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Abstract　:H�H[DPLQHG�WKH�VXUIDFH�QXWULHQW�UHJLPH�DQG�K\SR[LD�LQ�0DQLOD�%D\��3KLOLSSLQHV��
GXULQJ�WKH�VRXWKZHVW�PRQVRRQ�DORQJ�D�WUDQVHFW�IURP�RII�/LPD\��%DWDDQ�3HQLQVXOD��WR�0HWUR�0D-
QLOD��7KH�ZDWHU�FROXPQ�VKRZHG�VWUDWLÀFDWLRQ��ZLWK�ZDUP��OHVV�VDOLQH�ZDWHU�LQ�WKH�WRS����PHWHUV�
RYHUO\LQJ�FROG��VDOLQH�ERWWRP�ZDWHU��+\SR[LD�ZDV�SUHVHQW�LQ�WKH�ERWWRP�ZDWHUV�DORQJ�WKH�HQWLUH�
WUDQVHFW��DQG�DQR[LF�FRQGLWLRQV�ZHUH�REVHUYHG�RII�0DQLOD��$PPRQLXP�FRQFHQWUDWLRQV�UDQJHG�
IURP�����WR�������0��H[FHHGLQJ�WKRVH�RI�QLWUDWH�DQG�QLWULWH��ERWK�RI�ZKLFK�ZHUH�QHDUO\�GHSOHWHG�
DW�DOPRVW�DOO�VWDWLRQV�H[FHSW�RII�0DQLOD��ZLWK�OHYHOV�EHORZ������0��3KRVSKDWH�YDULHG�IURP�����WR�
�����0��UHVXOWLQJ�LQ�D�VWRLFKLRPHWULFDOO\�QLWURJHQ�ULFK�FRQGLWLRQ�DW�WKH�VXUIDFH��ZLWK�1�3�UDWLRV�
UDQJLQJ�IURP������WR�������DQG�DQ�DYHUDJH�RI�������7KLV�LV�LQ�FRQWUDVW�WR�WKH�SKRVSKDWH�ULFK�FRQ-
GLWLRQV�UHSRUWHG�GXULQJ�WKH�QRUWKHDVW�PRQVRRQ�SHULRG��$�SOXPH�ZLWK�KLJK�QXWULHQW�FRQFHQWUDWLRQV�
DQG�KLJK�FKORURSK\OO�a�ZDV�REVHUYHG�RII�0DQLOD��LQGLFDWLQJ�IUHVKZDWHU�LQÁRZ�IURP�VHZDJH�DQG�
WKH�3DVLJ�5LYHU��'LDWRPV��LQFOXGLQJ�WKH�Skeletonema costatum�FRPSOH[�DQG�Chaetoceros�VSS���
ZHUH�DEXQGDQW��DQG�WKHVH�HXWURSKLF�FRQGLWLRQV�OLNHO\�IDYRUHG�WKH�RFFXUUHQFH�RI�JUHHQ�Noctiluca, 
ZKLOH�LW�ZDV�QRW�REVHUYHG�GXULQJ�RXU�VWXG\�
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HQFORVHG�ZDWHUV� LQ� WKH�6RXWK�&KLQD�6HD�GXULQJ� WKH�

VRXWKZHVW�PRQVRRQ�

0DQLOD�%D\�LV�D�VHPL�HQFORVHG�ZDWHU�ERG\�WKDW�VSDQV�

DQ�DUHD�RI�������VTXDUH�NLORPHWHUV�DQG�KDV�DQ�DYHUDJH�

GHSWK�RI����PHWHUV��7KH�FOLPDWH�RI�0DQLOD�%D\�FDQ�EH�

GLYLGHG� LQWR� WZR�GLVWLQFW� VHDVRQV��D�GU\�VHDVRQ� IURP�

1RYHPEHU� WR�$SULO� DQG�D� UDLQ\� VHDVRQ� IURP�-XQH� WR�

6HSWHPEHU��$GGLWLRQDOO\�� WKUHH�SUHYDLOLQJ�ZLQG�SHULRGV�

H[LVW�� WKH�QRUWKHDVW�PRQVRRQ�IURP�2FWREHU� WR�-DQXDU\��

WKH�VRXWKZHVW�WUDGH�ZLQGV�IURP�0DUFK�WR�0D\��DQG�WKH�

VRXWKHDVW�PRQVRRQ�IURP�-XQH�WR�6HSWHPEHU��-DFLQWR�HW�

DO��������

2EVHUYDWLRQV�ZHUH�FRQGXFWHG�RQ�6HSWHPEHU���DQG����

������)LJ������$�&7'��6HD�%LUG����3OXV��ZDV�XVHG� WR�

REWDLQ�SURÀ�OHV�RI�ZDWHU�WHPSHUDWXUH��VDOLQLW\��GLVVROYHG�

R[\JHQ��'2���DQG�LQ�YLYR�IOXRUHVFHQFH�RI�FKORURSK\OO�

IURP�WKH�VXUIDFH�WR�WKH�QHDU�ERWWRP��:DWHU�VDPSOHV�ZHUH�

FROOHFWHG�IURP�WKH�VXUIDFH�XVLQJ�D�EXFNHW� WR�PHDVXUH�

chlorophyll a� �&KO�a��DQG�QXWULHQW�FRQFHQWUDWLRQV��7KH�

VDPSOHV�ZHUH�ILOWHUHG�WKURXJK�*)�)�ILOWHUV��:KDWPDQ��

RQ�ERDUG�D�VKLS�DQG� WKHQ�PHDVXUHG�IRU�&KO�a�XVLQJ�D�

Á�XRURPHWHU��$TXDÁ�XRU��7XUQHU�'HVLJQV��DIWHU�H[WUDFWLRQ�

ZLWK�DFHWRQH� LQ� WKH�GDUN�DW� LFH� WHPSHUDWXUH� IRU����K��

DQG�VRQLFDWLRQ��1XWULHQW�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�

XVLQJ�DQ�DXWRDQDO\]HU��75$$&6��%/�7(&��DIWHU�EHLQJ�

IUR]HQ� IRU� WUDQVSRUWDWLRQ�EDFN� WR� D� ODQG� ODERUDWRU\��

3K\WRSODQNWRQ�ZDV�REVHUYHG�E\� IL[LQJ�VHDZDWHU�ZLWK�

QHXWUDO�IRUPDOLQ��À�QDO�FRQFHQWUDWLRQ�������

7KH�ED\�ZDV�VWUDWLILHG�ZLWK� OHVV�VDOLQH�ZDWHU� LQ� WKH�

WRS����PHWHUV�RYHUOD\LQJ�FROG��VDOLQH�ERWWRP�ZDWHU��)LJ��

����$W�6WQ������D�VLJQLÀ�FDQW�GHFUHDVH�LQ�VDOLQLW\�UHODWLYH�

WR�WKH�QHLJKERULQJ�VWDWLRQV�ZDV�REVHUYHG�DW�WKH�VXUIDFH��

LQGLFDWLQJ�DQ�LQIORZ�RI�ULYHU�ZDWHU��'2�FRQFHQWUDWLRQV�

ZHUH� UHODWLYHO\�KLJK�QHDU� WKH�VXUIDFH�DQG�GLPLQLVKHG�

ZLWK�GHSWK��)LJ������'2�FRQFHQWUDWLRQV�IHOO�EHORZ�WKH�

VWDQGDUG�YDOXH�RI�����PJ�/-1� IRU�K\SR[LD�DW�GHSWKV�RI�

DSSUR[LPDWHO\�������PHWHUV��FRQILUPLQJ�WKH�IRUPDWLRQ�

RI�K\SR[LF�FRQGLWLRQV��-DFLQWR�HW�DO���������0RUHRYHU��

WKH�ERWWRP�ZDWHU�DW�6WQ�����GLVSOD\HG�DQ�H[WUHPHO\�ORZ�

'2�FRQFHQWUDWLRQ�RI�OHVV�WKDQ������PJ�/-1��VLJQLI\LQJ�WKH�

GHYHORSPHQW�RI�DQR[LF�FRQGLWLRQV��7KLV�ZDV�LQ�FRQWUDVW�

WR� WKH�VXSHUVDWXUDWLRQ�RI�'2�REVHUYHG�DW�D�GHSWK�RI���

PHWHUV�DERYH�WKH�DQR[LF�]RQH�

Fig. 1. Station locations. For simplicity, 

even-numbered stations are not labeled on 

the map.
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$PPRQLXP�H[FHHGHG�QLWUDWH�DQG�QLWULWH�YDU\LQJ�IURP�

���� WR�������0�� ,Q�FRQWUDVW��QLWUDWH�DQG�QLWULWH�ZHUH�

DOPRVW�H[KDXVWHG�DW�6WQV���� WR���� UDQJLQJ�EHORZ�����

�0��)LJ������7KXV�� WKH�KLJK�DPPRQLXP�FRQFHQWUDWLRQV�

SURGXFHG�DQ�RYHUDOO�QLWURJHQ�ULFK�FRQGLWLRQ�DW�WKH�ED\’s 

VXUIDFH�GHVSLWH� WKH� ORZ�FRQFHQWUDWLRQV�RI�ERWK�QLWUDWH�

DQG� QLWULWH�� 3KRVSKDWH� YDULHG� IURP����� WR� �����0��

PDNLQJ�D� VWRLFKLRPHWULFDOO\�QLWURJHQ�ULFK�FRQGLWLRQ�

DW� WKH�VXUIDFH�ZLWK� WKH�1�3�UDWLR�UDQJLQJ�IURP������ WR�

������ZLWK�DQ�DYHUDJH�RI�������7KLV�ZDV� LQ�FRQWUDVW�

WR� WKH�SKRVSKDWH�ULFK�FRQGLWLRQ�REVHUYHG�GXULQJ� WKH�

QRUWKHDVW�PRQVRRQ�SHULRG��)XUX\D�HW�DO��������-DFLQWR�HW�

DO���������7KH�REVHUYHG�FRQFHQWUDWLRQV�RI�QXWULHQWV�ZHUH�

ZLWKLQ� WKH� UHSRUWHG� UDQJH�IRU� WKH�VRXWKZHVW�PRQVRRQ�

SHULRG� �&KDQJ�HW�DO���������DQG� WKH�KLJK�DPPRQLXP�

FRQFHQWUDWLRQV�DUH�DVFULEDEOH�WR�ORDGLQJ�IURP�ODQG��7KH�

PD[LPXP�FRQFHQWUDWLRQV�RI�DPPRQLXP��QLWUDWH�� DQG�

SKRVSKDWH�RI������������DQG������0��UHVSHFWLYHO\��ZHUH�

REVHUYHG�DW�6WQ������ZKLFK�FRLQFLGHG�ZLWK�ORZ�VDOLQLW\��

LQGLFDWLQJ� IUHVKZDWHU� LQIORZ�SUHVXPDEO\� IURP�3DVLJ�

5LYHU��7KLV�LQIHUHQFH�LV�FRPSDWLEOH�ZLWK�WKH�KLJK�IHFDO�

FROLIRUP�FRXQWV� LQ�3DVLJ�5LYHU�HVWXDU\�ZKLFK� LQGLFDWH�

WKH�GLVFKDUJH�RI�XQWUHDWHG�VHZDJH�IURP�VHZDJH�SLSHV�

DQG�GLUHFW�VHZDJH�GLVFKDUJH�IURP�VKHGV�DORQJ�WKH�FRDVW�

�-DFLQWR�HW�DO���������,Q�WKH�FLW\�RI�0DQLOD��WKH�VHZHUDJH�

V\VWHP�LV�QRW�ZHOO�GHYHORSHG�DQG�VWLOO�KDV�ORZ�FRYHUDJH�

�-DFLQWR�HW�DO���������,Q�DGGLWLRQ��D�VWXG\�RQ�WKH�RULJLQ�

RI�SDUWLFXODWH�RUJDQLF�PDWWHU�LQ�0DQLOD�%D\�XVLQJ�VWDEOH�

LVRWRSHV�VKRZHG�WKDW�PRVW�RI�WKH�QLWURJHQ�LQ�0DQLOD�%D\�

FRPHV�IURP�WKH�3DVLJ�5LYHU�DQG�LV�GHULYHG�IURP�XUEDQ�

VHZDJH�DQG� LQGXVWULDO� HIIOXHQWV� �0LOOHU� HW� DO���������

7KXV�� WKH�VRXWKZHVW�PRQVRRQ�ZLWK�KLJK�SUHFLSLWDWLRQ�

EULQJV� WKH�QLWURJHQ�ULFK�FRQGLWLRQV��SDUWLFXODUO\�ZLWK�

KLJK�DPPRQLXP�FRQFHQWUDWLRQV�LQ�0DQLOD�%D\�

Chlorophyll a�ZDV�LQ�WKH�UDQJH�EHWZHHQ�����DQG�������

�J�/-1��)LJ������7KH�KLJKHU�FRQFHQWUDWLRQ�ZDV�REVHUYHG�

WRZDUG�WKH�XUEDQ�GLVWULFW�RI�0DQLOD��)LJV����DQG�����7KHUH�

Fig. 3. Distribution of nutrients (upper) and 

chlorophyll a (lower) at the surface.

ZDV�D�GURS�RI�&KO�a�DW�6WQ�����DFFRPSDQLHG�E\�D�VKDUS�

LQFUHDVH�LQ�QXWULHQWV�DQG�WKH�GURS�RI�VDOLQLW\��LQGLFDWLQJ�

WKH� LQIORZ�RI� IUHVKZDWHU� �)LJV����DQG�����7KH�QXWULHQW�

LQIOX[� IURP�ULYHUV� OLNHO\� UHVXOWHG� LQ� WKH�EORRPLQJ�RI�

SK\WRSODQNWRQ��'LDWRPV�LQFOXGLQJ�Skeletonema costatum

FRPSOH[�DQG�Chaetoceros� VSS��ZHUH�PRVW�DEXQGDQW��

7KHVH� VSHFLHV� KDYH� EHHQ� UHSRUWHG� DV� WKH� GRPLQDQW�

GLDWRP�VSHFLHV�LQ�0DQLOD�%D\��%RUMD�HW�DO��������

,Q �0DQLOD � %D\� �Pyrodinium bahamense � YDU��

compressum ZDV�WKH�GRPLQDQW�EORRP�IRUPLQJ�VSHFLHV�

XQWLO� WKH�����V��EXW� VLQFH�������JUHHQ�Noctiluca has 

HPHUJHG�DQG�EHFRPH� WKH�GRPLQDQW� VSHFLHV� �+DQVHQ�

HW�DO��������)XUX\D�HW�DO��������+DUULVRQ�HW�DO��������

%RUMD�HW�DO���������*UHHQ�Noctiluca�JURZV�E\�IHHGLQJ�

RQ�LQFUHDVHG�SUH\�GXH�WR�HXWURSKLFDWLRQ��6ULZRRQ�HW�DO��

�������7KHUHIRUH��0DQLOD�%D\�LQ�WKH�VRXWKZHVW�PRQVRRQ�

SHULRG�LV�FRQVLGHUHG�WR�EH�VXLWDEOH�IRU�WKH�SUROLIHUDWLRQ�

RI�JUHHQ�Noctiluca�ZLWK�DQ�DEXQGDQFH�RI�GLDWRPV��:KLOH�

JUHHQ�Noctiluca�GLG�QRW�RFFXU�GXULQJ�RXU�REVHUYDWLRQ��LWV�

UHFXUUHQW�EORRP�FDQ�EH�H[SHFWHG�LQ�WKH�ED\��
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