
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 

 
 

 
 

 
 

 

 
 

 

 

Coral Health and 
Water Quality 
Evaluations at 
Waiopae Tide Pools, 
Kapoho, Big Island of 
Hawai’i 

by Cheresa Coles 

Abstract 
The Waiopae tide pools contain several reef 

FRPPXQLWLHV�WKDW�KDYH�UHFHQWO\�EHHQ�GHVLJQDWHG� 
DV�D�0DULQH�/LIH�&RQVHUYDWLRQ�'LVWULFW��0/&'��� 
3DWFKHV�RI�FRUDO�DUH�VFDWWHUHG�WKURXJKRXW�WKH�$·D�DQG� 
3D·KRH·KRH�ODYD�VXEVWUDWH�WKDW�PDNH�XS�WKLV�XQLTXH� 
HFRV\VWHP��$�FRQWLQXRXVO\�DQG�UDSLGO\�H[SDQGLQJ� 
FRPPXQLW\�LV�EHLQJ�EXLOW�DURXQG�WKH�WLGH�SRROV��$OO� 
RI�WKH�GZHOOLQJV�KDYH�FHVVSRROV�RU�VHSWLF�V\VWHPV�� 
7KHVH�VHZDJH�V\VWHPV�DOORZ�UDZ�UHVLGHQWLDO�VHZDJH� 
WR�OHDN�GLUHFWO\�LQWR�WKH�XQGHUJURXQG�ZDWHU�WDEOH�WKDW� 
IORZV�LQWR�WKH�WLGH�SRROV��$V�D�FRQVHTXHQFH��H[FHVV� 
nutrients are leached into the coral communities that 
OLYH�LQ�WKH�:DLRSDH�WLGH�SRROV��&RUDO�HFRV\VWHPV�DUH� 
HDVLO\�DIIHFWHG�E\�LQSXWV�RI�QXWULHQWV�WKDW�FDQ�FKDQJH� 
the conditions of the marine environment needed 
IRU�VXUYLYDO��)LHOG�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ� 
.DSRKR��+DZDL·L��86$���ODWLWXGH�����������/RQJLWXGH�� 
ÿ����������WR�GHWHUPLQH�WKH�DPRXQW�RI�EDFWHULD�LQ� 
VHYHUDO�ORFDWLRQV�RI�WKH�0/&'��DV�ZHOO�DV�LQ�DUHDV� 
RXWVLGH�RI�WKH�0/&'��$�WRWDO�RI�HLJKW�ORFDWLRQV�ZHUH� 
PRQLWRUHG�ZHHNO\�RYHU�DQ�HLJKW�PRQWK�SHULRG�� 
%DFWHULDO�OHYHOV�ZHUH�TXDQWLILHG�XVLQJ�WKH�IHFDO� 

indicator bacteria Escherichia coli and Enterobacter 
aerogenes E\�XVLQJ�&ROLVFDQ��WHVWV��,W�ZDV�IRXQG�WKDW� 
the Waiopae tide pool ecosystem contained levels of 
the fecal indicator bacteria E.coli and total bacteria 
FROLIRUPV�LQ�H[FHVVLYH�OHYHOV�DFFRUGLQJ�WR�(3$�DQG� 
VWDWH�JXLGHOLQHV��'XH�WR�WKH�H[FHVV�QXWULHQWV�DQG� 
VHZDJH�LQSXWV�LQWR�WKH�:DLRSDH�WLGH�SRROV��WKH�FRUDO� 
FRPPXQLWLHV�LQ�WKH�WLGH�SRROV�PD\�EH�DW�JUHDW�ULVNV� 
IURP�WKHVH�DQWKURSRJHQLF�VWUHVVHV�� 

Introduction 
&RUDO�HFRV\VWHPV�LQ�WKH�:DLRSDH�WLGH�SRROV� 

FRQVLVW�RI�PDQ\�PDULQH�VSHFLHV��&RUDOV�DUH�D�NH\VWRQH� 
species that defines an ecosystem and provides its 
EDVLF�WKUHHÿGLPHQVLRQDO�VWUXFWXUH��%LUNHODQG��������� 
7KH�SK\OXP�&QLGDULD�FRQVLVWV�RI�PDQ\�RUGHUV�RI� 
FRUDO��7KH�VWRQ\�FRUDOV�DUH�LQ�SK\OXP�&QLGDULD�� 
FODVV�$QWKR]RD��VXEFODVV�+H[DFRUUDOOLD��DQG�RUGHU� 
6FOHUDFWLQLD��7KHVH�FRUDOV�KDYH�DQHPRQH�OLNH�SRO\SV� 
WKDW�VHFUHWH�FDOFLXP�FDUERQDWH�VNHOHWRQV�DQG�OLYH�LQ� 
EHQWKLF�FRORQLHV��&RUDOV�FDQ�UHSURGXFH�ERWK�VH[XDOO\� 
DQG�DVH[XDOO\��,Q�+DZDL·L��WKHUH�DUH�DERXW����VSHFLHV� 
RI�VKDOORZÿZDWHU�FRUDOV�LQ����JHQHUD��+RRYHU��������� 
,Q�WKH�:DLRSDH�WLGH�SRROV�WKHUH�DUH�DERXW�ILYH� 
GRPLQDWH�VSHFLHV�RI�FRUDO�� 

�&RUDOV�DUH�VHVVLOH�EHQWKLF�DQLPDOV��7KLV� 
RUJDQLVP·V�VXUYLYDO�LV�FRPSOHWHO\�GHSHQGHQW�RQ�WKH� 
TXDOLW\�RI�WKHLU�HQYLURQPHQW��6FLHQWLILF�HYLGHQFH�KDV� 
LQGLFDWHG�WKDW�FRUDO�UHHIV�DUH�GHWHULRUDWLQJ�UDSLGO\� 
DURXQG�WKH�ZRUOG��12$$���������6RPH�FDXVHV�RI�WKH� 
FRUDO·V�GHWHULRUDWLRQ�DUH�SROOXWLRQ��QDWXUDO�ZHDWKHU� 
SDWWHUQV��JOREDO�ZDUPLQJ�DQG�WUDPSOLQJ�E\�REVHUYHUV�� 
7KH�LQFUHDVLQJ�WKUHDWV�WR�FRUDO��FRLQFLGHV�ZLWK�DQ� 
H[SDQGLQJ�SRSXODWLRQ�DORQJ�WKH�FRDVWOLQHV�DURXQG�WKH� 
ZRUOG��$OWKRXJK��UHHIV�KDYH�EHHQ�GHJUDGHG�E\�KXPDQ� 
activities, evidence shows that they will recover, 
provided remedial measures are implemented 
on land to restore water and substrate conditions 
:RODQVNL�HW�DO����������5HHIV�DUH�HVSHFLDOO\�LPSRUWDQW� 

to protect because they contribute to our world 
HFRQRP\�E\�SURYLGLQJ�IRRG��WRXULVP��MREV��UHFUHDWLRQ� 
DQG�SURWHFWLRQ�IURP�VWRUPV�DQG�WLGDO�VXUJHV��&HVDU�HW� 
DO�������� 

6WHDG\�HQYLURQPHQWDO�FRQGLWLRQV�PXVW�H[LVW�IRU� 
FRUDO�FRPPXQLWLHV�WR�GHYHORS�DQG�VXUYLYH��7KHVH� 
QHFHVVDU\�VWDEOH�FRQGLWLRQV�DUH��ZDWHU�PRYHPHQW�� 
ZDWHU�WHPSHUDWXUH��DQG�FOHDU�ZDWHU��:DYH�DFWLRQ� 
provides the water movement that is necessary 
WR�VXSSO\�WKH�FRUDOV�ZLWK�R[\JHQ�DQG�SUHYHQWV� 
VHGLPHQWV�IURP�FROOHFWLQJ�RQ�WKHP��VLQFH�WKH\�DUH� 
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VHVVLOH�RUJDQLVPV��7KLV�LV�D�SURFHVV�WKDW�LV�FRQWUROOHG� 
E\�QDWXUDO�RFHDQ�FXUUHQWV�DQG�WKH�JHRPRUSKRORJ\� 
RI�WKH�FRUDO�UHHI��6PLWK���������6RPH�VFLHQWLVWV�KDYH� 
VXJJHVWHG�WKDW�H[SRVXUH�WR�VHYHUH�ZDYH�DFWLRQ�PD\� 
OLPLW�FRUDO�GHYHORSPHQW�DQG�DEXQGDQFH��0DUDJRV��HW� 
DO���������:DYHV�QDWXUDOO\�NHHS�WKH�VXUURXQGLQJ�ZDWHU� 
FOHDQ�DQG�FLUFXODWHG� 

�&RUDOV�QHHG�D�FRQVWDQW�ZDWHU�WHPSHUDWXUH�WKDW� 
LV�DSSUR[LPDWHO\�����&�IRU�RSWLPDO�KHDOWK��6RPH� 
UHVHDUFKHUV�KDYH�VXJJHVWHG�WKDW�WHPSHUDWXUH�H[WUHPHV� 
may contribute to decline of coral species and 
DEXQGDQFH��0DUDJRV��HW�DO����������,Q�ODJRRQV�DQG�WLGH� 
SRROV�OLNH�WKH�:DLRSDH�WLGH�SRROV��ZDWHU�WHPSHUDWXUHV� 
PD\�DOVR�IOXFWXDWH�ZLWK�WLGDO�YDULDWLRQ�DQG�ZHDWKHU� 

&RUDOV�QHHG�WR�KDYH�FOHDU�ZDWHU�VR�WKH�V\PELRWLF� 
DOJDH�FDOOHG�]RR[DQWKHOODH��ORFDWHG�ZLWKLQ�WKHLU�FHOOV�� 
FDQ�SKRWRV\QWKHVL]H��0RVW�UHHIV�KDYH�GHYHORSHG�LQ� 
areas where the water quality is adequate for their 
VXUYLYDO��,I�WKH�VXUURXQGLQJ�ZDWHU�LV�DIIHFWHG�E\� 
QXWULHQW�UXQ�RII�LW�KDV�WKH�SRWHQWLDO�WR�FDXVH�DQG�DOJDO� 
EORRP��$Q�DOJDO�EORRP�ZLOO�FDXVH�WKH�RFHDQ�ZDWHU� 
WR�KDYH�DQ�RSDTXH�RU�FORXG\�DSSHDUDQFH���7KLV�LV� 
GHWULPHQWDO�WR�FRUDO�ZKLFK�QHHG�FOHDU�ZDWHU��,Q�WXUQ�� 
eutrophication of the coral reef may occur after an 
DOJDO�EORRP��� 

The Waiopae tide pools are located on the island 
RI�+DZDL·L·V�HDVW�FRDVW��3DUW�RI�WKLV�XQLTXH�PDULQH� 
DUHD�ZDV�HVWDEOLVKHG�DV�D�0DULQH�/LIH�&RQVHUYDWLRQ� 
'LVWULFW��0/&'��LQ�������'/15���������DQG�WKH�RWKHU� 
SDUW�ZDV�OHIW�DV�DQ�XQUHVWULFWHG�SXEOLF�XVH�DUHD��,Q�WKH� 
0/&'�]RQH�RI�WKH�WLGH�SRROV�QR�FRPPHUFLDO�DFWLYLWLHV�� 
ILVKLQJ��RU�DTXDULXP�FROOHFWLRQ�LV�DOORZHG� 

The Waiopae tide pools are situated in a 
GLVWLQFWLYH�DUHD�RI�WKH�HDVWHUQ�FRDVWOLQH�RQ�WKH�%LJ� 
,VODQG�RI�+DZDL·L��7KLV�DUHD�RI�WKH�FRDVWOLQH�ZDV� 
FUHDWHG�E\�WKH�����·V�ODYD�IORZ�DQG�FRQVLVWV�RI�VHYHUDO� 
WLGH�SRROV�WKDW�YDU\�LQ�VL]H�DQG�GHSWK��7KH�WLGH�SRROV� 
DUH�FRQQHFWHG�WR�WKH�XQGHUJURXQG�ZDWHU�WDEOH�DQG�DUH� 
D�PL[�RI�IUHVK�DQG�PDULQH�ZDWHU�

 Furthermore, the tide pools are surrounded by a 
UDSLGO\�H[SDQGLQJ�UHVLGHQWLDO�FRPPXQLW\�DQG�DOO�RI� 
WKH�GZHOOLQJV�DUH�RQ�FHVVSRRO�RU�VHSWLF�V\VWHPV��7KH� 
QDWXUDOO\�RFFXUULQJ�ZDWHU�WDEOH�LV�FORVH�WR�WKH�VXUIDFH� 
WKURXJKRXW�WKH�FRPPXQLW\�WKDW�VXUURXQGV�WKH�WLGH� 
SRROV��7KHUHIRUH��ZKHQ�D�ODUJH�KROH�RU�FHVVSRRO�LV� 
GXJ��ZDWHU�ILOOV�WKH�KROH��$�VHSWLF�V\VWHP�LV�D�FHPHQW� 
RU�SODVWLF�WXE�WKDW�LV�SODFHG�LQWR�WKH�KROH��WKLV�W\SH�RI� 
septic system holds solid material but allows liquid 
WR�EH�UHOHDVHG�LQWR�WKH�VXUURXQGLQJV��%RWK�RI�WKHVH� 
VHZDJH�GLVSRVDO�V\VWHPV�DOORZ�IRU�UDZ�VHZDJH�WR�EH� 
UHOHDVHG�LQWR�WKH�:DLRSDH�WLGH�SRROV��5DZ�VHZDJH� 
that is released into the tide pools will eventually be 
GLVSHUVHG�WKURXJKRXW�WKH�HQWLUH�WLGH�SRRO�HFRV\VWHP� 

7KHUH�DUH�WZR�JXLGHOLQHV�RU�VWDQGDUGV�WKDW�DUH� 
FRPPRQO\�XVHG�LQ�WKH�8�6��WR�GHWHUPLQH�UHFUHDWLRQDO� 
ZDWHU�TXDOLW\�DUH��WKH�IHFDO�OLPLW�RI�����E. coli colony 
IRUPLQJ�XQLWV��&)8�����P/�DQG�D�WRWDO�FROLIRUP� 
OLPLW�RI������&)8����P/���&DEHOOL�HW�DO����������7KH� 
8�6��(3$�DFNQRZOHGJHV�WKDW Escherichia coli, the most 
commonly used a fecal indicator bacteria, is the best 
LQGLFDWRU�RI�SRWHQWLDO�KHDOWK�ULVNV�WR�KXPDQV��(3$� 
ZHEVLWH���������,W�KDV�EHHQ�ZHOO�GRFXPHQWHG�WKDW�E. 
coli�FDQQRW�VXUYLYH�IRU�ORQJ�LQ�PDULQH�HFRV\VWHPV� 
DIWHU�LW·V�LQWURGXFWLRQ��WKHUHIRUH��PRVW�H��FROL�WKDW� 
is found in the marine environment comes from a 
UHFHQW�VRXUFH���3HUH]ÿ5RVDV�DQG�+D]HQ���������2QH� 
VWXG\�KDV�GHWHUPLQHG�WKDW�H[SRVXUH�WR�VRODU�UDGLDWLRQ� 
completely eliminated all E. coli in their water sample 
after two days and E. aerogenes still remained after 
WKUHH�GD\V��0F&DPEULGJH�DQG�0F0HHNLQ���������� 
7RWDO�FROLIRUPV�DORQH�DUH�QRW�DGHTXDWH�DV�D�KHDOWK�ULVN� 
LQGLFDWRU�EHFDXVH�WKHUH�FDQ�EH�PDQ\�FRQWULEXWRUV��OLNH� 
RWKHU�ZDUP�EORRGHG�DQLPDOV��&DEHOOL�HW�DO����������7KH� 
DERYH�JXLGHOLQHV�ZHUH�PDQGDWHG�EHFDXVH�LW�KDV�EHHQ� 
HVWLPDWHG�WKDW�ZKHQ�WKH�EDFWHULD�OLPLWV�DUH�H[FHHGHG� 
WKDW�DSSUR[LPDWHO\���SHU�������LQGLYLGXDOV�PD\� 
H[SHULHQFH�VRPH�W\SH�RI�JDVWURLQWHVWLQDO�LOOQHVV��IOX� 
OLNH�V\PSWRPV��RU�UHVSLUDWRU\�LUULWDWLRQV��)UDQF\�HW�DO��� 
\HDU��� 

,Q�WKLV�ZDWHU�TXDOLW\�DVVHVVPHQW�RI�:DLRSDH�WLGH� 
SRROV�LW�LV�H[SHFWHG�WKDW�WKH�WLGH�SRROV�FORVH�WR�VKRUH� 
ZLOO�KDYH�KLJKHU�OHYHOV�RI�IHFDO�LQGLFDWRU�EDFWHULD� 
WKDQ�WKH�WLGH�SRROV�IDUWKHU�DZD\�IURP�VKRUH��'XH�WR� 
the development of the shoreline it is predicted to 
VHH�KLJK�TXDQWLWLHV�RI�ERWK�E. coli and total coliforms 
LQ�WKH�PDULQH�ZDWHUV��%\�GHWHUPLQLQJ�WKH�DPRXQW� 
of fecal indicator bacteria in the tide pools, we can 
DVVXPH�WKH�FRUDO�FRPPXQLWLHV�PD\�EH�H[SHULHQFLQJ� 
DQWKURSRJHQLF�VWUHVVHV�GXH�WR�H[FHVV�QXWULHQW�LQIOX[HV� 
IURP�UHVLGHQWLDO�VHZDJH� 

Materials and Methods 

)LHOG�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�.DSRKR�� 
+DZDL·L�ORFDWHG�RQ�WKH�%LJ�,VODQGV�HDVW�FRDVW��86$� 
ODWLWXGH�����������/RQJLWXGH��ÿ�����������VKRZQ� 
EHORZ� 

Figure 1 Waiopae Tide 
pools are located on the 
east coast of the Big Island 
indicated by the arrow 
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:DWHU�VDPSOHV�ZHUH�FROOHFWHG�ZHHNO\�IURP�HLJKW� 
ORFDWLRQV�WKURXJKRXW�WKH�:DLRSDH�WLGH�SRROV�GXULQJ�D� 
YDULHW\�RI�UHFRUGHG�WLGDO�DQG�ZHDWKHU�FRQGLWLRQV� 

Figure 2 This aerial satellite picture shows where the 
eight tide pool monitoring sites were located. The 
residential subdivision can be seen behind the tide 
pools. 

Samples were collected in sterile bottles and 
DQDO\]HG�ZLWKLQ�RQH�KRXU�RI�FROOHFWLRQ��7KH�HLJKW� 
WLGH�SRRO�ORFDWLRQV�ZHUH�FKRVHQ�KDSKD]DUGO\�IRU�WKLV� 
DQDO\VLV��(YHU\�RQH�RI�WKH�WLGH�SRROV�ZHUH�VLPLODU�LQ� 
VL]H�DQG�GHSWK��$OO�RI�WKH�ORFDWLRQV�ZHUH�ZLWKLQ�WKH� 
0/&'�H[FHSW�IRU�RQH�ORFDWLRQ�ZKLFK�ZDV�ORFDWHG� 
LQ�WKH�QRQÿ0/&'�]RQH��7KH�VDOLQLW\�RI�WKH�ZDWHU� 
VDPSOHV�ZDV�GHWHUPLQHG�XVLQJ�D�UHIUDFWRPHWHU��7KH� 
ZDWHU�VDPSOHV�ZHUH�DQDO\]HG�IRU�EDFWHULD�XVLQJ� 
&ROLVFDQ��WHVWV��7KH�&ROLVFDQ��PHWKRG�RI�EDFWHULD� 
analysis allowed Escherichia coli and Enterobacter 
aerogenes bacteria to be identified by color and easily 
TXDQWLILHG�LQ�XQLWV�RI�FRORQ\�IRUPLQJ�XQLWV�SHU����� 
PLOOLOLWHUV��&)8����P/�� 

)RU�HDFK�DQDO\VLV���P/�RI�WKH�ZDWHU�VDPSOH�ZDV� 
PL[HG�ZLWK�WKH�&ROLVFDQ��HDV\�JHO�PHGLD�DQG�SODFHG� 
LQ�D�SUHÿWUHDWHG�&ROLVFDQ��3HWUL�GLVK��,Q�DGGLWLRQ��D� 
replicate Petri dish was also prepared for each water 
VDPSOH�XVLQJ�D��P/�RI�WKH�ZDWHU�VDPSOH�PL[HG�WR�WKH� 
HDV\�JHO�� 

The Petri dishes were incubated at room 
WHPSHUDWXUH���ÿ���&�IRU����KRXUV��7KH�E.coli turned 
D�GDUN�EOXH�FRORU�FRORQLHV�DQG�WKH�WRWDO�FROLIRUPV� 
IRUPHG�UHG�FRORQLHV��1H[W��E. coli colonies were 
TXDQWLILHG�DQG�WKHQ�UHFRUGHG�LQ�&)8����P/�� 
7RWDO�EDFWHULD�FROLIRUPV�ZHUH�FDOFXODWHG�XVLQJ�WKH� 
total of red and blue colonies in the Petri dish and 

WKHQ�UHFRUGHG�DV�&)8�SHU����PO��7KLV�SURFHVV�ZDV� 
FRQGXFWHG�RYHU�HLJKW�PRQWKV�IRU�DOO�HLJKW�WLGH�SRRO� 
PRQLWRULQJ�VLWHV� 

)RXU�RXW�RI�WKH�HLJKW�WLGH�SRROV�ZHUH�FKRVHQ�IRU� 
PRQLWRULQJ�VDWXUDWLRQ�SHUFHQW�RI�GLVVROYHG�R[\JHQ� 
DQG�WHPSHUDWXUH��7R�FROOHFW�WKLV�GDWD�D�<6,�PHWHU�ZDV� 
XVHG�DQG�WKHVH�WLGH�SRROV�ZHUH�PRQLWRUHG�ZHHNO\�IRU� 
��PRQWKV�� 

Results 

Several water quality conditions were discovered 
LQ�WKH�:DLRSDH�WLGH�SRROV��7KH�&ROLVFDQ��DQDO\VHV� 
GHWHUPLQHG�WKDW�PRVW�RI�WKH�WLGH�SRROV�KDG�H[FHVVLYH� 
levels of E. coli��DFFRUGLQJ�WR�+DZDL·L�'HSDUWPHQW� 
RI�+HDOWK��'2+��UHFUHDWLRQDO�ZDWHU�VWDQGDUGV�RI� 
���FIX����PO�ZDWHU���7KH�E. coli levels decreased 
ZKHQ�WKH�WLGH�SRRO�GLVWDQFH�IURP�VKRUH�LQFUHDVHG�� 
)LJXUH���VKRZV�KRZ�WKH�DEXQGDQFH�RI�E.coli decreased 
WR�ORZHU�OHYHOV�LQ�WKH�RXWHU�WLGH�SRROV� 

Figure 3 E. coli levels tend to decrease as the tide pool 
distance from shore increases. 

Total coliform analyses found that most of the 
WLGH�SRROV�H[FHHG�WKH�����FIX����PO�VDIH�JXLGHOLQHV� 
LQGLFDWHG�E\�WKH�'2+��6RPH�RI�WKH�LQQHU�WLGH�SRROV� 
KDG�KLJKHU�FIX����PO�FRXQWV�EXW�WKHUH�ZDV�QR�JHQHUDO� 
trend that indicated the inner tide pools always had 
KLJKHU�WRWDO�FROLIRUPV�WKDQ�WKH�RXWHU�WLGH�SRROV�� 

7KH�PDMRULW\�RI�WKH�WLGH�SRROV�ZHUH�LQ�H[FHVV�RI� 
WKH�����FIX����PO�VDIH�OHYHOV�IRU�UHFUHDWLRQDO�ZDWHUV�� 
2QO\�WZR�WLGH�SRROV�WKDW�ZHUH�ORFDWHG�DZD\�IURP� 
VKRUH�KDG�WRWDO�FROLIRUP�OHYHOV�WKDW�PHW�WKH�'2+� 
UHFUHDWLRQDO�ZDWHU�TXDOLW\�VWDQGDUGV��)LJ������ 

,QWHUHVWLQJO\��WKH�VDOLQLW\�YDOXHV�RI�WKH�WLGH�SRROV� 
were found to be low in the near shore tide pools 
and increased in the outer tide pools to salinity 
YDOXHV�RI�SXUH�VHDZDWHU�ZKLFK�LV���ÿ���Æ��)LJ����� 
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Figure 4 Total coliform levels (cfu/100ml) in tide pools 
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Figure 5 Salinity (0/00) values for the ranked tide pools 

Furthermore, the fecal indicator bacteria levels 
ZHUH�IRXQG�WR�EH�KLJKHVW�LQ�WKH�LQQHU�WLGH�SRROV�WKDW� 
DOVR�KDG�WKH�ORZHVW�PHDQ�VDOLQLWLHV��)LJ����DQG����� 

Figure 6 The effects of salinity on E. coli abundances in 
the tide pools. 

Figure 7 Total coliform per 100ml of seawater results 
showing the differences for tide pools with different 
salinities 

The four tide pools that were monitored for the 
SHUFHQW�GLVVROYHG�R[\JHQ�FRQWHQW��DOO�KDG�DGHTXDWH� 
OHYHOV�IRU�UHFUHDWLRQDO�ZDWHUV�DV�UHTXLUHG�E\�'2+�� 
7KH�GLVVROYHG�R[\JHQ�OHYHOV�ZHUH�ORZHU�IRU�WLGH� 
pools that had low salinity values and increased 
H[SRQHQWLDOO\�ZKHQ�WKH�VDOLQLW\�LQFUHDVHG��)LJ������ 
$OO�WLGH�SRROV�H[FHHGHG�WKH�UHTXLUHG�����GLVVROYHG� 
R[\JHQ�OHYHOV��$JDLQ��WKH�LQQHU�WLGH�SRROV�KDG�VOLJKWO\� 
ORZHU�GLVVROYHG�R[\JHQ�OHYHOV�ZKHQ�FRPSDUHG�WR�WKH� 
RXWHU�WLGH�SRROV��)LJ������ 

Figure 8 The dissolved oxygen percent saturation 
increases in tide pools with higher salinity (0/00) 



 
 

 
 

 
 

 

 
 

 
 
 

 
 
 

 
 

 

 
 

 
 

 
 

 

 

 
 

 

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 

 
 
 

 
 

 
 

 

 

 

Dissolved Oxygen Results 
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Rank From Shore 

Figure 9 The results of the dissolved oxygen percent 
saturation in tide pools, ranked in distance from shore 

Discussion 

The Waiopae tide pools have only been 
GHVLJQDWHG�D�PDULQH�OLIH�FRQVHUYDWLRQ�GLVWULFW�IRU�WKH� 
ODVW�WKUHH�\HDUV��7KHUH�KDV�QRW�EHHQ�DQ\�SXEOLVKHG� 
data on the conditions of this unique marine 
HFRV\VWHP��7KH�SULPDU\�SXUSRVH�RI�WKLV�UHVHDUFK� 
SURMHFW�ZDV�WR�GHWHUPLQH�WKH�UHODWLYH�FRQGLWLRQ�RI�WKH� 
water quality in several areas of the Waiopae tide pool 
HFRV\VWHP��6HYHUDO�FRQFOXVLRQV�PD\�EH�GUDZQ�IURP� 
WKLV�HLJKW�PRQWK�PRQLWRULQJ�SURMHFW�� 

,W�ZDV�XQH[SHFWHG�WR�ILQG�WKDW�WKH�LQQHU�WLGH�SRROV� 
have a mean salinity lower that the normal seawater 
VDOLQLW\�RI���ÿ��Æ���$V�ILJXUH���VKRZV��WKH�LQQHUÿPRVW� 
WLGH�SRROV�KDYH�PXFK�ORZHU�PHDQ�VDOLQLWLHV��7DEOH� 
1 illustrates that the salinity does fluctuate to even 
ORZHU�VDOLQLW\�YDOXHV�DV�ORZ�DV���Æ�LQ�VRPH�RI�WKH� 
WLGH�SRROV��7KLV�VXJJHVWV�WKDW�WKH�WLGH�SRROV�KDYH�D� 
IUHVK�JURXQG�ZDWHU�VRXUFH�WKDW�PD\�IOXVK�RXW�LQWR� 
WKH�WLGH�SRROV�QHDU�VKRUH��7KH�RXWHU�WLGH�SRROV�PHDQ� 
VDOLQLWLHV�ZHUH�DW�OHYHOV�RI�SXUH�VHDZDWHU���ÿ��Æ��EXW� 
DOVR�KDG�ORZ�PLQLPXP�VDOLQLWLHV�DW�VRPH�SRLQW�GXULQJ� 
WKH�PRQLWRULQJ�SURMHFW�� 

,QWHUHVWLQJO\��WKH�VDOLQLW\�RI�WKH�WLGH�SRROV�SOD\HG� 
D�PDMRU�UROH�LQ�DPRXQW�RI�E. coli and total coliforms 
WKDW�UHVLGHG�LQ�WKH�ZDWHU��,W�ZDV�VXUSULVLQJ�WR�ILQG� 
that the lower mean salinity tide pools had the 
KLJKHVW�PHDQ�DPRXQWV�RI��E. coli and total coliforms 
&)8����PO�RI�ZDWHU��)LJ���DQG�����,W�ZDV�DPD]LQJ�WR� 
VHH�WKDW�WKH�EDFWHULD�OHYHOV�GURSSHG�VLJQLILFDQWO\�DV� 
VRRQ�DV�WKH�VDOLQLW\�LQFUHDVHG�WR���ÿ��Æ� 

7KH�WLGH�SRROV�FORVHVW�WR�VKRUH�KDG�KLJKHU�PHDQ� 
E. coli�FIX����PO�WKDQ�WKH�RXWHU�SRROV��7KLV�LV�D�UHVXOW� 
WKDW�ZDV�H[SHFWHG��)LJ�����7KHUH�VHHPHG�WR�EH�QR�UHDO� 
relationship between the distance from shore and the 
DPRXQW�RI�WRWDO�FROLIRUPV�SUHVHQW�LQ�WKH�ZDWHU��)LJXUH� 

4 shows that there was a variety of levels in all of the 
WLGH�SRROV�ZLWK�QR�JHQHUDO�WUHQG��7KHVH�UHVXOWV�PD\� 
be due to survivorship of the bacteria in the water 
FROXPQ��3HUH]ÿ5RVDV�DQG�+D]HQ�VXJJHVWHG�WKDW�E. coli 
PD\�RQO\�VXUYLYH�LQ�VHDZDWHU�IRU����KRXUV�GXH�WR�KLJK� 
VRODU�UDGLDWLRQ���������7KH�&ROLVFDQ��WHVW�JLYHV�UHVXOWV� 
in E. coli�DQG�WRWDO�FROLIRUPV�SHU����PO��+RZHYHU�� 
many different types of Enterobacteracea colony 
IRUPLQJ�EDFWHULD�PD\�EH�SUHVHQW�DQG�VKRZ�XS�LQ�WKH� 
WRWDO�FROLIRUP�UHVXOWV��7KH�GLIIHUHQFHV�LQ�VXUYLYRUVKLS� 
LQ�PDULQH�ZDWHUV�PD\�EH�WKH�UHDVRQ�QR�JHQHUDO�WUHQG� 
ZDV�VHHQ�LQ�WKH�WRWDO�FROLIRUP�UHVXOWV��0RUH�VSHFLILF� 
DQDO\VHV�ZRXOG�QHHG�WR�EH�GRQH�WR�GHWHUPLQH�H[DFWO\� 
ZKDW�RWKHU�W\SHV�RI�EDFWHULD�DUH�LQ�WKH�ZDWHU�FROXPQ�� 

7KH�IRXU�WLGH�SRROV�WKDW�ZHUH�DQDO\]HG�IRU�SHUFHQW� 
VDWXUDWLRQ�RI�GLVVROYHG�R[\JHQ�KDG�DGHTXDWH�OHYHOV�� 
The department of health requires recreational waters 
WR�KDYH�����RU�PRUH�SHUFHQW�VDWXUDWLRQ�RI�GLVVROYHG� 
R[\JHQ��$OO�RI�WKH�IRXU�PRQLWRUHG�SRQGV�H[FHHGHG� 
WKHVH�UHTXLUHG�OHYHOV��)LJXUH���VKRZV�WKDW�VDOLQLW\� 
GRHV�DIIHFW�WKH�DPRXQW�RI�GLVVROYHG�R[\JHQ�LQ�WKH� 
ZDWHU�FROXPQ��7KH�WLGH�SRROV�ZLWK�KLJK�VDOLQLWLHV�KDG� 
WKH�JUHDWHVW�DPRXQW�RI�GLVVROYHG�R[\JHQ� 

�,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�ORZ�VDOLQLW\�WLGH� 
SRROV�KDYH�OHVV�GLVVROYHG�R[\JHQ��EXW�WKH�FDXVH�RI� 
WKLV�QHHGV�WR�EH�IXUWKHU�LQYHVWLJDWHG��6HYHUDO�UHDVRQV� 
PD\�KDYH�FDXVHG�WKHVH�UHVXOWV��,W�VHHPV�WKDW�WKH�RXWHU� 
tide pools have more water circulation than the inner 
pools, which may be a result of water motion caused 
E\�ZDYH�DFWLRQ��$OVR��KLJK�DPRXQWV�RI�DOJDH�LQ�WKH� 
water column may increase the amount of dissolved 
R[\JHQ�LQ�WKH�ZDWHU�FROXPQ� 

,Q�FRQFOXVLRQ��:DLRSDH�WLGH�SRROV�DUH�D�XQLTXH� 
marine ecosystem composed of several coral 
FRPPXQLWLHV�RI�GLIIHUHQW�VL]HV�LQ�YDULRXV�ORFDWLRQV�� 
This is a distinctive marine conservation area that has 
D�UDSLGO\�H[SDQGLQJ�FRPPXQLW\�EXLOW�DOPRVW�RQ�WRS� 
RI�WKH�WLGH�SRROV� 

�&RUDO�FRPPXQLWLHV�UHTXLUH�VSHFLILF�ZDWHU�TXDOLW\� 
conditions and if these conditions are not met the 
FRUDO·V�KHDOWK�LV�DW�ULVN���7KHUHIRUH��WKLV�PDULQH�OLIH� 
FRQVHUYDWLRQ�GLVWULFW�LV�DOVR�DW�ULVN�RI�GHWHULRUDWLQJ�� 

7KH�LQQHU�WLGH�SRROV�KDYH�KLJKHU�OHYHOV�RI�IHFDO� 
LQGLFDWRU�EDFWHULD�WKDQ�WKH�+DZDL·L�'2+�UHFRPPHQGV� 
IRU�UHFUHDWLRQDO�ZDWHUV��7KLV�LQIRUPDWLRQ�LQGLFDWHV� 
WKHUH�LV�D�VRXUFH�RI�VHZDJH�OHDFKLQJ�LQWR�WKH�QHDU� 
VKRUH�WLGH�SRROV�DQG�VRPH�RI�WKH�RXWHU�WLGH�SRROV�� 
6LQFH�WKH�GZHOOLQJV�DUH�ORFDWHG�RQ�WKH�FRDVWOLQH�YHU\� 
near the tide pools and they have cesspool systems, it 
LV�YHU\�OLNHO\�WKDW�WKH�UHVLGHQFHV�DUH�WKH�VRXUFH�RI�WKH� 
VHZDJH�WKDW�KDV�EHHQ�IRXQG�LQ�WKH�WLGH�SRROV�

 The fecal indicator bacteria levels are an 
LQGLFDWLRQ�RI�H[FHVV�QXWULHQWV�EHLQJ�SXW�LQWR�WKH� 
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PDULQH�OLIH�FRQVHUYDWLRQ�GLVWULFW���7KLV�KDV�WKH� 
potential to affect the health of the coral communities, 
HVSHFLDOO\�LQ�WKH�LQQHU�DUHD�RI�WKH�WLGH�SRROV�� 

Further research should be done on the condition 
RI�WKH�FRUDO�FRPPXQLWLHV�LQ�WKH�SURWHFWHG�0/&'�DQG� 
non-protected Waiopae tide pools for both inner and 
RXWHU�WLGH�SRROV��,Q�DGGLWLRQ��PRUH�VSHFLILF�DQDO\VHV� 
should be done to monitor the amount of residential 
VHZDJH�WKDW�OHDNV�IURP�WKH�FHVVSRROV�RI�WKH�UHVLGHQFHV� 
closest to the coastline of the Waiopae tide pools over 
D�ORQJ�WHUP�SHULRG�� 

,W�LV�YHU\�LPSRUWDQW�WR�PRQLWRU�WKH�IHFDO�LQGLFDWRU� 
bacteria because the presence of the bacteria indicates 
that coral health, as well as recreational marine 
HQWKXVLDVWV��PD\�H[SHULHQFH�QHJDWLYH�KHDOWK�HIIHFWV� 
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Salinity Ranges 

Tide DOOi 1 2 3 4 5 6 7 8 
min 21 14 15 30 15 25 32 30 
max 36 36 37 38 38 37 36 36 

Mean Mean Mean Mean Mean TC 
Tide Pool Salinilv DO% DO roo/L E.colil100ml 1100ml 

1 29 84 6 208 1073 
2 27 96 7 175 967 
3 32 173 1511 
4 35 61 1286 
5 35 108 8 67 331 
6 34 39 1956 
7 32 109 9 46 596 
6 35 234 1533 

/,7(5$785(�&,7(' 
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