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ABSTRACT

The paleoecology of rocky substrates in the rock record is commonly interpreted 

based on ichnology (the Trypanites ichnofacies) DQG� LV� IUHTXHQWO\� DVVRFLDWHG�

with a biotic assemblage with low diversity. However, analyses of two modern, 

siliclastic, intertidal hardground community at Lion Rock, located at Arcadia Beach 

State Park, Oregon, and Thomas Cove at Upper Economy, Nova Scotia (Bay of 

)XQG\��� UHYHDO�GLYHUVH�FRPPXQLWLHV�RI�ERULQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�

organisms. Through observations and descriptions of organism distribution and 

DEXQGDQFH��XS� WR����VSHFLHV�RI�ÀRUD�DQG� IDXQD�DUH� UHSRUWHG� WR� LQKDELW� WKH�VWXG\�

DUHDV��$W�/LRQ�5RFN�� RUJDQLVPV� UHVLGH�ZLWKLQ�¿YH� OLWWRUDO� ]RQHV� �VXSUD��� XSSHU���

PLGGOH���DQG�ORZHU�OLWWRUDO�]RQHV��DQG�D�QHZO\�HVWDEOLVKHG�VXEOLWWRUDO�]RQH��RQ�WKH�

sea stack. Borings are produced by Adula californiensis, Hiatella arctica, Penitella 

penita, and Zirfaea pilsbryi DQG� DUH� LGHQWL¿HG� DV Gastrochaenolites�W\SH� WUDFHV��

$W� 7KRPDV� &RYH�� RUJDQLVPV� LQKDELW� HOHYHQ� GHSRVLWLRQDO� VXE�HQYLURQPHQWV� DQG�

borings are formed by Petricola pholadiformis and Zirfaea pilsbryi, and are also 

LGHQWL¿HG� DV Gastrochaenolites�W\SH� WUDFHV�� :LWKLQ� WKH� WZR� VWXGLHG� ORFDOLWLHV��

substrate, sediment type and thickness, water presence during low tide and water 

velocity control boring location and abundance. It is likely that ancient Trypanites 

communities had considerably higher diversity and faunal abundance than their 

ichnological record indicates. Comparisons with modern assemblages are thus 

crucial in assessing these environments in ancient successions.
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CHAPTER 1: INTRODUCTION

The Trypanites�LFKQRIDFLHV�ZDV�GH¿QHG�E\�)UH\�DQG�6HLODFKHU��������DV�D�ERUHG��
FRQVROLGDWHG��PDULQH�OLWWRUDO�DQG�VXEOLWWRUDO�RPLVVLRQ�VXUIDFH�RU�RUJDQLF�VXEVWUDWH�
�)LJ��������7UDFHV�DUH�FKDUDFWHUL]HG�E\�F\OLQGULFDO� WR�YDVH��� WHDU��RU�8�VKDSHG� WR�
LUUHJXODU� GRPLFLOHV�� ZKLFK� DUH� RULHQWHG� QRUPDO� WR� VXEVWUDWH� VXUIDFHV� �)UH\� DQG�
6HLODFKHU���������&RPPRQ�WUDFHV�LQFOXGH�Trypanites� Gastrochaenolites��Entobia��
Rogerella��Uniglobites��Maeandropolydora� Circolites��Caulostrepsis��SRO\FKDHWH�
ERULQJV�DQG�HFKLQRLG�JURRYHV��)UH\�DQG�6HLODFKHU��������0DF(DFKHUQ�HW�DO���������
*LEHUW�HW�DO���������,FKQRWD[D�GLYHUVLW\�LV�JHQHUDOO\�ORZ�DQG�VHYHUDO�RI�WKH�DERYH�
LFKQRJHQHUD� PD\� EH� DEVHQW� �)UH\� DQG� 6HLODFKHU�� ������� 3DOHRQWRORJLFDO� VWXGLHV�
KDYH� DLPHG� WR� UHFRQVWUXFW� WKH� HYROXWLRQ� DQG� GLVWULEXWLRQ� RI� KDUG�VXEVWUDWH� ELRWD�
DQG�WUDFHV��)LJ�������*ROGULQJ�DQG�.DĨPLHUF]DN��������-RKQVRQ�DQG�%DDUOL��������
%URPOH\���������+RZHYHU��LQWHUWLGDO�URFN\�VKRUH�FRPPXQLWLHV�FRQVLVW�QRW�RQO\�RI�
ERULQJ� DQLPDOV�� EXW� DOVR� HQFUXVWLQJ� DQG� VTXDWWLQJ�FOLQJLQJ� RUJDQLVPV� WKDW� KDYH�
ORZ�SUHVHUYDWLRQ�SRWHQWLDO�ZLWKLQ�WKH�URFN�UHFRUG��$V�VXFK��PRVW�SDOHRHFRORJLFDO�
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DVVHPEODJHV� RI� Trypanites� LFKQRIDFLHV� DUH� UHFRQVWUXFWHG� EDVHG� RQ� WUDFH� IRVVLOV��
7KHUHIRUH�� QHRDFWXDOLVP�PD\� SURYLGH� LPSRUWDQW� LQVLJKW� IRU� LQWHUSUHWLQJ� DQFLHQW�
VXFFHVVLRQV�DQG�PDULQH�FRPPXQLWLHV���

$GGLWLRQDOO\�� WKH� Trypanites� LFKQRIDFLHV� LV� XVHIXO� IRU� SDOHRJHRJUDSK\� DQG�
VHTXHQFH� VWUDWLJUDSK\�� DQG� PD\� KHOS� LGHQWLI\� SDOHRVKRUHOLQH� ORFDWLRQ�� ÀRRGLQJ�
VXUIDFHV� DQG� RPLVVLRQ� VXUIDFHV� WKDW� KDYH� H[SHULHQFHG� EXULDO�� OLWKL¿FDWLRQ��
H[KXPDWLRQ�DQG�H[SRVXUH�OHQJWK\�HQRXJK�WR�DOORZ�VLJQL¿FDQW�ERULQJ�WR�RFFXU��*LEHUW�
HW� DO��� ������6LOYD� HW� DO��� ������3HPEHUWRQ� DQG�0DF(DFKHUQ�� ������0DF(DFKHUQ�
HW� DO�� �������$�YDULHW\� RI� VWXGLHV� GHVFULEH�Trypanites�GHPDUFDWHG�GLVFRQWLQXLWLHV�
WKURXJKRXW�JHRORJLF�WLPH��EXW�PRVW�DUH�UHSRUWHG�IURP�FDUERQDWH�VXFFHVVLRQV��)LJ��
�����%UHWW��������*LEHUW�HW�DO����������,W�LV�OLNHO\�WKDW�WKH�ELDV�LQ�SUHVHUYDWLRQ�LV�OLQNHG�
WR�WKH�RQWRJHQ\�RI�WKH�VXUIDFH��ERUHG�VXUIDFHV�LQ�FODVWLF�VHWWLQJV�DUH�PRUH�IUHTXHQWO\�
DVVRFLDWHG�ZLWK�HURVLRQDO�H[KXPHG�VXEVWUDWHV�DQG�HURVLRQDO�GLVFRQIRUPLWLHV��ZKHUHDV�
LQ�FDUERQDWH�VHWWLQJV��KDUGJURXQG�VXUIDFHV�FDQ�EH�DXWRJHQLF�DQG�DVVRFLDWHG�ZLWK�QRQ�
GHSRVLWLRQDO�EUHDNV��DV�ZHOO�DV�HURVLRQDO�H[KXPDWLRQ��%URPOH\��������3HPEHUWRQ��
�������7KLV�VXJJHVWV�WKDW�FODVWLF�Trypanites�LFKQRIDFLHV�RFFXU�LQ�HURVLRQDO�VHWWLQJ�
DQG� DUH�PRUH� UDUHO\� SUHVHUYHG��ZKLFK�PDNHV� LW� LPSRUWDQW� WR� LQYHVWLJDWH�PRGHUQ�
ERUHG�KDUGJURXQGV�WR�EHWWHU�UHFRQVWUXFW�WKH�SRRUO\�SUHVHUYHG�VXEVWUDWHV��

1HRLFKQRORJ\� SOD\V� DQ� LPSRUWDQW� UROH� LQ� XQGHUVWDQGLQJ� DQFLHQW� VHGLPHQWDU\�
VWUDWD� DQG�ELRWLF� FRPPXQLWLHV��0DQ\� VWXGLHV�KDYH� IRFXVHG�RQ� VRIW� VHGLPHQW� DQG�
¿UPJURXQG� QHRLFKQRORJ\� �H�J�� 6HLODFKHU�� ������*LQJUDV� HW� DO��� ������'DVKWJDUG�
DQG�*LQJUDV��������EXW�IHZ�KDYH�VWXGLHG�WKH�QHRLFKQRORJ\�RI�ERUHG�KDUGJURXQGV�
DQG�URFN\�VKRUHV�LQ�DQ�HIIRUW�WR�UHODWH�WKH�LFKQRIDFLHV�WR�DQFLHQW�VXFFHVVLRQV��L�H��
%URPOH\��������6FKLDSDUHOOL�HW�DO���������*LEHUW�HW�DO���������%DDUOL�HW�DO���������
'RQRYDQ��������:LOVRQ���������7KHUHIRUH��PRUH�REVHUYDWLRQV�DUH�QHHGHG�ZLWKLQ�
PRGHUQ�VHWWLQJV�WR�IXOO\�HYDOXDWH�ELRWLF�DQG�HQYLURQPHQWDO�SDUDPHWHUV�RI�WKH�ERUHG�
LFKQRIDFLHV�� 7KLV� VWXG\� LQYHVWLJDWHV� VLOLFLFODVWLF� Trypanites�W\SH� DVVHPEODJHV�
ZLWKLQ�WZR�ORFDOLWLHV�LQ�1RUWK�$PHULFD��)LJ�����$���WR�EHWWHU�XQGHUVWDQG�WKH�ELRWLF�
GLYHUVLW\�DQG�HQYLURQPHQWDO�FRQGLWLRQV�VXUURXQGLQJ�Trypanites�W\SH�LFKQRIDFLHV��

&KDSWHU��� IRFXVHV�RQ�D Trypanites�W\SH� LFKQRIDFLHV�DW�/LRQ�5RFN�DW�$UFDGLD�
%HDFK�6WDWH�3DUN��2UHJRQ��)LJ�����%�����&���/LRQ�5RFN�LV�D�ZDYH�H[SRVHG�VHD�VWDFN�
ZLWKLQ�DQ�XSSHU�PLFURWLGDO��IRUHVKRUH�VHWWLQJ�ZLWK�PDULQH�VDOLQLW\��7KH�KHDGODQG�LV�
FRPSRVHG�RI�(RFHQH�EHGURFN�RI� WKH�$VWRULD�)RUPDWLRQ�VDQGVWRQH� �$QJRUD�3HDN�
0HPEHU�� DQG� WKH� &ROXPELD� )ORRG� %DVDOW� �*UDQGH� 5RQGH� %DVDOW�� 2UWOH\� 8QLW��
�1LHP��������5HLGHO� HW� DO��� ������:HOOV� HW� DO��� �������%RULQJV�DUH� OLPLWHG� WR� WKH�
VDQGVWRQH� SRUWLRQV� RI� WKH� VHD� VWDFN� DQG� DUH� SURGXFHG� E\� Adula californiensis��
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Hiatella arctica� Penitella penita��DQG�Zirfaea pilsbryi��7UDFHV�UHVHPEOH�WKH�DQFLHQW�
IRUPV�RI�Gastrochaenolites turbinatus and Gastrochaenolites FI��G. lapidicus���VHH�
.HOO\�DQG�%URPOH\���������,Q�DGGLWLRQ�WR�ERULQJ�RUJDQLVPV��WKH�ELRWLF�FRPPXQLW\�
LV� FRPSRVHG�RI� RYHU� ��� VSHFLHV� RI� HQFUXVWLQJ� DQG� VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV��
ZKLFK�FRPPRQO\�XVH�WKH�ERULQJV�DV�LVRODWHG��PDFUR�KDELWDWV��)LYH�OLWWRUDO�]RQHV�DUH�
REVHUYHG�DQG�DUH�FRQVWUXFWHG�DV�D�UHVXOW�RI�HQYLURQPHQWDO�DQG�ELRORJLFDO�SDUDPHWHUV��

&KDSWHU���IRFXVHV�RQ�D�Trypanites�W\SH�LFKQRIDFLHV�ZLWKLQ�WKH�%D\�RI�)XQG\��
QHDU�7KRPDV�&RYH��(FRQRP\�3RLQW��1RYD�6FRWLD� �)LJV�����'�����(���7KH� VWXG\�
DUHD�LV�ORFDWHG�ZLWKLQ�LQWHUWLGDOO\�H[SRVHG��ZDYH�FXW�DQG�WLGDOO\�PRGL¿HG�SODWIRUPV�
DQG�VDOLQLW\�LV�IXOO\�PDULQH��7KH�ERUHG�KDUGJURXQG�LV�ORFDWHG�ZLWKLQ�SRRUO\�OLWKL¿HG�
VDQGVWRQH� DQG� VLOW\� PXGVWRQH�� ZDYH�FXW� EHQFKHV� RI� SRRUO\� OLWKL¿HG� 7ULDVVLF�
VDQGVWRQH�DQG�VLOW\�PXGVWRQH��:ROIYLOOH�)RUPDWLRQ��ZLWKLQ�WKH�PDFURWLGDO��HVWXDULQH�
HPED\PHQW��%RULQJV�DUH�SURGXFHG�E\�Petricola pholadiformis��DQG�Zirfaea pilsbryi 
DQG� IRUP� WUDFHV� VLPLODU� WR� WKH� DQFLHQW� IRUPV�Gastrochaenolites turbinatus and 
Gastrochaenolites ornatus UHVSHFWLYHO\��VHH�.HOO\�DQG�%URPOH\���������,Q�DGGLWLRQ�
WR� ERULQJ� ELYDOYHV�� WKH� ELRWLF� FRPPXQLW\� LV� FRPSRVHG� RI� RYHU� ��� VSHFLHV� RI�
EXUURZLQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV��7KH�VWXG\�DUHD�LV�GLYLGHG�
LQWR� HOHYHQ� GHSRVLWLRQDO� VXE�HQYLURQPHQWV��ZKLFK� HDFK� KDYH� HQYLURQPHQWDO� DQG�
VHGLPHQWRORJLFDO� FRQGLWLRQV� WKDW� GLFWDWH� VHWWOHPHQW� DQG� FRORQL]DWLRQ� RI� GLVWLQFW�
ELRWD���

,Q�VXPPDU\��WKLV�WKHVLV�DLPV�WR�FKDUDFWHUL]H�WZR�YHU\�GLIIHUHQW�RFFXUUHQFHV�RI�
PRGHUQ�FRORQL]HG�KDUGJURXQGV��7ZR�JRDOV�ZLOO�EH�IRFXVHG�XSRQ������'RFXPHQWLQJ�
WKH�ELRWLF�DVVHPEODJHV�DVVRFLDWHG�ZLWK�PRGHUQ�Trypanites�W\SH�LFKQRIDFLHV�LQ�DQ�
HIIRUW� WR� XQGHUVWDQG� WKH� SRWHQWLDO� ELRWLF� GLYHUVLW\� RI� DQFLHQW� ERUHG� KDUGJURXQGV��
���� 'RFXPHQWLQJ� VHGLPHQWDWLRQ� SURFHVVHV� DVVRFLDWHG� ZLWK� WKH� ERUHG� VXEVWUDWHV��
ZKLFK� SURYLGHV� WKH� RSSRUWXQLW\� WR� EHWWHU� XQGHUVWDQG� WKH� SURFHVV� LFKQRORJ\�
DQG� VHGLPHQWRORJ\� RI� DQFLHQW� Trypanites� LFKQRIDFLHV�� 7KH� VHGLPHQWRORJLFDO�
DQG� QHRLFKQRORJLFDO� GDWD� REWDLQHG� IURP� WKH� WZR� ORFDOLWLHV�ZLOO� KHOS� H[SDQG� WKH�
RYHUDOO�HFRORJLFDO�DQG�VWUDWLJUDSKLF�LPSRUWDQFH�RI�DQFLHQW�VLOLFLFLODVWLF�Trypanites 
LFKQRIDFLHV�
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CHAPTER 2: OREGON SEA STACK: ECOLOGICAL DIVERSITY OF A 
MODERN TRYPANITES ICHNOFACIES

INTRODUCTION

The Trypanites ichnofacies encompasses borings that penetrate into hardgrounds 
RU�IXOO\�OLWKL¿HG�VXEVWUDWHV��&RPPRQ�WUDFHV�LQFOXGH�Trypanites, Gastrochaenolites, 
Entobia, Rogerella, Uniglobites, Maeandropolydora, Circolites, Caulostrepsis, 
polychaete borings and echinoid grooves (Frey and Seilacher, 1980; MacEachern 
HW�DO���������*LEHUW�HW�DO���������7KH�LFKQRIDFLHV�LV�VLJQL¿FDQW�IRU�SDOHRJHRJUDSK\�
DQG� VHTXHQFH� VWUDWLJUDSK\�� DQG�PD\� UHYHDO� SDOHRVKRUHOLQH� ORFDWLRQ� DQG� ÀRRGLQJ�
VXUIDFHV� WKDW� H[SHULHQFHG� EXULDO�� OLWKL¿FDWLRQ�� H[KXPDWLRQ� DQG� H[SRVXUH� OHQJWK\�
HQRXJK�WR�DOORZ�VLJQL¿FDQW�ERULQJ�WR�RFFXU��*LEHUW�HW�DO���������6LOYD�HW�DO���������
3HPEHUWRQ� DQG� 0DF(DFKHUQ�� ������� Trypanites-demarcated discontinuities are 
present throughout geologic time and are commonly reported from carbonate 
VXFFHVVLRQV��EXW�KDYH�DOVR�EHHQ�GHVFULEHG�ZLWKLQ�VLOLFLFODVWLF�OLWKRORJLHV��)LJ�������
%UHWW��������*LEHUW�HW�DO����������

Paleontological studies have aimed to reconstruct the evolution and distribution 
RI�KDUG�VXEVWUDWH�ELRWD�DQG� WUDFHV��)LJ�������-RKQVRQ�DQG�%DDUOL��������%URPOH\��
������� +RZHYHU�� LQWHUWLGDO� URFN\� VKRUH� FRPPXQLWLHV� DUH� FRPSRVHG� QRW� RQO\� RI�
boring animals, but also of encrusting and squatting/clinging organisms that 
KDYH� ORZ� SUHVHUYDWLRQ� SRWHQWLDO�� 7KXV�� PRVW� SDOHRHFRORJLFDO� UHFRQVWUXFWLRQV� RI�
Trypanites�LFKQRIDFLHV�FRPPXQLWLHV�DUH�EDVHG�VROHO\�RQ�WUDFH�IRVVLO�DVVHPEODJHV��

0RGHUQ�URFN\�LQWHUWLGDO�VKRUHV�SURYLGH�DQDORJV�IRU�KDUGJURXQG�VXEVWUDWHV�ZLWKLQ�
WKH�URFN�UHFRUG�DQG�SURYLGH�LQVLJKW�WR�DQFLHQW�ELRWLF�DVVHPEODJHV�DQG�HQYLURQPHQWDO�
FRQGLWLRQV��0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�DQFLHQW� �L�H��3HPEHUWRQ�HW�DO���
������&ROH�DQG�3DOPHU��������%DQQHU�HW�DO���������'HPLUFDQ��������DQG�PRGHUQ��L�H��
5LFNHWWV��HW�DO���������'RQRYDQ��������Trypanites LFKQRIDFLHV�DQG�URFN\�VKRUHV��EXW�
IHZ��L�H��%DDUOL�HW�DO���������KDYH�WULHG�WR�FRPSDUH�WKH�WZR�ZLWKLQ�D�SDOHRHFRORJLFDO�
VFRSH��0DQ\�KDYH� DOVR�GHWHUPLQHG�HFRORJLFDO� DQG�SK\VLFDO�SDUDPHWHUV� HIIHFWLQJ�
GLVWULEXWLRQ�DQG�]RQDWLRQ�RI�RUJDQLVPV�RQ�PRGHUQ� URFN\� VKRUHV� �/DZVRQ��������
6RXWKZDUG��������+D\ZDUG��������%ROWRQ��������5LFNHWWV�� HW� DO��� ������3HWUDLWLV�
HW� DO��� ������ 5REOHV�� ������ 7URQFRVR� DQG� 6LEDMD�&RUGHUR�� ������ *LEHUW�� ������
:LOVRQ���������EXW�D�JDS�LQ�UHVHDUFK�LV�SUHVHQW�IRU�UHODWLQJ�WKH�FRQWUROV�WR�DQFLHQW�
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HQYLURQPHQWV�
This paper documents a modern Trypanites-type assemblage within a siliciclastic 

VXEVWUDWH� DW�/LRQ�5RFN�DW�$UFDGLD�%HDFK�6WDWH�3DUN��2UHJRQ�� LQ� DQ� HIIRUW� WR� ����
LGHQWLI\� ERULQJV� DQG� WKHLU� RULJLQDWRUV�� ���� GH¿QH� FRQWUROV� DIIHFWLQJ� ERULQJV�� DQG�
����GHVFULEH� WKH�GLYHUVLW\�DQG�DEXQGDQFH�RI�RUJDQLVPV� WKURXJKRXW� WKH�VHD�VWDFN��
/LRQ� 5RFN� LV� XVHG� KHUH� DV� D� PRGHUQ� DQDORJ� WR� GHVFULEH� WKH� GLYHUVH� HFRORJLFDO�
potential of Trypanites ichnofacies of the past and to assess the oceanographic 
and sedimentological controls that govern the development and nature of these 
DVVHPEODJHV��

678'<�$5($�$1'�*(2/2*,&$/�&217(;7

$UFDGLD�%HDFK�6WDWH�3DUN�LV�ORFDWHG�ZLWKLQ�WKH�QRUWKHDVW�2UHJRQ�&RDVWDO�5HJLRQ�
EHWZHHQ�&DQQRQ�%HDFK�DQG�$UFK�&DSH��)LJV�����$�����%��DQG� LV�����PLOHV� �����
NP��VRXWK�RI�&DQQRQ�%HDFK�DORQJ�8�6��KLJKZD\������7KH�EHDFK�UHVLGHV�EHWZHHQ�
WZR�KHDGODQGV��ZLWK�+XPEXJ�3RLQW�WR�WKH�QRUWK�DQG�+XJ�3RLQW�WR�WKH�VRXWK��/LRQ�
5RFN�LV�D�VHD�VWDFN�ORFDWHG�HDVW�RI�+XPEXJ�3RLQW�DQG�LV�WKH�PDLQ�VWXG\�DUHD�IRU�WKH�
Trypanites�LFKQRIDFLHV��)LJV������%�'���7ZR�VPDOOHU��EDVDOW�VHD�VWDFNV�DUH�ORFDWHG�
DSSUR[LPDWHO\����P�VHDZDUG�IURP�/LRQ�5RFN�DQG�SURYLGH�DGGLWLRQDO�GDWD�WR�WKH�
VWXG\�

$UFDGLD�%HDFK�LV�XSSHU�PLFURWLGDO��ZLWK�D�PD[LPXP�WLGDO�UDQJH�RI������P��������
P�WR������P���'XULQJ�ORZ�WLGH��/LRQ�5RFN�LV�SDUWLDOO\�WR�IXOO\�H[SRVHG�DQG�DW�KLJK�
WLGH�WKH�EDVH�LV�FRPSOHWHO\�VXUURXQGHG�E\�ZDWHU��7KH�WZR�VPDOO��VHDZDUG�EDVDOW�VHD�
VWDFNV�DUH�H[SRVHG�RQO\�GXULQJ�WKH�ORZHVW�RI�VSULQJ�WLGHV��

The coastal region of northern Oregon consists of a structurally and geologically 
FRPSOH[�PRVDLF�RI�7HUWLDU\�VHGLPHQWDU\�DQG�LJQHRXV�VWUDWD��:HOOV�HW�DO���������¿J��
�����+XPEXJ�3RLQW�DQG�/LRQ�5RFN�FRQWDLQ� WKH�$VWRULD�)RUPDWLRQ��$QJRUD�3HDN�
0HPEHU�VDQGVWRQH��DQG�WKH�&ROXPELD�)ORRG�%DVDOW��*UDQGH�5RQGH�%DVDOW��2UWOH\�
8QLW���)LJ�������1LHP��������5HLGHO�HW�DO���������:HOOV�HW�DO����������7KH�$VWRULD�
Formation has been interpreted as inter-woven strata of wave-dominated deltaic 
�RU�ULYHU�PRXWK��DQG�GHHS�ZDWHU�GHOWD�VORSH�IRUHDUF�GHSRVLWV�RI�WKH�DQFHVWUDO�HDUO\�
0LRFHQH� &ROXPELD� 5LYHU� �&UHVV\�� ������ 6PLWK�� ������:HOOV� HW� DO��� ������� 7KH�
$QJRUD�3HDN�0HPEHU�RI�WKH�$VWRULD�)RUPDWLRQ�FRQVLVWV�RI�WKLFN�OD\HUV�RI�ODPLQDWHG�
and cross-bedded, feldspathic and lithic sandstone interbedded with minor layers 
of well-laminated, carbonaceous and micaceous siltstone, and pebble conglomerate 
�1LHP�� ������6PLWK�� �������/LRQ�5RFN� LV� FRPSRVHG�RI�ZHOO�FHPHQWHG��PDVVLYH�
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VDQGVWRQH�WKDW�KDV�EHHQ�LQWUXGHG�ZLWK�D�GDUN�JUD\�WR�EODFN��¿QH�JUDLQHG�EDVDOW�GLNH��
ZKLFK�LV�PRVW�OLNHO\�HTXLYDOHQW�WR�WKH�2UWOH\�8QLW�RI�LQYDVLYH�SHSHULWH�GLNHV�SUHVHQW�
DW�+XPEXJ�SRLQW��:HOOV�HW�DO����������%RULQJV�GLVFXVVHG�KHUHLQ�RFFXU�VROHO\�ZLWKLQ�
WKH� VDQGVWRQH� VXEVWUDWH�RI� WKH� VHD� VWDFN�DQG� UHSUHVHQW� D�PRGHUQ�Trypanites-type 
LFKQRFRHQRVLV�

0(7+2'6

.H\�DVSHFWV�RI�WKLV�VWXG\�LQFOXGH������LGHQWL¿FDWLRQ�DQG�GLVWULEXWLRQ�RI�RUJDQLVPV�
ZLWKLQ� WKH� LQWHUWLGDO� ]RQH� RI� /LRQ� 5RFN�� ���� GHVFULSWLRQ� RI� WKH� PRUSKRORJ\��
GHQVLW\�DQG�GLVWULEXWLRQ�RI�WKH�ERULQJV�DQG�ERULQJ�RUJDQLVPV������LGHQWL¿FDWLRQ�RI�
VSHFLDOL]HG�KDELWDWV�JHQHUDWHG�E\�WKH�ERULQJV�DQG�IUDFWXUHV�ZLWKLQ�WKH�VHD�VWDFN��DQG�
����LGHQWL¿FDWLRQ�RI�WKH�FRQWUROV�RQ�ERULQJ�SDWWHUQV�DQG�RUJDQLVP�GLVWULEXWLRQ��7R�GR�
WKLV��GDWD�ZDV�FROOHFWHG�D�YHUWLFDO�WUDQVHFWV�HYHU\���P�DORQJ�WKH�SHULPHWHU�RI�WKH�VHD�
VWDFN��JLYLQJ�D�WRWDO�RI����WUDQVHFWV�VWXGLHG��6XEVWUDWH�W\SH��RUJDQLVP�GLVWULEXWLRQ��
RUJDQLVP� DEXQGDQFH� DQG� OLWWRUDO� ]RQH� WKLFNQHVV�ZHUH� REVHUYHG� DQG� GRFXPHQWHG�
DORQJ�WKH�YHUWLFDO�WUDQVHFWV�WKURXJKRXW�WKH�H[SRVHG�IDFHV�RI�/LRQ�5RFN�

$GGLWLRQDOO\�� ERULQJV� ZLWKLQ� WKH� VDQGVWRQH� KDUGJURXQG� RI� /LRQ� 5RFN� ZHUH�
observed, photographed and documented along the exposed substrate and along 
WKH�WUDQVHFWV��6PDOO�SLHFHV�RI�URFN�ZHUH�EURNHQ�RII�XVLQJ�D�FKLVHO�DQG�KDPPHU�WR�
GHVFULEH�DQG�SKRWRJUDSK�WKH�LQQHU��ERUHG�SRUWLRQ�RI�WKH�VHD�VWDFN���%RULQJ�GHQVLWLHV�
ZHUH�DVVHVVHG�XVLQJ�D�JULG�ZLWK�D����FP�E\����FP�RXWOLQH��D�ODUJHU�JULG�VL]H�ZDV�
ineffective since multiple zones were frequently present within the larger sized 
RXWOLQH��%RULQJ�GHQVLW\�ZDV�RQO\�DVVHVVHG�RQ� WKH�H[SRVHG�VXEVWUDWH� VXUIDFH��DQG�
the complex three-dimensional assemblage of traces was not assessed due to the 
XQSHUPLWWHG�UHPRYDO�RI�ODUJH�DPRXQWV�RI�URFN�

,17(57,'$/�(&2/2*,&$/�=21$7,21

5RFN\�VKRUHV�DUH�YHUWLFDOO\�GLYLGHG�LQWR�OLWWRUDO�]RQHV�EDVHG�RQ�HQYLURQPHQWDO�
conditions including elevation within the intertidal range, degree of exposure 
to wave energy, the magnitude of the tidal range and lithological characteristics 
�/DZVRQ�� ������ 5LFNHWWV�� HW� DO��� ������ :LOVRQ�� ������� )XQGDPHQWDO� ELRORJLF�
parameters affecting the distribution of organisms include the organisms’ ability 
to resist desiccation, competition between species, larval recruitment and larval 
DWWDFKPHQW� �*LEHUW� HW� DO��� ������� 7KH� ERXQGDULHV� RI� ]RQHV� PD\� EH� DEUXSW� RU�



11

JUDGDWLRQDO��KRZHYHU�DUFKHW\SDO�XQLYHUVDO�]RQH�VFKHPHV�KDYH�SURYHQ�GLI¿FXOW� WR�
apply due to high variability of physical and biological constraints across localities 
�*LEHUW�HW�DO����������

=RQDWLRQV� EDVHG� RQ� SK\VLFDO� SDUDPHWHUV� YHUWLFDOO\� GLYLGH� URFN\� VKRUHV� LQWR�
WKUHH� RU� IRXU� ]RQHV� LQFOXGLQJ� WKH� VXSUDOLWWRUDO�� XSSHU� OLWWRUDO� �RSWLRQDO��� PLGGOH�
OLWWRUDO�DQG�ORZHU�OLWWRUDO�]RQHV��7DEOH�������$Q�DGGLWLRQDO�VXEOLWWRUDO�]RQH�KDV�EHHQ�
DGGHG�ZLWKLQ�WKLV�VWXG\�WR�GHVFULEH�D�KRUL]RQWDO�]RQH��ZKLFK�LV�JUHDWO\�LQÀXHQFHG�E\�
VKLIWLQJ�VHGLPHQW��(DFK�]RQH�KDV�VSHFL¿F�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�RUJDQLVPV�
PXVW�WROHUDWH�LQ�RUGHU�WR�VXUYLYH��7DEOH�������2UJDQLVPV�PD\�HLWKHU�VSDQ�VHYHUDO�
GLIIHUHQW�OLWWRUDO�]RQHV�RU�PD\�EH�OLPLWHG�WR�D�VSHFL¿F�OLWWRUDO�]RQH��/DZVRQ��������
7URQFRVR�DQG�6LEDMD�&RUGHUR���������WKXV�DGGLQJ�WR�WKH�FRPSOH[LW\�RI�ELRORJLFDO�
]RQDWLRQ�VFKHPHV��
/LWWRUDO�]RQHV Other common 

names
Elevation Environmental 

conditions
Organism 
tolerance 

Population

Supralittoral 
zone

Supralittoral 
fringe, 
supratidal 
zone, splash 
zone

Uppermost 
region; 
rarely 
to never 
submerged 
below water

Effected by the 
highest waves, 
storm waves, 
ocean spray and 
rain water

Must be able to 
retain moisture 
and tolerate 
extreme salinity 
and temperature 
changes

/RZ�
diversity; 
low to high 
abundance

Upper littoral 
zone

+LJK�LQWHUWLGDO�
zone

Only 
submerged 
within water 
during high 
tide

Effected by tidal 
changes, high 
energy wave 
action, sea spray 
and rain water

Must attach 
themselves to 
the substrate 
and tolerate 
salinity changes

/RZ�
diversity; 
high 
abundance

Middle 
littoral zone

Mid intertidal 
zone, eulittoral 
zone

Covered and 
uncovered 
by water 
twice a day

Effected by 
tidal changes, 
ÀXFWXDWLQJ�ZDYH�
energy

Must withstand 
energy 
ÀXFWXDWLRQV�DQG�
slight changes 
in salinity

+LJK�
diversity; 
high 
abundance

/RZHU�OLWWRUDO�
zone

Sublittoral 
fringe, low 
intertidal zone, 
infralittoral 
zone

Submerged 
except for a 
limited time 
at the lowest 
tides

Effected 
slightly by 
tidal changes; 
almost constant 
fully marine 
conditions

Must withstand 
only slight 
time periods of 
exposure

+LJK�
diversity; 
high 
abundance

Sublittoral 
zone

Submerged 
except for a 
limited time 
at the lowest 
tides

Effected 
slightly by tidal 
changes; greatly 
affected by 
sedimentation 
and erosion

Must withstand 
periods of 
complete 
sediment cover 

/RZ�
diversity; 
low 
abundance

Table 2-1. Littoral zones.�=RQH�GHVFULSWLRQV� VXPPDUL]HG� IURP�/DZVRQ� ��������
5REOHV� �������� *LOEHUW� HW� DO�� �������� :LOVRQ� �������� ZLWK� WKH� DGGLWLRQ� RI� WKH�
VXEOLWWRUDO�]RQH��7KH�XSSHU� OLWWRUDO�]RQH� LV�QRW�DOZD\V� LQFOXGHG�ZLWKLQ�GHVFULEHG�
OLWWRUDO�]RQDWLRQ��EXW�LV�DSSOLFDEOH�WR�WKH�]RQDWLRQ�VFKHPH�DW�/LRQ�5RFN��2UHJRQ�



��

(&2/2*,&$/�=21$7,21�2)�/,21�52&.

/LRQ�5RFN�UHÀHFWV�SUHYLRXVO\�GHVFULEHG�OLWWRUDO�]RQDWLRQ�SDWWHUQV��H�J���/DZVRQ��
������5LFNHWWV��HW�DO���������5REOHV�������*LEHUW�HW�DO���������:LOVRQ��������DQG�
LV�GLYLGHG�LQWR�¿YH�]RQHV��VXSUD���XSSHU���PLGGOH��� ORZHU��DQG�VXEOLWWRUDO�]RQHV���
(DFK�]RQH�KDV�DQ�REVHUYDEOH��GLVWLQFW�EDQG�RI�GRPLQDQW�ELRWD� �)LJV�����(�����)��
�����������ZKLFK�LV�D�SURGXFW�RI�ELRORJLFDO�UHVSRQVH�WR�HQYLURQPHQWDO�SDUDPHWHUV��
5LFNHWWV�HW�DO���������VXJJHVWHG�WKDW�OLWWRUDO�]RQHV�DUH�QRW�D�¿[HG�WKLFNQHVV�DQG�WHQG�
to be narrower, and overall lower, in protected settings and spread wider and higher 
ZLWK� LQFUHDVHG�ZDYH�H[SRVXUH��/LWWRUDO�]RQH� WKLFNQHVVHV�YDU\�DURXQG�/LRQ�5RFN�
DQG�IRUP�DQ�RYHUDOO�ZHGJH�VKDSH��)LJV�����(�����)���ZLWK�WKH�WKLFNHVW�]RQHV�ORFDWHG�
DW� WKH�KHDG��RU� VHDZDUG� VLGH��RI� WKH� VHD� VWDFN��*HQHUDO� OLWWRUDO� ]RQHV�DUH�SUHVHQW�
irrespective of lithology and are primarily a result of water energy, wave action 
DQG�WLGDO�DFWLYLW\��KRZHYHU��VSHFL¿F�RUJDQLVPV��VXFK�DV�WKH�ERULQJ�ELYDOYHV��PD\�EH�
DEVHQW�IURP�VSHFL¿F�OLWWRUDO�]RQHV�GXH�WR�OLWKRORJ\��(DFK�OLWWRUDO�]RQH�LV�GHVFULEHG�
below and organism diversity, distribution and abundance are summarized within 
)LJXUH������7DEOH�����DQG�$SSHQGL[�%��

 
Supralittoral zone

The supralittoral zone is a harsh environment for invertebrate colonization and is 
DIIHFWHG�E\�WKH�KLJKHVW�ZDYHV��VWRUP�ZDYHV���RFHDQ�VSUD\�DQG�UDLQZDWHU��2UJDQLVPV�
that live here must be able to retain moisture and tolerate extreme changes in 
VDOLQLW\�DQG�WHPSHUDWXUH��'LYHUVLW\�DQG�DEXQGDQFH�DUH�ORZ��)LJV�������7DEOH�������
with small, isolated barnacles (Balanus glandula�� �)LJ�� ���$�� DV� WKH� GRPLQDQW�
RUJDQLVP��/LPSHWV� �Lottia digitalis, Lottia pelta, Lottia scutum and other Lottia 
VSHFLHV��DQG�JDVWURSRGV��Littorina sitkana, Nucella lamellose, Nucella ostrina and 
other Littorina and Nucella�VSHFLHV��DUH�SUHVHQW�ZLWKLQ�WKH�ORZHUPRVW�SDUW�RI�WKH�
]RQH��)LJ�����%���6PDOO��EODFN�OLPSHWV����PP�WR���FP�LQ�OHQJWK��DUH�SUHVHQW�LQ�WKH�
VXSUDOLWWRUDO�]RQH��)LJ�����%���DV�ZHOO�DV�DOO�WKH�ORZHU�]RQHV��EXW�UHPDLQ�XQDVVLJQHG�
WR� D� JHQXV� RU� VSHFLHV� GXH� WR� WKH� OLNHOLKRRG� RI� WKHP�EHLQJ� MXYHQLOHV� RI�PXOWLSOH�
OLPSHW�VSHFLHV��<HOORZ�VHDZHHG��Mazzaella parksii��LV�VSDUVH�ZLWKLQ�WKLV�]RQH�DQG�
QR�RWKHU�SODQW�OLIH�LV�SUHVHQW��
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/LWWRUDO�
zones

7KLFNQHVV�
�FP�

Organisms Population Boring 
density 

Supralittoral 
zone

- Balanus glandula �R�
Littorina VS���R�
Nucella VS� �R�

/RZ�GLYHUVLW\��
low abundance

0

Upper littoral 
zone

�����������
������

Balanus glandula �D�
Chthamalus dalli �R�
Diodora aspera �R�
(QFUXVWLQJ�EU\R]RDQ��R�
Eudistylia vancouveri �R�
Hesperibalanus hesperius �R�
Littorina VS���D�
Lottia VS� �D�
Nucella VS� �D�
Mytilus californianus �R�
Mytilus trossulus �R�
Semibalanus cariosus �R�

/RZ�GLYHUVLW\��
high abundance

0

Middle 
littoral zone

������
�������
������

Adula californiensis �R�
Anthopleura elegantissima �R�
Anthopleura xanthogrammica �R�
Balanus glandula �G�
Chthamalus dalli �R�
Diodora aspera �R�
(QFUXVWLQJ�EU\R]RDQ��R�
Eudistylia vancouveri �G�
Heptacarpus brevirostris �U�
Hesperibalanus hesperius �D�
Hiatella arctica �U�
Katharina tunicata �R�
Lirabuccinum dirum �U�
Littorina VS���D�
Lottia VS� �D�
Mopalia muscosa �U�
Mytilus californianus �G�
Mytilus trossulus �G�
Nucella VS���D�
Pagurus hirsutiusculus  �U�
Penitella penita �D�
Pentidotea wosnesenskii �U�
Phylloplana viridis �U�
Pollicipes polymerus �G�
Semibalanus cariosus �G�
Zirfaea pilsbryi �R�

+LJK�GLYHUVLW\��
high abundance

���

Table 2-2. Littoral zone descriptions at Lion Rock, Oregon��7KLFNQHVV�RI�HDFK�
]RQH�LQFOXGH�DYHUDJH��PLQLPXP�PD[LPXP��WKLFNQHVVHV��7KLFNQHVV�IRU�WKH�VXSUD-
WLGDO�H[WHQGV�WR�WKH�XSSHU�KHLJKW�RI�WKH�VHD�VWDFN��$YHUDJH�WKLFNQHVV�RI�WKH�VXEOLWWR-
UDO�]RQH�YDULDEOH�GXH�WR�VKLIWLQJ�VDQG�VXEVWUDWH�EXU\LQJ�DQG�H[SRVLQJ�WKH�]RQH��2U-
JDQLVPV�HQFUXVWLQJ��VTXDWWLQJ�DQG�ERULQJ�LQWR�WKH�VXEVWUDWH�DUH�LGHQWL¿HG�DV�EHLQJ�
GRPLQDQW��G���DEXQGDQW��D���RFFDVLRQDO��R��RU�UDUH��U��EDVHG�RQ�UHODWLYH�DEXQGDQFH�
ZLWKLQ�HDFK�OLWWRUDO�]RQH��%RULQJ�GHQVLWLHV�ZHUH�WDEXODWHG�ZLWKLQ�D����FP�E\����FP�
RXWOLQH�DQG�LV�RQO\�UHÀHFWLYH�RI�WKH�GHQVLW\�ZLWKLQ�VDQGVWRQH�VXUIDFHV�



��

/LWWRUDO�]RQHV 7KLFNQHVV�
�FP�

Organisms Population Boring 
density 

/RZHU�OLWWRUDO�
zone

�����������
�����

Acanthodoris nanaimoensis �U�
Adula californiensis �D�
Aeolidia papillosa �U�
Anthopleura elegantissima �G�
Anthopleura xanthogrammica �G�
Amphiporus imparispinosus �R�
Balanus glandula �D�
Chthamalus dalli �R�
Diodora aspera �R�
(QFUXVWLQJ�EU\R]RDQ��R�
Eudistylia vancouveri �R�
Heptacarpus brevirostris �U�
Hermissenda crassicornis �U�
Hesperibalanus hesperius �R�
Hiatella arctica �D�
Katharina tunicata �D�
Ligia pattasii �U�
Lirabuccinum dirum �U�
Littorina sp.��D�
Lottia sp. �D�
Mopalia muscosa �D�
Mytilus californianus �R�
Mytilus trossulus �R�
Nucella sp. �D�
Pagurus hirsutiusculus �U�
Penitella penita �G�
Pentidotea wosnesenskii �U�
Phylloplana viridis �U�
Pisaster ochraceus �D�
Pollicipes polymerus �R�
Semibalanus cariosus �R�
Serpula Columbiana �R�
Styela montereyensis �U�
Tubulanus polymorphus �R�
Zirfaea pilsbryi (a)

+LJK�
diversity; 
high 
abundance

�����

Sublittorial ������� Adula californiensis �R�
Anthopleura elegantissima �D�
Anthopleura xanthogrammica  �D�
Hiatella arctica �R�
Katharina tunicate �R�
Lirabuccinum dirum �U�
Mopalia muscosa �R�
Oligocottus maculosus �U�
Pagurus hirsutiusculus �U�
Penitella penita�R�
Pentidotea wosnesenskii �U�
Phylloplana viridis �U�
Pisaster ochraceus �D�
Zirfaea pilsbryi �R�

/RZ�
diversity; 
low 
abundance

����

Table 2-2 continued.�/LWWRUDO�]RQH�GHVFULSWLRQV�DW�/LRQ�5RFN��2UHJRQ��
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Upper littoral zone

The upper littoral zone is submerged only at the highest tides and forms an 
HQYLURQPHQW�WKDW�LV�VXEMHFW�WR�KLJK�ZDYH�HQHUJ\�DQG�ORQJ�SHULRGV�RI�H[SRVXUH��7KLV�
zone possesses a similar species richness as the supralittoral zone, but with a greater 
DEXQGDQFH�RI�LQGLYLGXDOV��)LJV������������7DEOH�������$FRUQ�EDUQDFOHV��OLPSHWV�DQG�
JDVWURSRGV�DUH�WKH�PDMRU�ELRWD�SUHVHQW�ZLWKLQ�WKH�]RQH��DQG�WKH�DEXQGDQFH�RI�DFRUQ�
EDUQDFOHV�LV�VXFK�WKDW����������RI�WKH�VXEVWUDWH�LV�HQFUXVWHG��)LJV������&�(���7KH�
limpet, Diodora aspera, and the little brown barnacle, Chthamalus dalli, also occur 
KHUH��/LPSHWV��JDVWURSRGV�DQG�OLWWOH�EURZQ�EDUQDFOHV�RFFXU�LQ�LVRODWLRQ�WKURXJKRXW��
Plant life is limited to small, isolated clusters of yellow seaweed (Mazzaella parksii��
�)LJ�����&���

The base of the upper littoral zone is gradational with the middle littoral zone 
�)LJ�����)��DQG�RUJDQLVPV�ORFDWHG�DORQJ�WKH�WUDQVLWLRQDO�IULQJH��DERXW�������FP�LQ�
WKLFNQHVV��LQFOXGH�PXVVHOV��Mytilus trossulus and Mytilus californianus���EDUQDFOHV�
(Hesperibalanus hesperius��DQG�IHDWKHU�GXVWHU�ZRUPV��Eudistylia vancouveri���7KH�
distribution of individual organisms within the transitional zone is abundant, patchy 
RU�LVRODWHG��EXW�DERXW�����WR������RI�WKH�OLWKLF�VXEVWUDWH�LV�FRORQL]HG��

Middle littoral zone

Owing to the semidiurnal tides, the middle littoral zone is exposed and submerged 
WZLFH�D�GD\��DQG�WKXV�LV�VXEMHFW�WR�ODUJH�ÀXFWXDWLRQV�LQ�ZDWHU�HQHUJ\��'LYHUVLW\�DQG�
DEXQGDQFH�DUH�YHU\�KLJK��)LJV������������7DEOH������DQG�RYHUJURZWK�RI�HQFUXVWLQJ�
RUJDQLVPV�LV�FRPPRQ��ZLWK�WKH�PDMRULW\�����������RI�WKH�VXUIDFH�EHLQJ�HQFUXVWHG��
Barnacles (Balanus glandula, Pollicipes polymerus, Chthamalus dalli and 
Hesperibalanus hesperius���PXVVHOV��Mytilus trossulus and Mytilus californianus���
feather-duster worms (Eudistylia vancouveri���DQG�D�YDULHW\�RI�OLPSHWV��Lottia VS� 
and Diodora VS��� DQG� JDVWURSRGV� �Littorina VS�� DQG�Nucella VS��� DUH� DPRQJ� WKH�
PRVW� FRPPRQ�RUJDQLVPV� LQKDELWLQJ� WKH� ]RQH� �)LJV�� ����$�)��� EXW�PRUH� WKDQ����
RWKHU� VSHFLHV� RI� RUJDQLVPV� UHVLGH�KHUH� �7DEOH� ������ 3ODQW� OLIH� LQFOXGHV� VHD�PRVV�
(Cladophora VS���)LJ�����$���FRPPRQ�VHD�OHWWXFH��Ulva lactuca��DQG�PDLGHQ�KDLU�
sea lettuce (Ulva intestinalis���7KH�WUDQVLWLRQ�WR�WKH�ORZHU�OLWWRUDO�]RQH�LV�JUDGDWLRQDO�
DQG�RUJDQLVPV�DUH�W\SLFDOO\�VPDOOHU�DQG�PRUH�VSRUDGLFDOO\�GLVWULEXWHG���

Gastrochaenolites-type traces are present within this zone (discussed further 
within the Trypanites�W\SH�,FKQRIDFLHV�VHFWLRQ���'HWHUPLQLQJ�ERULQJ�DEXQGDQFH�LV�
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SUREOHPDWLF�GXH�WR�WKH�KLJK�OHYHO�RI�HQFUXVWDWLRQ��PDNLQJ�LW�GLI¿FXOW�WR�REVHUYH�WKH�
XQGHUO\LQJ� VXEVWUDWH��:KHUH� ERULQJV�ZHUH� REVHUYHG� �L�H�� DUHDV�ZKHUH� HQFUXVWLQJ�
RUJDQLVPV�KDG�EHHQ�UHPRYHG�E\�ZDYHV�RU�URFN�H[IROLDWLRQ���DEXQGDQFH�LV�ORZ����WR�
��ERULQJV�SHU����FP�E\����FP�DUHD��DQG�ERULQJV�DSSHDU�XQRFFXSLHG��$�PRUH�SUHFLVH�
boring density was unable to be obtained due to collection permit restrictions 
SUHYHQWLQJ�WKH�UHPRYDO�RI�D�VLJQL¿FDQW�QXPEHU�RI�RUJDQLVPV�IURP�WKH�VXEVWUDWH��

/RZHU�OLWWRUDO�]RQH

The lower littoral zone is exposed only at the lowest of low tides and is otherwise 
FRPSOHWHO\�VXEPHUJHG��0RVW�RUJDQLVPV�KHUHLQ�FDQ�VXUYLYH�RXW�RI�WKH�ZDWHU�IRU�RQO\�
VKRUW�SHULRGV�RI�WLPH��7KH�JUHDWHVW�GLYHUVLW\�DQG�DEXQGDQFH�RI�RUJDQLVPV�LV�SUHVHQW��
ZLWK�D�VSHFLHV�ULFKQHVV�RI�RYHU����VSHFLHV�RI�SODQWV�DQG�DQLPDOV�UHVLGLQJ�KHUH��)LJ��
����� 7DEOH� ������ 7KH� PRVW� DEXQGDQW� RUJDQLVPV� LQFOXGH� DQHPRQHV� �Anthopleura 
xanthogrammica and Anthopleura elegantissima��DQG�FKLWRQV��Katharina tunicata 
and Mopalia muscosa�� �)LJV�� ���� $�(��� $OVR� SUHVHQW�� DOWKRXJK� OHVV� DEXQGDQW��
DUH� DQ� XQLGHQWL¿HG� HQFUXVWLQJ� EU\R]RDQ� �)LJ� ���)��� QXGLEUDQFKV� �Acanthodoris 
nanaimoensis, Aeolidia papillosa, and Hermissenda crassicornis��� WXEHZRUPV�
(Serpula columbiana; )LJ�����*���ÀDWZRUPV��Phylloplana viridis��DQG�KHUPLW�FUDEV�
(Pagurus hirauriusculus���)ORUD�LQFOXGH�QDLO�EUXVK�VHD�ZHHG��Endocladia muricata���
common sea lettuce (Ulva lactuca���SDSLOODWH�VHDZHHG��Mastocarpus papillatus���
branching and encrusting coralline algae (Calliarthron VS��DQG�Lithothamnion VS���
�)LJV�����%�����'���

7KH� VDQGVWRQH� VXEVWUDWH�ZLWKLQ� WKLV� ]RQH� LV� VXEMHFW� WR� WKH� ERULQJ� DFWLYLW\� RI�
four boring bivalve taxa (Penitella penita, Adula californiensis, Hiatella arctica 
and Zirfaea pilsbryi���ZKLFK�SURGXFH�Gastrochaenolites�W\SH�WUDFHV��,W�LV�GLI¿FXOW�
to determine the density of live boring bivalves due to their endolithic nature 
DQG� FODYDWH� VWUXFWXUH�� +RZHYHU��PDQ\� ERULQJV� DUH� VXI¿FLHQWO\� HURGHG� WR� SHUPLW�
REVHUYDWLRQ�RI�WKH�ERULQJ�PRUSKRORJ\��8QRFFXSLHG�ERULQJV�DOVR�SURYLGH�VKHOWHUV�
for other encrusting and squatting/clinging organisms (discussed further within 
the Trypanites�W\SH� ,FKQRIDFLHV�� 6SHFLDOL]HG�PDFUR�KDELWDW� VHFWLRQ�� DQG� DOORZ� D�
GLYHUVH�DVVHPEODJH�RI�ELRWD�WR�UHVLGH�ZLWKLQ�D�UHODWLYHO\�VPDOO�DUHD��)LJV������(�*����
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Sublittoral zone

7KH� VXEOLWWRUDO� ]RQH� LV� JUHDWO\� LQÀXHQFHG�E\� VKLIWLQJ� VDQG� VXUURXQGLQJ�/LRQ�
5RFN��ZKLFK�LV�KLJKO\�PRELOH�DQG�DFWV�DV�D�SULPDU\�VRXUFH�RI�DEUDVLYH�PDWHULDO��
The sand is entrained within waves on a daily basis and aggrades and degrades on 
D�VHDVRQDO�EDVLV��'XH�WR�WKLV�G\QDPLF�HQYLURQPHQW��RUJDQLVPV�KDYH�D�GLI¿FXOW�WLPH�
VHWWOLQJ��DWWDFKLQJ�DQG�JURZLQJ�KHUH��'LYHUVLW\�DQG�DEXQGDQFH�LV�ORZ�DQG�WKH�URFN\�
VXEVWUDWH�LWVHOI�LV�IUHTXHQWO\�GHYRLG�RI�DQ\�OLYLQJ�PDFURIDXQD��2UJDQLVPV��LQFOXGLQJ�
chitons (Katharina tunicate and Mopalia muscosa��� DQHPRQHV� �Anthopleura 
elegantissima and Anthopleura xanthogrammica���DVWHURLGV��Pisaster ochraceus��
and boring bivalves (Penitella penita, Adula californiensis, Hiatella arctica 
and Zirfaea pilsbryi�, DV�ZHOO�DV�RWKHU�WD[D��)LJ������DQG�7DEOH�������FDQ�VXUYLYH�
ZLWKLQ�WKH�XSSHUPRVW�DUHD�RI�WKH�VXEOLWWRUDO�]RQH��2UJDQLVPV�KHUH�PXVW�EH�DEOH�WR�
survive episodes of burial by the shifting foreshore sand (maximum length of time 
XQNQRZQ���%RULQJ�RFFXUUHQFH�ZLWKLQ�WKH�VXEOLWWRUDO�]RQH�LV�YDULDEOH�������SHU����
FP�E\����FP�JULG��DQG�QR�RFFXSLHG�ERULQJV�DUH�REVHUYHG��7KH�PDMRULW\�RI�ERULQJV�
are cross cut with the chamber of the clavate forms being exposed, suggesting that 
WKH�URFN�ZDV�VXEVWDQWLDOO\�HURGHG��DV�PXFK�DV���FP��SRVW�ERULQJ�SURGXFWLRQ��)LJV��
�����������

The sublittoral zone in the study area provides an analog of how Trypanites 
LFKQRIDFLHV�FRPPRQO\�DSSHDU�ZKHQ�SUHVHUYHG�ZLWKLQ�WKH�URFN�UHFRUG��7KH�VXEVWUDWH�
has been eroded to reveal the chambers of many of the Gastrochaenolites-type IRUPV��
Shells of the boring bivalves are dissolved or transported shortly after the death 
RI�WKH�RUJDQLVP��OHDYLQJ�WKH�ERULQJV�YDFDQW�RU�LQ�¿OOHG�ZLWK�VHGLPHQW��(QFUXVWLQJ�
RUJDQLVPV�DUH�QRW�FRPPRQO\�SUHVHUYHG�DQG�KDYH�EHHQ�ZDVKHG�RU�HURGHG�DZD\��

(&2/2*,&$/�=21$7,21�2)�+80%8*�32,17�$1'�%$6$/7�6($�
67$&.6

+XPEXJ� 3RLQW� LV� ORFDWHG� ODQGZDUG� RI� /LRQ� 5RFN� DQG� SRVVHVVHV� RQO\� WKH�
VXSUDOLWWRUDO�]RQH��6PDOO�EDUQDFOHV��Balanus glandula��DQG�PDLGHQ�KDLU�VHD�OHWWXFH 
(Ulva intestinalis��DUH�SUHVHQW��)LJV������$������%���$OWKRXJK�WKH�PDMRULW\�RI�WKH�
VXEVWUDWH�WKDW�LV� LQÀXHQFHG�E\�ZDWHU�DW�KLJK�WLGH�LV�VDQGVWRQH��WKH�WLPH�OHQJWK�RI�
H[SRVXUH�LV�HYLGHQWO\�WRR�ORQJ�IRU�ERULQJ�RUJDQLVPV�WR�VXUYLYH�ZLWKLQ�WKLV�DUHD��

7KH� WZR� VPDOO� EDVDOW� VHD� VWDFNV� ORFDWHG� VHDZDUG� RI� /LRQ�5RFN� DUH� H[SRVHG�
RQO\�DW�WKH�ORZHVW�VSULQJ�WLGHV��7KH�VHD�VWDFNV�UHVLGH�ZLWKLQ�WKH�EUHDN�]RQH�DQG�DUH�
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VXEMHFW�WR�KLJK�HQHUJ\�FRQGLWLRQV��7KH�FRPELQDWLRQ�RI�WKHVH�IDFWRUV�DOORZ�RUJDQLVPV�
WR� JURZ�PXFK� ODUJHU� LQ� VL]H� FRPSDUHG� WR� WKHLU� FRXQWHUSDUWV� RQ� /LRQ� 5RFN�� IRU�
H[DPSOH��PXVVHOV�UHDFK�XS�WR����FP�LQ�OHQJWK�RQ�WKH�EDVDOW�VHD�VWDFNV��DV�FRPSDUHG�
WR� ��� FP�RQ�/LRQ�5RFN��7KH� ORZHU� DQG�PLGGOH� OLWWRUDO� ]RQHV� DUH� SUHVHQW� �)LJV��
�����&�(��DQG�RUJDQLVPV�HQFUXVW����������RI�WKH�VXEVWUDWH��2UJDQLVPV�SUHVHQW�
within the middle littoral zone include mussels (Mytilus trossulus and Mytilus 
californianus��� EDUQDFOHV� �Balanus glandula, Pollicipes polymerus, Chthamalus 
dalli and Hesperibalanus hesperius���IHDWKHU�GXVWHU�ZRUPV��Eudistylia vancouveri���
limpets (Lottia VS� and Diodora VS���DQG�JDVWURSRGV��Littorina VS��DQG�Nucella VS����
Organisms observed within the lower littoral zone include anemones (Anthopleura 
xanthogrammica and Anthopleura elegantissima��� DVWHURLG� �Pisaster ochraceus���
limpets (Lottia sp. and Diodora VS����JDVWURSRGV� �Littorina VS�� DQG�Nucella VS����
sea cabbage (Hedophyllum sessile��DQG�VHD�OHWWXFH��Ulva lactuca���1R�ERULQJV�DUH�
SUHVHQW�ZLWKLQ�WKH�WZR�VHD�VWDFNV�GXH�WR�WKHLU�EDVDOW�OLWKRORJ\��7KH�ODFN�RI�ERULQJV�
prevents macro-habitats from being present to protect more fragile organisms 
WKHUHE\�HOLPLQDWLQJ�WKHP�IURP�UHVLGLQJ�RQ�WKH�EDVDOW�VHD�VWDFNV��$�ORZHU�SRSXODWLRQ�
of squatters/clingers is observed due to the greater wave exposure conditions of the 
VHD�VWDFNV�DQG�WKH�GH¿FLHQF\�LQ�ERULQJV�SURYLGLQJ�SURWHFWLYH�PDFUR�KDELWDWV��

TRYPANITES-TYPE ,&+12)$&,(6

0DFURERULQJV�� LGHQWL¿HG�KHUH�DV�Gastrochaenolites-type traces, are produced 
by the boring bivalves, Adula californiensis, Hiatella arctica, Penitella penita, and 
Zirfaea pilsbryi��)LJ���������DQG�GHPRQVWUDWH�D�PRGHUQ�H[DPSOH�RI�D�Trypanites-
type LFKQRIDFLHV�� %RULQJ� ELYDOYHV� SUHVHQW� DW� /LRQ� 5RFN� XVH� PHFKDQLFDO� PHDQV�
to penetrate the substrate and the overall shape of the borings is indicative of 
WD[RQRPLF� DI¿OLDWLRQ�� DJH� DQG� JURZWK� SDWWHUQV� RI� WKH� RULJLQDWRU�� 0DQ\� ERULQJ�
bivalves are rotating borers and use their muscles to slowly rotate themselves to 
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H[FDYDWH�ERUHKROHV��*RVOLQJ��������6DYD]]L���������$GGLWLRQDOO\��WKH�VKDUS�HGJHG�
ULGJHV�DORQJ�WKH�DQWHULRU�IDFH�RI�WKHLU�VKHOO�DVVLVW�LQ�DEUDGLQJ�WKH�VXEVWUDWH��*RVOLQJ��
������� 1RQ�URWDWLQJ� ERULQJV� RSHQ� DQG� FORVH� WKHLU� YDOYHV� WR� SHQHWUDWH� WKH� URFN�
DQG�IUHTXHQWO\�QHVW�ZLWKLQ�SHUVLVWLQJ�YRLG�VSDFHV�RU�ZHDNO\�E\VVDOO\�DWWDFK�WR�WKH�
VXEVWUDWH��6DYD]]L���������,W�LV�OLNHO\�WKDW�Penitella penita and Zirfaea pilsbryi are 
rotating borers, whereas Hiatella artica and Adula californienis are non-rotating 
ERUHUV��$OO�ERULQJ�ELYDOYHV��UHJDUGOHVV�RI�ERULQJ�PHFKDQLFV��DUH�SHUPDQHQWO\�ORFNHG�
within their borings and are not capable of leaving their traces and reestablishing a 
QHZ�ERULQJ��*RVOLQJ���������

Traces produced by the boring bivalves are similar to the ancient form 
Gastrochaenolites� Gastrochaenolites /H\PHULH�� ����� DUH� WHDUGURS�VKDSHG� RU�
FODYDWH�ERULQJV�WKDW�KDYH�EHHQ�SULPDULO\�DVVRFLDWHG�ZLWK�ELYDOYH�RULJLQDWRUV��7KH�
DSHUWXUDO�UHJLRQ�DQG�QHFN�DUH�FLUFXODU��RYDO�RU�GXPE�EHOO�VKDSHG�DQG�DUH�QDUURZHU�
WKDQ�WKH�PDLQ�FKDPEHU��.HOO\�DQG�%URPOH\���������7KH�PDLQ�FKDPEHU�YDULHV�IURP�
subspherical to elongate, with a rounded to parabolic base, and is circular to oval 
LQ� FURVV� VHFWLRQ� �.HOO\� DQG�%URPOH\���������%RULQJV�PD\�EH� VWUDLJKW�� FXUYHG�RU�
irregular and possess walls that are smooth or ornamented (Kelly and Bromley, 
�������

7KH�PRVW� SUHYDOHQW� IRUPV� DW� /LRQ�5RFN� DUH� VLPLODU� WR� WKH� DQFLHQW� IRUPV� RI�
Gastrochaenolites turbinatus .HOO\� DQG�%URPOH\�� ����� �)LJV�� ����$�'�� DQG� DUH�
produced by Penitella penita, Zirfaea pilsbryi, and Adula californiensis��7KH�IRUPV�
vary in size with respect to the taxon and age of the originator, but producers cannot 
EH� GLIIHUHQWLDWHG�ZKHQ� WKH� ERULQJ� RUJDQLVP� LV� QRW� SUHVHQW�ZLWKLQ� WKH� WUDFH��7KH�
DSHUWXUH� DQG� FKDPEHU� UHDFK� ���� FP� DQG� �� FP� LQ� GLDPHWHU� UHVSHFWLYHO\� DQG� WKH�
RYHUDOO�OHQJWK�UHDFKHV���FP��Hiatella arctica produces traces similar to the ancient 
forms of Gastrochaenolites FI��G. lapidicus�.HOO\� DQG�%URPOH\�� ����� �)LJ�� ����
(�)���KRZHYHU�WKH�LFKQRVSHFLHV�LV�XQFHUWDLQ�GXH�WR�WKH�LQDELOLW\�WR�REVHUYH�WKH�IXOO�
form along the axis of the boring and only being able to observe the form from a 
SODQDU�SHUVSHFWLYH��.HOO\�DQG�%URPOH\��������VXJJHVWHG�WKDW�GLIIHUHQW�VSHFLHV�RI�
modern Lithophaga and Hiatella produce G. lapidicus�W\SH�WUDFHV��

$OO� Gastrochaenolites�W\SH� WUDFHV� ZLWKLQ� /LRQ� 5RFN� DUH� PRUSKRORJLFDOO\�
YDULDEOH�� 7KH� PRUSKRORJ\� RI� LQGLYLGXDO� H[DPSOHV� UHÀHFWV� WKH� DJH� DQG� JURZWK�
SDWWHUQV�RI� WKH�RULJLQDWRU�DV�ZHOO�DV� WD[RQRPLF�DI¿QLW\��&URZGLQJ��VLSKRQ�DFWLRQ�
DQG�PDULQH�HURVLRQ�KDYH�EHHQ�SURSRVHG�E\�(YDQV��������WR�JUHDWO\�DIIHFW�ERULQJ�
morphology, causing traces to cross, intersect, avoid each other and be isolated 
IURP�RQH� DQRWKHU��1R�SUHIHUUHG�RULHQWDWLRQ� LV� SUHVHQW� DPRQJ�ERULQJV�ZLWKLQ� WKH�
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VWXG\�DUHD��HLWKHU�ZLWK� UHIHUHQFH� WR�D�KRUL]RQWDO�RU�YHUWLFDO�SODQH��%RULQJV�RFFXU�
parallel to, perpendicular to and at various angles to the substrate surface, as well as 
oriented towards variable azimuths, thereby forming a complex three-dimensional 
QHWZRUN�RI�WUDFHV��)LJV��������������%RULQJV�DUH�QRW�OLPLWHG�WR�D�VLQJOH�OLQHDWLRQ�RU�
D[LDO�SODQH�DQG�IUHTXHQWO\�EHQG�DQG�FXUYH�DURXQG�RWKHU�WUDFHV��PDNLQJ�WKH�FODYDWH�
PRUSKRORJ\�RI� WKH�ERULQJV� LUUHJXODU� �)LJV������*�,���������7UDFHV�DUH� IUHTXHQWO\�
WUXQFDWHG�DV�D�UHVXOW�RI�PDULQH�HURVLRQ�

7KH� LFKQRFRHQRVLV� DW� /LRQ� 5RFN� LV� SURGXFHG� E\� PXOWLSOH� JHQHUDWLRQV� RI�
ERULQJ� ELYDOYHV� DQG� UHVXOWV� LQ� WUDFHV� FURVVLQJ� DQG� LQWHUVHFWLQJ� �)LJV�� ���� *�,��
�������,QGLYLGXDO�ERULQJV�DUH�FRPPRQO\�UH�LQKDELWHG�DIWHU�WKH�RULJLQDO�ERUHU�GLHG��
resulting in complex crosscutting relationships, with younger borings branching 
RII�RI�ROGHU�IRUPV��)LJ�����+���(URVLRQ�RI�WKH�VHD�VWDFN�VXUIDFH�DLGV�LQ�H[SRVLQJ�
different bored substrates, allowing re-colonization and thereby producing a mosaic 
RI�ROG��HURGHG�ERULQJV�PL[HG�ZLWK�QHZ�WUDFHV��)LJ���������6WDFNHG�VKHOOV��)LJ�����(��
also support the hypothesis of a complex, multigenerational ichnocoenose; shell 
VWDFNLQJ�RFFXUV�ZKHQ�RQH�ELYDOYH�RULJLQDOO\�ERUHG�LQWR�WKH�VXEVWUDWH��SHULVKHG��DQG�
subsequently another bivalve bores into the same space and ‘inhabits’ the shell 
RI� WKH� SUHYLRXV� ERUHU�� 7KH� IHZ� H[DPSOHV� RI� VKHOO� VWDFNLQJ� UHYHDO� WKDW� WKH� VKHOO�
RI� WKH� RULJLQDO� ERUHU� UHPDLQHG� XQDOWHUHG� DQG� ZDV� QRW� SHQHWUDWHG� RU� EURNHQ� E\�
WKH� VHFRQGDU\� ERULQJ� RUJDQLVP��/LWWOH� LQ� NQRZQ� DERXW� WKH� ELRORJLFDO� FRQGLWLRQV�
VXUURXQGLQJ�WKH�RFFXUUHQFH�RI�VWDFNHG�VKHOOV��DQG�IXUWKHU�UHVHDUFK�IURP�/LRQ�5RFN�
and other localities may provide insight onto the mechanics and potential reasoning 
IRU�ELYDOYHV�UHVLGLQJ�ZLWKLQ�D�VWDFNHG�VKHOO�SDWWHUQ��

%RULQJ�GHQVLW\��RFFXSLHG�DQG�XQRFFXSLHG�ERULQJV��ZLWKLQ�WKH�H[SRVHG�VXEVWUDWH�
YDULHV�E\�HFRORJLFDO�]RQH��)LJV�����*�����+���%RULQJV�ZLWKLQ�WKH�VXEOLWWRUDO�]RQH�
UDQJHG� IURP� ����� WUDFHV� ZLWKLQ� D� ��� [� ��� FP� DUHD�� WKH� ORZHU� OLWWRUDO� ]RQH� LV�
FKDUDFWHUL]HG�E\�������ERULQJV�SHU�DUHD��WKH�PLGGOH�OLWWRUDO�]RQH�LV�FKDUDFWHUL]HG�E\�
����ERULQJV�SHU�DUHD�DQG�WKH�XSSHU��DQG�VXSUDOLWWRUDO�]RQHV�DUH�GHYRLG�RI�DOO�ERULQJV��
It must be noted that the middle littoral zone is heavily encrusted by a variety 
RI� WD[D�� UHQGHULQJ� LW�GLI¿FXOW� WR�GHWHUPLQH� LI�ERULQJ�ELYDOYHV�DUH�SUHVHQW�ZLWKRXW�
UHPRYLQJ�D�VLJQL¿FDQW�QXPEHU�RI�ELRWD��%RULQJ�GHQVLWLHV�DUH�KLJKHVW�RQ�WKH�ZHVW�
�VHDZDUG��VLGH�DV�FRPSDUHG�WR�WKH�HDVW��ODQGZDUG��VLGH�RI�/LRQ�5RFN��ZKLFK�UHVXOWV�
IURP�YDULDEOH�ZDWHU�GHSWK��ZDYH�HQHUJ\�H[SRVXUH�DQG�OLWKRORJ\�RI�WKH�VHD�VWDFN��L�H��
PRUH�VDQGVWRQH�SUHVHUYHG�RQ�WKH�VHDZDUG�VLGH�RI�WKH�VWDFN���

The distribution and comparison of occupied versus unoccupied borings is 
QHDUO\�LPSRVVLEOH�WR�WDEXODWH�GXH�WR�WKH�HQGROLWKLF�QDWXUH�RI�WKH�ERULQJ�ELYDOYHV��7KH�
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middle-, lower- and sublittoral zones possess observable unoccupied and eroded 
ERULQJV��2FFXSLHG�ERULQJV�ZHUH�RQO\�SUHVHQW�ZLWKLQ�WKH�ORZHU��DQG�VXEOLWWRUDO�]RQHV�
DQG�ZHUH� LGHQWL¿DEOH�ZKHQ�VLSKRQV�H[WHQGLQJ� WR� WKH�VXUIDFH�DQG�ZHUH�REVHUYHG��
/DUJHU�SRSXODWLRQV�RI�OLYH�ERULQJ�ELYDOYHV�UHVLGH�ZLWKLQ�WKH�ORZHU�OLWWRUDO�]RQH��DV�
FRPSDUHG�WR�WKH�KLJKO\�HURGHG�VXEOLWWRUDO�]RQH��EXW�H[DFW�UDWLRV�DUH�XQREWDLQDEOH��

Clastic Trypanites LFKQRIDFLHV��ERWK�ZLWKLQ�WKH�URFN�UHFRUG�DQG�LQ�HTXLYDOHQW�
PRGHUQ�HQYLURQPHQWV��DUH�DVVRFLDWHG�ZLWK�HURVLRQDO�SURFHVVHV�DQG�XQFRQIRUPLWLHV��
Weathering and associated alteration of the eroded surface commonly results in 
FRPSOLFDWLRQV� WR� LFKQRWD[RQRPLF� LGHQWL¿FDWLRQ�� PDNLQJ� LW� GLI¿FXOW� WR� LGHQWLI\�
WUDFHV� WR� WKH� LFKQRVSHFLHV� OHYHO�� (URVLRQ� RI� WKH� VXEVWUDWH�PD\� UHYHDO� QXPHURXV�
SRVVLEOH�FURVV�VHFWLRQDO�SUR¿OHV�RI�WKH�IRUPV��)LJV��������������IXUWKHU�FRPSOLFDWLQJ�
LGHQWL¿FDWLRQ�RI�WUDFH�DQG�SRWHQWLDO�WUDFH�PDNHUV��6DQG�RIWHQ�LQ¿OOV�ERULQJV��ZKLFK�
FRQFHDOV�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�IRUPV��7KH�FRPSOH[LWLHV�RI�WKH�ERULQJV�DQG�
bored substrates therefore have the potential to be under appreciated and under 
represented within both modern and ancient Trypanites�LFKQRIDFLHV��

Specialized macro-habitats

Eroded Gastrochaenolites-type traces generate rounded and bowl-shaped 
FDYLWLHV�ZLWKLQ�WKH�URFN�WKDW�SURYLGH�SURWHFWHG�PDFR�KDELWDWV�IRU�PDQ\�RUJDQLVPV��
7KH�HURGHG�ERULQJV�LQFUHDVH�WKH�VXUIDFH�DUHD�RI�WKH�VHD�VWDFN�DQG�SURYLGH�D�PRUH�
favorable location for larval attachment and growth by providing relatively 
SURWHFWHG�DUHD�IURP�RQFRPLQJ�WLGDO�DQG�ZDYH�HQHUJ\��8QRFFXSLHG�WUDFHV�FDQ�FROOHFW�
water and act as small oases during low tide, thus preventing the desiccation of 
RUJDQLVPV��%RULQJ�LQWHUVHFWLRQV�IRUP�KLJK�SRLQWV�ZKHUH�RUJDQLVPV�FDQ�H[WHQG�SDUWV�
of their bodies to have better access to water movement for feeding or reproductive 
SXUSRVHV��(DFK�Gastrochaenolites macro-habitat may contain one or several animals 
�)LJV�����)�����*�����$�����%��DQG�DOORZ�D�GLYHUVH�DVVHPEODJH�RI�RUJDQLVPV� WR�
UHVLGH�ZLWKLQ�D�YHU\�VPDOO�DUHD��

7LGDO�SRROV��YXJV�DQG�IUDFWXUHV�ZLWKLQ�WKH�VHD�VWDFN�DOVR�DOORZ�VKHOWHUHG�DUHDV�
IRU� RUJDQLVPV� WR� LQKDELW��:DWHU� SRROV� LQ� WKHVH� DUHDV� GXULQJ� ORZ� WLGH� DQG� DOORZ�
RUJDQLVPV�IURP�ORZHU�OLWWRUDO�]RQHV�WR�LQKDELW�DUHDV�RI�KLJKHU�HOHYDWLRQV��:LWKLQ�WKH�
middle littoral zone, the anemones, Anthopleura elegantissima and Anthopleura 
xanthogrammica��DUH�W\SLFDOO\�YHU\�VPDOO��������FP�LQ�GLDPHWHU��DQG�LVRODWHG��EXW�
when sheltered within tide pools, vugs and fractures the anemones are much larger 
LQ�VL]H������FP�LQ�GLDPHWHU���7KHVH�DUHDV�DUH�OHVV�IUHTXHQWO\�LQKDELWHG�E\�RUJDQLVPV�
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that can withstand strong currents or need strong currents for suspension feeding, 
OLNH�Mytilus trossulus, Mytilus californianus, Pollicipes polymerus, Hesperibalanus 
hesperius��:LWK�OHVV�FRPSHWLWLRQ�IRU�VSDFH��RUJDQLVPV�VXFK�DV�DQHPRQHV�FDQ�JURZ�
WR�VL]HV�FRPSDUDEOH�WR�WKRVH�ZLWKLQ�ORZHU�OLWWRUDO�]RQHV��

Terminology discrepancies

%RULQJV�DUH�GH¿QHG�DV�VWUXFWXUHV�SURGXFHG�E\�RUJDQLVPV��ZKLFK�FXW�DFURVV�DOO�
JUDLQV�EHVLGHV�WKH�PRVW�LPSHQHWUDEOH��*DOORLV�DQG�*ROGLQJ���������:LWKLQ�WKH�URFN�
record, this is essential to identify borings in order to recognize an assemblage 
as a Trypanites�LFKQRIDFLHV��+RZHYHU��WKLQ�VHFWLRQV�RI�ERULQJV�DW�/LRQ�5RFN��)LJ��
������VKRZ�WKDW�WKH�YHU\�¿QH��TXDUW]�JUDLQV�RI�WKH�$QJRUD�3HDN�VDQGVWRQH�DUH�QRW�
FURVV�FXW��7KHUH�LV�DOVR�QR�HYLGHQFH�RI�FKHPLFDO�DOWHUDWLRQ�RI�FHPHQW�VXUURXQGLQJ�
WKH�ERULQJV��$OWKRXJK�JUDLQV�DUH�QRW�FXW�E\�WKH�ERULQJ�RUJDQLVP��WKH�IRUPV�FDQQRW�
be considered burrows, which are restricted to soft grounds, nor pseudo-“borings,” 
ZKLFK�FURVV�FXW�VRIWHU�JUDLQV�DQG�DYRLG�KDUGHU�JUDLQV��,Q�IDFW��LQ�WKHVH�H[DPSOHV��
WKH�ELYDOYHV�ERUH�E\�VFLVVRULQJ�WKHLU�YDOYHV�DQG�DEUDGH�WKH�URFN�XVLQJ�VDQG�JUDLQV�
WKDW�DUH� ORGJHG� LQ�JURRYHV�RQ� WKHLU� VKHOOV��7KLV� LV�QRW�FRQVLVWHQW�ZLWK�EXUURZLQJ�
behavior, which consist of advection, compaction or excavation by an animal 
�6LPSVRQ��������(NGDOH�HW�DO�����������0RUHRYHU��/LRQ�5RFN�LV�IXOO\�OLWKL¿HG�DQG�
WKHUHIRUH�WKH�WHUP�³ERULQJV´�PXVW�EH�XVHG�IRU�WKH�REVHUYHG�WUDFHV��
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&21752/6�21�%25,1*6�$1'�25*$1,60�',675,%87,21

Different environmental factors affect the boring patterns of the four boring 
ELYDOYHV�LGHQWL¿HG�LQ�WKH�VWXG\�DUHD��7KRVH�GLVFXVVHG�KHUHLQ�LQFOXGH�OLWKRORJ\��ZDWHU�
GHSWK�ZDYH�HQHUJ\��DQG�VHGLPHQW�G\QDPLFV��L�H��PRYHPHQW�RI�VHGLPHQW�ZLWKLQ�WKH�
V\VWHP��

/LWKRORJ\

/LRQ�5RFN�LV�FRPSRVHG�RI�WZR�GLVWLQFW�OLWKRORJLHV��VDQGVWRQH�DVVLJQHG�WR�WKH�
$QJRUD�3HDN�0HPEHU�RI� WKH�$VWRULD�)RUPDWLRQ�DQG�EDVDOW� IURP� WKH�2UWOH\�8QLW�
RI� WKH�&ROXPELD� )ORRG�%DVDOW� �)LJV�� ���&�� ���'���%RWK� RI� WKHVH� OLWKRORJLHV� DUH�
exposed to encrusting and squatting/clinging organisms, however the basalt is 
WRR�KDUG�IRU�WKH�ELYDOYHV�WR�SHQHWUDWH��7KXV��WKH�ELYDOYHV�DUH�OLPLWHG�WR�H[SRVXUHV�
RI�$QJRUD� 3HDN�6DQGVWRQH��2WKHU� VWXGLHV� KDYH� GRFXPHQWHG� WUDFHV�ZLWKLQ� EDVDOW�
�6DQWRV�HW�DO����������������EXW�ZLWKLQ�WKLV�VWXG\�ERULQJ�ELYDOYHV�WUDFHV�DUH�OLPLWHG�
WR�WKH�VDQGVWRQH�VXEVWUDWH�

2Q�WKH�VRXWK�VLGH�RI�/LRQ�5RFN��WKH�ERXQGDU\�EHWZHHQ�VDQGVWRQH�DQG�EDVDOW�FDQ�
EH�WUDFHG�IURP�WKH�ORZHU��DQG�VXSUDOLWWRUDO�]RQHV�WR�WKH�WRS�RI�WKH�VHD�VWDFN��)LJ��
����$���7KH�ERULQJV�ZLWKLQ�WKH�VDQGVWRQH�FORVHVW�WR�WKH�ERXQGDU\�DUH�XQRFFXSLHG�
DQG�KDYH�D�ORZ�DEXQGDQFH�������ERULQJV�SHU����FP�E\����FP�DUHD���)LJ������%���
ZKHUHDV� WKH� EDVDOW� KDV� QR� ERULQJV� �)LJ�� ����&��� 7KH� ERXQGDU\� EHWZHHQ� WKH�
VDQGVWRQH�DQG�EDVDOW�RQ�WKH�QRUWK�VLGH�RI�/LRQ�5RFN�LV�PRUH�GLI¿FXOW�WR�WUDFH�GXH�
to the boundary being covered by a high degree of encrusting organisms within the 
PLGGOH�DQG�ORZHU�OLWWRUDO�]RQHV��)LJ������(���+HUH�� WKH�EDVDOW�GRHV�QRW�UHDFK�WKH�
EDVH�RI�WKH�VHD�VWDFN�DQG�H[WHQGV�RQO\�DV�ORZ�DV�WKH�XSSHUPRVW�UHJLRQ�RI�WKH�ORZHU�
OLWWRUDO�]RQH��7KH�VDQGVWRQH�VXEVWUDWHV�ZLWKLQ�WKH�VXEOLWWRUDO�DQG�ORZHU�OLWWRUDO�]RQHV�
DUH�KLJKO\�ERUHG��XS�WR����ERULQJV�SHU����FP�E\����FP�DUHD���

Water depth and wave energy

0DUJLQDO�PDULQH�HQYLURQPHQWV�DUH�VXEMHFW�WR�WLGDO�LQÀXHQFHV�FUHDWLQJ�D�F\FOLFDO�
SDWWHUQ�RI�H[SRVXUH�DQG�VXEPHUJHQFH��7KH�PD[LPXP�WLGDO�UDQJH�RI�$UFDGLD�%HDFK�
LV������P��������WR������P���$V�D�UHVXOW��/LRQ�5RFN�LV�FRPSOHWHO\�H[SRVHG�GXULQJ�WKH�
ORZHVW�RI�ORZ�WLGHV�DQG�LV�HQWLUHO\�VXUURXQGHG�E\�ZDWHU�GXULQJ�DOO�KLJK�WLGHV��)LJ��
���%���7KH�ZDWHU�GHSWK�DQG�WLGDO�HQHUJ\�UHVXOWV�LQ�OLWWRUDO�]RQHV�RQ�WKH�URFN\�VKRUH�
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IDFHV��ZKHUH�RUJDQLVPV�UHVLGH�ZLWKLQ�]RQHV�RI�DFFHSWDEOH�FRQGLWLRQV��7KH�ERULQJ�
bivalves are limited to the sublittoral zone, lower littoral zone and the lowermost 
SRUWLRQ�RI�WKH�PLGGOH�OLWWRUDO�]RQH�RI�WKH�VDQGVWRQH�VXEVWUDWH��7KLV�LV�ZKHUH�H[SRVXUH�
LV� OLPLWHG� WR� VKRUW� SHULRGV� RI� WLPH� �PD[LPXP��� KRXUV� RI� FRQWLQXRXV� H[SRVXUH���
DOORZLQJ�ELYDOYHV�WR�EHFRPH�GRUPDQW�GXULQJ�ORZ�WLGHV��

Shifting sediment

'XULQJ�RXU�¿UVW�UHVHDUFK�YLVLW�LQ�$SULO�RI�������D�WKLFN�ERUHG�VXFFHVVLRQ�ZDV�
H[SRVHG�DW�WKH�EDVH�RI�/LRQ�5RFN��'XULQJ�D�VXEVHTXHQW�YLVLW�LQ�$XJXVW�RI�������RYHU�
D�PHWHU�RI�VDQG�KDG�DFFXPXODWHG�ZLWKLQ�WKH�QRUWKHUQ�DOFRYH�RI�/LRQ�5RFN��)LJV��
����'������(���DQG�LV�K\SRWKHVL]HG�KHUH�WR�EH�UHODWHG�WR�VHDVRQDO�VWRUP�DFWLYLW\��
7KLV�DUHD�� FODVVL¿HG�DV� WKH� VXEOLWWRUDO� ]RQH��SRVVHVVHV�YDFDQW�Gastrochaenolites-
W\SH� WUDFHV�DQG�KDV� IHZ� WR�QR� OLYLQJ�RUJDQLVPV�SUHVHQW�GXH� WR� WKH�VKLIWLQJ�VDQG��
In addition to seasonal aggradation and degradation, sediment shifts daily and 
H[SRVHV�DQG�FRYHUV�SRUWLRQV�RI�WKH�VHD�VWDFN�VXEVWUDWH��6HD�DQHPRQHV��Anthopleura 
elegantissima and Anthopleura xanthogrammica���� FKLWRQV� �Katharina tunicate 
and Mopalia muscosa���DVWHURLGV��Pisaster ochraceus��DQG�ERULQJ�ELYDOYHV��Adula 
californiensis, Hiatella arctica, Penitella penita, and Zirfaea pilsbryi�� ZHUH�
REVHUYHG�WR�VXUYLYH�GXULQJ�VKRUW�SHULRGV�RI�EXULDO��PD[LPXP�WLPH�OHQJWK�XQNQRZQ���
$QHPRQHV��LQ�SDUWLFXODU��FDQ�PRYH�VHGLPHQW�LQ�WKH�RXWJRLQJ�WLGH�WR�JHQHUDWH�WXEXODU�
excavations allowing them to be exposed to water while being located below more 
WKDQ�D�FHQWLPHWHU�RI�VDQG��)LJ������)���'XULQJ�SHULRGV�RI�ORQJ�H[SRVXUH��PRELOH�
organisms can move to areas previous buried, where competition for ecospace 
LV�GHFUHDVHG��7KH�PD[LPXP�DQG�PLQLPXP�GHSWKV�RI�VHGLPHQW�VXUURXQGLQJ�/LRQ�
5RFN�LV�XQNQRZQ�VLQFH�PDQ\�IDFWRUV�DIIHFW�VHGLPHQWDWLRQ�DQG�HURVLRQ�ZLWKLQ�WKLV�
DUHD�� $OWKRXJK� Trypanites ichnofacies are typically associated with prolonged 
sedimentary hiatuses, environmental conditions here suggest that shortened periods 
RI�GHSRVLWLRQ�DQG�HURVLRQ�FDQ�RFFXU�DORQJ�WKH�KDUGJURXQG�LFKQRIDFLHV�

,03/,&$7,216�)25�7+(�52&.�5(&25'

%DVHG� RQ� WKH� DQDORJ� RI� /LRQ� 5RFN�� PRGHUQ� Trypanites-type communities 
are characterized by a much higher diversity and abundance of organisms than 
H[HPSODUV�GHVFULEHG�ZLWKLQ�WKH�URFN�UHFRUG��H�J��3DOPHU��������*LEHUW�HW�DO����������
$OWKRXJK�SDOHRQWRORJ\�FRPPRQO\�UHOLHV�RQ�QHRDFWXDOLVP�LQ�WKH�LQWHUSUHWDWLRQ�RI�
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DQFLHQW� VXFFHVVLRQV��PDQ\�RUJDQLVPV�KDYH� D� ORZ�SUHVHUYDWLRQ�SRWHQWLDO��PDNLQJ�
LW� GLI¿FXOW� WR�GHWHUPLQH� WKH� WUXH�GLYHUVLW\�RI�PDQ\�DQFLHQW�PDULQH� FRPPXQLWLHV��
$OWKRXJK�LQIHUHQFHV�KDYH�EHHQ�PDGH�E\�*ROGULQJ�DQG�.DĨPLHUF]DN��������¿J�����
3DOPHU��������¿J������DQG�-RKQVRQ�DQG�%DDUOL��������¿J�����WR�VXJJHVW�DQ�HYROXWLRQ�RI�
URFN\�VKRUH�RUJDQLVPV�WKURXJK�JHRORJLF�WLPH��LW�LV�GLI¿FXOW�WR�GH¿QH�WKH�ELRGLYHUVLW\�
RI�PRVW�DQFLHQW�KDUGJURXQGV�ZKHQ�IHZ�ERG\�IRVVLOV�DUH�IRXQG��+RZHYHU��ZLWKLQ�WKLV�
VWXG\��WKH�GLYHUVLW\�DQG�DEXQGDQFH�RI�WD[D�FOHDUO\�LOOXVWUDWHV�WKDW�DQFLHQW�ERUHG�URFN\�
shores are areas of potentially high biodiversity with organisms possessing low 
preservation potential, instead of the low diversity ecosystems that are commonly 
associated with the Trypanites LFKQRIDFLHV��

7UDFH�PDNHUV�DUH�IUHTXHQWO\�RYHUORRNHG�ZKHQ�GHVFULELQJ�SUHVHUYHG�Trypanites 
LFKQRIDFLHV�DQG�RWKHU�PDULQH�LFKQRIDFLHV�GXH�WR�WKH�FRPSOH[LW\�RI�PDNLQJ�D�FOHDU�
DVVRFLDWLRQ�EHWZHHQ� WUDFHV� DQG� WUDFH�PDNHUV��2FFDVLRQDOO\� D� SK\OXP�RI� ELRWD� LV�
assigned to a trace, but lower taxonomic assignment is commonly impossible, as 
VNHOHWDO�GHWULWXV�RI�ERULQJ�RUJDQLVPV�LV�QRW�FRPPRQO\�SUHVHUYHG��0XOWLSOH�ERULQJ�
organisms may also be responsible for producing the same trace or very similar 
WUDFHV�ZLWKLQ� D� YHU\� VPDOO� DUHD�� DV� LV� H[HPSOL¿HG�E\� WKH�RFFXUUHQFH�RI� WKH� IRXU�
ERULQJ�ELYDOYH�WD[D�ZLWKLQ�/LRQ�5RFN��

%RULQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV�WKDW�UHVLGH�ZLWKLQ�WKH�URFN\�
LQWHUWLGDO� ]RQH� KDYH� VSHFL¿F� HQYLURQPHQWDO� FRQGLWLRQV� WKDW� DUH� PRVW� IDYRUDEOH��
Gastrochaenolites-type traces are limited to the sublittoral and lower littoral zones, 
EXW�QRQ�ERULQJ�RUJDQLVPV�H[WHQG� WR�KLJKHU�HOHYDWLRQV��6LQFH� WKH� WUDFHV�KDYH� WKH�
KLJKHVW�SUHVHUYDWLRQ�SRWHQWLDO��WKH�URFN�UHFRUG�RI�URFN\�VKRUHV�FDQ�SRVVHVV�ERUHG�
DQG� XQERUHG� VXUIDFHV�� 7KXV� XQERUHG� VXUIDFHV� KDYH� WKH� SRWHQWLDO� WR� EH� XQGHU�
DSSUHFLDWHG��RYHU�JHQHUDOL]HG�RU�RYHUORRNHG�DV�EHLQJ�DVVRFLDWHG�ZLWK�Trypanites 
LFKQRIDFLHV��

/LRQ�5RFN�LV�DQ�H[FHSWLRQDO�H[DPSOH�RI�D�VLOLFLFODVWLF�URFN\�VKRUH��Trypanites 
ichnofacies have been described throughout the world and throughout the geologic 
WLPHVFDOH��EXW�IHZ�H[DPSOHV�KDYH�EHHQ�UHSRUWHG�IURP�VLOLFLFODVWLF�VXEVWUDWHV��)LJ��
������,W�LV�XQFOHDU�ZK\�WKHUH�LV�D�VLJQL¿FDQW�ODFN�RI�SUHVHUYHG�VLOLFLFODVWLF�Trypanites 
ichnofacies compared to those in carbonates and there is no clear geographic or 
ORQJLWXGLQDO�UHVWULFWLRQ�WR�WKH�WZR�OLWKRORJLHV��7KH�SUHVHUYDWLRQ�RI�URFN\�VKRUHV�KDV�
EHHQ�VXJJHVWHG� WR�EH� OLQNHG� WR�VHD� OHYHO�DQG� WHFWRQLF�PDUJLQ� W\SHV��VHH�-RKQVRQ�
HW� DO��� �������%RUHG� VXEVWUDWHV� LQ� FODVWLF� VHWWLQJV� DUH�PRUH� IUHTXHQWO\� DVVRFLDWHG�
with erosionally exhumed substrates and erosional disconformities, whereas in 
carbonate settings, hardground surfaces can be autogenic and associated with non-
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GHSRVLWLRQDO�EUHDNV�DV�ZHOO�DV�HURVLRQDO�H[KXPDWLRQ��%URPOH\��������3HPEHUWRQ��
�������&DUERQDWH� VXFFHVVLRQV� WKHUHIRUH�KDYH�D�KLJKHU� OLNHOLKRRG�RI�SUHVHUYDWLRQ�
ZLWKLQ�WKH�URFN�UHFRUG��ZKHUHDV�FODVWLF�VXEVWUDWHV�DUH�PRUH�OLNHO\�WR�EH�FDQQLEDOL]HG��

&21&/86,216

$�PRGHUQ� H[DPSOH� RI� D�Trypanites�W\SH� FRPPXQLW\� RFFXUV� DW�/LRQ�5RFN� DW�
$UFDGLD�%HDFK�6WDWH�3DUN��2UHJRQ��)RXU�VSHFLHV�RI�ELYDOYHV��Adula californiensis, 
Hiatella arctica, Penitella penita, and Zirfaea pilsbryi, produce an ichnocoenosis of 
Gastrochaenolites�W\SH�WUDFHV�SURGXFHG�E\�PXOWLSOH�JHQHUDWLRQV�RI�ERUHUV��7UDFHV�
similar to the ancient forms of Gastrochaenolites turbinatus and Gastrochaenolites 
FI��G. lapidicus�KDYH�EHHQ�LGHQWL¿HG�ZLWKLQ�WKLV�PRGHUQ�HQYLURQPHQW��KRZHYHU��WKH�
LGHQWL¿FDWLRQ�RI�DQ�LFKQRVSHFLHV�LV�GLI¿FXOW�GXH�WR�HURVLRQ��LQDELOLW\�WR�REVHUYH�HQWLUH�
IRUPV�DQG�PXOWLSOH�JHQHUDWLRQV�RI�ERULQJV�FURVVFXWWLQJ�RQH�DQRWKHU��7KH�FODYDWH�
forms are limited to the sandstone substrate of the sublittoral zone, lower littoral 
]RQH� DQG� WKH� ORZHUPRVW� SRUWLRQ� RI� WKH�PLGGOH� OLWWRUDO� ]RQH�� %RULQJ�� HQFUXVWLQJ�
DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV�DUH�GLYLGHG�LQWR�¿YH�OLWWRUDO�]RQHV��VXSUDOLWWRUDO��
XSSHU� OLWWRUDO�� PLGGOH� OLWWRUDO�� ORZHU� OLWWRUDO� DQG� VXEOLWWRUDO�� EDVHG� RQ� SK\VLFDO�
and biological parameters including wave energy, water depth, exposure period, 
UHVLVWDQFH�WR�GHVLFFDWLRQ�DQG�SUHGDWLRQ��7KH�VXEOLWWRUDO�]RQH��DV�GHVFULEHG�KHUHLQ��
LQFOXGHV� WKH� ORZHUPRVW� DUHD� RI� WKH� VHD� VWDFN� WKDW� LV� H[SRVHG� RQO\� DW� WKH� ORZHVW�
tides, which experiences prolonged periods of burial by surrounding foreshore sand 
DQG� LV� DEVHQW�RI�PDQ\�RUJDQLVPV� UHVLGLQJ�RQ�KLJKHU� ]RQHV��7KH�GLYHUVLW\�RI� WKH�
HQWLUH�VHD�VWDFN�H[FHHGV����VSHFLHV�RI�ÀRUD�DQG�IDXQD��ZLWK�WKH�PDMRULW\�RI�ELRWD�
KDYLQJ�D�ORZ�SUHVHUYDWLRQ�SRWHQWLDO�ZLWKLQ�WKH�URFN�UHFRUG��Trypanites ichnofacies 
are typically associated with a low diversity and abundance of organisms due to the 
ORZ�SUHVHUYDWLRQ�SRWHQWLDO�RI�PDQ\�RUJDQLVPV��7KH�PRGHUQ�DQDORJ�RI�D�Trypanites-
W\SH�LFKQRIDFLHV�DW�/LRQ�5RFN�UHYHDOV�WKDW�ERUHG�KDUGJURXQG�DVVHPEODJHV�ZLWKLQ�
WKH�URFN�UHFRUG�UHSUHVHQW�FRPPXQLWLHV�WKDW�DUH�SRWHQWLDOO\�PXFK�KLJKHU�LQ�GLYHUVLW\�
DQG�DEXQGDQFH�WKDQ�SUHYLRXVO\�GHVFULEHG�



37

CHAPTER 3: EXTENSIVE TRYPANITES-TYPE ICHNOFACIES AT THE 
BAY OF FUNDY, NOVA SCOTIA, CANADA

INTRODUCTION

The Trypanites ichnofacies includes suites of trace fossils that occupy 
KDUGJURXQGV� RU� IXOO\� OLWKL¿HG� VXEVWUDWHV� �)UH\� DQG� 6HLODFKHU�� �������2UJDQLVPV��
ZKLFK� H[FDYDWH� WKH� WUDFHV� LQFOXGHG� LQ� WKLV� LFKQRIDFLHV�� DUH� XQLTXHO\� DGDSWHG� WR�
SHQHWUDWH� URFN\� VXEVWUDWHV�� HLWKHU� WKURXJK� FKHPLFDO� GLVVROXWLRQ� RU� PHFKDQLFDO�
DEUDVLRQ���0RVW�WUDFH�IRVVLO�LQFOXGHG�LQ�WKH�Trypanites LFKQRIDFLHV�DUH�GRPLFLOHV��
DQG� FRPPRQ� WUDFHV� LQFOXGH� Trypanites� Gastrochaenolites�� Entobia�� Rogerella��
Uniglobites��Maeandropolydora� Circolites��Caulostrepsis��SRO\FKDHWH�ERULQJV�DQG�
HFKLQRLG�JURRYHV� �)UH\�DQG�6HLODFKHU��������0DF(DFKHUQ�HW� DO��� ������*LEHUW� HW�
DO�� �������7UDFH� IRVVLO� GLYHUVLW\� LV� JHQHUDOO\� ORZ� DQG� VRPH� LFKQRJHQHUD�PD\�EH�
FRPSOHWHO\�DEVHQW�ZLWKLQ�ORFDOLWLHV�DQG�WKURXJKRXW�WLPH��)UH\�DQG�6HLODFKHU��������
*LEHUW�HW�DO���������7KH�LFKQRIDFLHV�LV�IUHTXHQWO\�DVVRFLDWHG�ZLWK�SDODHRVKRUHOLQH�
ORFDWLRQV� DQG� VLJQL¿FDQW� VWUDWDO� VXUIDFHV� DQG� FDQ�SURYLGH� VLJQL¿FDQW� LQVLJKW� LQWR�
SDOHRJHRJUDSK\�DQG�VHTXHQFH�VWUDWLJUDSK\��*LEHUW�HW�DO���������6LOYD�HW�DO���������
3HPEHUWRQ� DQG�0DF(DFKHUQ�� ������� 3DOHRHFRORJLFDO� FRPPXQLWLHV� �ERG\� IRVVLOV�
DQG�WUDFH�IRVVLOV��DVVRFLDWHG�ZLWK�Trypanites ichnofacies are typically low due to 
WKH�ORZ�SUHVHUYDWLRQ�SRWHQWLDO�RI�RUJDQLVPV�DQG�XQSUHGLFWDEOH�FRQGLWLRQV�DVVRFLDWHG�
ZLWK�WKH�HURVLRQDO��KLJK�HQHUJ\�HQYLURQPHQW��*LEHUW�HW�DO���������+RZHYHU��ELRWLF�
DVVHPEODJHV� RI�PRGHUQ�ERUHG� VXUIDFHV� VXJJHVW� WKDW�Trypanites ichnofacies have 
D�GLYHUVH�DVVHPEODJH�RI�ERULQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV��VHH�
&KDSWHU����

7KLV� SDSHU� GRFXPHQWV� D� PRGHUQ� Trypanites�W\SH DVVHPEODJH� ZLWKLQ� DQ�
H[WHQVLYHO\�H[SRVHG� VLOLFLFODVWLF� VXEVWUDWH� QHDU� 7KRPDV� &RYH�� (FRQRP\� 3RLQW��
1RYD�6FRWLD��&DQDGD��7KH�ERUHG�VXUIDFH�RFFXUV�ZLWKLQ�H[SRVHG��ZDYH�FXW�EHQFKHV�
RI�7ULDVVLF�EHGURFN��:ROIYLOOH�)RUPDWLRQ���7KH�IRFXV�RI�WKH�VWXG\�LV�WR�����LGHQWLI\�
ERULQJV� DQG� WUDFH� PDNHUV�� ���� GH¿QH� WKH� FRQWUROV� DIIHFWLQJ� ERULQJ� GLVWULEXWLRQV�
DQG� ���� GHVFULEH� WKH� GLYHUVLW\� DQG� DEXQGDQFH� RI� ERULQJV�� 6HGLPHQWRORJLFDO� DQG�
HQYLURQPHQWDO� FRQGLWLRQV� DUH� DOVR� HYDOXDWHG�ZLWKLQ� WKH�PXOWLSOH� WHUUDFHG��ZDYH�
FXW� EHQFKHV�� 7KRPDV� &RYH� LV� XVHG� KHUH� DV� D� PRGHUQ� DQDORJ� WR� GHVFULEH� WKH�
diverse ecological potential of Trypanites ichnofacies of the past and to assess the 
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RFHDQRJUDSKLF� DQG� VHGLPHQWRORJLFDO� FRQWUROV� WKDW� JRYHUQ� WKH� GHYHORSPHQW� DQG�
QDWXUH�RI�WKHVH�DVVHPEODJHV�

678'<�$5($�$1'�*(2/2*,&$/�&217(;7

7KH�%D\�RI�)XQG\�LV�D�ODUJH��PHJDWLGDO�HVWXDULQH�HPED\PHQW�ERUGHUHG�SULPDULO\�
E\�WKH�SURYLQFHV�RI�1HZ�%UXQVZLFN�DQG�1RYD�6FRWLD��&DQDGD��)LJ��������7KH�)XQG\�
%DVLQ�LV�D�SURGXFW�RI�D�VHULHV�RI�HDUO\�0HVR]RLF�ULIWLQJ�DORQJ�WKH�$WODQWLF�PDUJLQ�DV�
D�UHVXOW�RI�WKH�EUHDNXS�RI�3DQJDHD��2OVHQ�DQG�6FKOLVFKH��������:DGH�DW�DO���������
/HOHX�HW�DO���������������/HOHX�DQG�+DUWOH\���������7KH�)XQG\�%DVLQ�VSOLWV�LQWR�WZR�
VPDOOHU�VXE�EDVLQV��ZLWK�&KLJQHFWR�%DVLQ�WR�WKH�QRUWKHDVW�DQG�WKH�0LQDV�%DVLQ�WR�WKH�
HDVW��7KH�0LQDV�%DVLQ�LV�D�WUDQVWHQVLRQDO�ULIW��ZLWK�QRUWKZHVW�VRXWKHDVW�H[WHQVLRQ�
IRUPLQJ�D�PDLQ�KDOI�JUDEHQ�LQ�WKH�HDUO\�0HVR]RLF�ZKHUH�FRQWLQHQWDO�FODVWLF�GHSRVLWV�
DFFXPXODWHG� �.OHLQ�� ������ 2OVHQ� DQG� 6FKOLVFKH�� ������� 7KH� EDVDO� DQG� EDVLQ�
PDUJLQV�RI�WKH�0LQDV�%DVLQ�DUH�FRPSULVHG�RI�:ROIYLOOH�)RUPDWLRQ�DQG�LV�RYHUODGH�
E\�WKH�%ORPLGRQ�)RUPDWLRQ��.OHLQ��������2OVHQ�DQG�6FKOLVFKH��������:DGH�DW�DO���
������/HOHX� HW� DO��� ������ ������/HOHX� DQG�+DUWOH\�� �������/RFDOO\� WKH�:ROIYLOOH�
)RUPDWLRQ�LV�LQWHUVHFWHG�ZLWK�H[WUXVLRQV�RI�WKH�0F.D\�+HDG�%DVDOW��.OHLQ���������
7RGD\��WKH�0LQDV�%DVLQ�LV�DQ�DFWLYH�HPED\PHQW�LQFLVHG�LQWR�7ULDVVLF�EHGURFN�DQG�
XQFRQVROLGDWHG�3OHLVWRFHQH�RXWZDVK�ZLWK�0RGHUQ�VHGLPHQWDU\�GHSRVLWV�FRQVLVWLQJ�
RI�WLGDOO\�GHSRVLWHG�JUDYHO��VDQG�DQG�PXG��ZKLFK�DUH�LGHQWLFDO�LQ�FRORU�DQG�PLQHUDO�
FRPSRVLWLRQ�WR�WKH�XQGHUO\LQJ�EHGURFN��.OHLQ����������

7KH�VWXG\�DUHD�LV�ORFDWHG�VRXWK�RI�7KRPDV�&RYH�RQ�(FRQRP\�3RLQW��1RYD�6FRWLD�
�)LJV�������������(FRQRP\�3RLQW�LV�ORFDWHG�RQ�WKH�QRUWKHUQ�VKRUH�RI�WKH�0LQDV�%DVLQ�
ZKHUH�:ROIYLOOH�)RUPDWLRQ�UHG�URFN�RXWFURSV�H[WHQVLYHO\��7KH�:ROIYLOOH�)RUPDWLRQ�
ZLWKLQ�WKH�0LQDV�%DVLQ�KDV�EHHQ�LQWHUSUHWHG�DV�UHSUHVHQWLQJ�D�YDULHW\�RI�GHSRVLWLRQDO�
HQYLURQPHQWV� LQFOXGLQJ�EUDLGHG�ULYHU��DOOXYLDO� IDQ�� ODFXVWULQH�DQG�DHROLDQ��.OHLQ��
������+XEHUW�DQG�0HUW]��������2OVHQ��������2OVHQ�DQG�6FKOLVFKH��������:DGH�DW�
DO���������/HOHX�HW�DO���������������/HOHX�DQG�+DUWOH\���������,Q�WKH�VWXG\�DUHD��WKH�
7ULDVVLF�EHGURFN�FRPPRQO\�SUHVHUYHV�FURVV�VWUDWL¿HG�EHG�IRUPV��)LJ�����$��DQG�LV�
PDGH�XS�RI�VDQGVWRQH�DQG�VLOW\�PXGVWRQH��)LJV�����%�����&���7ULDVVLF�WUDFHV�ZHUH�
REVHUYHG�E\�/HOHX�HW�DO���������¿J���+��DQG�DUH�KHUHLQ�LGHQWL¿HG�DV�Thalassinoides 
�)LJ�� ���'��� ,VRODWHG� DUHDV� RI� EHGURFN� SRVVHVV� D� PDUEOHG� WH[WXUH� RI� JUHHQ� DQG�
UHG�FRORUHG�VDQGVWRQH�DQG�PXGVWRQH�DV�D�UHVXOW�RI�R[LGDWLRQ�FRQGLWLRQ�GXULQJ�WKH�
7ULDVVLF��)LJ�����(���7KH�:ROIYLOOH�)RUPDWLRQ�RXWFURSV�ZLWKLQ�WKH�VWXG\�DUHDV�DV�D�
VHULHV�RI�SODWIRUPV�GHVFHQGLQJ�VWHSZLVH�EDVLQZDUG�IURP�WKH�WZR�KHDGODQG�FOLIIV�DW�
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WKH�HGJH�RI�7KRPDV�&RYH�
0RGHUQ�GHSRVLWLRQDO�HQYLURQPHQWV�RI�WKH�0LQDV�%DVLQ�KDYH�EHHQ�GLYLGHG�LQWR�

IRXU�FDWHJRULHV��ZDYH�FXW�EHQFKHV��HVWXDULQH�FOD\�ÀDWV��WLGDO�ÀDWV�RQ�OHH�RI�EHGURFN�
LVODQGV�DQG�VDOW�PDUVKHV��.OHLQ��������������$OWKRXJK�WKH�VWXG\�DUHD�LV�FKDUDFWHUL]HG�
DV�D�ZDYH�FXW�EHQFK�HQYLURQPHQW��HOHYHQ�GLIIHUHQW�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�
DUH�VXSHULPSRVHG�RQ�WKH�EHQFKHV��)LJ��������,Q�DGGLWLRQ��PRGHUQ�Trypanites��DQG�
Skolithos�W\SH� LFKQRIDFLHV� RFFXU�ZLWKLQ� VSHFL¿F� GLVSRVLWLRQDO� VXE�HQYLURQPHQWV��
FUHDWLQJ�D�FRPSOH[�LFKQRFRHQRVLV��7KH�VWXG\�DUHD�LV�FRPSOHWHO\�VXEPHUJHG�DW�KLJK�
WLGH�DQG�DOPRVW�IXOO\�H[SRVHG�GXULQJ�ORZ�WLPH�DV�D�UHVXOW�RI�D�PD[LPXP�WLGDO�UDQJH�
WKDW�H[FHHGV����P��:DWHU�DFFXPXODWHV�ZLWKLQ�WKH�WRSRJUDSKLF�ORZV�DQG�IRUPV�WLGH�
SRROV��ZKLFK�SURYLGH�PDQ\�RUJDQLVPV�ZLWK�UHIXJH�GXULQJ�ORZ�WLGH�

0(7+2'6

.H\�DVSHFWV�RI�WKLV�VWXG\�LQFOXGH������LGHQWL¿FDWLRQ�DQG�GLVWULEXWLRQ�RI�0RGHUQ�
RUJDQLVPV�ZLWKLQ�WKH�7ULDVVLF�EHGURFN������GHVFULSWLRQ�RI�WKH�PRUSKRORJ\��GHQVLW\�
DQG�GLVWULEXWLRQ�RI�WKH�ERULQJV�DQG�ERULQJ�RUJDQLVPV������LGHQWL¿FDWLRQ��GHVFULSWLRQ�
DQG� GLVWULEXWLRQ� RI� GHSRVLWLRQDO� VXE�HQYLURQPHQWV�� DQG� ���� LGHQWL¿FDWLRQ� RI� WKH�
FRQWUROV�RQ�ERULQJ�SDWWHUQV�DQG�RUJDQLVP�GLVWULEXWLRQ��7R�GR�WKLV��GDWD�ZDV�FROOHFWHG�
DORQJ���WUDQVHFWV�WKURXJKRXW�WKH�VWXG\�DUHD��ZLWK�GDWD�SRLQWV�EHLQJ����P�DSDUW��$�WRWDO�
RI����GDWD�SRLQWV�VWXGLHG��$W�HDFK�GDWD�SRLQW�OLWKRORJ\��VHGLPHQW�YHQHHU�WKLFNQHVV��
VHGLPHQW�VL]H��VHGLPHQWDU\�VWUXFWXUHV��ZDWHU�VDOLQLW\��LI�ZDWHU�ZDV�SUHVHQW��VDOLQLW\�
ZDV�PHDVXUHG�ZLWK�D�VDOLQLW\�PHWHU��ZDV�DVVHVVHG��'LVWULEXWLRQ�RI�GHSRVLWLRQDO�VXE�
HQYLURQPHQWV�ZDV�PDSSHG�XVLQJ�REVHUYHG�VHGLPHQWRORJLF�GDWD�DORQJ�WKH�WUDQVHFWV��
%LRWLF� GLYHUVLW\� DQG� VSHFLHV� ULFKQHVV� RI� ERULQJ�� HQFUXVWLQJ�� VTXDWWLQJ�FOLQJLQJ�
DQG�VZLPPLQJ�RUJDQLVPV�ZDV� LGHQWL¿HG�DW�HDFK�GDWD�SRLQW��$GGLWLRQDOO\��ERULQJ�
GHQVLWLHV�ZHUH�DVVHVVHG�WKURXJK�FRXQWLQJ�REVHUYHG�ERULQJ�ZLWKLQ�D�JULG�ZLWK�D���P� 
RXWOLQH��6PDOOHU�JULGV�ZHUH�XVHG�����FP�E\����FP�DUHD��LQ�UHJLRQV�WKDW�ZHUH�VPDOOHU�
WKDQ���P�VTXDUH�LQ�DUHD��L�H��QHDU�YHUWLFDO�VXUIDFHV�RI�WKH�SODWIRUP�DQG�ULGJH���)RU�WKH�
VDNH�RI�FODULW\��DOO�UHVXOWV�DUH�UHSRUWHG�LQ�VTXDUH�PHWHUV��%RUHG�VDPSOHV�RI�URFN�ZHUH�
EURNHQ�RII�XVLQJ�D�FKLVHO�DQG�KDPPHU�WR�GHVFULEH�DQG�SKRWRJUDSK�WKH�LQQHU��ERUHG�
SRUWLRQ�RI�EHGURFN��7KLQ�VHFWLRQV�RI�FROOHFWHG�URFN�ZHUH�PDGH�DW� WKH�8QLYHUVLW\�
RI�$OEHUWD� WR�IXUWKHU�DVVHVV�ELRORJLF�DQG�VHGLPHQWRORJLF�SDUDPHWHUV��/RFDWLRQ�RI�
WUDQVHFWV�DQG�UDZ�GDWD�FROOHFWHG�DW�HDFK�SRLQW�DUH�GHVFULEHG�ZLWKLQ�$SSHQGL[�&��$OO�
LQYHUWHEUDWH�WD[D�REVHUYHG�RQ��RU�LQ�WKH�ERUHG�VXUIDFHV�ZHUH�LGHQWL¿HG�WR�WKH�ORZHVW�
WD[RQRPLF�OHYHO�SRVVLEOH��$SSHQGL[�'��
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0DFURERULQJV�� LGHQWL¿HG�KHUH�DV�Gastrochaenolites�W\SH� WUDFHV� are produced 
E\�WKH�ERULQJ�ELYDOYHV��Petricola pholadiformis��DQG�Zirfaea pilsbryi��)LJ��������DQG�
GHPRQVWUDWH�D�PRGHUQ�H[DPSOH�RI�D�Trypanites�W\SH LFKQRIDFLHV��Gastrochaenolites 
/H\PHULH�������DUH� WHDUGURS�VKDSHG�RU�FODYDWH�ERULQJV� WKDW�KDYH�EHHQ�SULPDULO\�
DVVRFLDWHG�ZLWK�ELYDOYH�RULJLQDWRUV��7KH� IRUP� LV�PDGH�XS�RI� DQ�DSHUWXUDO� UHJLRQ�
DQG�QHFN��ZKLFK�DUH�FLUFXODU��RYDO�RU�GXPE�EHOO�VKDSHG��DQG�D�ODUJHU�PDLQ�FKDPEHU��
ZKLFK�YDULHV�IURP�VXEVSKHULFDO�WR�HORQJDWH��ZLWK�D�URXQGHG�WR�SDUDEROLF�EDVH��DQG�D�
FLUFXODU�WR�RYDO�FURVV�VHFWLRQ��.HOO\�DQG�%URPOH\���������%RULQJV�PD\�EH�VWUDLJKW��
FXUYHG�RU� LUUHJXODU�DQG�SRVVHVV�ZDOOV� WKDW�DUH�VPRRWK�RU�RUQDPHQWHG��.HOO\�DQG�
%URPOH\���������7KH�RYHUDOO�PRUSKRORJ\�RI�LQGLYLGXDO�ERULQJV�UHÀHFW�WKH�WD[RQRPLF�
DI¿OLDWLRQ��DJH�DQG�JURZWK�SDWWHUQV�RI�WKH�RULJLQDWRU�

7KH� ERULQJ� ELYDOYHV� PHFKDQLFDOO\� ERUH� LQWR� WKH� OLWKL¿HG� VXEVWUDWH� DQG� HDFK�
VSHFLHV� SURGXFH� GLVWLQFWLYH� IRUPV� RI� Gastrochaenolites�W\SH� WUDFHV�� Petricola 
pholadiformis�SURGXFH�WUDFHV�VLPLODU�WR�WKH�WUDFH�IRVVLO�Gastrochaenolites turbinatus 
.HOO\�DQG�%URPOH\��������)LJV�����$�����&���7KHVH�IRUPV�KDYH�DQ�DSHUWXUH� OHVV�
WKDQ�����FP�LQ�GLDPHWHU�ZLWK�D�FKDPEHU�OHVV�WKDQ���FP�LQ�GLDPHWHU��DQG�DOO�VXUIDFHV�
RI� WKH�ERULQJ�DUH� VPRRWK��Zirfaea pilsbryi�SURGXFHV� WUDFHV� VLPLODU� WR� WKH�DQFLHQW�
IRUP�RI�Gastrochaenolites ornatus�.HOO\�DQG�%URPOH\������� �)LJ�����%���7KHVH�
IRUPV�DUH�VLPLODU�LQ�VL]H�WR�G� turbinatus��EXW ZLWKLQ�ZHOO�SUHVHUYHG�WUDFHV��VSLUDO�
VKDSHG�ELRJO\SKV�DUH�REVHUYHG�RQ�WKH�EDVH�RI�WKH�FKDPEHU�DQG�DOO�RWKHU�VXUIDFHV�
DUH�VPRRWK��)LJ�����%���7KHVH�ELRJO\SKV�DUH�SURGXFWV�RI�WKH�PHFKDQLFDO��URWDWLRQDO�
ERULQJ�DFWLYLW\�DV�WKH�ELYDOYHV�SHQHWUDWH�GHHSHU�LQWR�WKH�VXEVWUDWH�WKURXJKRXW�WKHLU�
OLYHV��%LRJO\SKV�DUH�IUHTXHQWO\�QRW�SUHVHQW�GXH�WR�HURVLRQ�RI�WKH�VXUIDFH�RI�WKH�WUDFHV�
DIWHU�WKH�GHFHDVHG�ELYDOYH�VKHOOV�DUH�HURGHG�RU�GLVVROYHG�DZD\��:KHQ�ELRJO\SKV�DUH�
HURVLRQDOO\�UHPRYHG��DOO�IRUPV�UHVHPEOH�Gastrochaenolites turbinatus�W\SH�WUDFHV��

%RULQJ�RULHQWDWLRQV�DUH�VLPLODU�WKURXJKRXW�WKH�VWXG\�DUHD��7KH�PDMRULW\�RI�WUDFHV�
SHQHWUDWH�KRUL]RQWDO�RU�VOLJKWO\�VORSHG�VXUIDFHV��ZKHUH�ELYDOYHV�FDQ�HDVLO\�SHQHWUDWH�
SHUSHQGLFXODUO\� WR� WKH� VXEVWUDWH� VXUIDFH� �)LJ�� ������ %RULQJV� GHYLDWH� IURP� WKLV�
RULHQWDWLRQ�ZKHQ�VXEVWUDWHV�DUH�RULHQWHG�YHUWLFDOO\�RU�VORSHG�DW�KLJK�DQJOHV��,Q�WKHVH�
FDVHV��WKH�WUDFHV�DUH�RULHQWHG�DW�YDULRXV�DQJOHV�WR�WKH�VXEVWUDWH�VXUIDFH��EXW�RFFXU�QHDU�
YHUWLFDO�ZLWK�UHVSHFW�WR�JUDYLWDWLRQDO�XS��$QJXODU�ERXOGHUV�DORQJ�WKH�EHG�RI�WKH�PDLQ�
FKDQQHO��'&2'��DUH�FRPPRQO\�ERUHG�RQ�QXPHURXV�VXUIDFHV��VXJJHVWLQJ�WKDW�WKH�
ERXOGHUV�ZHUH�ERUHG�DW�GLIIHUHQW�WLPH�LQWHUYDOV�EHWZHHQ�FODVW�PRELOL]DWLRQV��%RULQJV�
ZLWKLQ�WKHVH�ERXOGHUV�DUH�IUHTXHQWO\�RULHQWHG�SHUSHQGLFXODU�WR�WKH�RXWVLGH�VXUIDFHV�
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DQG�FDQ�KDYH�GHQVH�SRSXODWLRQV�RI�ELYDOYHV��)LJ�����(���7UDFHV�DUH�FRPPRQO\�FURVV�
FXW�YLD�K\GURG\QDPLF�HURVLRQ�DQG�UHYHDO�RSHQ��XQRFFXSLHG�ERULQJV�WR�WKH�VXUIDFH�
�)LJV�����$������'�+���

%RULQJV� DUH� SUHVHQW� ZLWKLQ� WKH� ED\ZDUG� VXE�HQYLURQPHQWV�� LQFOXGLQJ� WKH�
ORZHU�SODWIRUP��/3���FKDQQHO�IULQJH��&)���PDLQ�FKDQQHO��'&2'���LQWHUWLGDO�VDQG�
ÀDW��,76)���ULGJH��5��� OHDGLQJ�HGJH�RI� WKH�ULGJH��/(5��� WLGH�SRROV�RQ�ULGJH��73��
DQG� WLGH�SRRO�GUDLQDJH�V\VWHP��73'���7DEOH�������7KH�GHQVLW\�RI�ERULQJV�ZLWKLQ�
WKH�GHSRVLWLRQDO� VXE�HQYLURQPHQWV� LV�YDULDEOH� �7DEOH������)LJ�������$SSHQGL[�&��
DQG�FDQ�EH�SDWFK\�WR�FRQWLQXRXV��ZLWK�DEXQGDQFH�UDQJLQJ�IURP���WR������ERULQJV�
SHU� �P�� DUHD��%RWK� RFFXSLHG� DQG� XQRFFXSLHG� ERULQJV�ZHUH� REVHUYHG� �)LJ�� ������
KRZHYHU�UDWLRV�RI�XQRFFXSLHG�YHUVXV�RFFXSLHG�ERULQJV�FRXOG�QRW�EH�DVVHVVHG�GXH�
WR�WKH�HQGROLWKLF�QDWXUH�RI�WKH�ELYDOYHV��6KHOOV�RI�GHFHDVHG�ELYDOYHV�DUH�FRPPRQ�
ZLWKLQ�WKH�VXEVWUDWH�DQG�DUH�H[SRVHG�DW�WKH�VXUIDFH�ZKHQ�WKH�VXUURXQGLQJ�VXEVWUDWH�
KDV�EHHQ�SDUWLDOO\�HURGHG��)LJV�����'�����)�����*�����(�����)���/LYLQJ�RUJDQLVPV�
RFFXU�ZLWKLQ�WKH�VXEVWUDWH�LQ�GLIIHUHQW�ZD\V�DQG�FDQ�HLWKHU�KDYH�VRIW�ERG\�SDUWV�RU�
VKHOO�PDWHULDO�H[SRVHG�DW�WKH�VXUIDFH�RU�EH�IXOO\�FRQ¿QHG�ZLWKLQ�WKH�VXEVWUDWH��)LJ��
������
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0RXQGV�RI�VHGLPHQW�KHOG�WRJHWKHU�E\�PXFXV�RFFDVLRQDOO\�RFFXU�DERYH�RFFXSLHG�
ERULQJV�ZKHQ�SDWFKHV�RI�¿QH�WR�YHU\�FRDUVH�VDQG�DUH�SUHVHQW�RQ�WKH�VXUIDFH�RI�WKH�
VXEVWUDWH� �)LJV�����)�����&�����'���0RXQGV�GR�QRW�H[FHHG���FP�LQ�KHLJKW�DQG���
FP�LQ�GLDPHWHU��DQG�DUH� OLPLWHG� WR� WKH�RSHQLQJ�RI�Gastrochaenolites�W\SH� WUDFHV��
7ZR�KROHV� DUH� W\SLFDOO\� SUHVHQW�ZLWKLQ� WKH� VHGLPHQW�PRXQGV� �)LJ�� ���)���ZKLFK�
FRUUHVSRQG�WR�WKH�LQKDODQW�DQG�H[KDOHQW�RSHQLQJV�RI�WKH�VLSKRQ��6HGLPHQW�PRXQGV�
DUH�OLPLWHG�WR�DUHDV�WKDW�KDYH�WKLQ�VHGLPHQW�YHQHHU������FP�WKLFN��RU�DUHDV�WKDW�KDYH�
QR�VHGLPHQW��,W�LV�SRVWXODWHG�WKDW��ZLWKLQ�DUHDV�GHYRLG�RI�D�ORRVH�VHGLPHQW�YHQHHU��WKH�
VHGLPHQW�WKDW�FRPSULVHV�WKH�VHGLPHQW�PRXQGV�ZDV�WUDQVSRUWHG�DFURVV�WKH�VXUIDFH�
YLD�WLGDO�FXUUHQWV��6HGLPHQW�PRXQGV�DUH�ORFDWHG�RQ�WKH�EHGURFN�VXUIDFH�RU�RQ�WRS�
RI�WKH�WKLQ�VHGLPHQW�OD\HU��)LJV�����&�����'��DQG�DUH�RQO\�DVVRFLDWHG�ZLWK�OLYLQJ�
ELYDOYHV�� EXW� QR�GLVWLQFW� SDWWHUQ� RU� SUHIHUHQFH�ZDV� REVHUYHG��7KH� VWUXFWXUHV� FDQ�
RFFXU��HLWKHU�ZLWKLQ�FORVH�SUR[LPLW\�RI�HDFK�RWKHU��DV�LVRODWHG�H[DPSOHV�RU�DGMDFHQW�
WR�RFFXSLHG�ERULQJV�ZLWKRXW�VHGLPHQW�PRXQGV��

7KH�LFKQRFRHQRVLV�QHDU�7KRPDV�&RYH�LV�SURGXFHG�E\�PXOWLSOH�JHQHUDWLRQV�RI�
ELYDOYHV�UHVLGLQJ�ZLWKLQ�D�YDULHW\�RI�VXE�HQYLURQPHQWV�DQG�DW�D�YDULHW\�RI�HOHYDWLRQV�
RI�H[SRVHG�EHGURFN�VXUIDFHV��7KH�SUHVHQFH�RI�RFFXSLHG�DQG�XQRFFXSLHG�ERULQJV�
VXJJHVWV�GLIIHUHQW�SHULRGV�RI�VHWWOHPHQW�DQG�JURZWK��&URVVFXW�DQG�HURGHG�ERULQJV�
VXJJHVW�WKDW�D�SHULRG��RU�SHULRGV��RI�HURVLRQ��WLPH�OHQJWK�XQNQRZQ��RFFXUUHG�DIWHU�WKH�



��

VXEVWUDWH�ZDV�SRSXODWHG��6WDFNHG�VKHOOV��)LJV�����*�����(��VXSSRUW�WKH�K\SRWKHVLV�
WKDW� WKLV� LFKQRFRHQRVLV�ZDV�SURGXFHG�E\�PXOWLSOH�JHQHUDWLRQV�RI�ELYDOYHV��6KHOO�
VWDFNLQJ�RFFXUV�ZKHQ�RQH�ELYDOYH�RULJLQDOO\�ERUHG�LQWR�WKH�VXEVWUDWH��SHULVKHV�DQG�
VXEVHTXHQWO\�DQRWKHU�ELYDOYH�SHQHWUDWHV�WKH�VKHOO�RI�WKH�ROGHU�ERULQJ��1R�HYLGHQFH�
ZDV�REVHUYHG�WR�VXJJHVW�WKDW�WKH�VHFRQGDU\�ELYDOYH�GDPDJHG�WKH�VKHOO�PDWHULDO�RI�
WKH�RULJLQDO�ELYDOYH�DQG�WKH�VHFRQGDU\�ELYDOYH�DSSHDUV�WR�QHVW�ZLWKLQ�WKH�VKHOO�RI�
WKH�SULPDU\�ELYDOYH��7KH�VWDFNHG�VKHOOV�FDQ�EH�HLWKHU�Petricola pholadiformis or 
Zirfaea pilsbryi�DQG�WKHUH�LV�QR�VSHFLHV�SUHIHUHQFH�WR�VWDFNHG�VKHOO�VHTXHQFH��

62)7*5281'�,&+12&2(16,6�

6RIW� VHGLPHQW� WUDFHV� DUH� UHVWULFWHG� WR� DUHDV� ZKHUH� VHGLPHQW� RYHUOLHV� WKH�
KDUGJURXQG�EHGURFN��9DULRXV�RUJDQLVPV�SURGXFH�D�ZLGH�UDQJH�RI�WUDFHV�DQG�PDNH�
D� PRGHUDWHO\� FRPSOH[�� WKUHH�GLPHQVLRQDO� QHWZRUN� RI� IRUPV� �7DEOH� ������ 7KH�
DPSKLSRG�� Corophium volutator�� PDNHV� Arenicolites�W\SH� WUDFHV� DQG� Gordia-
W\SH� VXUIDFH� WUDFHV� �)LJV�� ����$�(��� 7KH� ELYDOYHV�� Macoma balthica and Mya 
arenaria��IRUP�Siphonichnus�W\SH�WUDFH��)LJV������'�)���6LPLODU�IRUPV�KDYH�EHHQ�
DWWULEXWHG� WR� EXUURZLQJ� ELYDOYHV� E\� =RQQHYHOG� DQG�*LQJUDV� �������ZLWKLQ� ERWK�
DQFLHQW�DQG�PRGHUQ�VHWWLQJV��7KH�ZRUPV�Heteromastus VS��SURGXFH�Skolithos�W\SH�
WUDFHV��Cerebratulus VS��PDNH�Psilonichnus�W\SHV� WUDFHV� �)LJ�� ���$� and Nereis 
VS� PDNH Polykladichnus�W\SH�WUDFHV�DQG�Coenobichnus�W\SH�VXUIDFH�WUDFHV��)LJV��
����%�'���Nereis VS� and Macoma balthica also produce stellet interface deposit 
IHHGLQJ� WUDFHV�RQ� WKH�VXEVWUDWH� VXUIDFH� �)LJV�����(�����)���*DVWURSRGV� �Littorina 
saxatilis��Buccinum undatum Buccinum undatum��Nassarium trivittaus��Urosalpinx 
cinerea Lunatia heros���DQG�KHUPLW�FUDEV��Pagurua VS���SURGXFH�Aulichnites��DQG�
Coenobichnus�Diplichnites�W\SH� VXUIDFH� WUDFHV� UHVSHFWLYHO\� �)LJV�� ���*�� ���+���
7UDFHV�SURGXFHG�E\�KHUPLW�FDUEV�ZLWKLQ�WKH�VWXG\�DUHD�UHVHPEOH�Diplichnites�W\SH�
WUDFHV��+DJDGRUQ�HW�DO���������EXW�KHUPLW�FUDEV�KDYH�DOVR�EHHQ�GHVFULEHG�WR�SURGXFH�
Coenobichnus�W\SH� WUDFHV�ZLWKLQ�PRGHUQ� VHWWLQJ�RI� WKH�%DKDPDV� �:DONHU� HW� DO���
�������0DQ\�RI� WKH� VRIW� VHGLPHQW� WUDFHV� IRXQG�DW�7KRPDV�&RYH�KDYH� DOVR�EHHQ�
GHVFULEHG�ZLWKLQ�WKH�PXGG\�WLGDO�ÀDWV�RI�WKH�&KLJQHFWR�%D\��'DVKWJDUG�HW�DO���in 
press��DQG�RWKHU�VRIWJURXQG�VHWWLQJV��'DVKWJDUG�DQG�*LQJUDV���������6RIW�VHGLPHQW�
WUDFHV�LQ�WKH�VWXG\�DUHD�FRPSULVH�D�PL[�RI�ORFRPRWRU\�DQG�GRPLFLOH�VWUXFWXUHV��DQG�
would closely correlate to a Skolithos��W\SH�LFKQRIDFLHV�

0RVW�RI�WKHVH�WUDFHV�DUH�RQ�WKH�VXUIDFH�RU�DUH�ORFDWHG�ZLWKLQ�WKH�WRS����FP�RI�WKH�
VRIW�VXEVWUDWH��6RIWJURXQG�WUDFHV�ZHUH�QRW�REVHUYHG�WR�SHQHWUDWH�LQWR�WKH�XQGHUO\LQJ�
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KDUGJURXQG�RU�¿UPJURXQG��$OO� WUDFHV�DUH�REVHUYHG�ZLWKLQ� WKH� LQWHUWLGDO�PXG�ÀDW�
�,70)���KRZHYHU��WKH�PDMRULW\�RI�WKH�WUDFHV�DUH�QRW�VHHQ�HOVHZKHUH��Arenicolites��
and Gordia-W\SH�WUDFHV�DUH�SUHVHQW�ZLWKLQ�WKH�XSSHU�SODWIRUP��83��DQG�WKH�ORZHU�
SODWIRUP��/3���Aulichnites��DQG�Coenobichnus�Diplichnites�W\SH�VXUIDFH�WUDFHV�DUH�
WKH�RQO\�WUDFHV�WKDW�VSDQ�DFURVV�DOPRVW�DOO�VXE�HQYLURQPHQWV�ZKHUH�D�WKLQ�OD\HU�RU�
YHQHHU�RI�VDQG�RU�PXG�LV�SUHVHQW�

2EVHUYHG�7UDFHPDNHU� Trophic Behavior 7UDFH�)RVVLO�
(TXLYDOHQW�

6XE�HQYLURQPHQWDO�
occurrence

0
RO
OX
VF
D

Petricola pholadiformis 6XVSHQVLRQ�IHHGHU Gastrochaenolites 
turbinatus

/3��&)��'&2'��
,76)��5��/(5��73��
TPD

Zirfaea pilsbryi 6XVSHQVLRQ�IHHGHU Gastrochaenolites 
ornatus

'&2'��,76)��/(5��
TPD

Macoma baltica� 6XVSHQVLRQ�IHHGHU Siphonichnus
6WHOOHW�LQWHUIDFH�
deposit feeding 
trace

,76)

Mya arenaria 6XVSHQVLRQ�IHHGHU��
interface deposit 
feeder

Siphonichnus ,76)

*DVWURSRGD
�Littorina saxatilis��
Buccinum undatum��
Nassarium trivittaus��
Urosalpinx cinerea, 
Lunatia heros�

6XUIDFH�GHSRVLW�
feeders

Aulichnites 83��,76)��'&��/3��
&)��'&2'��,76)

�'LIIHUHQW�VSHFLHV�
of gastropoda reside 
within different 
GHSRVLWLRQDO�VXE�
HQYLURQPHQWV�

C
ru

st
ac

ea

Pagurus VS� 6FDYHQJHU Coenobichnus�
Diplichnites

,70)��/3��&)��
'&2'��,76)

Corophium volutator 'HSRVLW�IHHGHU��
suspension feeder

Areonicolites 83��,70)��/3

9H
UP
LIR
UP
V

Heteromastus sp. Deposit feeders Skolithos 83��,70)��/3
Cerebratulus VS� 'HSRVLW�IHHGHU��

suspension feeder
Psilonichnus ,70)

Neries VS� Deposit feeders Polykladichnus�
Coenobichnus�
6WHOOHW�LQWHUIDFH�
deposit feeding 
trace

,70)��/3

Table 3-2. Summary of trace making organisms and associated traces. 
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(OHYHQ�GLIIHUHQW�GHSRVLWLRQDO�VXE�HQYLURQPHQWV��7DEOHV�����������)LJV������������
ZHUH�LGHQWL¿HG�ZLWKLQ�WKH�VWXG\�DUHD�ZLWKLQ�WKH�LQWHUWLGDO�]RQH�RI�WKH�%D\�RI�)XQG\�

6XE�HQYLURQPHQW����8SSHU�3ODWIRUPV��83�

7KH�XSSHU�SODWIRUP��83��FRQVLVWV�RI�D�VHULHV�RI�VWHS�OLNH�WHUUDFHV�DQG�FOLIIV�FXW�
LQWR�WKH�7ULDVVLF�EHGURFN��7KH�WHUUDFHV�DUH�ORFDWHG�EHWZHHQ�WKH�ODQGZDUG�VDOW�PDUVK�
DQG�WKH�ED\ZDUG�LQWHUWLGDO�PXGÀDW���)LJV�������$�&���0XG�DQG�VLOW�YDU\�LQ�WKLFNQHVV�
DQG�IRUP�D� WKLQ�YHQHHU�RQ� WKH�UHODWLYH�KLJKV�DQG� WKLQ��VWUXFWXUHOHVV� OD\HUV� ���FP�
WKLFN��ZLWKLQ� WKH� UHODWLYH� ORZV� RI� WKH� WHUUDFHV� �)LJ�� ����$���:DWHU� SRROV�ZLWKLQ�
QDWXUDO�ORZV�DQG�LV�WKH�PDLQ�KDELWDW�IRU�RUJDQLVPV�UHVLGLQJ�RQ�WKH�83��)LJ������&���
7UDFH�SURGXFLQJ�RUJDQLVPV�LQFOXGH�DPSKLSRGV��Corophium volutator���ZKLFK�PDNH�
Arenicolites�W\SH�WUDFHV�DQG�Gordia-W\SHV�VXUIDFH�WUDFHV��WKUHDGZRUPV�DQG�UHG�ZRUP�
�Heteromastus VS����ZKLFK�SURGXFH�Skolithos�W\SH�WUDFHV��DQG�JDVWURSRGV��Littorina 
saxatilis���ZKLFK� IRUP�Aulichnites�W\SH�VXUIDFH� WUDFHV��$PSKLSRGV�DUH� OLPLWHG� WR�
OD\HUV�RI�PXG�DQG�VLOW�WKDW�DUH�DW�OHDVW������FP�WKLFN�DQG�LQFUHDVH�LQ�DEXQGDQFH�ZKHQ�
VHGLPHQW�LV�WKLFNHU��ZLWK�Arenicolites�W\SH�WUDFHV�FDQ�H[FHHG��������EXUURZV���P���
7KH�DEXQGDQFH�RI�Skolithos�W\SH�WUDFHV�ZDV�QRW�HVWDEOLVKHG�GXH�WR�WKHLU�VPDOO�VL]H��
6XUIDFH�WUDFH�DEXQGDQFH�LV�PRGHUDWHO\�ORZ��ZLWK������Gordia- and Aulichnites�W\SH�
WUDFHV���P����6HYHUDO�VHDZHHG�WD[D��Spongomorpha VS��DQG Fucus VS����)LJ������'��
RFFXU�RQ�WKH�PRVW�ED\ZDUG�WHUUDFHV��EXW�WKH�GLVWULEXWLRQ�LV�SDWFK\�WKURXJKRXW�WKH�
83��%RULQJV�DUH�DEVHQW�DQG��RWKHU�WKDQ�LVRODWHG�SRWKROHV��QR�VHGLPHQWDU\�VWUXFWXUHV�
ZHUH�REVHUYHG��

$� VOLJKW� WUDQVLWLRQDO� ]RQH�RFFXUV� EHWZHHQ� WKH�83�DQG� WKH� LQWHUWLGDO�PXG�ÀDW�
�,70)���7KLV�DUHD�SRVVHVVHV�SRRUO\�VRUWHG�VHGLPHQW�UDQJLQJ�LQ�VL]H�IURP�PXG�WR�
FREEOH��0RVW�RI�WKH�ODUJHU�FODVWV�RFFXU�FORVH�WR�WKH�83�DQG�FRQVLVW�RI�EURNHQ�SLHFHV�
RI� EHGURFN�� ,VRODWHG� DUHDV� RI� H[SRVHG� EHGURFN� DUH� FRPPRQ� DQG� VPDOO� GUDLQDJH�
FKDQQHO�V\VWHPV�RFFXU�WKURXJKRXW�WKH�]RQH��2UJDQLVP�DVVHPEODJHV�DUH�VLPLODU�WR�
WKH�RWKHU�UHJLRQV�RI�ZLWKLQ�WKH�83��ZLWK�DEXQGDQFH�LQFUHDVLQJ�WRZDUGV�WKH�,70)��

,QWHUSUHWDWLRQ�� 7KH� 83� LV� PDGH� XS� RI� ZDYH�FXW� SODWIRUPV� DQG� LV� D� KDUVK�
HQYLURQPHQW�IRU�RUJDQLVPV�WR�LQKDELW��7KLV�DUHD�KDV�WKH�ORQJHVW�H[SRVXUH�WLPH�RI�
WKH�VXE�HQYLURQPHQWV�DQG�WKHUH�DUH�RQO\�WKLQ�SDWFKHV�RI�PXG�DQG�VLOW�IRU�EXUURZLQJ�
RUJDQLVPV� WR� LQKDELW�� 7KH� PDMRULW\� RI� ELRWDV� DUH� OLPLWHG� WR� WKLQ� OD\HUV� RI� PXG�
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DQG�WLGH�SRRO�DUHDV��ZKLFK�WUDS�ZDWHU�DV�WKH�WLGH�IDOOV��Aulichnites�W\SH�WUDFHV�DUH�
FRPPRQO\�RULHQWHG� LQ�D�FRQYHUJLQJ�GLUHFWLRQ� WRZDUGV� WKH� WLGH�SRROV�� VXJJHVWLQJ�
WKDW� WKH� JUD]LQJ� JDVWURSRGV� SUHIHU� WR� UHPDLQ� LQ� RU� QHDU�ZDWHU�� OLNHO\� WR� SUHYHQW�
GHVLFFDWLRQ��'HSRVLWLRQ�RI�WKH�PXG�DQG�VLOW�YHQHHU�LV�FRQQHFWHG�WR�WKH�FDOP��VORZ�
PRYLQJ�ZDWHU�FRQGLWLRQV�DVVRFLDWHG�ZLWK�WKH�VKHOWHUHG�DUHD�RI�7KRPDV�&RYH��ZKLFK�
LV�SURWHFWHG�IURP�IDVW�PRYLQJ�ZDWHU�E\�WKH�VXUURXQGLQJ�FOLIIV��0XG�DQG�VLOW�VHWWOH�
RXW� RI� VXVSHQVLRQ� DQG� GUDSH� WKH� SODWIRUPV� DQG� FROOHFW�ZLWKLQ� WKH� UHODWLYH� ORZV��
SURGXFLQJ� D�PXG� YHQHHU� DQG� WKLQ�PXG� OD\HUV��1R� ERULQJ� RUJDQLVPV� DUH� DEOH� WR�
LQKDELW�WKH�83�GXH�WR�WKH�ORQJ�SHULRGV�RI�H[SRVXUH�DQG�ORZ�ZDWHU�HQHUJ\�GXULQJ�
KLJK�WLGH��

7KH�WUDQVLWLRQ�]RQH�EHWZHHQ�WKH�83�DQG�WKH�,70)�UHSUHVHQWV�D�PL[LQJ�RI�WKH�
WZR� GHSRVLWLRQDO� VXE�HQYLURQPHQWV� DQG� SRVVHVV� GLVWLQFW� FKDUDFWHULVWLFV� RI� ERWK�
DUHDV��7KH�YDULDWLRQ�LQ�JUDLQ�VL]H�LV�LQGLFDWLYH�RI�PXOWLSOH�GHSRVLWLRQDO�SURFHVVHV��
*UDYHOV�DQG�FREEOH�DFFXPXODWLRQV�FRQVLVW�RI� WKH�SDUHQW�URFN�DQG�ZHUH�SURGXFHG�
E\� WKH�PHFKDQLFDO� DQG� FKHPLFDO� EUHDN� GRZQ� RI� WKH� EHGURFN�� ZKHUHDV� WKH� ¿QH�
JUDLQHG�PDWHULDO�VHWWOHV�RXW�RI�VXVSHQVLRQ�DV�D�UHVXOW�RI�GDLO\�WLGDO�ZDWHU�PRYHPHQW��
$V�WKH�PXGG\�VXEVWUDWH�JHWV�WKLFNHU��WKH�DEXQGDQFH�RI�EXUURZLQJ�DPSKLSRGV�DQG�
JDVWURSRGV�LQFUHDVH��6PDOO�GUDLQDJH�FKDQQHOV�FROOHFW�H[FHVV�ZDWHU�ZLWKLQ�WKH�DUHD�
DQG�IXQQHO�LW�WR�WKH�GUDLQDJH�FKDQQHO��'&��VXE�HQYLURQPHQW��

6XE�HQYLURQPHQW����,QWHUWLGDO�0XG�)ODW��,70)�

7KH� LQWHUWLGDO� PXG� ÀDW� �,70)�� FRQVLVWV� RI� ZHOO�VRUWHG�� SODQDU�EHGGHG�� VLOW\�
PXG��ZLWK�VDQG�FRQWHQW� LQFUHDVLQJ�ED\ZDUG��)LJ������$���%HGURFN�LV�H[SRVHG�LQ�
LVRODWHG�SDWFKHV�WKURXJKRXW�WKH�DUHD��7KLQO\�OD\HUHG��FRPSDFWHG�PXG�RFFXUV�ZLWKLQ�
DUHDV�WKDW�KDYH�EHHQ�H[SRVHG�E\�WKH�FXWWLQJ�DQG�HURVLRQ�RI� WKH�GUDLQDJH�FKDQQHO�
�'&�� �)LJ�� ����%���7KH� VXUIDFH� LV� W\SLFDOO\� VWUXFWXUHOHVV� RU� SODQDU� EHGGHG� �)LJ��
����$��� EXW� LVRODWHG� VHGLPHQWDU\� VWUXFWXUHV�� LQFOXGLQJ� OXQDWH�� OLQJXRLG�� VLQXRXV�
DQG�FRQWLQXRXV�ZDYH�DQG�FXUUHQW�ULSSOHV��PD\�RFFXU�QHDU�WKH�ED\ZDUG�EDVH�RI�WKH�
,70)��7KH�GRPLQDQW�FXUUHQW�ULSSOH�RULHQWDWLRQ�LV�WR�WKH�HDVW��L�H��ÀRRG�WLGH�FXUUHQW�
GLUHFWLRQ���5LSSOHV�DUH�ODUJHU�DQG�PRUH�SUHYDOHQW�ED\ZDUG�DQG�DUH�FRPPRQO\�PXG�
GUDSHG��+RUVHVKRH�VKDSHG�VFRXUV��LQ�ERWK�ÀRRGG�DQG�HEE�WLGDO�RULHQWDWLRQ��RFFXU�
DURXQG� ODUJH� ERXOGHUV� �'LVFXVVHG� ODWHU� ZLWKLQ� +RUVHVKRH� 6FRXUV�� 6SHFLDOL]HG�
+DELWDWV�VHFWLRQ���7KHVH�VFRXUV�IRUP�WLGH�SRROV�WKDW�DUH�PRUH�IDYRUDEOH�HQYLURQPHQW�
IRU�PDQ\�RUJDQLVPV�WR�LQKDELW�

%LRWXUEDWLRQ�LV�KLJK�DQG�WUDFHV�DUH�IRUPHG�E\�QXPHURXV�WD[D��GLVFXVVHG�DERYH���
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7KH�XSSHUPRVW���FP�RI�VXEVWUDWH�LV�GRPLQDWHG�E\�Arenicolites and Skolithos�W\SH�
WUDFHV� �)LJV�� ���$�� ���%�� ���(�� DQG� KDV� D� KLJK� DEXQGDQFH� RI� WUDFHV� �H[FHHGLQJ�
��������EXUURZV���P����2WKHU�WUDFHV�H[WHQG�WR�GHHSHU�GHSWKV��XS�WR����FP�GHHS���
including Siphonichnus�� �)LJV�� ���(�� ���)��� Psilonichnus�� �)LJ�� ���$� and 
Polykladichnus�W\SH� WUDFHV.� �)LJ�� ���%��� DQG� DUH� PRUH� VSRUDGLFDOO\� GLVWULEXWHG��
ZLWK� WUDFH�DEXQGDQFH� UDQJLQJ� IURP��� WR���� ��P���6XUIDFH� WUDFHV� LQFOXGH Gordia- 
�)LJ�����&���Coenobichnus���)LJ�����&���Coenobichnus�Diplichnites���)LJ�����*���
Aulichnites�W\SH� WUDFHV� �)LJ�� ���+�� DQG� VWHOOHW� LQWHUIDFH� GHSRVLW� IHHGLQJ� WUDFHV�
�)LJV�����(�����)���ZLWK�DEXQGDQFH�YDU\LQJ�IURP��������P���6XUIDFH�WUDFHV�DUH�PRVW�
DEXQGDQW�QHDU�WLGH�SRROV��DUHDV�RI�UHODWLYH�ORZ�UHOLHI��KRUVHVKRH�VFRXUV�DQG�ZLWKLQ�
WURXJKV�RI�ULSSOHV��Gastrochaenolites�W\SH�WUDFHV�DUH�SUHVHQW�LQ�ORZ�QXPEHUV�������
ERULQJV���P���ZLWKLQ�WKH�H[SRVHG�EHGURFN��

$�WUDQVLWLRQ�]RQH�RFFXUV�EHWZHHQ�WKH�,70)�DQG�WKH�ORZHU�SODWIRUP��/3��DQG�
SRVVHVVHV� GHSRVLWLRQDO� IHDWXUHV� FKDUDFWHULVWLF� RI� ERWK� VXE�HQYLURQPHQWV�� 7KLV�
DUHD�KDV�D�GHFUHDVHG�DPRXQW�RI�PXG�DQG�LQFUHDVHG�DPRXQW�RI�VLOW��VDQG�DQG�ODUJHU�
JUDLQ�VL]HG�VHGLPHQW��6HGLPHQW�DOVR�WKLQV�WRZDUGV�WKH�/3�DQG�EHGURFN�LV�H[SRVHG�
VSRUDGLFDOO\�� ZLWK� LVRODWHG� DUHDV� KDYLQJ� D� WKLQ� VHGLPHQW� YHQHHU�� 6HGLPHQWDU\�
VWUXFWXUHV�DUH�VLPLODU�WR�WKH�,70)�DQG�EHFRPH�PRUH�GRPLQDQW�ED\ZDUG��2UJDQLVP�
DEXQGDQFH� DQG� ELRWXUEDWLRQ� GHFUHDVH� ED\ZDUG�� GXH� WR� WKH� WKLQQLQJ� RI� VHGLPHQW�
�IURP�RYHU����FP�WKLFN�WR�OHVV�WKDQ���FP�WKLFN���

,QWHUSUHWDWLRQ��7KH� ,70)� H[KLELWV�PXOWLSOH� GHSRVLWLRQDO� SURFHVVHV� WKDW� IRUP�
DQ� HQYLURQPHQW� WKDW� LV� LQKDELWDEOH� E\�PXOWLSOH� VSHFLHV� RI� EXUURZLQJ� RUJDQLVPV��
7KH�,70)�LV�DOPRVW�FRPSOHWHO\�VKHOWHUHG�EHWZHHQ� WKH�EHGURFN�FOLIIV�RI�7KRPDV�
&RYH��)LJ��������ZKLFK�DOORZV�WKH�DUHD�WR�EH�SURWHFWHG�IURP�IDVWHU�PRYLQJ�ZDWHU�
ZLWKLQ�WKH�ED\�DQG�DOORZV�WKLFN�DFFXPXODWLRQ�RI�PXG��5LSSOHV�DUH�SUHGRPLQDQWO\�
RULHQWHG� LQ� WKH� ÀRRG� GLUHFWLRQ�� VXJJHVWLQJ� WKDW� ÀRRGLQJ� SURFHVVHV� SRVVHVV� ÀRZ�
G\QDPLFV�ZLWK�KLJKHU�YHORFLWLHV��7KH�HEELQJ�ZDWHU�KDV�RQO\�ORFDOL]HG�HIIHFWV�RQ�WKH�
VHGLPHQW�DQG�PRGL¿HV�OLPLWHG�DUHD�RI�WKH�,70)��7KH�RFFXUUHQFH�RI�ZDYH�ULSSOHV�
VXJJHVWV�WKDW�ZDYH�PRGL¿FDWLRQ�RFFXUV�HYHQ�WKRXJK�WLGDO�FXUUHQWV�GRPLQDWH��7KH�
PXOWLGLUHFWLRQDO� FXUUHQW� ULSSOHV� DQG� ZDYH� ULSSOHV� VXJJHVW� PXOWLGLUHFWLRQDO� ÀRZ�
SDWWHUV�RI�ZDWHU��ZKLFK�VKLIWV�ZLWK�GDLO\�ZDWHU�PRYHPHQW��0DQ\�RI�WKH�ULSSOHV�DUH�
PXG�GUDSHG�VXJJHVWLQJ�VHGLPHQWDWLRQ�DOVR�RFFXUV�GXULQJ�VODFN�WLGH��ZKHQ�PXG�FDQ�
VHWWOH�RXW�RI�VXVSHQVLRQ�IURP�ZDWHU�WKDW�KDV�SRROHG�ZLWKLQ�WKH�WURXJKV�RI�WKH�ULSSOHV��

$�PRGHUDWHO\�KLJK�GLYHUVLW\�RI�RUJDQLVPV�UHVLGHV�ZLWKLQ�WKH�PXGG\�VXEVWUDWH�
RI� WKH� ,70)�� 'LVWULEXWLRQ� UDQJHV� IURP� ���������� WUDFHV� �P� suggesting that 
HQYLURQPHQWDO�FRQGLWLRQV� �VHGLPHQW� WKLFNQHVV��JUDLQ� VL]H�� VDOLQLW\�� HWF��� DUH� LGHDO�



��

IRU�D�GLYHUVH�DVVHPEODJH�RI�RUJDQLVPV��7KH�,70)�KDV�WKH�KLJKHVW�ELRWXUEDWLRQ�RI�
DOO�RI�WKH�GHSRVLWLRQDO�VXE�HQYLURQPHQWV��

8QGHU� WKH� VLOW\�PXG�RI� WKH� ,70)� LV� EHGURFN� DQG� FRPSUHVVHG� OD\HUV� RI�¿UP�
PXG��ZKLFK�FDQ�H[FHHG���P�LQ� WKLFNQHVV�ZKHQ�H[SRVHG�DORQJ� WKH�EDQNV�RI�'&��
7KH�¿UPJURXQG�LV�PDGH�XS�RI�VOLJKWO\�ED\ZDUG�GLSSLQJ��SODQDU�EHGV�RI�PXG�ZLWK�
YDU\LQJ�LQ�WKLFNQHVVHV������FP�WKLFN���6RIW�VHGLPHQW�EXUURZV�GR�QRW�SHQHWUDWH�WKH�
¿UPJURXQG�DQG�QR�SUHH[LVWLQJ�IDEULF�RU�ELRWXUEDWLRQ�LV�REVHUYHG�ZLWKLQ�WKH�H[SRVHG�
OD\HUV��&RPSDFWLRQ�RI�WKH�PXG�E\�WKH�RYHUO\LQJ�VHGLPHQW�DQG�ZDWHU�LV�D�VXJJHVWHG�
K\SRWKHVLV�IRU�WKH�IRUPDWLRQ�RI�WKH�¿UPJURXQG��+RZHYHU��DQ�H[WHQVLYH�H[DPLQDWLRQ�
RI�WKH�VXEVWUDWH�ZDV�RXWVLGH�WKH�VFRSH�RI�WKLV�SURMHFW��DQG�IXUWKHU�LQYHVWLJDWLRQ�PD\�
UHYHDO�VLJQL¿FDQW�LQVLJKW�LQWR�SUHYLRXV�HQYLURQPHQWDO�FRQGLWLRQV�VXUURXQGLQJ�WKH�
¿UPJURXQG�

� 7KH� WUDQVLWLRQ� ]RQH� EHWZHHQ� WKH� ,70)� DQG� /3� LV� OHVV� SURWHFWHG� E\� WKH�
VXUURXQGLQJ� FOLIIV� RI�7KRPDV�&RYH� DQG� SRVVHVVHV� OHVV�PXG� DQG�PRUH� VLOW�� VDQG�
DQG� ODUJHU�VL]HG�JUDLQV��DV�ZHOO�DV�H[SRVHG�EHGURFN��7KHVH� IHDWXUHV� UHODWH� WR� WKH�
UHODWLYH�WRSRJUDSKLF�KLJK�RI�WKH�EHGURFN�DQG�KLJKHU�YHORFLW\�RI�ZDWHU�ÀRZLQJ�RYHU�
WKH�WUDQVLWLRQ�]RQH�ZKHQ�WKH�WLGH�HEEV�DQG�ÀRRGV���/HVV�RUJDQLVPV�DQG�WUDFHV�DUH�
SUHVHQW� GXH� WR� WKH� GHFHDVH� LQ� VHGLPHQW� WKLFNQHVV�� LQFUHDVH� LQ� VHGLPHQW� VL]H� DQG�
LQFUHDVH�LQ�ZDWHU�YHORFLW\��

6XE�HQYLURQPHQW����'UDLQDJH�FKDQQHO��'&�

7KH�GUDLQDJH�FKDQQHO��'&��FROOHFWV�UXQRII�IURP�WKH�ODQGZDUG�VXE�HQYLURQPHQWV�
LQFOXGLQJ�WHUUHVWULDO�DUHDV��WKH�,70)�DQG�WKH�83��DQG�KDV�D�VDOLQLW\�RI����SSW��7KH�
'&�LV�IHG�E\�D�VPDOO�FUHHN�ÀRZLQJ�LQWR�7KRPDV�&RYH�DQG�GLYLGHV�WKH�83��,70)�
DQG�/3�LQWR�WZR�VHSDUDWH�UHJLRQV��'&�LV�YDULDEOH�LQ�VL]H��ZLWK���P�DV�DQ�DYHUDJH�
ZLGWK�DQG����FP�DV�DQ�DYHUDJH�GHSWK��7KH�FKDQQHO�FXWV�GRZQ�WKURXJK�WKH�,70)�
DQG� UHYHDOV� ¿UP� OD\HU� RI�PXG� WKDW�PDNHV� XS� WKH� ,70)� �)LJ�� ����%���7KH� EDVH�
RI� WKH� FKDQQHO� LV� YDULDEOH� LQ� FRPSRVLWLRQ� DQG� LQFOXGHV� SDWFKHV� RI� H[SRVHG� DQG�
PXG�FRYHUHG�EHGURFN��%URNHQ�VKHOOV�DQG�JUDYHO�VL]HG�FODVWV������FP�LQ�OHQJWK��RI�
EHGURFN�RFFXU�LQ�LVRODWHG�DUHDV�RI�WKH�FKDQQHO�ÀRRU��6OXPSLQJ�RI�WKH�OD\HUHG�,70)�
DORQJ�WKH�EDQNV�LV�FRPPRQ��)LJ������&���DQG�DPSKLSRGV��Corophium volutator���
creating Arenicolites�W\SH� WUDFHV�� IUHTXHQWO\� UHVLGH� ZLWKLQ� WKH� VKDOORZO\� VORSHG�
VXUIDFHV��6LPLODU�WUDFHV�DQG�RUJDQLVPV�DUH�SUHVHQW�ZLWKLQ�VKDOORZO\�VORSLQJ�FKDQQHO�
SRLQW� EDUV�� *DVWURSRGV� �Littorina saxatilis� Buccinum undatum and Nassarius 
trivittatus��DUH�DOVR�SUHVHQW�ZLWKLQ�VKDOORZ�VORSHG�VXUIDFHV�DQG�FKDQQHO�EDVH��DQG�
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produce Aulichnites�W\SH� WUDFHV�� Arenicolites�� DQG� Aulichnites�W\SH� WUDFHV� FDQ�
H[FHHG���������DQG����WUDFHV���P��UHVSHFWLYHO\��9HUWLFDOO\�RULHQWHG�VXUIDFHV�RI�WKH�
FKDQQHO�EDQNV�DUH�XQRFFXSLHG�E\�DQ\�WUDFH�SURGXFLQJ�RUJDQLVPV��%RULQJV�DUH�QRW�
SUHVHQW�ZLWKLQ� WKH� H[SRVHG� EHGURFN� LQ� WKLV� VXE� �HQYLURQPHQW�� 6HD� OHWWXFH� �Ulva 
lactuca��DQG�ULEERQ�ZHHG��Palmaria palmata��DUH�LVRODWHG�DQG�VPDOO�LQ�VL]H�ZLWKLQ�
WKH�FKDQQHO�EDVH��ZKHUH�PXG�LV�OLPLWHG��

7KH�PRXWK�RI�WKH�'&�HPSWLHV�RQWR�WKH�/3�DQG�IXUWKHU�LQWR�WKH�PDLQ�FKDQQHO�
�'&2'���)LJ������'���$�VPDOO��VKDOORZ�IDQ�RI�VRXS\��RUJDQLF�ULFK�PXG������FP�
WKLFN�� DQG� VPDOO� GLVWULEXWDU\� FKDQQHOV� DUH� IRUPHG� KHUH�� 'LVWULEXWDU\� FKDQQHOV�
IUHTXHQWO\�VKLIW�DV�D�UHVXOW�RI�WKH�ÀXFWXDWLQJ�GLVFKDUJH�RI�WKH�,70)�DQG�ODQGZDUG�
VXE�HQYLURQPHQWV��6HGLPHQW�ZLWKLQ�WKH�GUDLQDJH�IDQ�LQFOXGHV�PXG�DQG�VDQG��RYHU�
ZDVK�GHEULV�LQFOXGLQJ�VKHOO�IUDJPHQWV������FP�LQ�OHQJWK���JUDYHOV�DQG�FREEOHV�������
FP�LQ�OHQJWK��DQG�XQDWWDFKHG�YHJHWDWLRQ��7KH�XQGHUO\LQJ�EHGURFN�LV�FRYHUHG�E\�����
FP�RI�VRXS\�PXG�DQG�GHEULV��2UJDQLVP�DEXQGDQFH�LV�ORZ��ZLWK�LVRODWHG�JDVWURSRGV�
DQG�DPSKLSRGV�UHVLGLQJ�LQ�DUHDV�ZLWK�OLWWOH�WR�QR�ÀRZLQJ�ZDWHU��

,QWHUSUHWDWLRQ��7KH�'&�JDWKHUV�UXQRII�IURP�ODQGZDUG�WHUUHVWULDO�DQG�LQWHUWLGDO�
VXE�HQYLURQPHQWV� DQG�EULQJV�ZDWHU�� VHGLPHQW� DQG�RUJDQLF�PDWHULDO� LQWR� WKH�ED\��
7KH�FRQVWDQWO\�ÀRZLQJ�FKDQQHO�LV�IHG�E\�D�VPDOO�WHUUHVWULDO�VWUHDP�DQG�LQWHUVWLWLDO�
ZDWHU�GUDLQLQJ�IURP�WKH�,70)��7KH�ORZ�ZDWHU�VDOLQLW\�����SSW��LQGLFDWHV�WKDW�PL[LQJ�
RI�PDULQH� DQG� IUHVK�ZDWHU� RFFXUV�ZLWKLQ� WKH�'&��2UJDQLVPV�ZLWKLQ� WKH� FKDQQHO�
PXVW�GHDO�ZLWK�GDLO\�ÀXFWXDWLRQV�LQ�VDOLQLW\��IURP�IXOO\�PDULQH�FRQGLWLRQV�GXULQJ�
KLJK� WLGH� WR� EUDFNLVK� FRQGLWLRQV� DW� ORZ� WLGH� DQG� IUHVK� ZDWHU� GXULQJ� SHULRGV� RI�
SUHFLSLWDWLRQ��6HDZHHG�DQG�LVRODWHG�JDVWURSRGV�RFFXU�ZLWKLQ�WKH�EDVH�RI�WKH�'&��EXW�
PRVW�RUJDQLVPV�OLYH�ZLWKLQ�WKH�VHGLPHQW�WKDW�PDNHV�XS�WKH�FKDQQHO�EDQNV��6OXPSHG�
,70)�OD\HUV�DQG�SRLQW�EDUV�SURYLGH�UHODWLYHO\�KRUL]RQWDO�VXUIDFHV�IRU�DPSKLSRGV�
DQG�JDVWURSRGV�WR�UHVLGH�DQG�PDNH�EXUURZV��7KH�YHUWLFDO�EDQNV�RI�WKH�'&�DUH�WRR�
VWHHS�IRU�FRORQL]DWLRQ�E\�DYDLODEOH�EXUURZLQJ�RUJDQLVPV��:DWHU�YHORFLW\�WKURXJK�
WKH�'&� LV� XQNQRZQ�� EXW�ZDWHU� HQHUJ\� LV� HQRXJK� WR� SURGXFH� LVRODWHG� SDWFKHV� RI�
H[SRVHG� DQG�PXG� FRYHUHG� EHGURFN�� 6KHOO� IUDJPHQWV� DQG� JUDYHO�VL]HG� JUDLQV� RI�
EHGURFN�PDNH�D�FKDQQHO�ODJ�ZLWKLQ�LVRODWHG�DUHDV�RI�WKH�'&��

7KH�PRXWK�RI�WKH�'&�VXEGLYLGHV�LQWR�PLQXWH��VKDOORZ��VKLIWLQJ�FKDQQHOV�DFURVV�
WKH�/3��$�WKLQ������FP���VRXS\��RUJDQLF�ULFK�PXG�RYHUOLHV�WKH�EHGURFN�RI�/3�DQG�
VKLIWV� LQ�VL]H�ZLWK�ÀXFWXDWLQJ�GLVFKDUJH�IURP�'&��7KH�IDQ�RYHUSULQWV�WKH�/3�DQG�
,70)�DQG�IRUPV�D�ZDWHU�VDWXUDWHG��VHGLPHQW�ULFK�HQYLURQPHQW�XQIDYRUDEOH�WR�PDQ\�
RUJDQLVPV��7KH�DEVHQFH�RI�DPSKLSRGV�DQG�JDVWURSRGV��DQG�WKHLU�WUDFHV��LQGLFDWHV�
WKDW�HQYLURQPHQWDO�FRQGLWLRQV�DW�WKH�PRXWK�RI�WKH�'&�DUH�LQLPLFDO�WR�OLIH��$OWKRXJK�



��

LVRODWHG�DPSKLSRGV�DQG�JDVWURSRGV�RFFXU�WKURXJKRXW�WKH�DUHD��PRVW�DOO�ZHUH�OLNHO\�
ZDVKHG� LQ� IURP� WKH� VXUURXQGLQJ� ,70)��7KH�PRXWK�RI�'&� LV� D� WUDQVLWLRQDO� ]RQH�
EHWZHHQ� WKH�'&� DQG� WKH� ,70)��3/� DQG�'&2'��ZKHUH� WKH�PL[LQJ� RI� VHGLPHQW��
VHGLPHQWDU\�SURFHVVHV�DQG�ZDWHU�G\QDPLFV�RFFXUV��

6XE�HQYLURQPHQW����/RZHU�3ODWIRUP��/3�

7KH�/3�LV�WKH�PRVW�ED\ZDUG�WHUUDFH�RI�EHGURFN�WKDW�LV�H[SRVHG�ZLWKLQ�WKH�VWXG\�
DUHD�� ,W� LV� VXEGLYLGHG� LQWR� WZR�]RQHV�� WKH� WRS�KRUL]RQWDO� VXUIDFH�DQG� WKH�YHUWLFDO�
OHDGLQJ�HGJH��7KH�WRS�KRUL]RQWDO�VXUIDFH�RI�WKH�/3�FRQVLVWV�RI�D�PRVDLF�RI�LVRODWHG�
SDWFKHV�RI�H[SRVHG�EHGURFN�DQG�WKLQ�OD\HUV�RI�VLOW�WR�FRDUVH�VDQG��ZKLFK�WKLQ�ED\ZDUG�
�WKLFNQHVV�YDULHV�IURP�����FP���)LJV������$������%���$�WKLQ��!�FP�WKLFN��VKHHW�RI�
ZDWHU� FRYHUV� WKH� VXUIDFH�DQG�KDV� D� VDOLQLW\�RI����SSW��6KHOO�GHEULV� FRQVLVWLQJ�RI�
ELYDOYH�DQG�JDVWURSRG�IUDJPHQWV������FP�LQ�OHQJWK�DQG�ZLGWK��DQG�RUJDQLF�PDWHULDO�
DUH�FRPPRQ��6HGLPHQWDU\�VWUXFWXUHV�DUH�GLYHUVH�DQG�YDU\�DFURVV� WKH�/3��/XQDWH�
DQG� FRQWLQXRXV� HEE�� DQG� ÀRRG�RULHQWHG� ULSSOHV� ������ FP� KLJK�� ��� FP� ORQJ�� DUH�
VXSHULPSRVHG�RQ�ÀRRG�RULHQWHG�GXQHV������FP�KLJK�E\���P�ORQJ���ZKHUH�VHGLPHQW�
LV� WKLFNHVW� �)LJ�� � ����$��� /DUJH� JUDLQHG� VHGLPHQW� DQG� VKHOO� GHEULV� ����� FP� LQ�
OHQJWK�DQG�ZLGWK��DFFXPXODWH�ZLWKLQ�WURXJKV�RI�GXQHV��)ODW�WRSSHG�ULSSOHV�DUH�DOVR�
SUHVHQW��)LJ������&���/DUJH�ERXOGHUV��XS�WR���P�LQ�OHQJWK�DQG�KHLJKW��DUH�VFDWWHUHG�
WKURXJKRXW� WKH� KRUL]RQWDO� VXUIDFH� RI� /3� DQG� SRVVHVV� ÀRRG�RULHQWHG� KRUVHVKRH�
VFRXUV��:LWKLQ�WKH�KRUVHVKRH�VFRXUV��VHGLPHQW�LV�W\SLFDOO\�UHPRYHG��H[SRVLQJ�WKH�
XQGHUO\LQJ�EHGURFN�DQG�IRUPLQJ�KDELWDWV�IDYRUDEOH�IRU�ERULQJ�ELYDOYHV�DQG�RWKHU�
RUJDQLVPV��,VRODWHG�DUHDV�RI�H[SRVHG�EHGURFN�DUH�SUHVHQW�DQG�FRPPRQO\�SRVVHVV�
ERWK�HURVLRQDO�IXUURZV�DQG�Gastrochaenolites�OLNH�WUDFHV��)LJ������%���

%RULQJV� LQ� WKLV� VXE�HQYLURQPHQW� DUH� SURGXFHG� E\� Petricola pholadiformis��
2FFXSLHG�DQG�XQRFFXSLHG�ERULQJV�DUH�SUHVHQW��DQG�VRPH�RI�WKH�RFFXSLHG�ERULQJV�
DUH� LGHQWL¿HG�EDVHG�RQ� WKH� SUHVHQFH� RI� VHGLPHQW�PRXQGV��%RULQJ� DUH� OLPLWHG� WR�
H[SRVHG� EHGURFN� DQG� EHGURFN� WKDW� KDV� D� �� �� FP� VHGLPHQW� YHQHHU� �)LJ�� ����%���
%RULQJ�DEXQGDQFH�UHDFKHV�����ERULQJV���P��ZLWKLQ�H[SRVHG�EHGURFN�DUHDV�DQG�����
ERULQJV���P��DUHD�ZLWKLQ�KRUVHVKRH�VFRXUV��2WKHU�WUDFHV�REVHUYHG�LQFOXGH�WKH�VRIW�
VHGLPHQW� VXUIDFH� WUDFHV�Aulichnites�� DQG�Coenobichnus�Diplichnites�W\SH� WUDFHV��
ZKLFK� FDQ� UHDFK� XS� WR� ��� VXUIDFH� WUDFHV� �� P���Aulichnites�� DQG�Coenobichnus�
Diplichnites�W\SH�WUDFHV��SURGXFHG�E\�JDVWURSRGV��Littorina saxatilis and Buccinum 
undatum�� DQG� KHUPLW� FUDEV� �Pagurus VS���� 7KHVH� LQFUHDVH� LQ� DEXQGDQFH� DURXQG�
DUHDV�RI�UHODWLYH�ORZV��L�H��KRUVHVKRH�VFRXUV��WURXJKV�RI�ULSSOHV�DQG�GXQHV��ZKHUH�



��



��

ZDWHU�SRROV��7KH�GLVWULEXWLRQ�RI�ERULQJV�DQG�VXUIDFH�WUDFHV�DUH�YHU\�SDWFK\�DQG�DUH�
GHSHQGHQW�RQ� WKH�SUHVHQFH�RU� DEVHQFH�RI� VHGLPHQW�DQG�ZDWHU� Nereis VS�� �ZKLFK�
produce Polykladichnus�W\SH�WUDFHV��DUH�YHU\�LVRODWHG�ZLWK�RQO\�WZR�EHLQJ�REVHUYHG�
ZLWKLQ�WKH�/3�GXULQJ�WKH�VWXG\�

2WKHU� UHVLGHQWV�RI� WKLV� VXE�HQYLURQPHQW� DUH�EDUQDFOHV� �Chthamalus fragilis���
DPSKLSRGV� �Lysianopsis alba�� DQG� VHDZHHG� �Ulva lactuca and Fucus VS����/LWWOH�
JUD\�EDUQDFOHV�DUH�OLPLWHG�WR�DUHDV�RI�H[SRVHG�EHGURFN�ZLWK�OLWWOH�RU�QR�VHGLPHQW�
YHQHHU��L�H��WKH�VHGLPHQW�OD\HU�LV�WKLQQHU�WKDQ�WKH�KHLJKW�RI�WKH�EDUQDFOH�VKHOO��DQG�
DUH�SUHVHQW�RQ�WKH�H[SRVHG�XSSHU�VXUIDFH�RI�VPDOO�DQG�ODUJH�ERXOGHUV��������FP�
LQ�OHQJWK�DQG�ZLGWK���$PSKLSRGV��Lysianopsis alba��DEXQGDQFH�LV� ORZ��ZLWK� OHVV�
WKDQ����LQGLYLGXDO�REVHUYHG�HSLIDXQDOO\�ZLWKLQ�WKH�VWXG\��%RWK�VSHFLHV�RI�VHDZHHG�
DOVR�DWWDFK�WR�WKH�EHGURFN�DQG�DUH�OLPLWHG�WR�DUHDV�QHDU�WKH�QRUWKZHVW�FRUQHU�RI�WKH�
VWXG\�DUHD��ZKHUH�WKH�SODWIRUP�H[WHQGV�LQWR�WKH�PDLQ�FKDQQHO��'&2'���)LJ������&��
����'��

$ERXW���P�RI�EHGURFN�LV�H[SRVHG�RQ�WKH�QHDUO\�YHUWLFDO�VXUIDFH�RI�WKH�OHDGLQJ�
HGJH�RI�/3��)LJ������'���7KH�EHGURFN�FRQVLVWV�RI�D�OD\HU�RI�VLOW\�PXGVWRQH��a���FP�
WKLFN��ZLWK�OD\HUV�RI�VDQGVWRQH�DERYH�DQG�EHORZ��2[LGDWLRQ�KDV�UHVXOWHG�LQ�JUHHQ�
DQG�UHG�PDUEOLQJ��)LJ�����%���Petricola pholadiformis occurs within the leading 
HGJH� RI� WKH� /3� DQG� SURGXFHV�Gastrochaenolites�OLNH� WUDFHV�� 7KH� DEXQGDQFH� RI�
ERULQJV�LQFUHDVHV�ZLWKLQ�WKH�VLOW\�PXGVWRQH�OD\HU������ERULQJV�SHU���P��DUHD���EXW�
ERULQJV�DUH�DOVR�SUHVHQW�ZLWKLQ�WKH�RYHUO\LQJ�DQG�XQGHUO\LQJ�VDQGVWRQH�OD\HUV��XS�
WR�a�����ERULQJ�SHU���P��DUHD���2FFXSLHG�ERULQJV��HYLGHQFHG�E\�H[SRVHG�VLSKRQV�
DQG�VHGLPHQW�PRXQGV��DQG�HPSW\�ERULQJV�DUH�SUHVHQW��7XEHZRUPV��Lanice VS���DOVR�
RFFXU�LQ�WKLV�DUHD�DOWKRXJK�WKHLU�FRORQLHV�DUH�UDUH��L�H��RQO\�D�VLQJOH�FRORQ\�RI�DERXW�
����WXEHV�ZDV�REVHUYHG��

,QWHUSUHWDWLRQ��(QYLURQPHQWDO�FRQGLWLRQV�RI�WKH�/3�DUH�PRUH�G\QDPLF�WKDQ�WKH�
ODQGZDUG�VXE�HQYLURQPHQWV��83��&'�DQG�,70)���%RWK�ÀRRG�DQG�HEE�WLGHV�SRVVHVV�
ÀXLG�YHORFLWLHV�FDSDEOH�RI�SURGXFLQJ�ODUJH�ULSSOHV��6HGLPHQWDU\�VWUXFWXUHV�LQ�WKLV�
GHSRVLWLRQDO� VXE�HQYLURQPHQW� SUHVHUYH� HYLGHQFH� RI� PXOWLSOH� ÀRZ� RULHQWDWLRQV�
XQGHUVFRULQJ�WKDW�WKH�GHSRVLWLRQDO�VXE�HQYLURQPHQW�LV�LQÀXHQFHG�E\�ERWK�ÀRRG�DQG�
HEE�WLGDO�FXUUHQWV��)ORRG�WLGHV�FOHDUO\�SRVVHVV�JUHDWHU�YHORFLWLHV�LQ�FRPSDULVRQ�WR�HEE�
WLGHV��EDVHG�RQ�WKH�RFFXUUHQFH�RI�PHWHU�VFDOH�ÀRRG�RULHQWHG�GXQHV�ZLWKLQ�LVRODWHG�
DUHDV��ZKHUHDV�HEE�RULHQWHG�GXQHV�DUH�QRW�SUHVHQW���)ODW�WRSSHG�ULSSOHV�DOVR�VXJJHVW�
ÀXFWXDWLQJ�YHORFLWLHV�DQG�IRUP�DV�D�UHVXOW�RI�FXUUHQW�VFRXULQJ��.OHLQ��������������
'DOU\PSOH�HW�DO����������,Q�DUHDV�ZKHUH�VHGLPHQW�LV�FRPSOHWHO\�UHPRYHG��IXUURZV�DQG�
Gastrochaenolites�OLNH�WUDFHV�DUH�SUHVHQW��(URVLRQDO�IXUURZV�DUH�WRSRJUDSKLF�ORZV�
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ZLWKLQ�WKH�EHGURFN�WKDW�DUH�IRUPHG�E\�HURVLRQDO�SURFHVVHV�DQG�HURVLRQDO�YRUWLFHV��
7KH�YDULHW\�RI�VHGLPHQWDU\�IHDWXUHV�VXJJHVWV�GLYHUVH�GHSRVLWLRQDO�SURFHVVHV��

%RULQJ�ELYDOYHV�DUH� OLPLWHG� WR�DUHDV�RI�H[SRVHG�EHGURFN�DQG�EHGURFN� WKDW� LV�
FRYHUHG�ZLWK�����FP�RI�VHGLPHQW��7KLV�VXJJHVWV�WKDW�LI�VHGLPHQW�YHQHHU�LV�WRR�WKLFN��
ERULQJ�ELYDOYHV�FDQQRW�H[WHQG�WKHLU�VLSKRQV�WKURXJK�WKH�VHGLPHQW�WR�IHHG��%RULQJ�
DEXQGDQFH�LV�KLJKHU��a�����ERULQJV���P��DUHD��ZLWKLQ�WKH�VLOW\�PXGVWRQH�RI�WKH�YHUWLFDO�
OHDGLQJ�HGJH�RI�/3�DV�FRPSDUHG�WR�WKH�VDQGVWRQH�OD\HUV��YHUWLFDO�VXUIDFHV��������
ERULQJV��KRUL]RQWDO�VXUIDFHV��������ERULQJV�����P��DUHD���+RZHYHU��WKH�KRUL]RQWDO�
VXUIDFH�RI�WKH�/3�SURYLGHV�D�PRUH�H[SDQVLYH�DUHD�IRU�ELYDOYHV�WR�ERUH�UHVXOWLQJ�LQ�
GLPLQLVKHG� LQWUDVSHFL¿F� HFRVSDFH� FRPSHWLWLRQ��+RUVHVKRH� VFRXUV� DOVR� SURYLGH� D�
XQLTXH�VHGLPHQW�IUHH�DUHD�IRU�ELYDOYHV�WR�VHWWOH��VHH�+RUVHVKRH�6FRXU��6SHFLDOL]HG�
+DELWDW�VHFWLRQ�IRU�IXUWKHU�GLVFXVVLRQ���2WKHU�RUJDQLVPV�WKDW�UHVLGH�LQ�WKH�3/�LQFOXGH�
JDVWURSRGV��KHUPLW�FUDEV��WXEHZRUPV��OLWWOH�JUD\�EDUQDFOHV�DQG�VHDZHHG��VLPLODU�WR�
RUJDQLVPV�ZLWKLQ�WKH�ODQGZDUG�VXE�HQYLURQPHQW��7KLV�VXJJHVWV�WKDW�WKHVH�VSHFLHV�
KDYH�DGDSWHG�WR�D�YDULHW\�RI�VXE�HQYLURQPHQWV��+RZHYHU��DPSKLSRGV��Corophium 
volutator��� ZRUPV� �Nereis VS�� DQG�Cerebratulus VS��� DQG� WKHLU� WUDFHV� DUH� DEVHQW�
ZLWKLQ�WKH�/3��ZKLFK�UHÀHFW�WKH�KLJKHU�ZDWHU�HQHUJ\�FRQGLWLRQV��PRELOH�VXEVWUDWHV��
ODFN�RI�PXG�VL]HG� VHGLPHQW� DQG� ODFN�RI� WKLFN�PXG� OD\HUV��ZKLFK� DUH� DOO� SUHVHQW�
ZLWKLQ�WKH�/3�VXE�HQYLURQPHQW��

6XE�HQYLURQPHQW����&KDQQHO�)ULQJH��&)�

7KH�&)�ÀDQNV�HLWKHU�VLGH�RI�WKH�PDLQ�FKDQQHO��'&2'��DQG�PDLQO\�FRQVLVWV�RI�
SRRUO\�VRUWHG��JUDYHO�RYHUO\LQJ�EHGURFN��7KH�JUDYHO�RYHUOD\�OD\HU�LV�������FP�WKLFN�
DQG�FRQVLVWV�RI�VXE�DQJXODU�JUDLQV�WKDW�DUH��������FP�LQ�OHQJWK�DQG�ZLGWK��)LJV�������
$�&���6PDOO��LVRODWHG�SDWFKHV�RI�H[SRVHG�EHGURFN�DUH�SUHVHQW��)LJ�������&���)LQH�
JUDLQHG�VHGLPHQW�KDV�EHHQ�ZLQQRZHG�IURP�WKH�JUDYHO�OD\HU��6KHOO�GHEULV��FRQVLVWLQJ�
RI�EURNHQ�ELYDOYH�VKHOOV�DQG�QXPHURXV�VSHFLHV�RI�JDVWURSRGV��Littorina saxatilis��
Buccinum undatum�� Nassarium trivittatus�� Urospapinx cinerea and Lunatia 
heros��� LV� VFDWWHUHG� WKURXJKRXW� WKH�JUDYHO� OD\HU��$UHDV�ZLWKLQ� FORVH�SUR[LPLW\� WR�
WKH�/3�DUH�ORFDWHG�ZLWKLQ�GHSRVLWLRQDO�VKDGRZV�DQG�KDYH�D�KLJK�FRQFHQWUDWLRQ�RI�
FRDUVH�JUDLQHG�VDQG�VXSHULPSRVHG�ZLWK�HEE�RULHQWHG�ULSSOHV��&RDUVH�VDQG�LV�PRVW�
DEXQGDQW�LQ�WKH�QRUWKZHVW�FRUQHU�RI�WKH�VWXG\�DUHD�ZKHUH�WKH�/3�H[WHQGV�IXUWKHVW�
LQWR�WKH�'&2'��)LJ������'���/DUJH�ERXOGHUV��XS�WR���P�LQ�OHQJWK�DQG�KHLJKW��DUH�
VFDWWHUHG�ZLWKLQ�WKH�&)��%RXOGHUV�DUH�W\SLFDOO\�FKDUDFWHUL]HG�E\�IDLQW�ÀRRG�RULHQWHG�
KRUVHVKRH�VFRXUV�WKDW�FRQVLVW�RI�H[SRVHG�EHGURFN�VXUURXQGHG�E\�JUDYHO��6WDQGLQJ�
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ZDWHU��ZLWK�VDOLQLWLHV�RI�a����SSW��RFFXUV�LQ�UHODWLYH�ORZV�ZLWKLQ�WKH�JUDYHO��
Gastrochaenolites�OLNH� WUDFHV� DUH� OLPLWHG� WR� DUHDV� RI� H[SRVHG� EHGURFN� �)LJ��

����&�� DQG� GR� QRW� RFFXU� XQGHUQHDWK� WKH� JUDYHO� YHQHHU��$EXQGDQFH� LV� UHODWLYHO\�
ORZ��ZLWK�WKH�PDMRULW\�RI� WKH�VXUIDFH�SRVVHVVLQJ�QR�ERULQJ���EXW�FDQ�UHDFK�XS�WR�
����� ERULQJV� ��P��ZKHQ� EHGURFN� LV� H[SRVHG� LQ� FORVH� SUR[LPLW\� WR�'&2'��7KH�
WUDFHV�DUH�SURGXFHG�RQO\�E\�Petricola pholadiformis��%RULQJV�DUH�ERWK�RFFXSLHG�
DQG�XQRFFXSLHG��DQG�VHGLPHQW�PRXQGV�DUH�SUHVHQW��*DVWURSRGV��Littorina saxatilis��
Buccinum undatum�� Nassarium trivittaus�� Urosalpinx cinerea and Lunatia 
heros�� DQG� KHUPLW� FUDEV� �Pagurua VS��� DUH� LVRODWHG� WKURXJKRXW� WKH�&)� DQG� OLWWOH�
JUD\�EDUQDFOHV� �Chthamalus fragilis�� IUHTXHQWO\� HQFUXVW� WKH�XSSHU� VXUIDFH� ODUJHU�
FREEOHV�DQG�ERXOGHUV��Aulichnites��DQG�Coenobichnus�Diplichnites�W\SH�WUDFHV�DUH�
XQFRPPRQ�������P���DQG�DUH�OLPLWHG�WR�DUHDV�ZKHUH�FRDUVH�VDQG�LV�GHSRVLWHG��1R�
SODQW�OLIH�ZDV�REVHUYHG�ZLWKLQ�WKH�&)�

,QWHUSUHWDWLRQ��7KH�&)� LV� IRUPHG�DV�D�FKDQQHO� ODJ�DV�D� UHVXOW�RI� IDVW�PRYLQJ�
ZDWHU�DURXQG�WKH�HGJHV�RI�WKH�'&2'��:DWHU�LV�IDVW�HQRXJK�WR�HQWUDLQ�DQG�GHSRVLW�
ODUJH�JUDYHO�VL]HG�VHGLPHQW�DQG�ZLQQRZ�WKH�¿QH�JUDLQHG�PDWUL[��6KHOWHUHG�DUHDV�
EHKLQG� WKH�/3� WKDW� H[WHQGV� LQWR� WKH�'&2'�IRUP�VKDGRZV�ZKHUH� FRDUVH�JUDLQHG�
VDQG� DFFXPXODWHV� �)LJ�� ����'��� %RULQJV� DUH� OLPLWHG� WR� H[SRVHG� EHGURFN� EXW� GR�
QRW�RFFXU�EHQHDWK� WKH�JUDYHO�YHQHHU�� VXJJHVWLQJ� WKDW� WKH�JUDYHO�SUHYHQWV�ELYDOYH�
VHWWOHPHQW�DQG�JURZWK��DQG� WKDW� WKH�RFFXUUHQFH��DQG� OLPLWV��RI� WKH�JUDYHO�YHQHHU�
LV� VHPL�SHUPDQHQW��2WKHU� RUJDQLVPV� DUH� LVRODWHG�ZLWKLQ� WKH�&)�� VXJJHVWLQJ� WKDW�
WKH�JUDYHO�GRHV�QRW�SURYLGH�DQ�DGHTXDWH�VXEVWUDWH�IRU�GHSRVLW�IHHGLQJ�RUJDQLVPV��
/LWWOH� JUD\� EDUQDFOHV� VROHO\� HQFUXVW� RQ� WKH� XSSHU�� H[SRVHG� VXUIDFHV� RI� FREEOHV�
DQG�ERXOGHU��LQGLFDWLQJ�WKDW�WKH�VXEVWUDWH�LV�LPPRELOH�IRU�VXI¿FLHQW�WLPH�WR�DOORZ�
IRU�ODUYDO�VHWWOHPHQW�DQG�JURZWK��7KH�ODFN�RI�D�GLYHUVH�DVVHPEODJH�RI�RUJDQLVPV�
VXSSRUWV�WKH�K\SRWKHVLV�WKDW�WKH�&)�LV�WRR�KDUVK�RI�D�VXE�HQYLURQPHQW�IRU�RUJDQLVPV�
WR�VXUYLYH��

6XE�HQYLURQPHQW����&KDQQHO��'&2'�

7KH�'&2'�LV�WKH�PDLQ�WLGDO�FKDQQHO�LQ�WKH�VWXG\�DUHD��,W�UXQV�LQ�DQ�HDVW�ZHVW�
GLUHFWLRQ�ZLWKLQ�WKH�VWXG\�DUHD�DQG�LV�DERXW�����P�ZLGH�DW�LWV�ODUJHVW�ZLGWK��)LJ��
����$���:DWHU�GHSWK�DW� ORZ� WLGH�GXULQJ� WKH�VWXG\�GLG�QRW�H[FHHG����FP�DQG� WKH�
FKDQQHO� LV�FRPPRQO\�ZDWHUOHVV�GXULQJ�VSULQJ� WLGHV��:DWHU�VDOLQLW\�UHPDLQV�DW����
SSW�WKURXJKRXW�ORZ�WLGH��HYHQ�LQ�LVRODWHG�SRROV��7KH�EDVH�RI�WKH�FKDQQHO�FRQVLVWV�
RI� KLJKO\� ERUHG� EHGURFN�� 1XPHURXV�� ODUJH�� ORRVH� ERXOGHUV� ������� FP� LQ� OHQJWK�
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DQG�ZLGWK�� RFFXU� DQG� KDYH� ERULQJV� RQ�PXOWLSOH� VLGHV� �)LJV�� �����%�(���%RULQJV�
DUH�SURGXFHG�E\�ERWK�Petricola pholadiformis and Zirfaea pilsbryi�DQG�DEXQGDQFH�
YDULHV�IURP������������P���ZLWK�WKH�PDMRULW\�RI�ERUHG�VXUIDFHV�FRQWDLQLQJ������
�����ERULQJV���P���%RULQJ�GHQVLW\�LV�KLJKHVW�RQ�WKH�ZHVWHUQ�HQG�RI�'&2'������
�����ERULQJV� ��P��� DQG� ORZHVW�RQ� WKH� HDVWHUQ� HQG�RI�'2&'����������ERULQJV� ��
P����)LJ��������7KH�UDWLR�RI�ERULQJV�WKDW�DUH�RFFXSLHG�YHUVXV�XQRFFXSLHG��DQG�WKH�
SURSRUWLRQDO�DEXQGDQFH�RI�WKH�WZR�ERULQJ�ELYDOYH�VSHFLHV�LV�XQFHUWDLQ�GXH�WR�WKH�
HQGROLWKLF�QDWXUH�RI�WKH�ELYDOYHV��6HGLPHQW�PRXQGV�DUH�QRW�FRPPRQ�DQG�DUH�RQO\�
SUHVHQW�RQ�WKH�HDVWHUQ�HQG�RI�'&2'��������RI�ERULQJV�H[KLELW�VHGLPHQW�PRXQGV��
ZKHUH�VHGLPHQW�DFFXPXODWHV��$�WKLQ�YHQHHU�RI�FRDUVH�JUDLQHG�VDQG�LV�SUHVHQW�ZLWKLQ�
LVRODWHG�SDWFKHV�RI�WKH�HDVWHUQ�HQG��EXW�PRVW�RI�WKH�FKDQQHO�EHG�LV�H[SRVHG�EHGURFN��
7KURXJKRXW� WKH�'&2'��ERULQJV�DUH� LQ¿OOHG�ZLWK�FRDUVH�DQG�YHU\�FRDUVH�JUDLQHG�
VDQG�� 1R� VHGLPHQWDU\� VWUXFWXUHV� DUH� SUHVHQW� ZLWKLQ� WKH� VDQG� RU� EHGURFN�� /DUJH�
ERXOGHUV��������P�LQ�OHQJWK��DUH�LVRODWHG�WKURXJKRXW�WKH�'&2'�DQG�GR�QRW�SRVVHVV�
KRUVHVKRH�VFRXUV�GXH�WR�WKH�ODFN�RI�VHGLPHQW��

7KH� '&2'� SRVVHVVHV� WKH� KLJKHVW� GLYHUVLW\� RI� RUJDQLVPV� RI� DOO� WKH� VXE�
HQYLURQPHQWV��,Q�DGGLWLRQ�WR�WKH�WZR�VSHFLHV�RI�ERULQJ�ELYDOYHV��RYHU����LQYHUWHEUDWH�
VSHFLHV�ZHUH�LGHQWL¿HG��7DEOH�������2UJDQLVP�GLVWULEXWLRQ�LV�SDWFK\��EXW�DEXQGDQFH�
LV�KLJKHU�RQ�WKH�ZHVWHUQ�SDUW�RI�WKH�FKDQQHO��2UJDQLVPV�KHUH�PXVW�EH�WROHUDQW�RI�KLJK�
HEE��DQG�ÀRRG�WLGDO�ZDWHU�YHORFLWLHV�RQ�D�VXEVWUDWH�ZLWK�PLQLPDO�XQFRQVROLGDWHG�
VHGLPHQW�� Aulichnites�� DQG Coenobichnus�Diplichnites�W\SH� WUDFHV� DUH� SUHVHQW�
ZLWKLQ�WKLQ�VHGLPHQW�YHQHHU�SDWFKHV��ZLWK�DEXQGDQFHV�UHDFKLQJ�XS�WR���WUDFHV���P���

Interpretation: The western and eastern ends of the DCOD within the study area 
KDYH�GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�HIIHFW�ERULQJ�ELYDOYH�DEXQGDQFH��7KH�
ZHVWHUQ�VLGH�RI�WKH�'&2'�KDV�D�KLJKHU�QXPEHU�RI�ERULQJV�������������P����1RQH�
RI�WKH�ERULQJV�ZHUH�REVHUYHG�WR�SRVVHVV�VHGLPHQW�PRXQGV��7KH�PRUH�RFHDQZDUG�
VLGH�KDV�D�WKLQ�OD\HU�RI�ZDWHU�WKDW�UHPDLQV�SUHVHQW�ZLWKLQ�WKLV�DUHD�WKURXJKRXW�ORZ�
WLGH��7KH�HDVWHUQ�SDUW�RI�WKH�'&2'�KDV�D�ORZHU�QXPEHU�RI�ERULQJV������������P���
DQG�SRVVHVVHV� VHGLPHQW�PRXQGV��7KLV� VLGH� LV�XSVORSH�RI� WKH�ZHVWHUQ�VLGH�DQG� LV�
FRPPRQO\� IXOO\� VXEDHULDOO\� H[SRVHG� GXULQJ� WKH� ORZHVW� WLGHV��7KLV� VXJJHVWV� WKDW�
ELYDOYHV�SUHIHU�DUHDV�WKDW�UHPDLQ�VXEPHUJHG��HYHQ�ZLWK�RQO\�D�WKLQ�YHQHHU�RI��ZDWHU�
GXULQJ�ORZ�WLGH�DQG�SUHIHU�WKH�ZHVWHUQ�HQG�RI�'&2'��

$�KLJK�GLYHUVLW\�RI�RUJDQLVPV�RFFXUV�ZLWKLQ�WKH�'&2'��7KH�GLYHUVLW\�LV�GLUHFWO\�
UHODWHG� WR� WKH� KLJK� ZDWHU� HQHUJ\� WKDW� UHVXOWV� IURP� ZDWHU� IXQQHOLQJ� WKURXJK� WKH�
'&2'��7KH�IDVW�YHORFLW\�DOORZV�WKH�PDMRULW\�RI�'&2'�WR�UHPDLQ�VHGLPHQW�IUHH�DQG�
SURYLGHV�D�VWHDG\�IRRG�VXSSO\�WR�RUJDQLVPV��:DWHU�UHPDLQV�ZLWKLQ�WKH�FKDQQHO�IRU�
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WKH�PDMRULW\�RI�ORZ�WLGH��ZKLFK�SUHYHQWV�WKH�GHVLFFDWLRQ�RI�RUJDQLVPV�DQG�IDFLOLWDWHV�
IHHGLQJ�WKURXJKRXW�WKH�WLGDO�F\FOH��

6XE�HQYLURQPHQW����,QWHUWLGDO�VDQG�ÀDW��,76)�

7KH�LQWHUWLGDO�VDQG�ÀDW��,76)��LV�ORFDWHG�HDVW�RI�WKH�ULGJH��5���7KH�,76)�FRQVLVWV�
RI�D�PRVDLF�RI�JUDYHO�YHQHHU�� H[SRVHG�EHGURFN�DQG�RQH� ODUJH� VDQG�GHSRVLW� �)LJ��
�������7RSRJUDSKLF�ORZV�UHPDLQ�ZDWHU�¿OOHG�DQG�KDYH�VDOLQLWLHV�RI�a����SSW��7KH�
JUDYHO�YHQHHU�LV�FRPSRVLWLRQDOO\�VLPLODU�WR�WKH�&)�DQG�LV�OLPLWHG�WR�DUHDV�DURXQG�
WKH�PDUJLQ�RI�WKH�,76)��DUHDV�FORVHVW�WR�WKH�5�DQG�WKH�&)��)LJ������$��DQG�ZLWKLQ�
WKH�WURXJKV�RI�GXQHV��)LJ������'���,VRODWHG�SDWFKHV�RI�JUDYHO�YHQHHU�FRYHU�DUHDV�RI�
DERXW���P���1R�SODQWV��RUJDQLVPV�RU�ERULQJV�DUH�SUHVHQW�LQ�WKH�EHGURFN�XQGHUO\LQJ�
WKH�JUDYHO�RU�ZLWKLQ�WKH�JUDYHO�YHQHHU�

$UHDV�RI�H[SRVHG�EHGURFN�KDYH�OLWWOH�WR�QR�VHGLPHQW��)LJ������%���D�WKLQ�YHQHHU�
RI�VDQG�DQG�PXG�RU�LVRODWHG�SHEEOHV��������FP�LQ�OHQJWK��DQG�LVRODWHG�IUDJPHQWV�RI�
VKHOO�GHEULV��������FP�LQ�OHQJWK�DQG�ZLGWK��DUH�SUHVHQW�ZKHUH�VHGLPHQW�LV�GHSRVLWHG��
&RQWLQXRXV�DQG� OXQDWH�� HEE�RULHQWHG� ULSSOHV�DUH�RFFDVLRQDOO\�SUHVHQW�ZLWKLQ� WKLQ�
OD\HUV� RI� VHGLPHQW�� EXW� DUH� QRW� FRPPRQ�� )XUURZV� DUH� SUHVHQW� RQ� LVRODWHG� DUHDV�
RI�H[SRVHG�EHGURFN�DQG�HEE�RULHQWHG�KRUVHVKRH�VFRXUV�DUH�FRPPRQ��)LJ������%���
:DWHU�IUHTXHQWO\�SRROV�LQ�DUHDV�RI�H[SRVHG�EHGURFN�DQG�IRUP�VPDOO����P��DUHD��DQG�
ODUJH�����P��DUHD��WLGDO�SRROV��*DVWURSRGV��Littorina saxatilis��Buccinum undatum 
and Nassarium trivittaus��� KHUPLW� FUDEV� �Pagurus VS���� ZRUPV� �Glycera VS�� DQG 
Enchytraeus VS���� WXEHZRUPV��Lanice VS����,ULVK�PRVV��Chondrus crispus���EXVK\�
UHG�ZHHG��Cystoclonium purpureum���HQFUXVWLQJ�DOJDH��Clathromophum VS���DQG�D�
ZKLWH�EUDQFKLQJ�EU\R]RDQ��Flustra foliacea��DUH�DOO�SUHVHQW�ZLWKLQ�WKHVH�WLGH�SRROV��
7KH� ERULQJ� ELYDOYHV�� Petricola pholadiformis and Zirfaea pilsbryi�� DUH� SUHVHQW�
ZLWKLQ�WKH�DUHDV�RI�H[SRVHG�EHGURFN�DQG�DEXQGDQFH�FDQ�UHDFK�XS�WR������ERULQJV���
P���%RULQJV�DUH�RFFXSLHG�DQG�XQRFFXSLHG��DQG�VHGLPHQW�PRXQGV�DUH�SUHVHQW�RQ�WRS�
RI�VRPH�RFFXSLHG�ERULQJV��

7KH� ODUJH� VDQG�GHSRVLW� FRQVLVWV�RI�SRRUO\� VRUWHG� FRDUVH� WR�YDU\� FRDUVH� VDQG��
SHEEOHV�� FREEOHV�DQG� VKHOO�GHEULV� �����FP� LQ� OHQJWK�DQG�ZLGWK�� WKDW� FRYHUV�D����
P�� DUHD��0HWHU� VFDOH� HEE�RULHQWHG� GXQHV� ��� ��P� LQ� OHQJWK� DQG� �� ��� FP� KLJK���
ZLWK� FRDUVH� VHGLPHQW�¿OOHG� WURXJKV�� DUH� FRPPRQO\�RYHUSULQWHG�ZLWK� HEE� ULSSOHV�
�����FP�LQ�OHQJWK�DQG�����FP�KLJK���GUDLQDJH�ULSSOHV�DQG�GUDLQDJH�VSOD\V�RQ�WKH�
OHH� VLGH� RI� WKH� GXQHV� �)LJV�� ����&�(���'UDLQDJH� ULSSOH� UHIHUV� WR� ULSSOHV� WKDW� DUH�
RULHQWHG�SHUSHQGLFXODU�WR�WKH�VWULNH�RI�WKH�OHH�VLGH�RI�WKH�GXQHV��)LJ������(���)DLQW�
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KRUL]RQWDO�OLQHV�DUH�DOVR�SUHVHQW�RQ�WKH�OHH�VLGH�RI�GXQHV��)LJ������&���,QWHUIHUHQFH�
ULSSOHV�DUH�FRPPRQ�ZLWKLQ�WKH�VDQG�GHSRVLW�ZKHUH�GXQHV�GR�QRW�RFFXU��)LJ������)���
*DVWURSRGV� �Littorina saxatilis�� DQG� KHUPLW� FUDEV� �Pagurus VS�� and their traces 
�Aulichnites��DQG�Coenobichnus�Diplichnites�W\SH�WUDFHV�UHVSHFWLYHO\��DUH�SUHVHQW�
ZLWKLQ�WKH�WURXJKV�RI�WKH�GXQHV�DQG�ZLWKLQ�WKH�LQWHUIHUHQFH�ULSSOHV��)LJ������)���7KH�
DEXQGDQFH�RI�VXUIDFH�WUDFHV�GRHV�QRW�H[FHHG���WUDFHV���P���1R�SODQW�OLIH�LV�SUHVHQW�
ZLWKLQ�WKH�WKLFN�VDQG�OD\HU��%RULQJ�ELYDOYHV��Petricola pholadiformis and Zirfaea 
pilsbryi��DUH�UDUH�DQG�DUH�OLPLWHG�WR�WKH�RXWHU�IULQJHV�RI�WKH�VDQG�GHSRVLWV��ZKHUH�
VDQG�LV�����FP�WKLQN��

,QWHUSUHWDWLRQ�� 7KH� ,76)� LV� ORFDWHG� ZLWKLQ� D� ÀRRG�RULHQWHG�� GHSRVLWLRQDO�
VKDGRZ�RI� WKH�5�DQG�PDQ\�GHSRVLWLRQDO�SURFHVVHV�RFFXU�KHUH��$UHDV�RI�H[SRVHG�
EHGURFN�DQG�JUDYHO�YHQHHU�VXJJHVW�KLJK�HQHUJ\�ZDWHU�FRQGLWLRQ��ZKLFK�DUH�FDSDEOH�
RI�WUDQVSRUWLQJ�DQG�GHSRVLWLQJ�JUDYHO�DQG�SUHYHQWLQJ�GHSRVLWLRQ�ZLWKLQ�RWKHU�DUHDV��
:DWHU�YHORFLW\�LV�KLJK�HQRXJK�WR�IRUP�IXUURZV�LQ�EHGURFN�DQG�ZLQQRZ�¿QH�JUDLQHG�
VHGLPHQW�IURP�WKH�JUDYHO�YHQHHU���

:LWKLQ� WKH� ODUJH� VDQG� GHSRVLW� WKH�PDMRULW\� RI� VHGLPHQWDU\� IHDWXUHV� DUH� HEE�
RULHQWHG� DQG� VXJJHVW� D� FKDQJH� LQ� ZDWHU� YHORFLW\� DV� WKH� IHDWXUHV� IRUPHG��0HWHU�
VFDOH�GXQHV�DQG�ODUJH�JUDLQHG�JUDYHOV�DQG�VKHOO�GHEULV�LQ�WKH�WURXJKV�RI�WKH�GXQHV�
VXJJHVW�KLJK�ZDWHU�YHORFLWLHV��$V�WKH�WLGH�FRQWLQXHV�WR�HEE�DQG�GUDLQ��ZDWHU�YHORFLW\�
GHFUHDVHV� DQG� IRUPV� HEE�RULHQWHG� ULSSOHV� WKDW� DUH� VXSHULPSRVHG� RQ� WKH� GXQHV��
0DQ\�RI�WKH�GXQHV�DOVR�KDYH�FXUUHQW�ULSSOHV�VXSHULPSRVHG�RQ�WKHLU�OHH�VLGH�VXUIDFH��
VXJJHVWLQJ�WKDW�ZDWHU� LV�FKDQQHOHG�WKURXJK�WKH�WURXJKV�RI� WKH�GXQHV�DV� WKH�,76)�
GUDLQV��'UDLQDJH�VSOD\V�ZKHUH�ZDWHU�EUHDFKHG�GXQHV�RU�ULSSOHV��DQG�ÀRRGHG�RYHU�
WKHLU�FUHVWV��7KH� IDLQW�KRUL]RQWDO� OLQHV�RQ� WKH� OHH� VLGHV�RI� WKH�GXQHV� VXJJHVW� WKDW�
ZDWHU� VORZO\� GUDLQV� IURP� WKH� ,76)� GXQHV� FUHDWLQJ� OHYHH�OLNH� GHSRVLWV� DORQJ� WKH�
VXUIDFH�RI�WKH�OHH�VLGH�RI�WKH�GXQHV��,QWHUIHUHQFH�ULSSOHV�LQGLFDWH�PXOWL�GLUHFWLRQDO�
FXUUHQWV��.OHLQ���������7KH�GLIIHUHQW�VHGLPHQWDU\�VWUXFWXUHV�SUHVHUYHG�LQ�WKLV�VXE�
HQYLURQPHQW� LQGLFDWH� IUHTXHQW� FKDQJHV� LQ� ZDWHU� YHORFLW\� DQG� GLUHFWLRQ�� 6LPLODU�
IHDWXUHV�RFFXU�WKURXJKRXW�WKH�0LQDV�%D\��.OHLQ��������������������

%LRWLF�GLVWULEXWLRQ�LV�FRPSOH[�DQG�LV�OLPLWHG�WR�VSHFL¿F�DUHDV�ZLWKLQ�WKH�,76)�
�)LJ��������1R�RUJDQLVPV�ZHUH�QRWHG�LQ�WKH�JUDYHO�YHQHHU�VXJJHVWLQJ�WKDW�WKH�VXEVWUDWH�
GRHV� QRW� SURYLGH� DGHTXDWH� VXSSO\� RI� IRRG� UHVRXUFHV� DQG� WKH� VXEVWUDWH��ZKLFK� LV�
OLNHO\�PRELOH�GXULQJ�SHDNV�LQ�WLGDO�FXUUHQW�YHORFLW\��PD\�EH�KDUPIXO�WR�LQYHUWHEUDWHV�
�L�H�� ODUJHU�JUDLQV� FUXVK�SDUWV�RI�RUJDQLVPV���7KH� ODUJH� VDQG�GHSRVLW� LV� LQKDELWHG�
VROHO\� E\� JDVWURSRGV� DQG� KHUPLW� FUDEV�� VXJJHVWLQJ� WKDW� RWKHU� RUJDQLVPV� FDQQRW�
VXUYLYH�ZLWKLQ�WKH�UHODWLYH�WKLFN��VKLIWLQJ�VXEVWUDWH��%RULQJ�ELYDOYHV�DUH�OLPLWHG�WR�
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H[SRVHG�EHGURFN�DQG�WKH�IULQJHV�RI�WKH�ODUJH�VDQG�GHSRVLW��ZKHUH�VHGLPHQW�LV�����
FP� WKLFN��7KH�ELYDOYHV�SUHIHU�H[SRVHG� OLWKLF�VXEVWUDWHV�EXW�DUH� WROHUDQW�RI�EXULDO�
EHQHDWK�D�WKLQ�OD\HU�RI�VHGLPHQW��7KH�KLJKHVW�GLYHUVLW\�DQG�DEXQGDQFH�RI�RUJDQLVPV�
DUH�ZLWKLQ�DUHDV�RI�H[SRVHG�EHGURFN�ZKHUH�ZDWHU�SRROV�DQG�UHPDLQV�WKURXJKRXW�ORZ�
WLGH��6SHFLHV�ZLWKLQ�WKH�,76)�DUH�VLPLODU�WR�WKRVH�ZLWKLQ�WKH�'&2'��VXJJHVWLQJ�WKDW�
VLPLODU�HQYLURQPHQWDO�FRQGLWLRQV�RFFXU�LQ�ERWK�VXE�HQYLURQPHQWV��

6XE�HQYLURQPHQW����5LGJH��5�

7KH�ULGJH��5��LV�D� ORFDO� WRSRJUDSKLF�KLJK�ZLWKLQ�WKH�VWXG\�DUHD��,WV�HOHYDWLRQ�
UHDFKHV�a���P�DERYH�WKH�'&2'�OHYHO��)LJV�������$�&���,W�H[WHQGV�RXWVLGH�RI�WKH�
VRXWKHUQ�SRUWLRQ�RI� WKH� VWXG\�DUHD� IRU� DOPRVW���NP�VRXWK� LQWR� WKH�0LQDV�%DVLQ��
7KH� 5� FRQVLVWV� RI� VDQGVWRQH� DQG� KDV� D� OD\HU� �a� ������ P� WKLFN�� RI� ¿VVLOH�� VLOW\�
PXGVWRQH�WKDW�RXWFURSV�RQ�WKH�HDVWHUQ�HGJH�RI�WKH�5�DQG�WKH�VRXWKHUQ�SRUWLRQ�RI�
WKH�OHDGLQJ�HGJH�RI�WKH�ULGJH��/(5���7KH�XSSHU��SODQDU�VXUIDFHV�RI�WKH�5�FRQVLVW�
RI�VDQGVWRQH��ZKLFK�FRPPRQO\�KDV�D�YHU\�WKLQ��RYHUO\LQJ�PXG�YHQHHU��)LQH�VDQG�
LV� FRPPRQ�ZLWKLQ� WKH� VKHOWHUHG� WRSRJUDSKLF� ORZV� DQG� LQ¿OO� IUDFWXUHV�� %RXOGHUV�
����FP�WR���P�LQ�OHQJWK��RI�EHGURFN�DUH�VFDWWHUHG�DORQJ�WKH�VXUIDFH�DQG�VLGHV�RI�
WKH� 5�� 3RWKROHV�� WLGH� SRROV�� IXUURZV� DQG� UHGXFWLRQ� VSKHUHV� DUH� FRPPRQ� �)LJV��
�����'�(���*DVWURSRGV� �Littorina saxatilis�� RFFXU� LQ� KLJK� DEXQGDQFH�ZLWKLQ� WKH�
SRWKROHV��EXW�DOVR�RFFXU�VFDWWHUHG�DFURVV� WKH�XSSHU�VXUIDFH��/LWWOH�JUD\�EDUQDFOHV�
�Chthamalus fragilis��HQFUXVW�WKH�PDMRULW\�RI�WKH�VXUIDFH����������RI�WKH�H[SRVHG�
VXUIDFH��DQG�VHDZHHG��Fucus vesiculous and Ascophyllum nodosum��LV�LVRODWHG�WR�
UHODWLYH�WRSRJUDSKLF�KLJKV�DQG�UHGXFWLRQ�VSKHUHV��)LJV�������'�(���%RULQJV�DUH�UDUH�
�����ERULQJV���P���DQG�DUH�FRPPRQO\�XQRFFXSLHG��Petricola pholadiformis shells 
DUH�WKH�RQO\�REVHUYHG�ELYDOYHV�UHVLGLQJ�ZLWKLQ�WKH�ERULQJV�DQG�PDQ\�ERULQJV�DUH�
HURGHG��PDNLQJ�LW�GLI¿FXOW�WR�GHWHUPLQH�WKH�RULJLQDWRU�WUDFH�PDNHU�WD[RQ��7KH�XSSHU�
VXUIDFH�RI�WKH�5�DOVR�SRVVHVVHV�GHSRVLWLRQDO�VXE�HQYLURQPHQWV��ZKLFK�DUH�IRUPHG�
GXH�WR�WRSRJUDSK\�FRQWUROV�DQG�LQFOXGH�WKH�WLGH�SRROV��73��DQG�WLGH�SRRO�GUDLQDJH�
�73'�� VXE�HQYLURQPHQWV�� %RWK� RI� WKHVH� VXE�HQYLURQPHQWV� KDYH� XQLTXH� ELRORJLF�
DVVHPEODJHV��GLVFXVVHG�ODWHU��WKDW�DUH�PRUH�GLYHUVH�WKDQ�5��

2Q�WKH�YHUWLFDO�VLGHV�RI� WKH�5��D�EHG�RI�¿VVLOH�VLOW\�PXGVWRQH�RFFXUV��2Q�WKH�
HDVWHUQ�HGJH�RI�WKH�5��WKH�VLOW\�PXGVWRQH�OD\HU�LV�DERXW����FP�WKLFN�DQG�LV�ORFDWHG�
DERXW���P�IURP�WKH�WRS�RI�WKH�ULGJH��7KLV�VPDOO�VXUIDFH�LV�ERUHG�VROHO\�E\�Petricola 
pholadiformis�� DQG� DEXQGDQFH� UHDFKHV� ���� ERULQJV� ��P�� DUHD� �)LJ�� ����)��� 7KH�
RYHUO\LQJ� DQG� XQGHUO\LQJ� VDQGVWRQH� OD\HUV� DUH� QRW� ERUHG�� 6LOW\� PXGVWRQH� DOVR�
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RXWFURSV�RQ� WKH�/(5�� LV�PXFK� WKLFNHU� �DERXW�����FP� WKLFN��DQG� LV�KLJKO\�ERUHG�
�VHH�/(5�VHFWLRQV�IRU�PRUH�GHWDLOV�RI�WKH�VXE�HQYLURQPHQW���*DVWURSRGV��Littorina 
saxatilis��DUH�WKH�RQO\�RWKHU�RUJDQLVPV�WKDW�UHVLGH�KHUH��

,QWHUSUHWDWLRQ��7KH�WRSRJUDSKLF�KLJK�RI�WKH�5�IRUPV�D�GHVRODWH�HQYLURQPHQW�WKDW�
LV�H[SRVHG�GDLO\�IRU�PXFK�RI�WKH�ORZ�WLGH�LQWHUYDO��2UJDQLVPV�LQ�WKLV�VXE�HQYLURQPHQW�
PXVW�EH�DEOH�WR�VXUYLYH�PXOWLSOH�VWUHVVHV��L�H��VDOLQLW\�DQG�WHPSHUDWXUH�ÀXFWXDWLRQV��
GHVLFFDWLRQ���/LWWOH�JUD\�EDUQDFOHV��JDVWURSRGV�DQG�WZR�VSHFLHV�RI�VHDZHHG�DUH�WKH�
RQO\�RUJDQLVPV�FDSDEOH�RI�WKULYLQJ�XQGHU�WKHVH�FRQGLWLRQV��%DUQDFOHV�HQFUXVW�RYHU�
PXFK�RI� WKH� VXUIDFH�DQG�EHFRPH�PRUH�DEXQGDQW�DQG� ODUJHU� LQ� VL]H�RQ� UHGXFWLRQ�
VSKHUHV��*DVWURSRGV�DUH�OLPLWHG�WR�WRSRJUDSKLF�ORZV�DQG�DUH�FRPPRQO\�IRXQG�LQ�
KLJK�DEXQGDQFH�ZLWKLQ�SRWKROHV�DQG�RWKHU�DUHDV�ZKHUH�ZDWHU�FROOHFWV�GXULQJ�ORZ�
WLGH�� 6HDZHHG� FRPPRQO\� DWWDFKHV� WR� HGJHV� RI� EHGURFN� DQG� UHODWLYH� WRSRJUDSKLF�
KLJKV��(URVLRQDO�VWUXFWXUHV�RQ�WKH�XSSHU�VXUIDFH�DUH�OLPLWHG�WR�HURVLRQDO�IXUURZV��
SRWKROHV�DQG�UHGXFWLRQ�VSKHUHV��'HSRVLWLRQDO�VHGLPHQWDU\�VWUXFWXUHV�DUH�XQFRPPRQ�
GXH�WKH�KLJK�ZDWHU�YHORFLW\�DURXQG�WKH�5�GXULQJ�KLJK�WLGH��

%RULQJV� DUH� ORFDWHG� SULPDULO\� ZLWKLQ� WKH� VLOW\� PXGVWRQH� OD\HUV� ZLWKLQ� WKH�
PDUJLQV�RI�WKH�5��7KH�VLOW\�PXGVWRQH�LV�¿VVLOH�DQG�PXFK�VRIWHU�WKDQ�WKH�VXUURXQGLQJ�
VDQGVWRQH��7KH�KLJK�DEXQGDQFH�RI�ERULQJ�ELYDOYHV�ZLWKLQ�WKLV�OD\HU�VXJJHVWV�WKDW�
ELYDOYHV�SUHIHU�WR�ERUH�LQWR�VRIWHU�VXEVWUDWHV�ZKHQ�LW�LV�DYDLODEOH��+RZHYHU��ELYDOYHV�
ZLOO�ERUH�LQWR�WKH�VDQGVWRQH�ZKHQ�HQYLURQPHQWDO�FRQGLWLRQV�DUH�IDYRUDEOH��L�H��73�
DQG�73'����

6XE�HQYLURQPHQW����/HDGLQJ�(GJH�RI�WKH�5LGJH��/(5�

7KH�OHDGLQJ�HGJH�RI�WKH�ULGJH��/(5��LV�ORFDWHG�DORQJ�WKH�VORSHG�IDFH�DQG�ORZHU�
KRUL]RQWDO�VXUIDFH�RQ� WKH�RFHDQ�ZDUG�VLGH�RI�ULGJH��7KH�DUHD� LV�GLYLGHG� LQWR� WZR�
]RQHV��ZKLFK�DUH�GLIIHUHQWLDWHG�E\�WKH�VORSH�RI�WKH�VXEVWUDWH��7KH�YHUWLFDOO\�VORSHG�
]RQH�LV�ORFDWHG�RQ�WKH�QRUWKHUQ�H[WHQW�RI�WKH�/(5�DQG�PDGH�XS�RI�ODUJH�EHGURFN�
ERXOGHUV� ��� ����P� LQ� KHLJKW� DQG�ZLGWK��� 6HGLPHQW� �YHU\� FRDUVH� VDQG� WR� ERXOGHU�
VL]HG��DQG�VKHOO�GHEULV������FP�LQ�OHQJWK�DQG�ZLGWK��DUH�SUHVHQW�EHWZHHQ�WKH�ODUJH�
ERXOGHUV��%RXOGHUV� KDYH� D� KLJK� FRQFHQWUDWLRQ�RI� HQFUXVWLQJ� OLWWOH� JUD\�EDUQDFOHV�
�Chthamalus fragilis���EXW�DUH�GHYRLG�RI�DQ\�RWKHU�ÀRUD�RU�IDXQD��

7KH�KRUL]RQWDO�VXUIDFH�LV�ORFDWHG�ZLWKLQ�WKH�VRXWKHUQ�SRUWLRQ�RI�WKH�/(5�DQG�LV�
ZLWKLQ�D�VOLJKWO\�VKHOWHUHG�DUHD��%RXOGHUV��VHGLPHQW�DQG�VKHOO�GHEULV�RFFXU�EXW�DUHDV�
RI�H[SRVHG�EHGURFN�DUH�SUHYDOHQW��)LJV������$������%���$�JUDYHO�YHQHHU�LV�SUHVHQW��
ZKLFK� LV� FRPSRVLWLRQDOO\� VLPLODU� WR� JUDYHO�ZLWKLQ� WKH�&)��$� WKLQ� VKHHW� RI�ZDWHU�
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�VDOLQLW\����SSW�� LV� FRPPRQ�RQ� WKH� VXUIDFH��7KH�EHGURFN� LV� FRPSRVHG�SULPDULO\�
RI� ¿VVLOH� VLOW\�PXGVWRQH�ZLWK� VDQGVWRQH� OD\HUV� DW� WKH� XSSHUPRVW� DQG� ORZHUPRVW�
HOHYDWHG�DUHDV��7KLV�VLOW\�PXGVWRQH�LV�FRPSRVLWLRQDOO\�VLPLODU�WR�WKH�OD\HU�RQ�WKH�
RWKHU�VLGH�RI�WKH�5��%RULQJV�DUH�OLPLWHG�WR�WKLV�OLWKRORJ\�DQG�DUH�QRW�SUHVHQW�XQGHU�WKH�
JUDYHO�YHQHHU��%RULQJV�DUH�SURGXFHG�E\�ERWK�Petricola pholadiformis and Zirfaea 
pilsbryi.�7KH�GLVWULEXWLRQ� LV�SDWFK\��ZLWK�DEXQGDQFH�FDQ�UHDFK�XS�WR�����ERULQJV�
��P��DUHD��0DQ\�ERULQJV�FRQWDLQ�HPSW\� VKHOOV�RU� DUH�FRPSOHWHO\�HPSW\��ZLWK�QR�
VKHOO�UHPDLQLQJ��0DQ\�DUH�DOVR�ZLGHQHG�WKURXJK�HURVLRQ��)LJ������&���+RZHYHU��
OLYH�ERULQJ�RUJDQLVPV�FDQ�EH� IRXQG��+HUPLW�FUDEV� �Pagurus VS��� DQG�JDVWURSRGV�
�Littorina saxatilis��DUH�DOVR�SUHVHQW�DORQJ�WKH�H[SRVHG�EHGURFN�VXUIDFH��KRZHYHU�
VXUIDFH�WUDFHV�DUH�QRW�SUHVHQW�GXH�WR�WKH�ODFN�RI�VDQG�DQG�PXG�

,QWHUSUHWDWLRQ��7KH�/(5�LV�D�UHODWLYHO\�KDUVK�HQYLURQPHQW�DQG�LV�WKH�¿UVW�PDMRU�
REVWDFOH�ZDWHU� IDFHV� LQ� WKH�ÀRRGLQJ�GLUHFWLRQ��/DUJH�ERXOGHUV� LQ� WKLV� VHWWLQJ� DUH�
IUHTXHQWO\�VXUURXQGHG�E\�VHGLPHQW�GHSRVLWV�DQG�DUH�FRORQL]HG�VROHO\�E\�EDUQDFOHV��
%RULQJ� ELYDOYHV�� JDVWURSRGV� DQG� KHUPLW� FUDEV� DUH� OLPLWHG� WR� PRUH� VKHOWHUHG��
KRUL]RQWDOO\�RULHQWHG�DUHDV�ZKHUH�VRIWHU��¿VVLOH�VLOW\�PXGVWRQH�RXWFURSV�ZLWKRXW�D�
VDQG�DQG�JUDYHO�YHQHHU��7KLV�VXJJHVWV�WKDW�WKH�ELYDOYHV�SUHIHU�WKH�VRIWHU�VXEVWUDWH�
DQG�WKDW�WKH�JUDYHO�YHQHHU�KLQGHUV�ODUYDO�VHWWOHPHQW�DQG�JURZWK��7KH�WKLQ�VKHHW�RI�
PRYLQJ�ZDWHU�WKDW�LV�SUHVHQW�LQ�VRPH�DUHDV�IDFLOLWDWHV��7KH�GLVWULEXWLRQ�RI�ERULQJV�
RQ�WKH�H[SRVHG�RXWFURS�LV�SDWFK\�DQG�UHÀHFWV�WKH�ORFDWLRQ�RI�ÀRZLQJ�DQG�VWDQGLQJ�
ZDWHU�DW�ORZ�WLGH���

6XE�HQYLURQPHQW�����7LGH�3RRO�RQ�5LGJH��73�

2QH� ODUJH� WLGH� SRRO� LV� ORFDWHG� RQ� WKH�PLGGOH� RI� WKH� SRUWLRQ� RI� WKH�5�ZLWKLQ�
WKH�VWXG\�DUHD�DQG�LV�DERXW����P�ORQJ�DQG����P�ZLGH��)LJ������$���7KH�73�EHG�
RFFXUV� RQ� VDQGVWRQH�EHGURFN� LQ� DQ� DUHD�ZLWK� QR� VHGLPHQW� YHQHHU� DQG�SRVVHVVHV�
VPDOO� ����� FP���SLHFHV�RI� ERUHG� URFN� WKDW� KDYH�EHHQ�EURNHQ�RII� RI� WKH�EHGURFN��
7KH�ZDWHU�LV�����P�DW�LWV�GHHSHVW�DQG�KDV�D�VDOLQLW\�RI����SSW��2WKHU�VPDOOHU������
P���WLGH�SRROV�DUH�ORFDWHG�QRUWK�RI�WKH�ODUJH�WLGH�SRRO�DQG�DUH�DOO�FRQQHFWHG�ZLWK�D�
V\VWHP�RI�VPDOO�������FP�ZLGH��GUDLQDJH�FKDQQHOV��7KH�ZDWHU�GUDLQV�IURP�WKH�WLGH�
SRROV�RYHU� WKH�HGJH�RI�5� LQ� WKH� WLGH�SRRO�GUDLQDJH� �73'��VXE�HQYLURQPHQW�QHDU�
WKH�/(5��7KH�VPDOO�WLGH�SRROV�DQG�GUDLQDJH�V\VWHPV�RFFDVLRQDOO\�SRVVHVV�ERULQJV�
�)LJ������%��DQG�LVRODWHG�JDVWURSRGV��Littorina saxatilis���KRZHYHU��WKH�ODUJH�WLGH�
SRVVHVVHV�D�GLYHUVH�DVVHPEODJH�RI�ELRWD��7KH�ERWWRP�VXUIDFH�RI�WKH�ODUJH�WLGH�SRRO�
LV�KLJKO\�ERUHG�E\�Petricola pholadiformis ZLWK�GHQVLW\�UHDFKLQJ�����ERULQJV���P� 
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�)LJ������&���%RWK�RFFXSLHG�DQG�XQRFFXSLHG�ERULQJV�RFFXU�DOWKRXJK�QR�VHGLPHQW�
PRXQGV�ZHUH�REVHUYHG��7KH�ELYDOYHV�IUHTXHQWO\�H[WHQG�WKHLU�VLSKRQV�����FP�SDVW�
WKH�VXEVWUDWH�VXUIDFH�LQWR�WKH�ZDWHU��)LJ������'���%RULQJV�DUH�OLPLWHG�WR�DUHDV�WKDW�
DUH�FRYHUHG�ZLWK�ZDWHU��IRUPLQJ�D�GLVWLQFW�OLQH�EHWZHHQ�ERUHG�DQG�XQERUHG�VXUIDFHV�
WKDW�FRUUHODWH�WR�WKH�ZDWHU¶V�HGJH��)LJV������(������)���7ZHOYH�RWKHU�LQYHUWHEUDWH�
WD[D�ZHUH�LGHQWL¿HG�ZLWKLQ�WKH�73��7DEOH�������$OO�RUJDQLVPV��RWKHU�WKDQ�OLWWOH�JUD\�
EDUQDFOHV� �Chthamalus fragilis�� DQG� LVRODWHG� JDVWURSRGV� DQG� KHUPLW� FUDEV�� DUH�
OLPLWHG� WR� VXEPHUJHG�DUHDV��2UJDQLVP�GLYHUVLW\��DEXQGDQFH�DQG�FRPSRVLWLRQ�DUH�
YHU\�VLPLODU�WR�WKDW�RI�WKH�'&2'��

,QWHUSUHWDWLRQ��7KH�73�SURYLGHV�D�VHGLPHQW�IUHH�VXE�HQYLURQPHQW�WKDW�UHPDLQV�
VXEPHUJHG� WKURXJKRXW� WKH� ORZ� WLGH� LQWHUYDO�� 7KH� FRQVWDQW� SUHVHQFH� RI� ZDWHU�
SURYLGHV�QXWULHQWV�DQG�SURWHFWLRQ�IURP�GHVLFFDWLRQ�IRU�RUJDQLVPV��$OO�RUJDQLVPV��
RWKHU� WKDQ� OLWWOH� JUD\� EDUQDFOHV� DQG� WKH� LVRODWHG� JDVWURSRG� DQG� KHUPLW� FUDE�� DUH�
OLPLWHG�WR�WKH�VXEPHUJHG�VXEVWUDWH�VXJJHVWLQJ�WKDW�WKH�PDMRULW\�RI�RUJDQLVPV�SUHIHU�
WR�EH�VXEPHUJHG�LQ�ZDWHU��7KH�GLVWLQFW� OLQH�EHWZHHQ�ERUHG�DQG�XQERUHG�VXUIDFHV�
FRUUHODWLQJ�WR�WKH�HGJH�RI�WKH�ZDWHU�LQ�WKH�73�VXJJHVWV�WKDW�WKH�ERULQJ�ELYDOYHV�PXVW�
VWD\�VXEPHUJHG�XQGHU�DW� OHDVW�D� WKLQ�VKHHW�RI�ZDWHU� WR�VXUYLYH��$�VLPLODU�GLVWLQFW�
ERXQGDU\��EHWZHHQ�ERUHG�DQG�XQERUHG�VXUIDFHV��ZDV�QRWHG�E\�0RXUD�HW�DO���������
6DOLQLW\�DW�ORZ�WLGH�LV�a���SSW��7KXV��WKH�73�SURYLGHV�D�VWDEOH�PDULQH�HQYLURQPHQW�
ZKHUH�ELRWD�FDQ�UHDFK�KLJK�SRSXODWLRQ�OHYHOV�ZLWK�PLQLPDO�VWUHVV��'XH�WR�WKHLU�KLJK�
DEXQGDQFH��ERULQJ�ELYDOYHV�VLJQL¿FDQWO\�ZHDNHQ�WKH�VXEVWUDWH�ZKLFK�FDQ�EUHDN�RII��
SURGXFLQJ�VPDOO�SLHFHV�RI�WKH�EHGURFN�WKDW�DUH�WUDQVSRUWHG�ZLWKLQ�WKH�VWXG\�DUHD��
H[SRVLQJ�QHZ�VXEVWUDWH�WR�WKH�VXUIDFH��

6XE�HQYLURQPHQW�����7LGH�3RRO�'UDLQDJH��73'�

7KH� WLGH� SRRO� GUDLQDJH� �73'�� VXE�HQYLURQPHQW� FRQVLVWV� RI� D� JHQWO\� VORSLQJ�
VXUIDFH�DGMDFHQW�WR�WKH�/(5�DQG�LV�WKH�DUHD�ZKHUH�PRVW�RI�WKH�ZDWHU�GUDLQV�IURP�
WKH�5�DQG�73�VXE�HQYLURQPHQWV��)LJ�������$���$�VHULHV�RI�ZDWHUIDOOV�DQG�SRROV�DUH�
IRUPHG�DV� WKH�ZDWHU� �ZLWK�D� VDOLQLW\�RI����SSW��FRQWLQXRXVO\�GUDLQV�RII�RI� WKH�5�
DQG�73�WKURXJKRXW�WKH�ORZ�WLGH�LQWHUYDO��IRUPLQJ�D�WKLQ�VKHHW�RI�ZDWHU�WKDW�ÀRZV�
RYHU� WKH� KRUL]RQWDO� VXUIDFHV� �)LJ�� ����%��� 7KH� VXEVWUDWH� FRQVLVWV� RI� VDQGVWRQH�
DORQJ�WKH�XSSHU�VXUIDFH��LH��XSSHU�HGJH�RI�WKH�ULGJH���ZKLFK�EHFRPHV�D�¿VVLOH�VLOW\�
PXGVWRQH����FP�EHORZ�WKH�WRS�VXUIDFH�RI�WKH�5��%RULQJV�DUH�SURGXFHG�E\�Petricola 
pholadiformis and Zirfaea pilsbryi�DQG�DUH�SUHVHQW�LUUHVSHFWLYH�RI�VXEVWUDWH��)LJV��
����&������'���%RULQJV�DUH�RFFXSLHG�DQG�XQRFFXSLHG��DQG�DUH�KLJKO\�HURGHG�GXH�WR�
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WKH�ZDWHU�ÀRZ��ZKLFK�H[SRVHV�OLYLQJ�DQG�GHDG�ELYDOYH�VKHOOV��)LJV������&������'���
7UDFHV�DUH�OLPLWHG�WR�DUHDV�ZHUH�ZDWHU�ÀRZV�RYHU�WKH�VXEVWUDWH��$�VKDUS�ERXQGDU\�
RFFXUV�EHWZHHQ�ERUHG�DQG�XQERUHG�VXUIDFHV��ZKLFK�FOHDUO\�FRUUHODWHV�WR�WKH�SUHVHQFH�
RU�DEVHQFH�RI�FRQWLQXRXV�VXEPHUVLRQ��%RULQJ�DEXQGDQFH�LV�DERXW�����ERULQJV���P���
2WKHU�RUJDQLVPV�WKDW�OLYH�ZLWKLQ�WKLV�DUHD�LQFOXGH�OLWWOH�JUD\�EDUQDFOHV��Chthamalus 
fragilis���LVRODWHG�JDVWURSRGV��Littorina saxatilis��DQG�KHUPLW�FUDEV��Pagurus VS����
2Q�RQH�RFFDVLRQ�� D� JUHHQ� FUDE� �Carcinus maenas��ZDV� REVHUYHG�ZLWKLQ� DQ� DUHD�
ZKHUH�ZDWHU�SRROV�

,QWHUSUHWDWLRQ�� 7KH� 73'� SURYLGHV� D� GHSRVLWLRQDO� VXE�HQYLURQPHQW� WKDW� KDV�
ZDWHU�UXQQLQJ�RYHU�WKH�VXEVWUDWH�VXUIDFH�WKURXJKRXW�WKH�ORZ�WLGH�LQWHUYDO��$OWKRXJK�
LW�LV�XQFOHDU�LI�WKH�VWUHDP�ZDWHU�SURYLGHV�DQ�DGHTXDWH�IRRG�VXSSO\�WR�ELRWD�GXULQJ�
ORZ�WLGH��WKH�ZDWHU�SUHYHQW�GHVLFFDWLRQ�DQG�HDVH�UHVSLUDWLRQ�IRU�VXEDTXHRXV�WD[D��
%RULQJV�DUH�QRW�VXEVWUDWH�FRQWUROOHG�ZLWKLQ�WKLV�DUHD��5DWKHU�WKH�SUHVHQFH�DEVHQFH�RI�
D�FRQWLQXRXV�ZDWHU�FRYHUV�GLFWDWHV�WKH�SUHVHQFH�RU�DEVHQFH�RI�KDUGJURXQG�LQIDXQDO�
RUJDQLVPV��+\GURG\QDPLF�HURVLRQ�RFFXUV�DORQJ�WKH�VXUIDFH�DQG�UHPRYHV�VXEVWUDWH�
IURP�DURXQG�WKH�ELYDOYH�VKHOOV��ZKLFK�PRGLI\LHV�WKH�PRUSKRORJ\�RI�WKH�ERULQJV��
0DQ\�PRVW� RI� WKH� H[SRVHG� ELYDOYHV� DUH� GHDG� ZLWK� RQO\� WKHLU� VKHOOV� UHPDLQLQJ��
VXJJHVWLQJ� WKDW� HLWKHU� HURVLRQ� RFFXUUHG� SRVW� PRUWHP�� RU� WKDW� VXEVWUDWH� HURVLRQ�
LQWHUIHUHG�ZLWK�ELYDOYH�VXUYLYDO��,W�LV�SRVVLEOH�WKDW�ZKHQ�WRR�PXFK�RI�WKH�VXEVWUDWH�
LV�UHPRYHG��VWUXFWXUDO�VWDELOLW\�DQG�SURWHFWLRQ�LV�HOLPLQDWHG��

%LRWDV� DUH� OLPLWHG� WR� HQFUXVWLQJ� OLWWOH� JUD\� EDUQDFOHV�� ERULQJ� ELYDOYHV��
JDVWURSRGV�DQG�KHUPLW�FUDEV��7KH�PRELOH�RUJDQLVPV�JDWKHU�ZKHUH�ZDWHU�GHSWK� LV�
JUHDWHVW�DQG�DYRLG�ERWK�DUHDV�RI�IDVW�ÀRZLQJ�ZDWHU�DV�ZHOO�DV�DUHDV�FRYHUHG�LQ�D�
WKLQ�VKHHW�RI�ZDWHU��VXJJHVWLQJ�WKDW�WKH�WKLFNHU�OD\HUV�RI�FDOP�ZDWHU�SURYLGH�RSWLPDO�
HQYLURQPHQWDO�FRQGLWLRQV�DQG�IRRG�VXSSO\�IRU�WKH�RUJDQLVPV��/LWWOH�JUD\�EDUQDFOHV�
HQFUXVW�VSRUDGLFDOO\�RYHU�WKH�VXEVWUDWH��)LJV�������%�'���7KH�SUHVHQFH�RI�RUJDQLVPV�
VXFK�DV�WKH�JUHHQ�FUDE��VXJJHVWV�WKDW�RUJDQLVPV�WKURXJKRXW�WKH�%D\�RI�)XQG\�KDYH�
WKH�SRWHQWLDO�WR�EH�ZDVKHG�XS�ZLWKLQ�GLIIHUHQW�VXE�HQYLURQPHQWV�DQG�PD\�UHPDLQHG�
WUDSSHG�WKHUH�XQWLO�WKH�WLGH�ÀRRGV�WKH�DUHD��7KHVH�RUJDQLVPV�FDQ�VXUYLYH�IRU�VKRUW�
SHULRGV�RI�WLPHV�ZLWKLQ�QRQ�RSWLPXP�VXE�HQYLURQPHQWV��

+256(6+2(�6&2856��63(&,$/,=('�+$%,7$76

+RUVHVKRH�YRUWLFHV�DURXQG�ODUJH��LVRODWHG�ERXOGHUV�SURGXFH�ORFDOL]HG�ZLQGRZV�
RI� H[SRVHG� OLWKLF� VXEVWUDWH� WKURXJKRXW� WKH� VWXG\� DUHD� �)LJ�� ������� ,W� KDV� EHHQ�
VXJJHVWHG� WKDW� WKH� ODUJH�ERXOGHUV�ZHUH�GLVWULEXWHG� WKURXJKRXW� WKH�%D\�RI�)XQG\�
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GXULQJ�WKH�ZLQWHU�YLD�LFH�UDIWLQJ��'DOU\PSOH�HW�DO����������%RXOGHU�VL]H��ZDWHU�FXUUHQW�
GLUHFWLRQ��GXUDWLRQ�DQG�YHORFLW\��VXEVWUDWH�WKLFNQHVV�DQG�VHGLPHQW�VL]H�ZLWKLQ�WKH�
GHSRVLWLRQDO�VXE�HQYLURQPHQWV�DIIHFW�WKH�PRUSKRORJ\�RI�WKH�KRUVHVKRH�VFRXUV�DQG�
GLFWDWH�FRORQL]DWLRQ�SDWWHUQV�RI�ERULQJ�RUJDQLVPV��7KH�VL]H�RI�WKH�KRUVHVKRH�VFRXUV�
LV�GLUHFWO\�UHODWHG�WR�WKH�VL]H�RI�WKH�ERXOGHU�DQG�WKH�YHORFLW\�RI�ZDWHU�VXUURXQGLQJ�
WKH�ERXOGHU��7KH�VFRXUV�DUH�RULHQWHG�LQ�ÀRRG�DQG�HEE�GLUHFWLRQV�ZLWKLQ�DQG�DFURVV�
WKH�GLIIHUHQW�GHSRVLWLRQDO�VXE�HQYLURQPHQWV��VXJJHVWLQJ�WKDW�ZDWHU�PRYLQJ�LQ�ERWK�
WLGDO�GLUHFWLRQV�KDV�VXI¿FLHQW�YHORFLW\�WR�SURGXFH�KRUVHVKRH�VFRXUV��7KHVH�VFRXUV�
UHPDLQHG�FRQVLVWHQW�LQ�VKDSH��VL]H�DQG�RULHQWDWLRQ�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKLV�
VWXG\�� ,Q� VRPH� DUHDV� RI� WKH� ,70)�� KRUVHVKRH� VFRXUV��ZKLFK� GR� QRW� SHQHWUDWH� WR�
EHGURFN��DUH�IRUPHG�ZLWKLQ�WKH�VLOW�DQG�PXG�VXEVWUDWH��)LJ������$����,Q�RWKHU�VXE�
HQYLURQPHQWV� �/3�� &)� DQG� ,76)�� KRUVHVKRH� VFRXUV� FDQ� LQWHUVHFW� WKH� XQGHUO\LQJ�
EHGURFN�DQG�H[SRVH�WKH�KDUG�VXEVWUDWH�WR�WKH�FRORQL]DWLRQ�RI�ERULQJ�ELYDOYHV��)LJV��
����%������&������(���%RULQJ�GHQVLWLHV�UDQJH�IURP���WR�����ERULQJV���P� within 
WKH�KRUVHVKRH��$UHDV�WKDW�GR�QRW�KDYH�DQ\�VHGLPHQW�RYHUO\LQJ�WKH�EHGURFN��OLNH�LQ�
'&2'�DQG�5��GR�QRW�IRUP�KRUVHVKRH�VFRXUV�DQG�ERULQJ�GHQVLW\�UHPDLQV�FRQVLVWHQW�
EHWZHHQ�H[SRVHG�DUHDV�DQG�WKRVH�DGMDFHQW�WR�ERXOGHUV��)LJV������'������)���

&21752/6�21�6(',0(17$7,21�$1'�%,27,&�',675,%87,21

&RQWUROV�RQ�VHGLPHQWDU\�VWUXFWXUHV

7LGH�GLUHFWLRQ�DQG�ZDWHU�YHORFLW\�SOD\�PDMRU�UROHV�LQ�WKH�IRUPDWLRQ�RI�VHGLPHQWDU\�
VWUXFWXUHV�� ZKHUH� VHGLPHQW� RYHUOLHV� EHGURFN� ZLWKLQ� WKH� VWXG\� DUHD�� :LWKLQ� WKH�
GLIIHUHQW� GHSRVLWLRQDO� VXE�HQYLURQPHQWV� ÀRRGLQJ� DQG� HEELQJ� WLGHV� IRUP� GLVWLQFW�
VHGLPHQWDU\�IHDWXUHV��7DEOH�������%RWK�WLGDO�RULHQWDWLRQV�KDYH�YHORFLWLHV�VXI¿FLHQW�
WR�SURGXFH�ULSSOHV�DQG�PHWHU�VFDOH�GXQHV�LQ�GLIIHUHQW�GHSRVLWLRQDO�DUHDV��+RZHYHU��
VHGLPHQWDU\�VWUXFWXUHV�LQGLFDWLQJ�DQ�HEE�RULHQWHG�ÀRZ�GLUHFWLRQ�DUH�FRQVLGHUDEO\�
PRUH�FRPPRQ��7KH�GRPLQDQFH�RI�HEE�RULHQWHG�VHGLPHQWDU\�IHDWXUHV�PD\�EH�D�UHVXOW�
RI�WKH�VWXG\�DUHD�EHLQJ�LQYHVWLJDWHG�GXULQJ�ORZ�WLGH�DQG�HEE�SURFHVVHV�RYHUZULWLQJ�
ÀRRG�VHGLPHQWDU\�VWUXFWXUHV��7KHUHIRUH��LW�LV�XQFOHDU�KRZ�WKH�VHGLPHQW�VKLIWV�GXULQJ�
KLJK�WLGH��

(EE�RULHQWHG�ULSSOHV�DQG�RU�GXQHV�RFFXU�ZLWKLQ�WKH�,70)��/3�DQG�,76)��KRZHYHU�
ÀRRG�RULHQWHG� VHGLPHQWDU\� IHDWXUHV� RFFXU� ZLWKLQ� WKH� ,70)� DQG� /3�� 7KH� ,70)�
FRQWDLQV�ERWK�ÀRRG��DQG�HEE��RULHQWHG�ULSSOHV�VXJJHVWLQJ�LQÀXHQFH�E\�ERWK� WLGDO�
RULHQWDWLRQV��7KH�,76)�LV�FRPSOHWHO\�GRPLQDWHG�E\�HEE�RULHQWHG�GXQHV�DQG�ULSSOHV��
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DV�ZHOO�DV�RWKHU�GUDLQDJH�IHDWXUHV��GUDLQDJH�ULSSOHV�DQG�GUDLQDJH�VSOD\V��LQGLFDWLQJ�
WKDW�WKH�HEELQJ�WLGH�KDV�VXI¿FLHQW�VWUHQJWK�WR�UHZRUN�DQ\�IHDWXUHV�SURGXFHG�E\�WKH�
ÀRRGLQJ� WLGH��7KH�/3�DOVR�SRVVHVVHV� ULSSOHV� VXSHULPSRVHG�RQ�GXQHV��EXW� ULSSOHV�
DUH� ERWK� ÀRRG�� DQG� HEE�RULHQWHG�� ZKHUHDV� WKH� GXQHV� DUH� VROHO\� ÀRRG�RULHQWHG��
6XSHULPSRVHG�ULSSOHV�RQ�GXQHV�DUH�FRPPRQ��UHJDUGOHVV�RI�WKH�GLUHFWLRQ�RI�ZDWHU�
ÀRZ��DQG�VXJJHVW�WKDW�PXOWLSOH�ZDWHU�YHORFLWLHV�SURGXFH�VHGLPHQWDU\�VWUXFWXUHV�DQG�
DUH�SUHVHUYHG�GXULQJ�ORZ�WLGH��6LPLODU�VXSHULPSRVHG�IHDWXUHV�DUH�FRPPRQ�DQG�KDYH�
EHHQ�GRFXPHQWHG�HOVHZKHUH�LQ�WKH�%D\�RI�)XQG\��.OHLQ�������������'DOU\PSOH��
������'DOU\PSOH�HW�DO����������

&RQWUROV�RQ�ERULQJV

6DOLQLW\��6DOLQLW\�LV�FORVH�WR�IXOO\�PDULQH�DFURVV�QHDUO\�DOO�WKH�VXE�HQYLURQPHQWV�
�a���SSW���ZLWK�WKH�H[FHSWLRQ�RI�WKH�'&��ZKLFK�KDV�D�VDOLQLW\�RI����SSW��7KH�EUDFNLVK�
ZDWHU�RI�'&�LV�LQGLFDWLYH�RI�IUHVK�ZDWHU�ZLWKLQ�WKH�ODQGZDUG�VWUHDP�PL[LQJ�ZLWK�
PDULQH�ZDWHU�ZLWKLQ�WKH�,70)��6DOLQLW\�RI�WKH�UHPDLQLQJ�VXE�HQYLURQPHQWV�UHPDLQ�
ZLWKLQ���SSW�RI�HDFK�RWKHU�DQG�LV�UHDVRQDEO\�ZLWKLQ�WKH�PHFKDQLFDO�HUURU�RI�WKH�VDOLQLW\�
PHWHU��7KH�VWURQJ�WLGDO�FXUUHQWV�ZLWKLQ�WKH�0LQDV�%DVLQ�IRUP�D�ZHOO�PL[HG�ZDWHU�
FROXPQ�� ERWK� ODWHUDOO\� DQG�YHUWLFDOO\��ZLWK� UHVSHFW� WR� VDOLQLW\��ZDWHU� WHPSHUDWXUH�
DQG�VXVSHQGHG�VHGLPHQW�FRQWHQW��.QLJKW��������$PRVH�DQG�/RQJ�������'DOU\PSOH�
HW�DO����������%RULQJ�ELYDOYHV�DQG�WKHLU� WUDFHV�DUH�QRW�SUHVHQW�ZLWKLQ�WKH�UHGXFHG�
VDOLQLW\�DUHD�RI�WKH�'&��DV�ZHOO�DV�WKH�GUDLQDJH�IDQ�SURGXFHG�RYHU�WKH�ORZHU�SRVLWLRQ�
RI�WKH�,70)�DQG�/3��VXJJHVWLQJ�WKDW�WKH�ERULQJ�RUJDQLVPV�SUHIHU�GHSRVLWLRQDO�VXE�
HQYLURQPHQWV� ZLWK� QRUPDO� PDULQH� VDOLQLW\�� +RZHYHU�� QRW� DOO� GHSRVLWLRQDO� VXE�
HQYLURQPHQWV�ZLWK�IXOO\�PDULQH�ZDWHU�VDOLQLW\�SRVVHVV�ERULQJ�ELYDOYHV��VXJJHVWLQJ�
WKDW�VDOLQLW\�LV�QRW�WKH�RQO\�FRQWURO�RQ�ERULQJ�GLVWULEXWLRQ��

:DWHU�HQHUJ\��7KH�YHORFLW\�RI�ZDWHU�LV�YDULDEOH�DFURVV�WKH�GLIIHUHQW�GHSRVLWLRQDO�
VXE�HQYLURQPHQWV�DQG�YDULHV�WKURXJKRXW�WKH�ÀRRGLQJ�DQG�HEELQJ�WLGHV��7KH�'&2'�
DQG�&)�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�DUH�WKH�ODVW�DUHDV�WR�GUDLQ�DV�WKH�HEELQJ�WLGH�
DQG�WKH�¿UVW�WR�¿OO�GXULQJ�WKH�ÀRRGLQJ�WLGH��:DWHU�LV�FKDQQHOHG�WKURXJK�WKH�'&2'�
DQG�RYHUÀRZV�RQWR�WKH�/3�DQG�HYHQWXDOO\�WR�KLJKHU�HOHYDWHG�VXE�HQYLURQPHQWV�DV�
WKH� WLGH�ÀRRGV��:DWHU�YHORFLW\�GHFUHDVHV�DV�HOHYDWLRQ� LQFUHDVHV�GXH� WR� WKH�ZDWHU�
H[SDQGLQJ�RYHU�D�EURDGHU�DUHD��6LPLODU�ZDWHU�YHORFLWLHV�DUH�SUHVHQW�ZLWK�WKH�HEELQJ�
WLGH��:DWHU�YHORFLWLHV�DFURVV�WKH�VWXG\�DUHD�DUH�XQNQRZQ�GXULQJ�KLJK�WLGH��

:LWKLQ�WKH�VWXG\�DUHD��ERULQJ�ELYDOYHV�SUHIHU�DUHDV�WKDW�H[SHULHQFH�KLJKHU�ZDWHU�
YHORFLWLHV�� %RULQJ� GHQVLWLHV� UHDFK� XS� WR� ����� ��P�� DUHD�ZLWKLQ�'&2'��ZKHUHDV�
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DUHDV�WKDW�KDYH�VORZ�ÀRZLQJ�ZDWHU�KDYH�ORZHU�ERLQJ�GHQVLWLHV��L�H��GHQVLW\�LQ�73�
UHDFKHV�XS�WR�������P��DUHD���)LJ�����%���Zirfaea pilsbryi are located within areas 
WKDW� KDYH� D� KLJKHU� PD[LPXP� HQHUJ\� OHYHO�� VXFK� DV� '&2'� DQG� 73'�� ZKHUHDV�
Petricola pholadiformis UHVLGH�ERWK�LQ�DUHDV�WKDW�KDYH�IDVW�ÀRZLQJ�ZDWHU�DV�ZHOO�DV�
DUHDV�RI�VWDQGLQJ�RU�VOXJJLVK�ÀRZLQJ�ZDWHU���)LJ�����$���$OWKRXJK�DOO�GHSRVLWLRQDO�
VXE�HQYLURQPHQW� DUH� FRPSOHWHO\� VXEPHUJHG� GXULQJ� KLJK� WLGH� DQG� PDQ\� RI� WKH�
GHSRVLWLRQDO� VXE�HQYLURQPHQWV�SRVVHVVLQJ�ERWK�ELYDOYH� WD[D�DUH�GHYRLG�RI�ZDWHU�
GXULQJ�ORZ�WLGH��WKHUH�DUH�VWLOO�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�WKDW�GR�QRW�SRVVHVV�
ERWK�VSHFLHV��7KLV�VXJJHVWV� WKDW� WKH�FRQGLWLRQV�GXULQJ�ÀRRGLQJ��HEELQJ�DQG�KLJK�
WLGHV�SOD\�D�PDMRU�UROH�LQ�ZKHUH�WKH�ELYDOYHV�FDQ�VHWWOH�DQG�JURZ��

6XEVWUDWH��7KH�:ROIYLOOH� )RUPDWLRQ� KDV� EHHQ� LQWHUSUHWHG� DV� EHLQJ� GHSRVLWHG�
ZLWKLQ� D� EUDLGHG� ULYHU� V\VWHP�� DOOXYLDO� IDQ�� HROLDQ� DQG� ODFXVWULQH� GHSRVLWLRQDO�
HQYLURQPHQWV��ZKLFK�SURGXFHV�LQWHUEHGGHG�VDQGVWRQH�DQG�VLOW\�PXGVWRQH��.OHLQ��
������+XEHUW� DQG�0HUW]�� ������2OVHQ�� ������2OVHQ� DQG� 6FKOLVFKH�� ������:DGH�
DW�DO���������/HOHX�HW�DO���������������/HOHX�DQG�+DUWOH\���������%LYDOYHV�SUHIHU�
WR�ERUH�ZLWKLQ�WKH�VLOW\�PXGVWRQH�OD\HUV��EXW�DOVR�ERUH�ZLWKLQ�VDQGVWRQH�ZKHQ�WKH�
VLOW\�PXGVWRQH� LV� DEVHQW��%RULQJV� FDQ� UHDFK� ���� ERULQJV� �� ��P� within the silty 
PXGVWRQH��EXW�UHDFK�XS�WR�����ERULQJV�����P��ZLWKLQ�QHDUE\�VDQGVWRQH��+RZHYHU��
VRPH� VDQGVWRQH� VXUIDFHV� FDQ� UHDFK� KLJKHU� ERULQJ� DEXQGDQFHV� �'&2'�  � �����
ERULQJV�����P����EXW�RWKHU�VDQGVWRQH�VXUIDFHV�DUH�XQLQKDELWDEOH�E\�ERULQJ�ELYDOYHV��
ZKLFK�VXJJHVWV�WKDW�VXEVWUDWH�SOD\V�D�UROH�LQ�ELYDOYH�GLVWULEXWLRQ��EXW�LW�LV�QRW�WKH�
VROH�IDFWRU��

%RULQJ�ELYDOYHV�SUHIHU�DUHDV�DQG�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�ZLWK�PLQLPDO�
VHGLPHQW� RYHUO\LQJ� WKH� EHGURFN�� 7KH� ,70)� LV� YDFDQW� RI�Gastrochaenolites�OLNH�
WUDFHV�GXH�WR�WKH�WKLFN�OD\HU�RI�VLOW\�PXG��7KH�XQFRQVROLGDWHG�PXG�LV�WRR�WKLFN�IRU�
WKH�VLSKRQV�RI�ELYDOYHV�WR�H[WHQG�WKURXJK��+RZHYHU��DORQJ�WUDQVLWLRQDO�DUHDV�ZKHUH�
PXG� LV� WKLQQHU�� VXEVWUDWH�ZLWK�PXGG\�VHGLPHQW�YHQHHU�FDQ�SRVVHVV�ERULQJV��7KH�
/3��'&2'�DQG� ,76)�KDYH�ERULQJV�ZKHUH� VHGLPHQW�RYHUO\LQJ� WKH�EHGURFN� LV����
FP�WKLFN��,W�LV�XQFHUWDLQ�ZK\�WKHUH�LV�D���FP�WKUHVKROG�IRU�WKH�ERULQJV�ELYDOYHV��EXW�
QR�ERULQJV�ZHUH�IRXQG�XQGHU�WKLFNHU�VHGLPHQW�OD\HUV��%RULQJ�ELYDOYHV�DOVR�GR�QRW�
UHVLGH�ZLWKLQ�DUHDV�RI�JUDYHO�YHQHHU��7KH�JUDYHO�LV�LQWHUSUHWHG�KHUHLQ�WR�EH�KDUPIXO�
WR�WKH�ELYDOYHV��LW�PD\�SUHYHQWV�VHWWOHPHQW�DQG�JURZWK��WKH�VKLIWLQJ�JUDYHO�OLNHO\�
GDPDJHV�SURWUXGLQJ�VLSKRQV�GXULQJ�LQWHUYDOV�RI�PD[LPXP�ÀRZ��DQG�WKH�VLSKRQV�DUH�
LQVXI¿FLHQWO\�PXVFXODU�WR�SHQHWUDWH�D�JUDYHO�OD\HU�VKRXOG�EXULDO�RFFXU��

$GGLWLRQDO�IDFWRUV��&OLPDWLF�LQÀXHQFHV�DQG�IRRG�UHVRXUFH�SDUDPHWHUV�DOVR�PD\�
SOD\�YLWDO�UROHV�LQ�WKH�GLVWULEXWLRQ�DQG�DEXQGDQFH�RI�ERUHUV�DQG�EXUURZHUV��EHORZ���
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&RQWUROV�RQ�ELRWLF�GLVWULEXWLRQ

:DWHU� DQG� VHGLPHQW� DEXQGDQFH�� 7KH� GLVWULEXWLRQ� RI� RUJDQLVPV� LV� GHSHQGHQW�
RQ�YDULRXV�HQYLURQPHQWDO�DQG�VHGLPHQWRORJLFDO�FRQWUROV�ZLWKLQ�HDFK�GHSRVLWLRQDO�
VXE�HQYLURQPHQW�� 2UJDQLVPV� SUHIHU� GHSRVLWLRQDO� VXE�HQYLURQPHQWV� �,70)�� /3��
&)��'&2'��,76)��73�DQG�73'��WKDW�DUH�VXEPHUJHG�LQ�ZDWHU�WKURXJK�WKH�ORZ�WLGH�
LQWHUYDO��$UHDV� WKDW�DUH�EHWWHU�GUDLQHG��83��5�DQG�/(5��KDYH�D� ORZHU�DEXQGDQFH�
DQG�GLYHUVLW\�RI�RUJDQLVPV��7KLV�VXJJHVWV�WKDW�WKH�RUJDQLVPV�WKDW�DUH�LQ�WKHVH�VXE�
HQYLURQPHQWV�PXVW�ZLWKVWDQG�H[WHQGHG�SHULRGV�RI�H[SRVXUH�DQG�PXVW�EH�DEOH� WR�
SUHYHQW� GHVLFFDWLRQ��Chthamalus fragilis��Fucus sp. and Spongomorpha sp. are 
PRVW� FRPPRQ� RUJDQLVPV� ZLWKLQ� WKH� H[SRVHG� VXE�HQYLURQPHQWV��$UHDV� WKDW� DUH�
VXEPHUJHG�RU�KDYH�ÀRZLQJ�ZDWHU�RYHU�WKH�VXEVWUDWH�FDQ�KDYH�D�ELRWLF�FRPPXQLW\�RI�
���WR����VSHFLHV��ZKLFK�LQFOXGH�ERULQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV��
&RPPXQLWLHV�DUH�PRVW�GLYHUVH�ZLWKLQ�WKH�'&2'�DQG�73��DQG�SRVVHVV�VLPLODU�ELRWLF�
FRPSRQHQWV��VXJJHVWLQJ�WKDW�RUJDQLVPV�DQG�WKHLU�ODUYD�FDQ�EH�UHGLVWULEXWHG�GXULQJ�
KLJK�WLGH��

7KH�PDMRULW\�RI� RUJDQLVPV� WKDW� DUH�SUHVHQW�ZLWKLQ� WKH� ,70)�DUH�QRW� SUHVHQW�
LQ�RWKHU� VXE�HQYLURQPHQWV� DQG� UHO\�RI� WKH� VRXS\�� VLOW\�PXG� VXEVWUDWH� WR�EXUURZ��
7KH� VXEVWUDWH� WKDW� DFFXPXODWHV�KDV� D� WKLFNQHVV�RI������ FP�DQG�DOORZV�D�GLYHUVH�
DVVHPEODJH�RI�RUJDQLVPV�WR�PDNH�WUDFHV��1R�RWKHU�GHSRVLWLRQDO�VXE�HQYLURQPHQW�
KDV�VLOW\�PXG�OD\HUV�RI�WKDW�WKLFNQHVV��ZKLFK�OLPLWV�EXUURZLQJ�ELRWD�WR�WKH�,70)��

&OLPDWLF�LQÀXHQFHV��7KH�%D\�RI�)XQG\�LV�FRQVLGHUHG�D�VXE�SRODU�HQYLURQPHQW��
DQG�LFH�GHYHORSV�GXULQJ�ZLQWHU�DQG�KDV�PDMRU�LPSDFWV�RQ�VHGLPHQWRORJ\��LFKQRORJ\�
DQG� LQIDXQDO�FRPPXQL]DWLRQ� �'LRQQH�������.QLJKW�DQG�'DOU\PSOH��������������
+LFNOLQ�HW�DO���������*RUGRQ�DQG�'HVSODQTXH��������'HVSODQTXH�DQG�%UD\��������
:RRGZRUWK�/\QDV��������'HVSODQTXH�DQG�0RVVPDQ��������'LRQQH��������3HDUVRQ�
DQG�*LQJUDV��������'DOU\PSOH�HW�DO���������'DVKWJDUG�HW�DO���in press���'XH�WR�LFH�
GHYHORSPHQW��VHGLPHQWDWLRQ�LV�ORZ�DQG�PDQ\�LQYHUWHEUDWHV�HLWKHU�KLEHUQDWH�RU�DUH�
NLOOHG�LQ�D�PDVV�GLH�RII�DW�WKH�RQVHW�RI�ZLQWHU��+LFNOLQ�HW�DO���������'DVKWJDUG�HW�DO��
in press���,W�LV�OLNHO\�WKDW�DOO�ELRWD��LQFOXGLQJ�Petricola pholadiformis and Zirfaea 
pilsbryi��DUH�JUHDWO\�LQÀXHQFHG�E\�WKH�VHDVRQDO�FKDQJHV�ZLWKLQ�WKH�%D\�RI�)XQG\��
DQG� GHWHUPLQLQJ� WKH� KRZ� ELRWD� DUH� HIIHFWHG� E\� VHDVRQDO� FKDQJHV� LV� D� SRWHQWLDO�
DYHQXH�IRU�IXWXUH�UHVHDUFK��

)RRG�UHVRXUFHV��)RRG�UHVRXUFHV�PD\�SOD\�D�GLVWLQFW�UROH�LQ�ELRWD��DQG�WKHUHE\�
ERULQJV�DQG�EXUURZ��DEXQGDQFH�DQG�GLVWULEXWLRQ��7KH�PHJDWLGDO�VHWWLQJ�SURGXFHV�
D� GDLO\� ÀX[� RI� QXWULHQW� LQSXW� IURP� WKH� RFHDQ� LQWR� WKH� HVWXDULQH� HPED\PHQW��
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$GGLWLRQDOO\��DOJDO�DQG�GLDWRP�EORRPV�ZLWKLQ�ÀXYLDO�V\VWHPV�IHHGLQJ�LQWR�WKH�%D\�
RI�)XQG\�DOVR�LQÀXHQFH�IRRG�UHVRXUFH�GLVWULEXWLRQ�ZLWKLQ�WKH�HPED\PHQW�V\VWHP��
1R�UHVHDUFK�ZDV�IRXQG�WR�VXSSRUW�RU�UHMHFW�WKLV�K\SRWKHVLV��DQG�IXUWKHU�UHVHDUFK�RQ�
D�UHJLRQDO�VFDOH�PD\�SURYLGH�LQVLJKW�RQWR�WKH�IRRG�UHVRXUFH�DYDLODELOLW\�WKURXJKRXW�
WKH�%D\�RI�)XQG\�

&203$5,621�72�TRYPANITES�7<3( ,&+12)$&,(6�$7�$5&$',$�
%($&+�67$7(�3$5.��25(*21

7KH�PRGHUQ� H[DPSOHV�RI�Trypanites�W\SH� LFKQRIDFLHV� DW�/LRQ�5RFN��$UFDGLD�
%HDFK� 6WDWH� 3DUN�� 2UHJRQ� �GLVFXVVHG� ZLWKLQ� &KDSWHU� �� RI� WKLV� WKHVLV�� DQG� QHDU�
7KRPDV�&RYH��1RYD�6FRWLD� �GLVFXVVHG�KHUHLQ�� UHSUHVHQW� WZR�GLIIHUHQW� H[DPSOHV�
RI�ERUHG�VLOLFLFODVWLF�KDUGJURXQG��%RWK�ORFDOLWLHV�H[KLELW�KLJK�GHQVLWLHV�RI�ERULQJV��
ZLWK�D�PD[LPXP�RI�a�����ERULQJV���P���$�GLYHUVH�DVVHPEODJH�RI�HQFUXVWLQJ�DQG�
VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV�DOVR�RFFXUV�RQ� WKH�ERUHG�VXUIDFHV��2YHU����VSHFLHV�
RI� RUJDQLVPV�ZHUH� LGHQWL¿HG� DW�/LRQ�5RFN� DQG�RYHU� ���RFFXU� DW�7KRPDV�&RYH��
7KH�GLVWULEXWLRQV�RI�WKHVH�RUJDQLVPV�GLIIHU�JUHDWO\�EHWZHHQ�WKH�WZR�ORFDOLWLHV�EDVHG�
RQ�IRXU�IXQGDPHQWDO�HQYLURQPHQWDO�GLIIHUHQFHV��)LUVW��/LRQ�5RFN�LV�ORFDWHG�DORQJ�
WKH�3DFL¿F�&RDVW�ZLWKLQ�D�PLFURWLGDO��LQWHUWLGDO��IRUHVKRUH�VHWWLQJ��ZKHUHDV�7KRPDV�
&RYH�RFFXUV�ZLWKLQ�WKH�PHJDWLGDO��HVWXDULQH�HPED\PHQW�RI�WKH�%D\�RI�)XQG\�DORQJ�
WKH�$WODQWLF�FRDVW��7KH�GLIIHUHQFH�LQ�RFHDQLF�DQG�WLGDO�VHWWLQJV�GLFWDWHV�ZKDW�VSHFLHV�
RI�RUJDQLVPV�FDQ�UHVLGH�ZLWKLQ�WKH�WZR�ORFDOLWLHV��6HFRQGO\��/LRQ�5RFN�LV�ORFDWHG�
ZLWKLQ� D� WHPSHUDWH� HQYLURQPHQW� DQG�GRHV�QRW� H[SHULHQFH�ZLQWHU� IUHH]LQJ� WKDW� LV�
VHHP�LQ�WKH�%D\�RI�)XQG\��VXE�SRODU�HQYLURQPHQW���7KH�ODFN�RI�LFH�GXULQJ�WKH�ZLQWHU�
DW�/LRQ�5RFN�SUHYHQWV�D�PDVV�GLH�RII�WR�RFFXU��PDNLQJ�WKH�ELRWLF�FRPPXQLW\�PRUH�
VWDEOH�DQG�FRQVLVWHQW�WKURXJKRXW�WKH�\HDU��7KH�HQYLURQPHQWDO�GLIIHUHQFHV�RI�WKH�WZR�
ORFDOLWLHV�PD\�JUHDWO\�LQÀXHQFH�IRRG�UHVRXUFHV�DQG�LPSDFW�RUJDQLVP�GLVWULEXWLRQ��
7KLUGO\��7KRPDV�FRYH�KDV�D�VLJQL¿FDQW�DPRXQW�RI�VXVSHQGHG�VHGLPHQW�ZLWKLQ�WKH�
ZDWHU�FROXPQ�GXULQJ�KLJK�WLGH�DV�FRPSDUHG�WR�/LRQ�5RFN��7KLV�FDQ�SUHYHQW�VXVSHQVLRQ�
IHHGLQJ�RUJDQLVPV�ZLWK�GHOLFDWH�IHHGLQJ�DSSDUDWXVHV�IURP�UHVLGLQJ�ZLWKLQ�WKH�%D\�RI�
)XQG\��/DVWO\��/LRQ�5RFN�LV�D�VHD�VWDFN�DQG�SURYLGHV�D�YHUWLFDOO\�RULHQWHG�VXEVWUDWH�
IRU�ELRWLF�VHWWOHPHQW��ZKHUHDV�7KRPDV�&RYH�LV�DQ�H[SDQVLYH�KRUL]RQWDO�VXUIDFH�RI�
PXOWLSOH�WHUUDFHV�RI�GLIIHUHQW�HOHYDWLRQV��'LVWLQFW�OLWWRUDO�]RQHV�DUH�IRUPHG�DW�/LRQ�
5RFN�GXH�WR� WKH�YHUWLFDO�QDWXUH�RI� WKH�VXEVWUDWH�DQG�WKH�HQYLURQPHQWDO�FRQGLWLRQ�
ZLWKLQ�WKH�PLFURWLGDO�VHWWLQJ��+RZHYHU��WKH�Trypanites�W\SH�LFKQRIDFLHV�DW�7KRPDV�
&RYH�ODFN�GLVWLQFW�OLWWRUDO�]RQDWLRQ�DQG�RUJDQLVP�GLVWULEXWLRQ�LV�GHSHQGHQW�RQ�ZDWHU�
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HQHUJ\�DQG�VHGLPHQW�YHQHHU��7KH�%D\�RI�)XQG\�LV�PHJDWLGDO�DQG�DOO�GHSRVLWLRQDO�
VXEHQYLURQPHQWV�DUH�VXEPHUJHG�DQG�H[SRVHG�WZLFH�D�GD\��WKXV�SUHYHQWLQJ�GLVWLQFW�
OLWWRUDO�]RQHV�IURP�IRUPLQJ��$OWKRXJK�VLJQL¿FDQW�HQYLURQPHQWDO�GLIIHUHQFHV�GLFWDWH�
WKH�GLVWULEXWLRQ�RI�ELRWD�� WKH�GLYHUVLW\�DW�ERWK� ORFDOLWLHV�JUHDWO\�H[FHHGV� UHSRUWHG�
diversity of ancient Trypanites�LFKQRIDFLHV�FRPPXQLWLHV��3DOPHU��������*LEHUW�HW�
DO���������-RKQVRQ�DQG�%DDUOL��������%URPOH\��������

,03/,&$7,216�)25�7+(�52&.�5(&25'

7KH�PRGHUQ�DQDORJ�QHDU�7KRPDV�&RYH�GHPRQVWUDWHV�DQ�H[WHQVLYH�Trypanites�
W\SH� FRPPXQLW\� FKDUDFWHUL]HG� E\� D� PXFK� KLJKHU� GLYHUVLW\� DQG� DEXQGDQFH� WKDQ�
H[DPSOHV�ZLWKLQ�WKH�URFN�UHFRUG��H�J��3DOPHU��������*LEHUW�HW�DO����������7KLV�VWXG\�
GRFXPHQWHG�RYHU����VSHFLHV�RI�HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�RUJDQLVPV�DQG�WZR�
ERULQJ�ELYDOYHV�WKDW�UHVLGH�DORQJ�WKH�VXUIDFHV��6LPLODU�¿QGLQJV�DUH�IRXQG�ZLWKLQ�RWKHU�
PRGHUQ�VHWWLQJV��VHH�&KDSWHU�����$OWKRXJK�SDOHRQWRORJ\�DQG�LFKQRORJ\�IUHTXHQWO\�
UHO\�RQ�QHRDFWXDOLVP� IRU� LQWHUSUHWLQJ�DQFLHQW� VXFFHVVLRQV��PDQ\�RUJDQLVPV�KDYH�
D� ORZ� SUHVHUYDWLRQ� SRWHQWLDO��ZKLFK� FRQFHDOV� WKH� WUXH� GLYHUVLW\� RI�PDQ\� DQFLHQW�
PDULQH�FRPPXQLWLHV��Trypanites ichnofacies are typically associated with erosive 
SURFHVVHV� LQ� KLJK�HQHUJ\� HQYLURQPHQWV�� ZKLFK� GR� QRW� IDYRU� ELRWLF� SUHVHUYDWLRQ�
SURFHVVHV��*LEHUW�HW�DO����������7KHUHIRUH��RUJDQLVPV�WKDW�PRGLI\�WKH�VXEVWUDWH�DUH�
PRVW� OLNHO\� WR� EH� SUHVHUYHG�ZKHUHDV� WKRVH� WKDW� HQFUXVW� XSRQ� WKH� VXEVWUDWH� KDYH�
PXFK�ORZHU�SUHVHUYDWLRQ�SRWHQWLDO�

)HZ�VSHFLHV�RI�RUJDQLVPV�FDQ�ERUH�ZLWKLQ�IXOO\�OLWKL¿HG�VXEVWUDWHV��-RKQVRQ�DQG�
%DDUOL��������7D\ORU�DQG�:LOVRQ��������%URPOH\��������*LEHUW�HW�DO����������2I�WKRVH�
WKDW�GR��VLPLODU�WUDFHV�DUH�FRPPRQO\�SURGXFHG�DQG�WKXV�LFKQRWD[RQRPLF�GLYHUVLW\�
PDNHV�D�SRRU�SUR[\�IRU�DVVHVVLQJ�ELRWLF�GLYHUVLW\��:LWKLQ�WKLV�VWXG\�� WZR�VSHFLHV�
RI� ELYDOYHV��Petricola pholadiformis and Zirfaea pilsbryi��PHFKDQLFDOO\�SURGXFH�
Gastrochaenolites�W\SH�WUDFHV��:LWKLQ�VLPLODU�PRGHUQ�VWXGLHV��XS�WR�IRXU�VSHFLHV�RI�
ERULQJ�ELYDOYHV�FDQ�SURGXFH�VLPLODU�WUDFHV�DQG�UHVLGH�ZLWKLQ�FORVH�SUR[LPLW\�WR�HDFK�
RWKHU��&KDSWHU�����:KHQ�RUJDQLVPV�DUH�QRW�SUHVHUYHG�DV�ERG\�IRVVLOV��LQWHUSUHWDWLRQV�
RI�ELRWLF�GLYHUVLW\�DUH�EDVHG�VROHO\�RQ�WUDFHV�IRVVLO�GLYHUVLW\��ZKLFK�LQ�Trypanites�
W\SH� FRPPXQLWLHV� JURVVO\� XQGHUUHSUHVHQWV� WKH� WUXH� GLYHUVLW\� DVVRFLDWHG�ZLWK� WKH�
VXUIDFH��$GGLWLRQDOO\��HURGHG�Gastrochaenolites�ERULQJV�SUHVHUYHG�ZLWKLQ�WKH�URFN�
UHFRUG� PD\� UHVHPEOH� RWKHU� GHVFULEHG� WUDFHV�� 7D[RQRPLF� YDULDQFH� RI� FOXVWHUHG�
Gastrochaenolites�PD\�DSSHDU�VLPLODU�WR�UHPQDQW�RU�HURGHG�Balanoglossites�W\SH�
VDFV��EXW�WKLV�ZRXOG�EH�D�VHFRQGDU\�LQWHUSUHWDWLRQ�DW�EHVW��7KXV��IXUWKHU�FRPSOLFDWLQJ�
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WKH�LGHQWL¿FDWLRQ�RI�WUDFHV�DQG�WUDFHPDNHUV�DVVRFLDWHG�ZLWK�Trypanites�LFKQRIDFLHV��
The Trypanites�W\SH�DVVHPEODJH�QHDU�7KRPDV�&RYH�LV�DQ�H[FHSWLRQDO�H[HPSODU�

RI�DQ�H[WHQVLYH��ERUHG�VLOLFLFODVWLF�KDUGJURXQG��IHZ�RI�ZKLFK�EHHQ�UHSRUWHG�IURP�WKH�
URFN�UHFRUG��IXUWKHU�GLVFXVVHG�ZLWKLQ�&KDSWHU�����([WHQVLYH�Trypanites ichnofacies 
DUH�UDUHO\�GRFXPHQWHG��L�H��/HGHVPD�9i]TXH]�DQG�-RKQVRQ��������&DFKmR��������
DQG�ERUHG�VXUIDFHV�DUH�IUHTXHQWO\�OLPLWHG�WR�D�IHZ�RXWFURSV�ZLWKLQ�UHODWLYH�VPDOO�
JHRJUDSKLF�DUHD��$W�7KRPDV�&RYH��WKH�Trypanites�W\SH�DVVHPEODJH�H[WHQGV�RYHU�D�
��������P��������NP���DUHD�ZLWKLQ�WKH�VWXGLHG�DUHD�DQG�LV�PDGH�XS�RI�PXOWLSOH�VXUIDFHV�
RI�YDULRXV�HOHYDWLRQV��%RUHG�VXUIDFHV�RI�PXOWLSOH�HOHYDWLRQV�UHVXOW�IURP�GLIIHUHQW�
EHGURFN�DQG�HQYLURQPHQWDO�FKDUDFWHULVWLFV�DQG�KDYH�WKH�SRWHQWLDO�WR�EH�SUHVHUYHG�
ZLWKLQ� WKH�URFN�UHFRUG�DV�RQH�RU�PXOWLSOH�VXUIDFHV��$GGLWLRQDOO\��Trypanites�W\SH�
VXUIDFHV�PD\�FRH[LVW�ZLWK�VRIW�JURXQG�LFKQRIDFLHV��IRUPLQJ�FRPSOH[�LFKQRFRHQRVH�

7KLV�VWXG\�SURYLGHV�D�VSHFL¿F�JOLPSVH�LQ�WLPH�IRU�GHVFULELQJ�Trypanites�W\SH�
LFKQRIDFLHV�� ,W� LV� XQFHUWDLQ� KRZ� WKLV� VWXG\� DUHD� ZRXOG� FKDQJH� RQ� WKH� VFDOH� RI�
GHFDGHV�DQG�FHQWXULHV��&XUUHQWO\��HOHYHQ�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�DUH�SUHVHQW�
ZLWKLQ� WKH�VWXG\�DUHD�DQG�VRPH�KDYH�GLVWLQFW�ERXQGDULHV�EHWZHHQ�DUHDV�RI�ERUHG�
DQG�XQERUHG�VXEVWUDWH��&)��'&2'��,76)��73��HWF����ZKHUHDV�RWKHU�DUHDV�KDYH�PRUH�
JUDGXDO� ERXQGDULHV� �83�� ,70)�� /3���$EUXSW� IDFLHV� ERXQGDULHV�� VSRUDGLF� ERULQJ�
GLVWULEXWLRQ��PXOWLSOH� OHYHOV� RI� ERUHG� VXEVWUDWHV� DQG� LFKQRFRHQRVLV� DUH� FRPPRQ�
WKURXJKRXW� WKH� VWXG\� DUHD�� 7KH� PLJUDWLRQ� DQG� SUHVHUYDWLRQ� RI� WKH� GHSRVLWLRQDO�
VXE�HQYLURQPHQWV� UHPDLQV� XQNQRZQ� DQG� WKH� LGHQWL¿FDWLRQ� RI� GHSRVLWLRQDO� VXE�
HQYLURQPHQWV�PD\�EH�LPSRVVLEOH�ZLWKLQ�WKH�URFN�UHFRUG��+RZHYHU��LW�LV�LPSRUWDQW�
WR�UHFRJQL]H�WKH�ELRWLF�DQG�VHGLPHQWRORJLF�SRWHQWLDO�RI�Trypanites ichnofacies

&21&/86,216

7KRPDV�&RYH� LV� D�PRGHUQ� H[DPSOH�RI� DQ� H[WHQVLYH�� VLOLFLFODVWLF�Trypanites�
W\SH� LFKQRIDFLHV�� 7ZR� VSHFLHV� RI� ELYDOYHV��Petricola pholadiformis and Zirfaea 
pilsbryi��SURGXFH�DQ�LFKQRFRHQRVLV�RI�Gastrochaenolites�W\SH�WUDFHV�SURGXFHG�E\�
PXOWLSOH�JHQHUDWLRQV�RI�ERUHUV�RQ�PXOWLSOH�VXUIDFHV�RI�GLIIHUHQW�HOHYDWLRQV��)RUPV�
SURGXFHG� DUH� VLPLODU� WR� WKH� DQFLHQW� WUDFHV� RI�Gastrochaenolites turbinatus and 
Gastrochaenolites ornatus DQG�DUH�SURGXFHG�E\�P. pholadiformis and Z. pilsbryi 
UHVSHFWLYHO\��([WHQVLYH�K\GURG\QDPLF�HURVLRQ�ZLGHQV�DQG�H[SRVHV�ERULQJ�FKDPEHUV�
WR�WKH�VXUIDFH��%RULQJV�KDYH�D�SDWFK\�GLVWULEXWLRQ�ZLWKLQ�PXOWLSOH�HOHYDWLRQV�LQVLGH�
D�VPDOO�JHRJUDSKLF�DUHD��DQG�KDYH�WKH�SRWHQWLDO�WR�EH�SUHVHUYHG�DV�PXOWLSOH�VXUIDFHV�
ZLWKLQ�WKH�URFN�UHFRUG��2YHU����VSHFLHV�RI�ERULQJ��HQFUXVWLQJ�DQG�VTXDWWLQJ�FOLQJLQJ�
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RUJDQLVPV�RFFXU�ZLWKLQ�WKH�HOHYHQ�GHSRVLWLRQDO�VXE�HQYLURQPHQWV�ZLWKLQ�WKH�VWXG\�
DUHD� DQG� HDFK� H[KLELWV� GLVWLQFWLYH� VHGLPHQWDU\� VWUXFWXUHV�� VRIW� VHGLPHQW� WUDFHV��
ERULQJV�DQG�ELRWD��ZKLFK�DUH�GHSHQGHQW�XSRQ�SK\VLFDO�SDUDPHWHUV�RI�WKH�GLIIHUHQW�
VXE�HQYLURQPHQWV��7KH�PRGHUQ�DQDORJ�RI�D�Trypanites�W\SH�LFKQRIDFLHV�DW�7KRPDV�
&RYH� UHYHDOV� WKDW� ERUHG� KDUGJURXQG� LFKQRIDFLHV� ZLWKLQ� WKH� URFN� UHFRUG� FDQ� EH�
PDGH�XS�RI�PXOWLSOH�VXUIDFHV�DQG�UHSUHVHQW�FRPPXQLWLHV�ZLWK�KLJKHU�GLYHUVLW\�DQG�
DEXQGDQFH�RI�ELRWLF�FRPPXQLWLHV�WKDQ�SUHYLRXVO\�GHVFULEHG��
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CHAPTER 4: SUMMARY AND CONCLUSIONS

This thesis investigates Trypanites-type ichnofacies at two North American 
localities, to identify the ecology, neoichnology, sedimentology and environmental 
conditions surrounding siliciclastic, bored hardgrounds. Trypanites ichnofacies 
throughout geological time have been hypothesized as having a generally low 
biological diversity and are frequently associated with erosional exhumed substrates 
and erosional disconformities (Bromley, 1975; Frey and Seilacher, 1980; Brett, 
1988; Pemberton, 2003; Gibert et al., 2012). However, this study provides deeper 
insights into the variety of biota and sedimentary processes associated with these 
LFKQRIDFLHV��$�VXPPDU\�RI�PDMRU�¿QGLQJV�IURP�WKH� WZR�ORFDOLWLHV� LV�SURYLGHG�DV�
Table 4-1. 

Lion Rock is a sea stack composed of Eocene age Astoria Formation sandstone 
(Angora Peak Member) and Columbia Flood Basalt (Grande Ronde Basalt, 
Ortley Unit), which is located within the foreshore of Arcadia Beach State Park, 
Oregon. Exposed tide- and wave-wetted sandstones are bored and the exposed 
basalts are not. Borings are produced by Adula californiensis, Hiatella arctica, 
Penitella penita and Zirfaea pilsbryi. All bivalves produce traces similar to the 
trace fossils Gastrochaenolites turbinatus, except Hiatella arctica, which produces 
forms similar to the ancient trace of cf. Gastrochaenolites lapidicus. Five littoral 
zones are present (supra-, upper-, middle-, lower- and sublittoral), whereupon over 
40 species of boring, encrusting and squatting/clinging biota reside. The newly 
established sublittoral zone is described here as being the lowermost littoral zone 
DQG�LV�JUHDWO\�LQÀXHQFHG�E\�VKLIWLQJ�IRUHVKRUH�VDQG��ZKLFK�SUHYHQWV�WKH�PDMRULW\�
of biota from residing within this area. Gastrochaenolites-type traces are present 
within the sublittoral and lower littoral zones, and infrequently within the lower 
portion of the middle littoral zone. Occupied traces are present within the sublittoral 
and lower littoral zones, but the distribution of occupied versus unoccupied borings 
cannot be determined due to the endolithic nature of the boring bivalves. Where 
Gastrochaenolites-type traces are eroded, the internal chamber can be exposed 
to the surface. The bowl shaped, eroded chambers provide macro-habitats, 
wherein multiple species and multiple individual organisms can be present. It is 
hypothesized that the Gastrochaenolites-type traces increase the surface area in 
which organisms can inhabit, provide a smooth surface for attachment and offer 
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Lion Rock Thomas Cove

Location 3DFL¿F�&RDVW��2UHJRQ Atlantic Coast; Bay of 
Fundy, Nova Scotia

Climatic Zones Temperate Sub-polar

Environmental Setting Wave exposed, sea stack on 
the intertidal foreshore

Multiple elevated terraces 
of exposed bedrock within 
an estuarine embayment

Tidal Setting Microtidal Megatidal

Salinity Fully marine Fully marine

Bedrock Substrate Astoria Formation 
sandstone (Angora Peak 
Member) 

Wolfville Formation; 
Sandstone and silty 
mudstone

Boring Bivalves Adula californiensis
Hiatella arctica
Penitella penita
Zirfaea pilsbryi

Petricola pholadiformis 
Zirfaea pilsbryi

Ancient equivalent to 
modern forms

Gastrochaenolites 
turbinatus

Gastrochaenolites 
lapidicus?

Gastrochaenolites 
turbinatus

Gastrochaenolites ornatus

Maximum Density of 
Borings within a 15 cm by 
15 cm area

80 20

Controls on borings Lithology
Water depth
Water energy
Shifting sediment

Salinity
Water energy 
Substrate type

Diversity of encrusting 
and squatting/clinging 
organisms

42 species 35 species

Soft sediment traces 
(ancient equivalent to 
modern forms)

N/A Arenicolites
Aulichnites
Coenobichnus
Coenobichnus/Diplichnites
Polykladichnus
Psilonichnus
Siphonichnus
Skolithos
Stellet interface deposit 

feeding traces

Table 4-1. Major conclusions from Lion Rock and Thomas Cove. 
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protection to the organisms from breaking waves. The presence of these exposed 

Gastrochaenolites�DVVRFLDWHG� FKDPEHUV� DOORZ� VSHFL¿F� VSHFLHV� RI� HQFUXVWLQJ� DQG�
squatting/clinging organisms (i.e. nudibranch, chitons, calcareous tube worms) to 

be present, whereas within areas of unbored substrate (i.e. two seaward, basalt sea 

stacks), macro-habitats are not present. 

The Trypanites-type ichnofacies near Thomas Cove is located at Economy 

Point, Nova Scotia, within the Bay of Fundy. The ichnofacies is formed within the 

multiple elevated terraces of Triassic sandstone and silty mudstone of the Wolfville 

Formation. Traces produced are similar to the trace fossils Gastrochaenolites 
turbinatus and Gastrochaenolites ornatus and are produced by P. pholadiformis 
and Z. pilsbryi respectively. The ichnocoenosis is produced by multiple generations 

of borers on multiple surfaces of different elevations. In addition, over 30 species 

of boring, encrusting and squatting/clinging organisms are found within the eleven 

depositional sub-environments of the study area. Distinct littoral zones, which are 

present at Lion Rock, are absent due to the Bay of Fundy being megatidal and 

the study area being completely submerged and completely exposed on a daily 

basis. However, each sub-environment has distinctive sedimentary structures, soft 

sediment traces, borings and biota, which are resulted from physical parameters of 

the different sub-environments. Observations here suggest that shifting sediment 

thickness, sediment grain size, substrate type, water energy, water depth and 

salinity are all important parameters in determining where organisms can reside. 

Showing statistical interdependence of these parameters is a promising avenue of 

future investigation. 

The two localities are environmentally very different (see Table 4-1) and 

three main factors render dissimilarities in the two Trypanites-type ichnofacies. 

Firstly, Thomas Cove has more shifting sediment over the studied area than seen 

at Lion Rock. Shifting sediment veneers form sedimentary structures and sediment 

thickness, which likely mitigates larval recruitment. Areas covered by sediment 

can be unbored, as seen at Thomas Cove, or can be previously bored, like at Lion 

Rock. Although Trypanites ichnofacies are associated with erosional processes, 

shifting sediment can be locally present. Secondly, climatic controls associated 

with the two localities ascribe to differences in temperature and seasonal patterns. 

The Bay of Fundy is considered a sub-polar environment, and ice develops 

during winter and has major impacts on sedimentology, ichnology and infaunal 

communization (Dionne 1972; Knight and Dalrymple, 1975, 1976; Hicklin et al., 

1980; Gordon and Desplanque, 1983; Desplanque and Bray, 1986; Woodworth-
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Lynas, 1995; Desplanque and Mossman, 1998, Dionne, 1998; Pearson and Gingras, 

2006; Dalrymple et al., 2011; Dashtgard et al., in press). Due to ice development, 

sedimentation is low and many invertebrates either hibernate or are killed in a mass 

die-off at the onset of winter (Hicklin et al., 1980; Dashtgard et al, in press). Whereas, 

the Oregon coast has a temperate climate and no ice forms within the foreshore and 

VHD� VWDFN� HQYLURQPHQW� WR� LQÀXHQFH� FRORQL]DWLRQ� DQG� VHGLPHQWDWLRQ��+RZHYHU�� LW�
LV�OLNHO\�WKDW�WKH�VKLIWLQJ�IRUHVKRUH�VDQG�DW�$UFDGLD�%HDFK�LV�JUHDWO\�LQÀXHQFHG�E\�
ZLQWHU� VWRUPV��ZKLFK�PD\� JUHDWO\� LQÀXHQFH� ELRWLF� DVVHPEODJHV�� &ROOHFWLQJ� GDWD�
and observations on this would also be a promising avenue of future investigation. 

Lastly, coastal blooms of diatoms and algae provide a substantial food-recourse for 

organisms on the Oregon coast. This allows for a high diversity of organisms (46 

reported species) to reside within and upon the sea stack. Food-resources are very 

different within the Bay of Fundy and it is uncertain if they are better or worse than 

WKDW�RI�WKH�3DFL¿F�FRDVW�RI�2UHJRQ��+RZHYHU��LW�LV�PRVW�OLNHO\�WKDW�IRRG�UHVRXUFHV�
FRPH�IURP�WKH�RFHDQ�DQG�DUH�LQÀXHQFHG�ZLWK�WKH�WLGHV�DQG�VHDVRQDO�ÀXFWXDWLRQV��
Thomas Cove has a slightly lower diversity of organisms (37 species observed), 

ZKLFK�PD\�EH�UHÀHFWLYH�RI�IRRG�DYDLODELOLW\��7KLV�LGHD�KDV�\HW�WR�EH�WHVWHG�E\�WKH�
science community and may lead to data, which supports this and other research 

projects. In the rock record, then, boring distributions and biotic diversities may 

EH�LQÀXHQFHG�E\�PDQ\�RI�WKH�DIRUHPHQWLRQHG�IDFWRUV��DQG�LW�LV�VWLOO�XQFOHDU�KRZ�WR�
resolve this multidimensional interdependency.

The overall biotic diversity is moderately high within the two study areas (Table 

4-2), but the majority of organisms have a low preservation potential within the 

URFN� UHFRUG�� ZKLFK� PDNHV� WKH� LGHQWL¿FDWLRQ� RI� DQFLHQW� Trypanites assemblages 

be based solely on trace fossils. The diversity of trace fossils associated with the 

modern bored hardground is variable, but multiple organisms make very similar 

traces. Within this study, Adula californiensis, Hiatella arctica, Penitella penita, 

Petricola pholadiformis and Zirfaea pilsbryi all produce Gastrochaenolites-type 

traces, and can reside within close proximity to one another within their respective 

localities. At ancient localities, it is almost impossible to identify the boring taxon 

beyond class where body fossils are not present, which diminishes our ability to 

assess the biodiversity represented by the fossil assemblage. Likewise, encrusting 

and squatting/clinging organisms are rarely preserved, which further hinders the 

evaluation of diversity of ancient Trypanites-associated assemblages. 

The modern Trypanites-type ichnofacies studied within this thesis demonstrate 

that bored hardgrounds represent a much more vibrant and dynamic environment 
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Lion Rock Thomas Cove

Annelid Amphiporus imparispinosus
Eudistylia vancouveri 
Phylloplana viridis 
Serpula columbiana
Tubulanus polymorphus

Cerebratulus lacteus
Enchytraeus sp.
Glycera sp. 
Heteromastus sp.
Lanice sp. 
Nereis sp.

Arthropod Balanus glandula
Carcinus maenas 
Chthamalus dalli
Hesperibalanus hesperius
Ligia pallasii
Pagurus hirsutiusculus  
Pentidotea wosnesenskii
Pollicipes polymerus
Semibalanus cariosus 

Cancer irroratus
Carcinus maenas
Chthamalus fragilis
Corophium volutator
Eualus sp.
Libinia dubia 
Lysianopsis alba
Pagurus sp.

Bryozoan Encrusting bryozoan Flustra foliacea
Chordate Oligocottus maculosus

Styela montereyensis
Myoxocephalus scorpius

Cnidarian Anthopleura elegantissima 
Anthopleura xanthogrammica

Echinoderm Pisaster ochraceus

Mollusca Acanthodoris nanaimoensis
Adula californiensis
Aeolidia papillosa
Diodora sp.
Hermissenda crassicornis
Hiatella arctica
Katharina tunicata
Lirabuccinum dirum
Littorina sp.
Lottia sp.
Mopalia muscosa
Mytilus californianus
Mytilus trossulus
Nucella sp. 
Penitella penita
Zirfaea pilsbryi

Acmaea testudinalis
Buccinum undatum
Crepidula fornicata
Littorina saxatilis
Lunatia heros
Macoma balthica
Mya arenaria
Nassarius truvuttatus
Petricola pholadiformis 
Zirfaea pilsbryi

Porifera Didemnum sp.
Microciona prolifera

Plants Calliarthron sp.
Cladophora sp.
Endocladia muricata
Hedophyllum sessile
Lithothamnion sp. 
Mastocarpus papillatus 
Mazzaella parksii  
Mazzaella splendens 
Ulva intestinalis
Ulva lactuca

Ascophyllym nodosum
Chondrus crispus
Clathromophum sp.
&RUDOOLQD�RI¿FLQDOV
Cystoclonium purpureum
Fucus vesiculosus
Palmaria palmata
Spingomorpha sp. 
Ulva lactuca

Table 4-2. Flora and fauna from Lion Rock and Thomas Cove. 



97

than inferred from the rock record. A high diversity and abundance of boring, 
encrusting and squatting/clinging organisms can reside within and on the 
hardground, and multiple species of bivalves can produce seemingly similar traces 
within a relatively small area. Sedimentation can also occur on the erosive surface 
DQG� LQÀXHQFH� VHWWOHPHQW� DQG�JURZWK�RI� RUJDQLVPV��)URP� WKHVH�PRGHUQ� DQDORJV��
a higher diversity and abundance of organisms and sedimentary traces can be 
DI¿OLDWHG�ZLWK�Trypanites ichnofacies within the rock record. 
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Appendix B: Oregon Organisms

Preface

,GHQWL¿FDWLRQ�RI�RUJDQLVPV�SUHVHQW�ZLWKLQ�WKLV�DSSHQGL[�GR�QRW�QHFHVVDU\�
UHSUHVHQW�D�ULJRURXV�WD[RQRPLF�LQYHVWLJDWLRQ��7KXV��WKH�DSSHQGL[�VKRXOG�
be used as a reference and not a taxonomic assessment of biota present 
DW�$UFDGLD�%HDFK�6WDWH�3DUN��2UHJRQ��
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Transect Point Depositional
sub-environment

Boring taxa Number of 
borings per 1m2

T1 1 ITSF -- --
2 ITSF -- --
3 ITSF -- --
4 ITSF -- --
5 ITSF -- --
6 ITSF P & Z 50
7 ITSF P & Z 20
8 CF -- --
9 DCOD P & Z 880
10 DCOD P & Z 600
11 DCOD P & Z 930
12 DCOD P & Z 130

T1’ 13 LP -- --
T2 14 ITSF -- --

15 ITSF P & Z 60
16 ITSF -- --
17 ITSF P & Z 52
18 CF -- --
19 DCOD P & Z 500
20 DCOD P & Z 700
21 DCOD P & Z 1230
22 CF -- --
23 CF -- --

T2’ 24 LP -- --
T3 25 ITSF -- --

26 ITSF P & Z 600
27 ITSF P & Z 750
28 ITSF -- --
29 CF -- --
30 DCOD P & Z 660
31 DCOD P & Z 1500
32 DCOD P & Z 800
33 CF -- 0

T3’ 34 LP P 600

Appendix Table C1. See next page for table caption. 
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T4 35 TP P 750

36 R -- --

37 R -- --

38 ITSF P 1500

39 CF -- --

40 CF P 1500

41 DCOD P & Z 1300

42 DCOD P & Z 1500

43 DCOD P & Z 900

T4’ 44 LP -- --

T5 45 R -- --

46 R -- --

47 R -- --

48 R -- --

49 R -- --

50 R -- --

51 DCOD P & Z 1500

52 DCOD P & Z 700

53 CF -- --

T5’ 54 LP P 10

T6 55 LP P 350

56 DC -- --

57 LP -- --

T6’ 58 LP -- --

T7 59 TPD P & Z 350

60 TPD P & Z 350

61 LER P & Z 500

62 LER -- --

T7’ 63 LER -- --

Appendix Table C1. Data collected from transects within the study area at Thomas 

Cove, Economy, Nova Scotia, Canada. Transect and data points depicted in study area 

¿JXUH�RI�$SSHQGL[�&��'HSRVLWLRQDO�VXE�HQYLURQPHQWV�DFURQ\PV�DUH�GHQRWHG�ZLWKLQ�³/LVW�
of symbols” section of this thesis. Boring bivalve species include Petricola pholadiformis 

(P) and Zirfaea pilsbryi (Z). Boring densities are tabulated for abundance within a 1 m2 

area.  
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Appendix D: Bay of Fundy Organisms

Preface

,GHQWL¿FDWLRQ�RI�RUJDQLVPV�SUHVHQW�ZLWKLQ�WKLV�DSSHQGL[�GR�QRW�QHFHVVDU\�
UHSUHVHQW�D�ULJRURXV�WD[RQRPLF�LQYHVWLJDWLRQ��7KXV��WKH�DSSHQGL[�VKRXOG�
be used as a reference and not a taxonomic assessment of biota present 
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