬƘƯǈƛ��  �ÎÐÕÏ��ƲǀƳŻřźƟ�ŻźƯ�ƾƟřźĮǀţřźŤſřƺǀŝ�óƶǀůŚƳ�ƹŵ�Źŵ�ƲǀƴƯŚƟ�Ō��ƱŚƸƠƇř�ƵŚĮƄƳřŵ�ƾſŚƴƃ�ƲǀƯŻ�Ƶƹźĭ��ƽźŤƧŵ�ƶƫŚſŹ��žŞƏ�ƹ�ƱŚƸƠƇř��ƵŶƄƳ�ęŚģ����
Ɲ��ŶƴưƄƳřŵ�ƾţŶůƹ�ƭ��ƾƿřźƣ�ƽŵƺưŰƯ���ŭ��ƕ��ƾưſŚƣ�ƹ���ÎÐÔÑ��ŶƳŹŻ�ƾſŚƴƃ�ƲǀƯŻ�ƶƄƤƳ��Î�ÎÍÍÍÍÍ�����ƶƣŹƹ��ŹƺƄƧ�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſÔÐÒÎ���
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