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General Introduction

The tropical coastal seascape

:LWKLQ�WKH�WURSLFDO�VHDVFDSH��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDOV�UHHI�DUH�LPSRUWDQW�
HFRV\VWHPV�� SURYLGLQJ� PDQ\� VHUYLFHV� WR� VRFLHW\�� (FRV\VWHP� VHUYLFHV� FDQ� LQ� JHQHUDO� EH�
FDWHJRUL]HG�DV� VXSSRUWLQJ� VHUYLFHV� �H�J�HURVLRQ�FRQWURO� DQG�FRDVWDO�GHIHQFH���SURYLVLRQLQJ�
VHUYLFHV� �H�J��PDLQWDQFH� RI� ¿VKHULHV� DQG� UDZ�PDWHULDOV��� UHJXODWLQJ� VHUYLFHV� �H�J�� QXWULHQW�
F\FOLQJ� DQG� ZDWHU� SXUL¿FDWLRQ�� DQG� FXOWXUDO� VHUYLFHV� �H�J�� VSLULWXDO� DQG� UHFUHDWLRQDO�
EHQH¿WV�� �%DUELHU� HW� DO�� ������� 6RPH� RI� WKH�PRVW� LPSRUWDQW� HFRV\VWHP� VHUYLFHV� SURYLGHG�
E\�PDQJURYHV�DUH�HURVLRQ�FRQWURO�DQG�VWDELOL]DWLRQ�RI�VHGLPHQW��DV�ZHOO�DV�QXWULHQW�¿OWHULQJ�
�%DUELHU�HW�DO���������6HDJUDVVHV�SURYLGH�¿VKHULHV�QXUVHU\�KDELWDW�DQG�UH�PLQHUDOL]DWLRQ�RI�
LQRUJDQLF�DQG�RUJDQLF�PDWHULDO��%DUELHU�HW�DO���������&RUDO�UHHIV�DUH�DQ�LPSRUWDQW�VXSSRUW�IRU�
RIIVKRUH�¿VKHULHV�DQG�GLVVLSDWH�ZDYHV�EHIRUH�WKH\�UHDFK�WKH�FRDVW��%DUELHU�HW�DO���������7KH�
recognition of the ecosystem services provided by these coastal ecosystems means that they 
are increasingly valued.
� 8QIRUWXQDWHO\��WKHUH�KDV�EHHQ�D�FRQVLGHUDEOH�JOREDO�GHFOLQH�LQ�RFFXUUHQFH�DQG�KHDOWK�
RI�PDQJURYHV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�RYHU�WKH�ODVW�����\HDUV��:RUOGZLGH��VHDJUDVV�EHGV�
are thought to be declining about 7 % year-1�VLQFH�������:D\FRWW�HW�DO���������0DQJURYHV�
are decreasing in surface area by 1-2 % year-1 �9DOLHOD�HW�DO������� and coral reefs by 1-7 % 
year-1��%HOOZRRG�HW�DO���������:LWK�KXPDQ�SUHVVXUHV�RQ�FRDVWDO�DUHDV�H[SHFWHG�WR�LQFUHDVH�
LQ�WKH�FRPLQJ�GHFDGHV��WKLV�GHFOLQH�ZLOO�FRQWLQXH�XQOHVV�FRXQWHUDFWHG�E\�DFWLYHO\�LPSRVLQJ�
protective laws or by restoring these ecosystems when they become degraded for ecosystem 
service purposes. 
 One possible explanation for restoration failures can be the lack of large-scale 
IDFLOLWDWLYH�LQWHUDFWLRQV�EHWZHHQ�DGMDFHQW�HFRV\VWHPV��GXH�WR�WKH�DEVHQFH�RI�D�VHTXHQFH�RI�
FRQQHFWHG�HFRV\VWHPV�DORQJ�WKH�GHSWK�JUDGLHQW��DV�PD\�KDYH�EHHQ�SUHVHQW�LQ�WKH�XQGLVWXUEHG�
FRDVWDO�VHDVFDSH��LOOXVWUDWHG�LQ�)LJ������0DULQH�HFRV\VWHPV�VXFK�DV�PDQJURYH�IRUHVWV��VHDJUDVV�
beds and coral reefs will always be interconnected via the seawater. This connection means 
WKDW�WKHUH�FDQ�EH�DQ�H[FKDQJH�RI�SK\VLFDO��K\GURG\QDPLF��HQHUJ\��FKHPLFDO��VHGLPHQW�DQG�
QXWULHQW��DQG�ELRORJLFDO��RUJDQLVP��HOHPHQWV��)LJ������$V�D�FRQVHTXHQFH�RI�WKLV�LQWHUFRQQHFWLRQ��
FKDQJHV�LQ�RQH�VSHFL¿F�HFRV\VWHP�PD\�KDYH�FRQVHTXHQFHV�RQ�QHLJKERULQJ�HFRV\VWHPV�ERWK�
in close proximity or further away. In case adjacent ecosystems improve each other’s growing 
FRQGLWLRQV��RQH�FRXOG�VSHDN�RI�ODUJH�VFDOH�IDFLOLWDWLYH�RU�SRVLWLYH�LQWHUDFWLRQV��,W�VKRXOG�EH�
QRWHG�WKDW�RQO\�D�OLPLWHG�QXPEHU�RI�ODUJH�VFDOH�IDFLOLWDWLYH�LQWHUDFWLRQV�UHTXLUH�HFRV\VWHPV�WR�
EH�GLUHFWO\�QHLJKERXULQJ��H�J���K\GURG\QDPLF�IDFLOLWDWLRQ���)RU�RWKHU�IDFLOLWDWLYH�LQWHUDFWLRQV�
WKH�HFRV\VWHPV�PD\�EH�IXUWKHU�DSDUW�DQG�DSSHDUV�GLVFRQQHFWHG��H�J���IRU�WUDQVSRUW�RI�ULYHULQH�
PDULQH�VHGLPHQW�DQG�320�H[SRUW��)LJ�������
� ,W� LV� SRRUO\� NQRZQ� WR�ZKDW� H[WHQW� VXFK� ODUJH�VFDOH� IDFLOLWDWLYH� LQWHUDFWLRQV� H[LVW��
HYHQ� WKRXJK� WKH\�PD\�RIIHU� JUHDW� RSSRUWXQLWLHV� IRU� UHVWRUDWLRQ��)RU� H[DPSOH�� WR� UHVWRUH� D�
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VHDJUDVV�EHG��LW�PD\�EH�EHWWHU�WR�FUHDWH�FRUDO�UHHI�OLNH�VWUXFWXUHV�WKDW�DWWHQXDWH�K\GURG\QDPLF�
HQHUJ\� DQG� DOORZ� VHDJUDVV� WR� HVWDEOLVK� LQ� WKH� VKHOWHUHG� FRQGLWLRQV�� UDWKHU� WKDQ� WU\LQJ� WR�
GLUHFWO\�SODQW� VHDJUDVV��0RUHRYHU�� WKH� FRUDO� UHHI� OLNH� VWUXFWXUHV�PD\�DOVR� HQDEOH� FRUDOV� WR�
settle. My research aims at identifying the importance of large-scale facilitation by ecosystem 
FRQQHFWLRQV�DV�FULWLFDO�IDFWRUV�QHHGHG�IRU�HFRV\VWHP�EDVHG�GHVLJQV��8OWLPDWHO\��,�KRSH�WKDW�
WKLV�WKHVLV�ZLOO�SURYLGH�D�VFLHQWL¿F�EDVLV�IRU�EURDGHQLQJ�GHVLJQ�DQG�UHVWRUDWLRQ�SUDFWLFHV�LQ�
the tropical coastlines from a small-scale target-ecosystem approach up to an integrated 
ODUJH�VFDOH�DSSURDFK��:H�QHHG�WR�XQGHUVWDQG�LI�GDPDJLQJ�RU�ORVLQJ�RQH�HFRV\VWHP�PD\��YLD�
GLIIHUHQW�PRGHV�RI�FRQQHFWLYLW\��KDYH�FDVFDGLQJ�HIIHFWV�WR�DGMDFHQW�HFRV\VWHPV��HYHQ�WKRXJK�
based on such distance that the ecosystems may appear to be apparently unconnected. In the 
ZRUVW�FDVH�VFHQDULR��UHVWRUDWLRQ�HIIRUWV�RQ�D�VLQJOH�HFRV\VWHP�PD\�EH�IXWLOH� LI�DQ�DGMDFHQW�
HFRV\VWHP�LV�JUDGXDOO\�GHJUDGHG��2Q�WKH�RWKHU�KDQG��UHVWRUDWLRQ�RI�D�WDUJHW�HFRV\VWHP�PLJKW�
be most successful by both i) creating suitable conditions via restoring or improving an 
DGMDFHQW�HFRV\VWHP��L�H��� ODUJH�VFDOH� IDFLOLWDWLRQ��DQG� ii) focussing restoration goals on re-
establishing at the local-scale positive feedbacks that characterise these ecosystems.

)LJXUH� �� &RQFHSWXDOL]DWLRQ� RI� FRQQHFWLRQV� EHWZHHQ� ODQG�� PDQJURYH� IRUHVWV�� VHDJUDVV� EHGV�� FRUDO�
reefs and ocean systems. $UURZV�LQGLFDWH�WKH�GLUHFWLRQ�DQG�DSSUR[LPDWH�PDJQLWXGH��DUURZ�ZLGWK��IRU�
WKUHH�H[FKDQJH�ÀX[HV�FRQVLGHUHG� LQ� WKLV� WKHVLV�� VHGLPHQW�DQG�QXWULHQWV� �EURZQ�DQG� UHG�VWULSHG��DQG�
K\GURG\QDPLF�HQHUJ\��EOXH���

Objectives of this thesis

The research in this thesis aims at identifying the importance of large-scale facilitation 
E\� HFRV\VWHP� �DQG� HVSHFLDOO\� RUJDQLF� QXWULHQW�� FRQQHFWLRQV� DV� FULWLFDO� IDFWRUV� QHHGHG� IRU�
HFRV\VWHP�EDVHG� GHVLJQV�� HFRV\VWHP� FRQVHUYDWLRQ� DQG� HFRV\VWHP� UH�HVWDEOLVKPHQW�� 7KLV�
objective will be met by the combination of the three principal research activities:
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i) /LWHUDWXUH� DQDO\VHV� WR� REWDLQ� TXDQWLWDWLYH� LQVLJKW� LQ� WKH� SRWHQWLDO� LPSRUWDQFH� RI�
GLIIHUHQW�W\SHV��K\GURG\QDPLFV��VHGLPHQW��QXWULHQWV�DQG�RUJDQLVPDO��RI�ODUJH�VFDOH�
IDFLOLWDWLYH�LQWHUDFWLRQV��FKDSWHU����

ii) Elaborating experimentally large-scale facilitative interactions via material 
�HVSHFLDOO\�RUJDQLF�QXWULHQWV��ÀX[HV��FKDSWHUV������DQG����

iii) Experiments to determine the role of local-scale facilitation in ecosystem resilience 
DQG��UH���HVWDEOLVKPHQW��FKDSWHUV���DQG�����

%HORZ��ZH�HODERUDWH� WKLV� LQ�GHWDLO� DQG� LQGLFDWH� WKH� LPSRUWDQFH�RI�HDFK�FKDSWHU�ZLWKLQ� WKH�
context of the overall objectives. 
Research activity i) In chapter 1 we completed an extensive literature review to establish 
LI�DQG�KRZ�ODUJH�VFDOH�IDFLOLWDWLYH�FDVFDGHV�RI�SK\VLFDO��FKHPLFDO��QXWULHQWV�DQG�VHGLPHQW��
DQG�ELRORJLFDO�ÀX[HV�PD\�RFFXU�LQ�WKH�WURSLFDO�FRDVWDO�VHDVFDSH�EHWZHHQ�PDQJURYH�IRUHVWV��
VHDJUDVV�EHGV�DQG�FRUDO�UHHIV��7KLV�DFWLYLW\�IRUPV�WKH�IRXQGDWLRQ�RI�WKH�WKHVLV��DV�LW�LV�WR�RXU�
NQRZOHGJH�WKH�¿UVW�WLPH�WKDW�WKH�FRQFHSW�RI�ODUJH�VFDOH�IDFLOLWDWLYH�LQWHUDFWLRQV�LV�H[SOLFLWO\�
explored. 
 Research activity ii) One of the least studied connectivity routes between ecosystems 
LV� WKH� H[FKDQJH� RI� �RUJDQLF�� QXWULHQWV�� HYHQ� WKRXJK� PDWHULDO� ÀX[HV� EHWZHHQ� HFRV\VWHPV�
KDYH�WKH�SRWHQWLDO�WR�EH�KLJKO\�LPSRUWDQW��UHJDUGOHVV�RI�ZKHWKHU�WKHVH�V\VWHPV�DUH�GLUHFWO\�
QHLJKERXULQJ�RU�IXUWKHU�DSDUW��7KHUHIRUH�ZH�LQYHVWLJDWHG�E\�¿HOG�VDPSOLQJ�WKH�PDWHULDO�ÀX[HV�
RI�RUJDQLF�PDWWHU�EHWZHHQ�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�RQ�WKH�ODQGVFDSH�
scale across several sites in the Phuket region of southern Thailand (Chapter 2���7R�IDFLOLWDWH�
IXWXUH� PRGHOOLQJ� RI� VXFK� H[FKDQJH� SURFHVVHV�� ZH� VXEVHTXHQWO\� LQYHVWLJDWHG� QLWURJHQ�
H[FKDQJH� LQ� WKH� IRUP�RI�SDUWLFXODWH�RUJDQLF�PDWWHU�ÀX[HV� �VHDJUDVV�DQG�PDQJURYH� OHDYHV��
EHWZHHQ�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV��&KDSWHU�����:H�DOVR�LQYHVWLJDWHG�
DW�WKH�ODQGVFDSH�VFDOH��KRZ�ODQG�XVH�DIIHFWV�WKH�QXWULHQW�VWDWXV��HXWURSKLF�YV��ROLJRWURSKLF��RI�
mangrove forests across sites in the Phuket region (Chapter 5���
 Research activity iii) To determine how local-scale facilitation may affect particulate 
RUJDQLF�PDWHULDO� �320��H[FKDQJH�EHWZHHQ� HFRV\VWHPV��ZH� FRPSOHWHG�ÀXPH�H[SHULPHQWV�
with mimic mangrove roots and seagrass canopies. This allowed us to elucidate the trapping 
capacity of each ecosystems and therefore their potential to retain POM (Chapter 4���:H�
experimentally studied the possibility that stony corals may utilise seagrass and mangrove 
GHULYHG�SDUWLFXODWH�RUJDQLF�PDWHULDO��320��DV�D�GLUHFW�IRRG�DQG�QXWULHQW�VRXUFH��FRPELQLQJ�
¿HOG� DQG� ODERUDWRU\� LQFXEDWLRQV� �&KDSWHU� ����:KHUHDV� IRU� VHDJUDVV� DQG� FRUDOV� WKHUH� LV� D�
JURZLQJ�ERG\�RI�ZRUN�RQ�KRZ�GLVVROYHG�RUJDQLF�PDWHULDOV�FDQ�EH�XVHG�DV�D�QXWULHQW�VRXUFH��
very little is known about the role of POM for corals. 
 Research activity iv) Finally we developed guidelines on using the concept 
RI� IDFLOLWDWLRQ� LQWHUDFWLRQV� EHWZHHQ� IRXQGDWLRQ� VSHFLHV� IRU� PRQLWRULQJ�� UHVWRUDWLRQ� DQG�
management of the tropical coastal seascape (&KDSWHU� ����:H� H[SORUHG� WKH� SUHPLVH� WKDW�
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PRQLWRULQJ� RI� VSHFL¿F� YDULDEOHV� LQ� HFRV\VWHPV� FRXOG� SURYLGH� LQIRUPDWLRQ� RQ� WKH� KHDOWK�
RI� KDELWDWV� LQ� FORVH� SUR[LPLW\�� ,Q� DGGLWLRQ� RXU� DLP�ZDV� WR� HVWDEOLVK� LI� VSHFL¿F� HFRV\VWHP�
engineering species could provide essential functionality that has been lost in the tropical 
VHDVFDSH��$� FRPELQDWLRQ� RI� HIIHFWLYH�PRQLWRULQJ� DQG� HI¿FLHQW� UHVWRUDWLRQ� VKRXOG� SURYLGH�
robust management guidelines.
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Chapter 1 

,QWURGXFWLRQ

Potential for landscape-scale positive 

LQWHUDFWLRQV�DPRQJ�WURSLFDO�PDULQH�HFRV\VWHPV��
$�UHYLHZ

/�*��*LOOLV��7�-��%RXPD��&�*��-RQHV��0�0��YDQ��.DWZLMN��,��1DJHONHUNHQ��&�-�/��-HXNHQ��
3�0�-��+HUPDQ and A.D. Ziegler.

STATUS: Published at Marine Ecology Progress Series
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Chapter 1

Abstract

)OX[HV� RI� HQHUJ\�� PDWHULDOV� DQG� RUJDQLVPV� DPRQJ� HFRV\VWHPV� DUH� FRQVHTXHQFHV� RI� WKHLU�
openness to exchange and lead to the consideration of reciprocal connections among adjacent 
ecosystems. Reciprocal connectivity may have implications for ecosystem functioning and 
PDQDJHPHQW� EXW� LW� LV� JHQHUDOO\� VWXGLHG� RQO\� IRU� D� VLQJOH� IDFWRU�� UDWKHU� WKDQ� IRU�PXOWLSOH�
IDFWRUV��:H� H[DPLQHG� WKH� H[WHQW� WR�ZKLFK� WKHVH� ÀX[HV�PD\� DSSO\� DW� WKH� ODQGVFDSH� VFDOH�
IRU���HFRV\VWHPV��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV��)URP�D�OLWHUDWXUH�UHYLHZ�
DQG�DQDO\VLV��ZH�VHPL��TXDQWLWDWLYHO\�DVVHVVHG�ÀX[HV�EDVHG�RQ�DWWHQXDWLRQ�RI�ZDYH�KHLJKW�
DQG�H[FKDQJHV�RI�VHGLPHQWV��QXWULHQWV�DQG�DOJLYRUHV��:H�IRXQG�WKDW�FRUDO�UHHIV�DQG�VHDJUDVV�
EHGV�VLJQL¿FDQWO\�DWWHQXDWHG�ZDYH�KHLJKW�DQG�WKDW�WKLV�HIIHFW�GHSHQGHG�RQ�VSHFL¿F�SK\VLFDO�
FRQGLWLRQV��,Q�WKH�FDVH�RI�FRUDO�UHHIV��WKH�DWWHQXDWLRQ�FDSDFLW\�GHSHQGHG�RQ�WKH�VHFWLRQ�RI�WKH�
UHHI� WKH�ZDYH�EUHDFKHG��ZKLOVW� IRU� VHDJUDVV�EHGV��ZH�K\SRWKHVL]HG� WKDW� WKH�GHQVLW\�RI� WKH�
SODQWV�ZDV� WKH�FRQWUROOLQJ�IDFWRU��0DQJURYH�IRUHVWV¶�DELOLW\� WR�UHGXFH�VHGLPHQW�ÀX[HV�ZDV�
related to the mangrove forest area. Seagrass plants have a capacity to decrease sediments 
in the water column. Both mangrove forests and seagrass beds retained nutrients within the 
HFRV\VWHPV��ZKLFK�ZDV�D�SRVLWLYH�LQWHUDFWLRQ��,VRODWHG�UHHIV�VKRZHG�D�GHFUHDVH�����WR�������
in algivore biomass compared to situations where the 3 habitats were in proximity to each 
RWKHU��7KH�¿QGLQJV� VKRZ� WKDW� WKHUH� LV� SRWHQWLDO� IRU� UHFLSURFDO� FRQQHFWLRQV� DPRQJ� FRDVWDO�
ecosystems. Our results indicate that these exchanges at the ecosystem scale can be placed 
LQWR� WKH� FRQWH[W� RI� IDFLOLWDWLRQ� LQ� WKH�¿HOG�RI� FRPPXQLW\� HFRORJ\��)XWXUH� UHVHDUFK� VKRXOG�
focus on which natural and anthropogenic factors determine reciprocal facilitation between 
these ecosystems and determine how ecosystem-based management can be improved with 
this knowledge. The considerable potential for reciprocal facilitation implies that ecosystem 
managers may need to place greater emphasis on the landscape scale.

.H\ZRUGV��0DQJURYH�IRUHVWV��6HDJUDVV�EHGV��&RUDO�UHHIV��(FRV\VWHP�(QJLQHHULQJ��1XWULHQWV��
+\GURG\QDPLFV��6HGLPHQWV��$OJLYRUHV�



��

Potential for landscape scale interactions

����� ,QWURGXFWLRQ�

:LWKLQ� WKH� ¿HOG� RI� FRPPXQLW\� HFRORJ\�� SRVLWLYH� LQWHUDFWLRQV� EHWZHHQ� VSHFLHV� KDYH� DQ�
important im pact on population establishment and thereby on overall community structure 
�%HUWQHVV�	�&DOODZD\�������6LOOLPDQ�HW�DO���������+DELWDW�IRUPLQJ�RUJDQLVPV��IRXQGDWLRQ�
VSHFLHV��WKDW�DUH�DEOH�WR�FKDQJH�WKH�SK\VLFDO�FRQGLWLRQV��L�H��HFRV\VWHP�HQJLQHHUV�FI��-RQHV�
HW�DO��������������DQG�EXIIHU�HQYLURQPHQWDO� VWUHVV�FDQ�EHFRPH� WKH�GRPLQDQW�FRPPXQLW\�
structuring force. By becoming the core species and changing physical conditions within the 
KDELWDW��HFRV\VWHP�HQJLQHHUV�FDQ�DOVR�FKDQJH�SK\VLFDO�ÀX[HV�HQWHULQJ�DQG�H[LWLQJ�WKH�V\VWHP��
0RGLI\LQJ�WKHVH�ÀX[HV�PHDQV�WKH\�FDQ�DOVR�FRQWURO�FRQQHFWLRQV�EHWZHHQ�HFRV\VWHPV��DQG�
WKXV��HVVHQWLDOO\�IRUP�FRQQHFWLYH�UHODWLRQVKLSV�EHWZHHQ�HFRV\VWHPV��
� $OO� HFRV\VWHPV� DUH� RSHQ� WR� WKH� H[FKDQJH� RI� HQHUJ\�� PDWHULDOV� DQG� RUJDQLVPV��
HFRV\VWHPV� WKHUHIRUH� DUH� IXQFWLRQDOO\� FRQQHFWHG� LQ� ODQGVFDSHV� �/RYHWW� HW� DO�� �������
8QGHUVWDQGLQJ� WKHVH� FRQQHFWLRQV� LV� FHQWUDO� WR� HFRV\VWHP�EDVHG�PDQDJHPHQW�� SDUWLFXODUO\�
in the face of increasing human impacts. Connectedness relevant to management has 
EHHQ� VKRZQ�� IRU� H[DPSOH�� LQ� ULYHULQH� V\VWHPV� �3ULQJOH� ������ �XQLGLUHFWLRQDO��� WHUUHVWULDO�
HFRV\VWHPV��0RLODQHQ�	�1LHPLQHQ��������XQLGLUHFWLRQDO��DQG�PDULQH�UHVHUYHV��.LQLQPRQWK�
HW�DO���������EL�GLUHFWLRQDO���7ZR�XQFRQQHFWHG�HFRV\VWHPV�FDQ�EH�PDQDJHG�DV�LQGHSHQGHQW�
V\VWHPV��,I�WKHUH�LV�XQLGLUHFWLRQDO�LQÀXHQFH��FRQWURO�RYHU�WKH�GRQRU�HFRV\VWHP�FDQ�EH�XVHG�
in the management of the recipient ecosystem (e.g. hydrologic systems such as riparian/
ULYHUV���3ULQJOH��������:KHQ�WKHUH�DUH�UHFLSURFDO�LQWHUDFWLRQV��KRZHYHU��PDQDJHPHQW�ZLOO�EH�
PRUH�FRPSOLFDWHG��SDUWLFXODUO\� LI� WKHVH� LQWHUDFWLRQV� LQYROYH�PXOWLSOH��PXWXDOO\�UHLQIRUFLQJ�
H[FKDQJHV�EHWZHHQ�HFRV\VWHPV��,Q�VXFK�FDVHV��HDFK�HFRV\VWHP�FDQ�IDFLOLWDWH�WKH�HVWDEOLVKPHQW�
RU�IXQFWLRQDO�SHUVLVWHQFH�RI�WKH�RWKHU��EXW�WKH�RSSRVLWH�FDQ�DOVR�RFFXU��6PDOO�GHFOLQHV�LQ�WKH�
IXQFWLRQLQJ�RI�RQH�HFRV\VWHP�FDQ�OHDG�WR�IXQFWLRQDO�GLPLQXWLRQ�LQ�WKH�RWKHU��DQG�HYHQWXDOO\�
this can result in a decline in the functioning of the entire landscape.
 Despite the need for a better understanding of reciprocal connections among 
DGMDFHQW�HFRV\VWHPV�DV�DQ�DLG�WR�LQWHJUDWHG�PDQDJHPHQW��TXDQWLWDWLYH�DQDO\VHV�RI�UHFLSURFDO�
FRQQHFWLRQV� KDYH� VHOGRP� EHHQ� FRQGXFWHG�� 0RUHRYHU�� DQDO\VHV� DUH� W\SLFDOO\� UHVWULFWHG� WR�
D�VLQJOH� UDWKHU� WKDQ�PXOWLSOH�H[FKDQJHV��7R�H[HPSOLI\� WKH� LPSRUWDQFH�RI� WKLV�FRQFHSW��ZH�
review evidence for large-scale reciprocal interactions by multiple exchanges for 3 kinds 
RI�WURSLFDO�HFRV\VWHPV�WKDW�RIWHQ�RFFXU�LQ�FORVH�SUR[LPLW\��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�
DQG�FRUDO�UHHIV��7KH�FR�RFFXUUHQFH�LV�QRW�LQYDULDEO\�REVHUYHG��HYHQ�WDNLQJ�LQWR�DFFRXQW�WKDW�
present-day observations are not always representative of historic connections. Large-scale 
SRVLWLYH�LQWHUDFWLRQV�DUH�GH¿QHG�DV�PXOWLSOH�FRQQHFWLRQV��SK\VLFDO��ELRORJLFDO�RU�FKHPLFDO��
ZKLFK�KHOS�WR�LPSURYH�DGMDFHQW�HFRV\VWHPV¶�JURZWK�RU�HVWDEOLVKPHQW�FRQGLWLRQV��:H�H[DPLQH�
KRZ�HFRV\VWHP¶V�VSDWLDO�FR�RFFXUUHQFH�PD\�LQÀXHQFH�PXWXDO�HVWDEOLVKPHQW�DQG�SHUVLVWHQFH�
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Chapter 1

YLD�SRVLWLYH�� ODQGVFDSH�VFDOH� LQWHUDFWLRQV�PHGLDWHG� WKURXJK�PXOWLSOH�H[FKDQJHV�RI� HQHUJ\��
PDWHULDOV��L�H��VHGLPHQW�DQG�QXWULHQWV��DQG�RU�RUJDQLVPV�
� 0DQJURYHV��VHDJUDVVHV�DQG�FRUDO�UHHIV�RFFXU�DORQJ�D�GHSWK�JUDGLHQW�IURP�WLGDO�ÀDWV�
WR�GHHSHU� ����P���QHDU�VKRUH�RFHDQV� �)LJ�����2JGHQ�	�*ODGIHOWHU�������0REHUJ�	�)RONH�
�������

)LJXUH���&RQFHSWXDOL]DWLRQ�RI�FRQQHFWLRQV�EHWZHHQ�ODQG��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV��FRUDO�UHHIV�
DQG� RFHDQ� V\VWHPV��$UURZV� LQGLFDWH� WKH� GLUHFWLRQ� DQG� DSSUR[LPDWH�PDJQLWXGH� �DUURZ�ZLGWK�� IRU� ��
H[FKDQJH�ÀX[HV�FRQVLGHUHG�LQ�WKH�SUHVHQW�UHYLHZ��VHGLPHQW�DQG�QXWULHQWV��RUDQJH�DQG�JUHHQ�VWULSHG���
K\GURG\QDPLF�HQHUJ\��EOXH��DQG�RUJDQLVP�PRYHPHQW��UHG���%ODFN�DUURZV�ZLWKLQ�PDQJURYHV��VHDJUDVV�
DQG�FRUDO�UHHIV�LQGLFDWH�LQWHUQDO�H[FKDQJHV�RI�QXWULHQWV��VHGLPHQW��K\GURG\QDPLF�HQHUJ\�DQG�RUJDQLVPV�
within each ecosystem.

0DQJURYH� WUHHV�� VHDJUDVV� SODQWV� DQG� VFOHUDFWLQLDQ� FRUDOV� DUH� DOO� IRXQGDWLRQ� VSHFLHV� WKDW�
VXSSRUW� HQWLUH� HFRV\VWHPV� �0REHUJ�	� )RONH� ������9DOLHOD� HW� DO�� ������ YDQ� GHU� +HLGH� HW�
DO�� �������9LD� SK\VLFDO� HFRV\VWHP� HQJLQHHULQJ� �-RQHV� HW� DO�� ������ ������� QXWULHQW� XSWDNH�
DQG�RUJDQLF�PDWWHU�SURGXFWLRQ��WKHVH�VSHFLHV�FDQ�LPSURYH�WKHLU�RZQ�KDELWDW�DQG�FUHDWH�WKH�
habitats and resources for many other species. Positive engineering feedbacks are important 
LQ�WKH�HVWDEOLVKPHQW�DQG�SHUVLVWHQFH�RI�WKHVH�IRXQGDWLRQ�VSHFLHV��SDUWLFXODUO\�XQGHU�VWUHVVIXO�
FRQGLWLRQV��%UXQR�HW�DO��������+DOSHUQ�HW�DO���������+HUH��ZH�UHYLHZ�GDWD�RQ�FRQQHFWLRQV�
between these 3 kinds of ecosystems for 4 potentially important kinds of exchanges: wave 
KHLJKW��VHGLPHQW��QXWULHQWV�DQG�RUJDQLVPV��)LJ������7KH�¿UVW���H[FKDQJHV�ODUJHO\�GHULYH�IURP�
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WKH�H[WHQGHG�VSDWLDO�LQÀXHQFH�RI�SK\VLFDO�HFRV\VWHP�HQJLQHHULQJ�E\�WKH�IRXQGDWLRQ�VSHFLHV�
ZLWKLQ�LWV�HFRV\VWHP��7KLV�FDQ�WKHQ�LQÀXHQFH�WKH�HVWDEOLVKPHQW�DQG�SHUVLVWHQFH�RI�UHFLSLHQW�
ecosystems. The fourth exchange derives from the creation of proximate habitat diversity 
LQ� WKH� ODQGVFDSH�IRU�RWKHU�VSHFLHV�RFFXUULQJ� LQ�!���HFRV\VWHP�W\SH��0RGL¿FDWLRQ�RI� WKHVH�
H[FKDQJH�SURFHVVHV�E\�PDQJURYHV��VHDJUDVVHV�DQG�RU�FRUDOV�FDQ�IHHG�EDFN�WR�LQÀXHQFH�WKH�
establishment and persistence of the foundation species.
� 7KH�SRWHQWLDO�IRU�FRQQHFWLRQV�EHWZHHQ�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�
UHHIV� KDV� EHHQ� GHPRQVWUDWHG� LQ�PDQ\� VWXGLHV� FRQGXFWHG�ZRUOGZLGH� �5REHUWV� HW� DO�� ������
$ORQJL�	�&KULVWRIIHUVHQ�������+HPPLQJD�HW�DO��������������.LWKHND�������/XJR�)HUQiQGH]�
HW� DO�� ������ .RFK� ������ 'RUHQERVFK� HW� DO�� ������ 0XPE\� ������ %RXLOORQ� 	� &RQQROO\�
������ 'DYLV� HW� DO�� ������ 1DJHONHUNHQ� ������� +RZHYHU�� WKHVH� VWXGLHV� GLG� QRW� LQYHVWLJDWH�
WKH� SRWHQWLDO� IRU�PXOWLSOH��PXWXDOO\� UHLQIRUFLQJ� H[FKDQJHV�ZKHUH� RQH� HFRV\VWHP� FKDQJHV�
WKH�SK\VLFDO�SDUDPHWHUV� WR�DOORZ�IRU� WKH�HVWDEOLVKPHQW�RI�DQRWKHU��:H�GH¿QH�FRQQHFWLYLW\�
as a sub-set of positive reciprocal exchanges. Studies of tropical coastal ecosystems have 
KLJKOLJKWHG�WKH�LPSRUWDQFH�RI�ODQGVFDSH�PRVDLF�FRQ¿JXUDWLRQ�LQ�WKH�PDQDJHPHQW�RI�WURSLFDO�
¿VKHULHV� �3LWWPDQ� HW� DO�� ������ *UREHU�'XQVPRUH� HW� DO�� ������ DQG� PDQJURYH� UHVWRUDWLRQ�
�7KLQK�HW�DO���������EXW�WKH�LPSRUWDQFH�RI�UHFLSURFDO�H[FKDQJHV�LQ�SDUWLFXODU�WKHLU�LQÀXHQFH�
RQ� UHFUXLWPHQW�� HVWDEOLVKPHQW� DQG� SHUVLVWHQFH� RI� WKH� IRXQGDWLRQ� VSHFLHV²KDYH� QRW� EHHQ�
FRQVLGHUHG��&RUDO�UHHI��VHDJUDVV�EHG�DQG�PDQJURYH�IRUHVW�VWUXFWXUHV�GHFUHDVH�K\GURG\QDPLF�
HQHUJ\��5REHUWV�HW�DO��������.RFK��������EXW�LW�LV�QRW�FOHDU�LI�VXFK�HIIHFWV�DUH�VXI¿FLHQW�WR�
result in landscape-scale interactions. Sediment trapping by the extensive root systems of 
PDQJURYHV�LV�WKRXJKW�WR�VLJQL¿FDQWO\�EXIIHU�FRDVWDO�RFHDQV�IURP�WHUUHVWULDO�VHGLPHQW�UXQRII�
�9DOLHOD�	�&ROH�������$GDPH�HW�DO���������EXW�WKH�LPSOLFDWLRQV�IRU�DGMDFHQW�HFRV\VWHPV�KDYH�
QRW�EHHQ�HODERUDWHG��2QO\�D�KDQGIXO�RI�VWXGLHV�KDYH�TXDQWL¿HG�WKH�QHW�H[FKDQJH�RI�QXWULHQWV�
EHWZHHQ�PDQJURYHV�DQG�VHDJUDVV�EHGV��+HPPLQJD�HW�DO��������+\QGHV�HW�DO���������EXW�WKHVH�
studies have not considered the potential for reciprocal exchanges. Studies investigating 
biological connectivity have largely focused on the importance of nursery and spawning sites 
�0XPE\�������1DJHONHUNHQ��������EXW�IHZ�VWXGLHV�KDYH�GHWHUPLQHG�WKH�GHJUHH�WR�ZKLFK�KLJK�
production rates in coral reefs are due to ‘nursery’ or other effects of adjacent ecosystems or 
KRZ�VXFK�HIIHFWV�PLJKW�LQÀXHQFH�UHHI�SHUVLVWHQFH�
� +HUH��RXU�DLPV�DUH�WR����� LGHQWLI\�WKH�H[WHQWV� WR�ZKLFK�WKHUH�DUH�NQRZQ�SK\VLFDO��
FKHPLFDO�DQG�ELRORJLFDO�H[FKDQJHV�DPRQJ�DGMDFHQW�PDQJURYHV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�
DQG�����IURP�WKLV��GHGXFH�ZKHWKHU�RU�QRW�PXOWLSOH��UHFLSURFDO�LQWHUDFWLRQV�PD\�H[LVW�DPRQJ�
WKH�HFRV\VWHP�W\SHV�ZKHQ�WKH\�FR�RFFXU�LQ�SUR[LPLW\��:H�XVH�WKH�OLWHUDWXUH�WR�LGHQWLI\�WKH�
RSWLPXP�UDQJH�RI�DELRWLF�FRQGLWLRQV�IRU�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�IRU�
HDFK�NLQG�RI� H[FKDQJH�YDULDEOH��7KLV� FDSDFLW\� LV� UHYLHZHG� IURP� WKH� OLWHUDWXUH�� DOORZLQJ�D�
VHPL�TXDQWLWDWLYH�DVVHVVPHQW�RI�����DQG�����DERYH��,Q�WKH�SUHVHQW�SDSHU��ZH�KRSH�WR�DGGUHVV�
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Chapter 1

WKH�TXHVWLRQ� UHJDUGLQJ� WR�ZKDW�H[WHQW� WKH�SUR[LPLW\�RI�HFRV\VWHPV�DOORZV� IRU�FRQQHFWLQJ��
mutually positive mechanisms between them.

������ &R�RFFXUUHQFH�RI�HFRV\VWHP�W\SHV�DQG�FRQVHTXHQFHV�RI�ORVV�RI�
RQH�W\SH��6SDWLDO�FR�RFFXUUHQFH�

The potential for reciprocal interactions will generally be restricted to situations where 
GLIIHUHQW�HFRV\VWHP�W\SHV�RFFXU�LQ�FORVH�SUR[LPLW\��)RU�H[DPSOH��K\GURG\QDPLF�HQHUJ\�HIIHFWV�
YLD�ZDYH�DWWHQXDWLRQ�E\�FRUDO�UHHIV�UHTXLUH�WKH�UHHIV�WR�EH�FORVH�HQRXJK�WR�VHDJUDVV�EHGV�DQG�
mangroves for waves not to build up again once they pass over the reef. Seagrass beds also 
KDYH� WR�EH�FORVH� WR�PDQJURYHV� WR�KDYH�DQ\� LQÀXHQFH�RQ�K\GURG\QDPLF�HQHUJ\�H[FKDQJH��
,QÀXHQFH�GXH�WR�DOWHUHG�VHGLPHQW�DQG�QXWULHQW�H[FKDQJH�ZLOO�RQO\�RFFXU�LI�GLVWDQFHV�DUH�VKRUW�
HQRXJK�WR�µFDUU\�RYHU¶�FKDQJHV�LQ�ZDWHU�TXDOLW\�EHIRUH�PL[LQJ�IURP�RWKHU�DUHDV�µGLOXWHV¶�WKH�
LPSDFW��%LRORJLFDO�HIIHFWV�UHTXLUH�D�VXI¿FLHQW�SUR[LPLW\�IRU�MXYHQLOH�DQG�DGXOW�RUJDQLVPV�WR�
PRYH�EHWZHHQ�����RI�WKHVH�HFRV\VWHP�W\SHV��DOWKRXJK�WKLV�GLVWDQFH�ZLOO�YDU\�VXEVWDQWLDOO\�
DPRQJ�VSHFLHV��1DJHONHUNHQ�������
� 0DQJURYH� IRUHVWV�� VHDJUDVV� EHGV� DQG� FRUDOV� UHHIV� KDYH� RYHUODSSLQJ� GLVWULEXWLRQV�
DFURVV�D�ODWLWXGLQDO�EUHDGWK�HQFRPSDVVLQJ�(DVW�$VLD��$XVWUDOLD��WKH�&DULEEHDQ��WKH�5HG�6HD�
and East Africa. The 3 types are often found together but do not always co-occur locally. For 
H[DPSOH��RFHDQLF�EDUULHU�LVODQGV�RIWHQ�VXSSRUW�RQO\�LVRODWHG�PDQJURYH�HFRV\VWHPV��3LONH\�HW�
DO���������7URSLFDO�VHDJUDVV�EHGV�H[LVW�LQ�WKH�DEVHQFH�RI�FRUDO�UHHIV��2UWK�HW�DO���������$WROO�
LVODQGV� VXFK�DV� WKH�0DOGLYHV�KDYH�RQO\�D� IHZ�FR�RFFXUUHQFHV�RI� VHDJUDVV�EHGV�� DQG� WKHVH�
KDELWDWV�ZHUH�LQWURGXFHG�ZLWKLQ�WKH�ODVW�����\U��0LOOHU�	�6OXND�������
� 7KHUH�KDV�EHHQ�D�FRQVLGHUDEOH�JOREDO�GHFOLQH�LQ�RFFXUUHQFH�DQG�KHDOWK�RI�PDQJURYHV��
VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�RYHU�WKH�ODVW�����\U��:RUOGZLGH��VHDJUDVV�EHGV�DUH�WKRXJKW�WR�
have been declining ~7 % yr–1�VLQFH�������:D\FRWW�HW�DO���������0DQJURYHV�DUH�GHFUHDVLQJ�LQ�
surface area by 1 to 2 % yr–1��9DOLHOD�HW�DO��������DQG�FRUDO�UHHIV�E\���WR�����\U–1 (Bellwood 
HW�DO���������(YHQ�WKRXJK�WKH�KLJK�UDWH�RI�GHVWUXFWLRQ�RI�FRDVWDO�HFRV\VWHPV�PDNHV�LW�GLI¿FXOW�
WR�PDS�ZKHUH�WKHVH�HFRV\VWHPV�ZHUH�RQFH�QHLJKERXUV��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�
FRUDO�UHHIV�ZHUH�PXFK�PRUH�ZLGHVSUHDG�DQG�WKH�IUHTXHQF\�RI�VSDWLDO�FR�RFFXUUHQFH�ZDV�YHU\�
likely much greater in the past than it is today. 

1.2.1   Conequences of loss: Mangrove forests. 

0DQ\�PDQJURYH�IRUHVWV�KDYH�FRPSOHWHO\�GLVDSSHDUHG�GXH� WR� ORJJLQJ��FRDVWDO� ODQG¿OO�DQG�
RU� DTXDFXOWXUH� �9DOLHOD� HW� DO�� �������&LUFXPVWDQWLDO� HYLGHQFH� VXJJHVWV� WKDW�PDQJURYH� ORVV�
PD\�KDYH�KDG�IXQFWLRQDO�FRQVHTXHQFHV�IRU�QHLJKERXULQJ�PDULQH�HFRV\VWHPV��DSDUW�IURP�WKHLU�
UROH�LQ�SURWHFWLQJ�WHUUHVWULDO�V\VWHPV�IURP�PDMRU�HYHQWV�VXFK�DV�WVXQDPLV��$ORQJL��������)RU�
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H[DPSOH��LQ�6DEDK��0DOD\VLD��PDQJURYH�ORVV�OLNHO\�FRQWULEXWHG�WR�LQFUHDVHG�WXUELGLW\�GXULQJ�
WKH� UDLQ\� VHDVRQ�YLD� LQFUHDVHG� WHUUHVWULDO� VHGLPHQW� UXQRII� WKDW�� LQ� WXUQ�� FDXVHG� ODUJH� VFDOH�
GLVWXUEDQFH�WR�VHDJUDVV�PHDGRZV�ZLWKLQ�WKH�DUHD��)UHHPDQ�HW�DO���������&OHDUHG�PDQJURYH�
IRUHVWV�FDQ�DOWHU�WKH�DOJDH�FRPSRVLWLRQ�LQ�DGMDFHQW�HFRV\VWHPV��VXFK�DV�FRUDO�UHHIV��*UDQHN�	�
5XWWHQEHUJ��������7KH�DOJDO�VSHFLHV�Dictyota sp. and Acanthophora sp. were found growing 
RQ�GHDG�DQG�OLYLQJ�SDWFK�FRUDOV��DGMDFHQW�WR�FOHDUHG�PDQJURYH�DUHDV��*UDQHN�	�5XWWHQEHUJ�
�������7KH\�ZHUH�DEVHQW�LQ�WKH�YLFLQLW\�RI�LQWDFW�PDQJURYHV��9DOLHOD�	�&ROH��������VKRZHG�
that mangroves could intercept and store large amounts of terrestrial nitrogen. Mangrove 
forests that received an input of < 20 kg N ha–1 yr–1� LQWHUFHSWHG�DOO�RI� LW�� WKLV�UHGXFWLRQ�LQ�
nitrogen load to the ocean positively correlated with increased seagrass biomass and reduced 
KDELWDW�ORVV��9DOLHOD�	�&ROH�������

1.2.2   Consequences of loss: Seagrass beds

+XPDQ�DFWLYLWLHV� LQ� WKH�FRDVWDO� VHDVFDSH�FDQ�SK\VLFDOO\�GDPDJH�VHDJUDVV�EHGV�YLD�FRDVWDO�
FRQVWUXFWLRQ��ERDW�PRYHPHQW��DQFKRU�GDPDJH�DQG�GH�EDOODVWLQJ��%XUNKROGHU�HW�DO��������7RGG�
HW�DO���������6HDJUDVV�EHGV�DUH�VXVFHSWLEOH�WR�UHGXFHG�OLJKW�DYDLODELOLW\��5DOSK�HW�DO��������
YDQ�GHU�+HLGH�HW�DO��������DQG�WR�LQFUHDVHV�LQ�QXWULHQW�FRQFHQWUDWLRQV�DQG�WR[LQV��2UWK�HW�DO��
������)UHHPDQ�HW�DO��������7RGG�HW�DO���������/RVV�RI�VHDJUDVV�EHGV�KDV�EHHQ�DVVRFLDWHG�ZLWK�
FKDQJHV�LQ�QHLJKERXULQJ�HFRV\VWHPV��)RU�H[DPSOH��LQ�0RWDJX�%D\��WKH�%DKDPDV��WKH�ORVV�RI�
SDWFK�UHHI�RYHU�WKH�ODVW����\U�LV�WKRXJKW�WR�EH�GXH�WR�WKH�ORVV�RI�D�VHDJUDVV�EHG��6HDOH\��������
,Q�0DXULWLXV��PDQ\� KRWHOV� DUH� DFWLYHO\� UHPRYLQJ� VHDJUDVV� EHGV� EHFDXVH� WKH\� DUH� GHHPHG�
XQVLJKWO\�� DQG� WKLV� KDV� FDXVHG� LQFUHDVHG� WXUELGLW\�ZLWK� SRWHQWLDO� GDPDJH� WR� QHDUE\� FRUDOV�
�'DE\��������2WKHU�QHJDWLYH�LPSDFWV�RQ�VHDJUDVVHV�PD\�DOVR�QHJDWLYHO\�DIIHFW�OLQNDJHV�WR�
FRUDO� UHHIV��VXFK�DV� WKH�UHGXFWLRQ� LQ�GHQVLW\�RU�HOLPLQDWLRQ�RI�DOJLYRURXV�¿VK��5HFHQWO\�� LW�
KDV�EHHQ�VKRZQ�WKDW�VHDJUDVVHV�LQFUHDVH�VHDZDWHU�S+��ZKLFK�LQ�WXUQ�DOORZV�IRU�DQ�LQFUHDVH�
LQ�FDOFL¿FDWLRQ�LQ�FRUDOV�RI�������8QVZRUWK�HW�DO���������7KH�ULVH�LQ�FDOFL¿FDWLRQ�RI�FRUDO�
UHHIV�RQO\�RFFXUUHG�ZKHQ�VHDJUDVVHV�ZHUH�QHLJKERXULQJ�FRUDO�UHHIV��8QVZRUWK�HW�DO���������
It can be inferred that the loss of seagrass beds adjacent to coral reefs will cause a decrease 
LQ� FDOFL¿FDWLRQ� UDWHV��7KLV� HVSHFLDOO\� KDV� LPSOLFDWLRQV� IRU� DQWKURSRJHQLF� LPSDFWV� VXFK� DV�
FOLPDWH�FKDQJH��ZKLFK�FDQ�UHVXOW�LQ�DFLGL¿FDWLRQ�RI�WKH�RFHDQ�

1.2.3   Consequences of loss: Coral reefs

&RUDO�UHHI�SHUVLVWHQFH�LV�WKUHDWHQHG�E\�ODUJH�VFDOH�LQÀXHQFHV�VXFK�DV�JOREDO�ZDUPLQJ��RFHDQ�
DFLGL¿FDWLRQ�DQG�GHWHULRUDWLQJ�ZDWHU�TXDOLW\��LQFUHDVHG�WXUELGLW\�DQG�HXWURSKLFDWLRQ��WKDW�FDQ�
UHVXOW�LQ�UHGXFHG�SURGXFWLYLW\��PDVV�PRUWDOLW\�DQG�FRQVHTXHQW�KDELWDW�ORVV�IRU�RWKHU�VSHFLHV�
�0REHUJ�	�)RONH�������%HOOZRRG�HW�DO���������'HVWUR\HG�RU�KHDYLO\�GDPDJHG�FRUDO�UHHIV�QR�
ORQJHU�SURYLGH�DQ�HIIHFWLYH�ZDYH�EDUULHU��WKLV�FKDQJH�UHVXOWV�LQ�LQFUHDVHG�FRDVWDO�HURVLRQ��$�
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VWXG\�LQ�WKH�6H\FKHOOHV��6KHSSDUG�HW�DO��������IRXQG�WKDW�FRUDO�UHHI�GLH�RII�FDXVHG�LQ�SDUW�E\�
warming seas killed ~99 % of hard coral cover. This mortality increased the depth of the coral 
ÀDW��GHFUHDVHG�URXJKQHVV��UHGXFHG�HFRV\VWHP�FRPSOH[LW\�DQG�LQFUHDVHG�ZDYH�HQHUJ\�RQ�WKH�
VKRUHOLQH��UHVXOWLQJ�LQ�LQFUHDVHG�EHDFK�HURVLRQ��$OWKRXJK�WKDW�VWXG\�GLG�QRW�GLVFXVV�D�SRVVLEOH�
GH�VWDELOL]LQJ�HIIHFW�RQ�VHDJUDVV�EHGV�RU�PDQJURYHV��LW�GRHV�LOOXVWUDWH�WKH�LPSRUWDQFH�RI�FRUDO�
reefs in coastal protection from wave action. Recent work has also highlighted the importance 
RI�HFRV\VWHP�VWUXFWXUDO�FRPSOH[LW\�WR�HFRV\VWHP�VHUYLFHV��HVSHFLDOO\�LQ�FRUDO�UHHIV��*UDKDP�
	�1DVK��������'HQVLW\�DQG�FRPSOH[LW\�RI�WKH�FRUDO�UHHI�ZDV�SRVLWLYHO\�UHODWHG�WR�¿VK�ELRPDVV�
�*UDKDP�	�1DVK��������7KXV��D�GHFUHDVH�LQ�FRPSOH[LW\�ZLOO�KDYH�FRQFRPLWDQW�HIIHFWV�RQ�¿VK�
VSHFLHV��ZKLFK�FRQQHFW�FRUDO�UHHIV�ZLWK�VHDJUDVV�EHGV�DQG�PDQJURYH�IRUHVWV�

������ 0DWHULDOV�DQG�0HWKRGV

:H�FRPSOHWHG�D�OLWHUDWXUH�VHDUFK��XVLQJ�VRXUFHV�IURP������WR�WKH�SUHVHQW��RQ�:HE�RI�6FLHQFH�
DQG�*RRJOH�6FKRODU�XVLQJ�NH\ZRUGV�LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��WKH�IROORZLQJ��FRQQHFWLYLW\��
IDFLOLWDWLRQ��SRVLWLYH�LQWHUDFWLRQV���FRUDO�UHHIV���VHDJUDVV�EHGV���PDQJURYH�IRUHVWV��IDFLOLWDWLRQ��
SRVLWLYH� LQWHUDFWLRQV� �� WURSLFDO� FRDVWDO� VHDVFDSH��ZDYH� HQHUJ\��ZDYH� KHLJKW� �� FRUDO� UHHIV�
�� VHDJUDVV� EHGV� �� PDQJURYH� IRUHVWV�� DOWHUDWLRQ� RI� K\GURG\QDPLF� HQHUJ\� �� FRUDO� UHHIV� ��
VHDJUDVV�EHGV���PDQJURYH�IRUHVWV��WXUELGLW\��VHGLPHQWDWLRQ�UDWHV���FRUDO�UHHIV���VHDJUDVV�EHGV�
��PDQJURYH�IRUHVWV��RXWZHOOLQJ���PDQJURYH�IRUHVWV��QXWULHQW�FRQFHQWUDWLRQV��ÀX[HV���FRUDO�
UHHIV���VHDJUDVV�EHGV���PDQJURYH�IRUHVWV��ELRORJLFDO�FRQQHFWLYLW\���FRUDO�UHHIV���VHDJUDVV�
EHGV���PDQJURYH�IRUHVWV��QXUVHU\�DUHDV���FRUDO�UHHIV���VHDJUDVV�EHGV���PDQJURYH�IRUHVWV��
DQG�HFRV\VWHP�EDVHG�PDQDJHPHQW���FRUDO�UHHIV���VHDJUDVV�EHGV���PDQJURYH�IRUHVWV��1RW�DOO�
topics of study were completed in the same time period. The relation between coral reefs and 
hydrodynamics was studied well before reports on other aspects (e.g. hydrodynamics and 
VHDJUDVV�EHGV�RU�PDQJURYHV��ZHUH�SUHVHQW�LQ�WKH�OLWHUDWXUH��,Q�RXU�VXSSOHPHQWDU\�WDEOHV��ZH�
indicate the time periods during which the results for different ecosystems and exchanges 
ZHUH�SXEOLVKHG��EXW�IRU�WKH�DQDO\VLV�ZH�GLG�QRW�FRQVWUDLQ�WKH�GDWD�XVHG�WR�D�SDUWLFXODU�WLPH�
span.
� :H�HVWLPDWHG�WKH�WKUHVKROG�YDOXH�IRU�VHGLPHQW�QXWULHQW�ÀX[HV�DQG�ZDYH�KHLJKW�DW�
FRUDO�UHHIV��VHDJUDVV�EHGV�DQG�PDQJURYH�IRUHVWV��7KLV�WKUHVKROG�YDOXH�ZDV�WKH�PHDQ�YDOXH�
IURP� WKH� OLWHUDWXUH� UHYLHZ� RI� ÀX[HV� XQGHU� ZKLFK� WKH� HFRV\VWHP� HQJLQHHUV� �VWRQ\� FRUDOV��
VHDJUDVV�SODQWV�DQG�PDQJURYH�WUHHV��FDQ�VXUYLYH��7DE��6���6��	�6����:H�GHFLGHG�WR�XVH�D�
mean value as being the most representative because the range (minimum and maximum 
YDOXHV��FRXOG�EH�VNHZHG�E\�YHU\�KLJK�DQG�ORZ�YDOXHV�EHLQJ�UHFRUGHG�IRU�D�VSHFL¿F�VLWH�RU�
VSHFLHV��ZKLFK�ZHUH�QRW�FKDUDFWHULVWLF�RI�WKH�HQWLUH�GDWD�
� ,Q�HDFK�RI�WKH�OLWHUDWXUH�VWXGLHV��ZH�VHDUFKHG�IRU�UHGXFWLRQV�LQ�ZDYH�KHLJKWV��VHGLPHQW�
ÀX[HV�DQG�QXWULHQW�ÀX[HV�DV�WKHVH�SDVVHG�WKURXJK�DQ�HFRV\VWHP��7KLV�ZDV�GRQH�E\�FRPSDULQJ�
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LPSRUW�DQG�H[SRUW�SHU�VWXG\��,I�DQ�LPSRUW�YDOXH�ZDV�QRW�DYDLODEOH�EXW�D�UHWHQWLRQ�UDWH�ZDV��ZH�
FDOFXODWHG�LPSRUW�EDVHG�RQ�H[SRUW�DQG�UHWHQWLRQ��,PSRUW�DQG�H[SRUW�RI�ZDYH�KHLJKW��VHGLPHQW�
RU�QXWULHQWV�ZHUH�SORWWHG�WR�HVWDEOLVK�LI�WKH�HFRV\VWHP�ZDV�UHGXFLQJ�WKH�ÀX[�DQG�WKHUHIRUH�
SURYLGLQJ�D�SRVLWLYH�LQWHUDFWLRQ��:H�DOVR�FRPSDUHG�WKH�H[SRUW�YDOXHV�IURP�RQH�V\VWHP�ZLWK�
the threshold values for the ecosystem engineers of the other systems.
 Retention capacity of the different ecosystems was statistically analysed by 
regressing the export/import ratio versus area or length of the system with a Model II 
UHJUHVVLRQ��7R�HQVXUH�QRUPDOLW\�DQG�KRPRJHQHLW\�RI�YDULDQFHV��WKH�H[SRUW�LPSRUW�UDWLRV�ZHUH�
log-transformed. This transformation also avoided any spurious correlation that could have 
been caused by a correlation between export or import and the dimensions of the system. 
3UREDELOLW\��S��ZDV�FRQVLGHUHG�VLJQL¿FDQW�DW�S���������$OO�VWDWLVWLFDO�WHVWLQJ�ZDV�FRPSOHWHG�LQ�
the R program.

������� $QDO\VLV�RI�HFRV\VWHP�H[FKDQJHV�DQG�SRWHQWLDO�LQWHUDFWLRQV

1.4.1   Attenuation of wave height 

�������� +DELWDW�UHTXLUHPHQWV�RI�PDQJURYHV�DQG�VHDJUDVVHV�DQG�HFRV\VWHP�
engineering feedbacks

0DQJURYHV� UHTXLUH� ORZ�ZDYH�KHLJKWV� IRU� VHHGOLQJ�HVWDEOLVKPHQW�DQG�GHYHORSPHQW�RI� URRW�
V\VWHPV��WKUHVKROG�ZDYH�KHLJKW�����P��7DE�����7DE��6����%DONH�HW�DO���������6HDJUDVV�EHGV�
JURZ�LQ�VKDOORZ�ZDWHU�HQYLURQPHQWV��6LPLODU�WR�PDQJURYHV��WKH\�UHTXLUH�FDOP�FRQGLWLRQV�IRU�

Table 1 /LWHUDWXUH�EDVHG� WKUHVKROG�YDOXHV�RI�ZDYH�KHLJKW� �P��DQG�VHGLPHQW� �J�P–2 d–1���QLWURJHQ��J�
N m–2 d–1��DQG�SKRVSKRUXV��J�3�P–2 d–1��ÀX[HV�DW�ZKLFK�PDQJURYH�IRUHVWV��0)���VHDJUDVV�EHGV��6%��
DQG�FRUDO�UHHIV��&5��FDQ�HVWDEOLVK�RU�SHUVLVW��9DOXHV�ZHUH�FDOFXODWHG�EDVHG�RQ�D�OLWHUDWXUH�UHYLHZ��WKH�
PHDQ�YDOXH�RI� WKH� OLWHUDWXUH�UHYLHZ�YDOXHV�ZDV�FKRVHQ�DV� WKH� WKUHVKROG�YDOXH��7DE��6���6��DQG�6����
Facilitation potential indicates whether one ecosystem type could positively affect the establishment 
DQG�RU�SHUVLVWHQFH�RI�DQRWKHU�E\�DOWHULQJ�WKH�FRUUHVSRQGLQJ�DELRWLF�YDULDEOH��EDVHG�RQ�OLWHUDWXUH�UHYLHZ���
DUURZV�LQGLFDWH�WKH�GLUHFWLRQ�RI�WKH�IDFLOLWDWLRQ�SRWHQWLDO��:H�KDYH�QRW�FRQVLGHUHG�GLIIHUHQFHV�LQ�RUJDQLF�
or inorganic nutrients and have combined all sources of N and P.

Threshold

Variables

Mangrove 

forests

Seagrass 

beds

Coral 

reefs

Facilitation

Potential

:DYH�KHLJKW��P� ��� 0.4 0.9 CR SBÆMF

Total suspended sediment
(g

-1�P-2 

day

-1�
82 ��� 11.2 MF SBÆCR

:DWHU�FROXPQ�QLWURJHQ 

�J�1�P-2

 day

-1�
0.07 0.04 0.009 MF SBÆCR

:DWHU�FROXPQ�SKRVSKRURXV
�J�3�P-2

 day

-1�
0.04 0.002 0.0002 MF SBÆCR
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LQLWLDO�HVWDEOLVKPHQW�DQG�H[SDQVLRQ��WKUHVKROG�ZDYH�KHLJKW�����P��7DE�����7DE��6����YDQ�GHU�
+HLGH�HW�DO��������,QIDQWHV�HW�DO��������

$ORQJ�FRDVWOLQHV�VXEMHFW�WR�VWURQJ�ZDYH�DFWLRQ��PDQJURYHV�DQG�VHDJUDVV�EHGV�FRXOG�EHQH¿W�
IURP�WKH�SK\VLFDO�EDUULHU�SURYLGHG�E\�FRUDO�UHHIV��2JGHQ�	�*ODGIHOWHU�������0REHUJ�	�)RONH�
�������&RUDO�UHHIV�DW�WKH�HGJH�RI�WKH�FRDVWDO�]RQH�DUH�D�SK\VLFDO�EDUULHU�EHWZHHQ�WKH�ODQG�DQG�
WKH�RFHDQ��0REHUJ�	�)RONH��������&RUDO�UHHIV�FDQ�SHUVLVW�DW�KLJK�OHYHOV�RI�K\GURG\QDPLF�
HQHUJ\� �WKUHVKROG� ZDYH� KHLJKW� ���� P�� 7DE�� ��� 7DE�� 6���� 7KH� UHHI¶V� SK\VLFDO� VWUXFWXUH� LV�
VSDWLDOO\�FRPSOH[��UHVXOWLQJ�LQ�KLJK�IULFWLRQ�ZLWK�WKH�ZDWHU�FXUUHQWV��$V�D�UHVXOW��FRUDO�UHHIV�
FUHDWH�FDOP�ODJRRQV�RQ�WKH�ODQGZDUG�VLGH�DQG�FDQ�SUHYHQW�VKRUHOLQH�HURVLRQ��2JGHQ�������
0REHUJ�	�)RONH�������6KHSSDUG�HW�DO���������(VWDEOLVKHG�VHDJUDVV�EHGV�FDQ�DOVR�DWWHQXDWH�
ZDYH�HQHUJ\��.RFK�������%RXPD�HW�DO���������EXW�WR�D�PXFK�OHVVHU�GHJUHH�WKDQ�FRUDO�UHHIV�
GXH�WR�WKHLU�ÀH[LEOH�VWUXFWXUH��%RXPD�HW�DO��������,QIDQWHV�HW�DO���������,Q�WKH�SUHVHQW�VWXG\�
WKH�GDWD�VKRZ�WKDW�UHGXFWLRQ�RI�ZDYH�KHLJKWV�LV�VSHFLHV��DQG�ORFDWLRQ�VSHFL¿F��6HDJUDVV�EHGV�
DQG�FRUDOV�FDQ�FRQWULEXWH�WR�VHGLPHQW�DFFUHWLRQ�DQG�VWDELOL]DWLRQ��WKXV�GHFUHDVLQJ�ZDWHU�GHSWK�
WRZDUG�WKH�VKRUH��7KLV�UHGXFWLRQ�LQ�GHSWK�FDQ�DOVR�DOWHU�ZDYH�KHLJKW��EXW�ZH�GLG�QRW�WDNH�WKLV�
factor explicitly into consideration.

1.4.1.2  Positive interactions from coral reefs and seagrass beds under average 
conditions 

&RUDO�UHHIV�UHGXFH�ZDYH�KHLJKWV�WR�D�IUDFWLRQ�RI�WKH�LQFRPLQJ�ZDYH�KHLJKW��)LJ���$��7DE��6����
$VVXPLQJ�DQ�LQLWLDO�ZDYH�KHLJKW�DUULYLQJ�DW�D�FRUDO�UHHI�RI�EHWZHHQ������DQG���P��WKLV�ZRXOG�
UHVXOW� LQ������WR�����P�ZDYHV�YLD�DWWHQXDWLRQ�RI�K\GURG\QDPLF�HQHUJ\��)LJ���$��7DE��6����
There was no correlation between the distance the wave travelled and the retention capacity 
(linear regression R2� �������S�!��������+RZHYHU��WKH�GDWD�WDNHQ�DW�WKH�UHHI�FUHVW�GLG�VKRZ�D�
negative relationship between export/import ratio and the distance the wave travelled (linear 
regression: R2� ������S����������$OO�VWXGLHV�VKRZHG�D�GHFUHDVH�LQ�ZDYH�KHLJKW�EHWZHHQ����
DQG�������WKLV�LQGLFDWHV�WKH�DELOLW\�RI�FRUDO�UHHIV�WR�UHGXFH�ZDYH�KHLJKWV��WKHUHE\�SRWHQWLDOO\�
IDFLOLWDWLQJ�WKH�HVWDEOLVKPHQW�RI�VHDJUDVV�EHGV��)LJ���$��7DE��6���

$IWHU�D�ZDYH�SDVVHV�D�FRUDO� UHHI�� VHDJUDVV�EHGV�ZLOO� IXUWKHU� UHGXFH�DQ� LQLWLDO�ZDYH�KHLJKW�
IURP� ����±����P� WR� ����±�����P� �)LJ�� �%��7DE�� 6����7KH� UHGXFWLRQ� UDWLR� �H[SRUW�LPSRUW��
ZDV� QRW� UHODWHG� WR� WKH� SK\VLFDO� GLPHQVLRQV� RI� WKH� EHG� RU� WR� WKH� GHQVLW\� RI� WKH� VHDJUDVV��
SRVVLEO\�EHFDXVH�RI� WKH�VPDOO�GDWD�VHW� �7DE��6����+RZHYHU��DOO�YDOXHV�ZHUH�ZHOO�EHORZ����
demonstrating that wave height reduction is a consistent feature of all seagrass beds studied. 
2YHUDOO��WKHVH�VWXGLHV��7DE��6���VKRZ�WKH�SRWHQWLDO�RI�VHDJUDVV�EHGV�WR�DWWHQXDWH�ZDYH�KHLJKW�
for neighboring ecosystems.
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1.4.1.3  Positive interactions from coral reefs to seagrass beds in storms and 
hurricanes 

Coral reefs may be exposed to recurrent tropical storms and hurricanes with high 
K\GURG\QDPLF� HQHUJ\�� 7KH� PDLQ� IDFWRU� LQÀXHQFLQJ� FRUDO� UHHI� FDSDFLW\� IRU� ZDYH� KHLJKW�
DWWHQXDWLRQ�LV�WKH�SK\VLFDO�GLPHQVLRQ�RI�WKH�UHHI��0DGLQ�HW�DO���������UHYLHZHG�YDULRXV�VWXGLHV�
DQG�IRXQG�WKDW������RI�ZDYH�KHLJKW�DQG�YHORFLW\�ZDV�UHGXFHG�LQ�WKH�¿UVW�����P�RI�D�IULQJLQJ�
UHHI��9DULRXV�ZDYH�KHLJKWV�GXULQJ�VWRUP�VZHOOV�KDYH�EHHQ�UHFRUGHG��IRU�H[DPSOH����WR���P�
LQ� WKH�6RXWK�3DFL¿F�DQG�,QGLDQ�2FHDQ�����P�LQ� WKH�1RUWK�3DFL¿F�DQG��� WR���P�DW�+DZDLL�
�'ROODU��������%DVHG�RQ�0DGLQ�HW� DO�� �������� VXFK�ZDYHV�ZRXOG�EH� VXEVWDQWLDOO\� UHGXFHG�
E\�FRUDO�UHHIV��DOWKRXJK�UHPDLQLQJ�ZDYHV�ZRXOG�PRVW�OLNHO\�VWLOO�H[FHHG�QRUPDO�WKUHVKROG�
FRQGLWLRQV�IRU�VHDJUDVV�EHGV��7DE������7KXV��VHDJUDVV�EHGV�ZLOO�EH�GDPDJHG�E\�KXUULFDQHV�
HYHQ�LQ�WKH�SUHVHQFH�RI�FRUDO�UHHIV��/XJR��������+RZHYHU��JLYHQ�WKH�WUDQVLHQW�FKDUDFWHU�RI�
VWRUPV��LQ�PRVW�FDVHV��WKHVH�HFRV\VWHPV�ZLOO�EH�GDPDJHG�EXW�QRW�HOLPLQDWHG��JLYHQ�VXI¿FLHQW�
WLPH�IRU�SULRU�HVWDEOLVKPHQW�DQG�IRU�UHFRYHU\�EHWZHHQ�VWRUPV��8KULQ�HW�DO���������7KH�VWRUP�
VXUJH� FUHDWHG� E\�&DWHJRU\� ��+XUULFDQH�.DWULQD� �1HZ�2UOHDQV��86$��ZDV� �����P�ZLWK� D�
ZLQG�VSHHG�RI����P�V–1��.QDEE�HW�DO���������7KLV�IRUFH�ZDV�VXI¿FLHQW�WR�GDPDJH�FRUDO�UHHIV��
increase wave energy and height in the lagoon and move coral reef debris toward the lagoon 

)LJXUH���&KDQJH� LQ�ZDYH�KHLJKW� �P��RYHU�D�GLVWDQFH� �P��RFHDQ� WR�VKRUH��RI� �$��FRUDO� UHHI�DQG� �%��
VHDJUDVV�EHG��(DFK�OLQH�DUURZ�UHSUHVHQWV�D�GLIIHUHQW�VWXG\��ZKHUH�WKH�KLJKHVW�SRLQW�LV�WKH�LQLWLDO�ZDYH�
KHLJKW��DQG��IROORZLQJ�WKH�GLUHFWLRQ�RI�WKH�DUURZ��WKH�ORZHVW�SRLQW�UHSUHVHQWV�WKH�HQG�ZDYH�KHLJKW��,Q�
SDQHO��$���JUH\�OLQHV�UHSUHVHQW�VWXGLHV�WDNHQ�DW�WKH�UHHI�FUHVW��EODFN�OLQHV�UHSUHVHQW�VWXGLHV�WDNHQ�DW�WKH�
fore or back reef. Each study calculated a different percentage change of the wave height over a given 
GLVWDQFH��WKH�QXPEHU�GLUHFWO\�DERYH�WKH�OLQH�LQGLFDWHV�WKH�VWXG\�QXPEHU�LQ�7DE��6���



24

Chapter 1

�/XJR�)HUQiQGH]�	�*UDYRLV��������1HYHUWKHOHVV��LQ�WKH�DEVHQFH�RI�FRUDO�UHHIV��GDPDJH�WR�
VHDJUDVV�EHGV�ZRXOG�PRVW�SUREDEO\�KDYH�EHHQ�PXFK�JUHDWHU��+HDOWK\�FRUDO�UHHIV�DUH�UHVLOLHQW�
WR� LQIUHTXHQW� KXUULFDQHV�� DQG� LI� QR� DGGLWLRQDO�PDMRU� LPSDFWV� RFFXU� LPPHGLDWHO\� DIWHU� WKH�
KXUULFDQH��WKH\�FDQ�FRQWLQXH�WR�SURWHFW�WKH�VKRUHOLQH��/XJR��������

1.4.2  Sediment exchange

���������+DELWDW�UHTXLUHPHQWV�RI�FRUDO�UHHIV�DQG�VHDJUDVVHV

:LWK� UHVSHFW� WR� WRWDO� VHGLPHQWDWLRQ� DQG� WXUELGLW\�� WKH� UDQJH� RI� UHSRUWHG� WKUHVKROGV� IRU�
establishment and/or persistence is lower in coral reefs than in seagrass beds and mangrove 
IRUHVWV��7DE�����7DE��6����6XVSHQGHG�VHGLPHQWV�FDQ�OLPLW�FRUDO�UHHI�SURGXFWLYLW\�E\�UHGXFLQJ�
OLJKW�SHQHWUDWLRQ��(UIWHPHLMHU�	�/HZLV�������YDQ�GHU�+HLGH�HW�DO��������7RGG��������+LJK�
VHGLPHQW� ORDGV� FDQ� DOVR� EXU\� FRUDO� UHHIV� �0X]XND� HW� DO�� ������ (UIWHPHLMHU� HW� DO�� ����E���
More modest sediment loads can also reduce coral energy reserves by creating a continuous 
demand for sediment clearing by coral polyps and can reduce reproductive success (Brown 
������7RGG�������(UIWHPHLMHU�HW�DO������D���%HFDXVH�UHGXFHG�VHGLPHQW�ORDGV�FDQ�EHQH¿W�FRUDO�
UHHIV��WKH�SRWHQWLDO�IRU�SRVLWLYH�LQWHUDFWLRQV�ZLOO�GHSHQG�RQ�WKH�H[WHQW�WR�ZKLFK�PDQJURYHV�
and seagrass plants can trap sediments.

���������+DELWDW�PRGL¿FDWLRQ�E\�PDQJURYHV�DQG�VHDJUDVV�EHGV

6HGLPHQW� WUDSSLQJ� LV� ODUJHO\� D� FRQVHTXHQFH� RI� K\GURG\QDPLF� HQHUJ\� DWWHQXDWLRQ��
KHQFH� SK\VLFDO� VWUXFWXUH�� 7KH� H[WHQVLYH� URRW� V\VWHPV� RI� PDQJURYHV�� DORQJ� ZLWK� WKHLU�
SQHXPDWRSKRUHV�DQG�VWHPV��FDQ�UHVXOW�LQ�VHGLPHQW�DFFXPXODWLRQ�UDWHV�RI�����WR����FP�\U±��
�:RODQVNL�HW�DO��������$GDPH�HW�DO���������7KHUHIRUH��WKH�VL]H�RI�WKH�IRUHVW�PD\�DIIHFW�WKH�
capacity of mangroves to trap sediment. Because a greater amount of structure implies a 
JUHDWHU�UHGXFWLRQ�LQ�K\GURG\QDPLF�HQHUJ\�DQG�PRUH�VHGLPHQW�DFFUHWLRQ��%RXPD�HW�DO���������
ZH�H[SHFW�PDQJURYH�IRUHVWV�ZLWK�ODUJHU�DUHDV�WR�WUDS�PRUH�VHGLPHQW��WKLV�UHVXOWV�LQ�JUHDWHU�
potential for buffering of coral reefs.
6HDJUDVV�EHGV�UHGXFH�K\GURG\QDPLF�HQHUJ\�YLD�OHDI�VWUXFWXUH�DQG�VWHP�GHQVLW\��ZKLFK�FDXVHV�
VHGLPHQW�GHSRVLWLRQ�DQG�UHGXFHG�UH�VXVSHQVLRQ��YDQ�GHU�+HLGH�HW�DO���������7KLV�FRXOG�UHGXFH�
VHGLPHQW�ORDG�DQG�ZDWHU�WXUELGLW\�RI�RXWJRLQJ�WLGHV�PRYLQJ�WRZDUG�FRUDO�UHHIV��.RFK�������

1.4.2.3  Positive interactions from mangroves and seagrass beds

)URP�RXU� UHYLHZ��DOO� WKH�PDQJURYHV� UHGXFHG� VXVSHQGHG� VHGLPHQW�ÀX[�FRQFHQWUDWLRQV�� WKH�
WUDSSLQJ�FDSDFLW\�RI�WKH�PDQJURYH�UDQJHG�IURP���WR�������LQGLFDWLQJ�ODUJH�YDULDELOLW\��7DE��
6���Fig.3���:H�UHDOL]H�WKDW�WKLV�YDULDELOLW\�FDQ�FRPH�IURP�VHGLPHQW�ÀX[HV�RYHU�GLIIHUHQW�WLPH�
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SHULRGV��EXW�IRU�VLPSOLFLW\��DOO�GDWD�ZHUH�WUDQVIRUPHG�WR�J�P–2 d–1�YDOXHV��HYHQ�ZKHQ�EDVHG�RQ�
LQFRPSOHWH�\HDU�F\FOHV��DV�LQGLFDWHG�LQ�7DE��6��

)LJXUH���2FHDQZDUG�ÀX[�RI� WRWDO�VXVSHQGHG�VROLGV� �766��J–1 m–2 d–1�� IURP�PDQJURYH�IRUHVWV� WR� WKH�
FRDVWDO�RFHDQ��DV�D�IXQFWLRQ�RI�PDQJURYH�DUHD��NP2���(DFK�OLQH�UHSUHVHQWV�D�GLIIHUHQW�VWXG\��ZKHUH�WKH�
KLJKHVW�SRLQW� LV� WKH� LQLWLDO�VHGLPHQW� LQSXW��DQG��IROORZLQJ�WKH�OLQHV� LQ� WKH�GLUHFWLRQ�RI� WKH�DUURZ�� WKH�
ORZHVW�SRLQW�UHSUHVHQWV�WKH�H[SRUWHG�VHGLPHQW��VHH�7DE��6����'DVK�ZLWKRXW�DUURZ�LQGLFDWHV�QR�GLIIHUHQFH�
in imported and exported sediment. The number directly above the line indicates the study number in 
7DE��6���1RW�DOO�VHGLPHQW�ÀX[HV�KDYH�EHHQ�PHDVXUHG�RYHU�DQ�HQWLUH�\HDU��7DE��6���

:H�IRXQG�D�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�H[SRUW�LPSRUW�UDWLR�DQG�DUHD�RI�PDQJURYH�IRUHVW��S�
��������52� �������7KLV�LQGLFDWHV�WKDW�D�ODUJHU�PDQJURYH�IRUHVW�KDV�D�JUHDWHU�UHODWLYH�UHWHQWLRQ�
FDSDFLW\��,Q�WKLV�DQDO\VLV��ZH�GLG�QRW�DFFRXQW�IRU�FKDQJHV�LQ�ÀX[HV�RI�VHGLPHQW�IURP�FXUUHQWV�
RU�LQFUHDVHG�ZDWHU�YROXPH��ZKLFK�ZRXOG�FHUWDLQO\�KDYH�DQ�HIIHFW�RQ�WKH�ÀX[�RI�VXVSHQGHG�
VHGLPHQW� LQ� WKH� ZDWHU�� 6XFK� DQDO\VLV� ZRXOG� UHTXLUH� ODUJH�VFDOH� K\GURG\QDPLF�PRGHOOLQJ�
DQG� LV�EH\RQG� WKH� VFRSH�RI� WKLV� VHFWLRQ�� ,Q� FRQFOXVLRQ��PDQJURYH� IRUHVWV� FRXOG�SURYLGH�D�
SRVLWLYH�LQWHUDFWLRQ�ZLWK�FRUDO�UHHIV�YLD�UHGXFWLRQ�LQ�VHGLPHQW�ORDG��KRZHYHU��IXUWKHU�UHVHDUFK�
LV�UHTXLUHG�RQ�KRZ�WKH�VWDWH��GHJUDGHG�RU�QDWXUDO��RI�WKH�PDQJURYH�IRUHVW�FRXOG�DOWHU�LWV�DELOLW\�
to retain sediments.
� 6HDJUDVV�EHGV�VKRZHG�D�UHGXFWLRQ�LQ�WXUELGLW\�����WR��������+HQGULNV�HW�DO��������
�������,W�LV�GLI¿FXOW�WR�GUDZ�¿UP�FRQFOXVLRQV�EHFDXVH�YDULDELOLW\�EHWZHHQ�VWXGLHV�LV�ODUJH�DQG�
WKH�GDWD�VHW�LV�OLPLWHG��)RU�H[DPSOH��ÀXPH�VWXGLHV�E\�+HQGULNV�HW�DO���������VKRZ�D�YHU\�ODUJH�
LQLWLDO�FRQFHQWUDWLRQ�RI�VHGLPHQW�������WR������J�O–1���ZKLFK�ZRXOG�QRW�VKRZ�DQ\�IDFLOLWDWLYH�
HIIHFW�WR�FRUDO�UHHIV��2WKHU�HFRORJLFDO�LQÀXHQFHV��H�J��ORFDO�K\GURG\QDPLF�FRQGLWLRQV��QXWULHQW�
VWDWXV��GLVWXUEDQFH��DUFKLWHFWXUH�RI�WKH�VHDJUDVV�FDQRS\��UHVXVSHQVLRQ�SRWHQWLDO�DQG�KHUELYRU\��
are expected to affect the structures of the seagrass bed and therefore the perspective of 
SRVLWLYH�VHGLPHQW�LQWHUDFWLRQV�IURP�VHDJUDVV�EHGV�WR�FRUDO�UHHIV��.RFK�������GH�%RHU�������
,QIDQWHV�HW�DO��������
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1.4.3  Nutrient exchange

���������+DELWDW�UHTXLUHPHQWV�RI�FRUDO�UHHIV�DQG�VHDJUDVV�EHGV

&RUDOV�UHHIV�LQ�SULVWLQH�DUHDV�FDQ�EH�OLPLWHG�E\�QLWURJHQ�DQG�RU�SKRVSKRUXV��.XKOPDQQ�������
+HDUQ�HW�DO���������7KUHH�PDMRU�SURFHVVHV�DUH�LQYROYHG�LQ�QXWULHQW�DFTXLVLWLRQ�XQGHU�WKHVH�
FLUFXPVWDQFHV��QXWULHQW�GHSOHWLRQ�RI�WKH�ERXQGDU\�OD\HU��WLJKW�QXWULHQW�UHF\FOLQJ�ZLWKLQ�WKH�
HFRV\VWHP��DQG�FRQVXPSWLRQ�RI�SDUWLFXODWH�PDWWHU��.XKOPDQQ�������+HDUQ�HW�DO��������7RGG�
�������6HDJUDVV�EHGV�FDQ�DOVR�EH�OLPLWHG�E\�QLWURJHQ�DQG�SKRVSKRUXV�LQ�SULVWLQH�DUHDV��/HH�
HW�DO��������EXW�DUH�DGDSWHG�WR�ORZ�QXWULHQW�DYDLODELOLW\��6HDJUDVVHV�DFFHVV�WKH�KLJKHU�QXWULHQW�
FRQFHQWUDWLRQV�LQ�VHGLPHQW��7HUUDGRV�HW�DO��������DQG�FDQ�XVH�RUJDQLF�VRXUFHV�DV�D�QLWURJHQ�
source both by trapping organic matter in porous sediment as well as by uptake of dissolved 
RUJDQLF�PDWWHU� IURP� WKH�ZDWHU� FROXPQ� �9RQN� HW� DO�� ����D��� 6HDJUDVV� EHGV� KDYH� HI¿FLHQW�
nutrient recycling in the sediment that is enhanced by invertebrates such as burrowing shrimp 
�9RQN�HW�DO������E��
 Changes in land use in the last 100 yr have resulted in high nutrient inputs to the 
FRDVWDO�VHDVFDSH��8ULDUWH�HW�DO���������&RQVHTXHQWO\��PDQ\�FRUDO�UHHIV�DQG�VHDJUDVV�EHGV�DUH�
QR�ORQJHU�QXWULHQW�OLPLWHG��6FKDIIHONH�HW�DO��������%XUNKROGHU�HW�DO���������1XWULHQW�ORDGLQJ�
WR� VHDJUDVV� EHGV�� SDUWLFXODUO\� RI� WHUUHVWULDOO\� GHULYHG� QLWURJHQ�� KDV� EHHQ� IRXQG� WR� LQLWLDOO\�
LQFUHDVH�VHDJUDVV�SURGXFWLYLW\�DQG�ELRPDVV� �/HH�HW�DO���������+RZHYHU�� LQFUHDVHG� ORDGLQJ�
IRU�ORQJHU�SHULRGV�JHQHUDOO\�FDXVHV�D�GHFUHDVH�LQ�OHDI�GHQVLW\�DQG�FRYHU��IROORZHG�E\�VKLIWV�
WR� PDFURDOJDH�GRPLQDWHG� V\VWHPV� �%XUNKROGHU� HW� DO�� �������0DQ\� VWXGLHV� RI� FRUDO� UHHIV�
KDYH�IRXQG�WKDW�KLJK�QXWULHQW�FRQFHQWUDWLRQV�KDYH�GHWULPHQWDO�HIIHFWV��LQFOXGLQJ�JURZWK�RI�
PDFURDOJDH��7RGG�HW�DO���������LQFUHDVHG�RFFXUUHQFH�RI�H[RWLF�VSHFLHV��'XELQVN\�	�6WDPEOHU�
������ DQG� SK\VLRORJLFDO� FKDQJHV� �H�J�� LQ� IHHGLQJ� VWUDWHJLHV�� UHSURGXFWLYH� DELOLWLHV� DQG�
]RR[DQWKHOODH�SKRWRV\QWKHVLV���7RPDVFLN�	�6DQGHU�����������D�E��
� ,Q� JHQHUDO�� FRUDO� UHHIV� KDYH� JUHDWHU� H[SRVXUH� WR� ORZ� QXWULHQW� RFHDQ� ZDWHU� WKDQ�
VHDJUDVV� EHGV� �7DE�� ��� 7DE�� 6���� %HFDXVH� UHGXFHG� QXWULHQW� ORDGV� FDQ� EHQH¿W� VHDJUDVVHV�
DQG�FRUDO� UHHIV�� WKH�SRWHQWLDO� IRU�SRVLWLYH� LQWHUDFWLRQV�ZLOO� GHSHQG�RQ� WKH� H[WHQW� WR�ZKLFK�
PDQJURYHV��IRU�VHDJUDVVHV�DQG�UHHIV��DQG�VHDJUDVV�EHGV��IRU�UHHIV��DIIHFW�QXWULHQW�ORDGV�

���������+DELWDW�PRGL¿FDWLRQ�E\�PDQJURYHV�DQG�VHDJUDVV�EHGV

7KH�PDQJURYH�RXWZHOOLQJ�K\SRWKHVLV��2GXP�������/HH�������SRVWXODWHV�WKDW�GHWULWDO�H[SRUW�
VXSSRUWV�DGMDFHQW�HFRV\VWHPV�DQG�IRRG�ZHEV��)RU�H[DPSOH��PDQJURYH�GHWULWXV�KDV�EHHQ�IRXQG�
XS�WR���NP�DZD\�LQ�QHDUE\�VHDJUDVV�EHGV��+HPPLQJD�HW�DO��������/HH�������%RXLOORQ�HW�DO��
�������+HUH�� KRZHYHU��ZH� IRFXV�RQ� WKH� UHYHUVH� LQÀXHQFH�� FDQ�PDQJURYHV�EXIIHU� VHDJUDVV�
EHGV��DQG�SRVVLEO\�HYHQ�FRUDO�UHHIV��IURP�H[FHVV�WHUUHVWULDO�QXWULHQWV"�7KHVH�IRUHVWV�UHFHLYH�
QXWULHQWV�IURP�D�YDULHW\�RI�RFHDQLF�DQG�RU�WHUUHVWULDO�VRXUFHV��9LOKHQD�HW�DO���������0DQJURYH�



27

Potential for landscape scale interactions

HFRV\VWHPV� DUH� ELRJHRFKHPLFDOO\� FRPSOH[��ZLWK� KLJK� QXWULHQW� SURFHVVLQJ� DQG� RXWSXWV� E\�
DVVRFLDWHG�IDXQD��/HH�������.ULVWHQVHQ�HW�DO���������)RU�H[DPSOH��LQYHUWHEUDWHV�IHHGLQJ�RQ�
mangrove particulate organic matter can account for 10 to 80 % of exported carbon (Robertson 
�������0LFURELDO�DFWLYLW\�KDV�DOVR�EHHQ�IRXQG� WR�XWLOL]H�XS� WR������RI�SDUWLFXODWH�RUJDQLF�
PDWWHU�� DQG� PLFURELDO� PLQHUDOL]DWLRQ�� QLWURJHQ� ¿[DWLRQ� DQG� GHQLWUL¿FDWLRQ� DUH� VLJQL¿FDQW�
SURFHVVHV�ZLWKLQ�WKH�QLWURJHQ�EXGJHW��.ULVWHQVHQ�HW�DO���������+LJK�UDWHV�RI�ELRJHRFKHPLFDO�
cycling within mangrove ecosystems imply that nutrient export will be constrained to that 
H[FHHGLQJ�LQWHUQDO�UHTXLUHPHQWV�RU�WKDW�ZKLFK�FDQQRW�EH�UHWDLQHG�DW�KLJK�GLVFKDUJH�RU�XQGHU�
VWRUP�FRQGLWLRQV��%RWR�	�:HOOLQJWRQ�������
 Seagrass beds are known to trap and mineralize mangrove particulate organic matter 
DQG�VHVWRQ��%RXLOORQ�HW�DO���������6HDJUDVV�EHGV�H[SRUW�QXWULHQWV�YLD�OHDI�VKHGGLQJ�HQKDQFHG�
GXULQJ�VWURQJ�K\GURG\QDPLF�HYHQWV�DQG�YLD�PDULQH�KHUELYRUH�FRQVXPSWLRQ��+HPPLQJD�HW�DO��
�������,Q�SULVWLQH�VHDJUDVV�EHGV��ZH�H[SHFW�PRVW�QXWULHQWV�WR�EH�UHWDLQHG��9RQN�HW�DO������E��

1.4.3.3  Positive interactions from mangroves and seagrass beds

Mangroves have been shown to be able to retain up to 100 % of terrestrial nitrogen import 
�9DOLHOD�	�&ROH��������PDNLQJ� LW� LPSRUWDQW� WR�XQGHUVWDQG�ZKLFK� IDFWRUV� DIIHFW�PDQJURYH�
UHWHQWLRQ��:H�KDYH�FROOHFWHG�GDWD�UHJDUGLQJ�QXWULHQW�UHWHQWLRQ�LQ�PDQJURYH�IRUHVWV��PDQ\�RI�
these studies were using very different methods of measurement. To give broad understanding 

)LJXUH���)OX[HV�RI�GLVVROYHG��$��QLWURJHQ��J�1�P–2 d–1��DQG��%��SKRVSKRUXV��J�3�P–2 d–1��IURP�DQG�
within mangroves forests with different surface area (km2���(DFK�OLQH�DUURZ�UHSUHVHQWV�D�GLIIHUHQW�VWXG\��
ZKHUH�WKH�LQLWLDO�ÀX[�LV�UHSUHVHQWHG�E\�WKH�KLJKHVW�SRLQW��DQG�WKH�HQG�FRQFHQWUDWLRQ�ÀX[�LV�LQGLFDWHG�E\�
the arrow (see 7DE��6����7KH�DUURZ�DOVR�VKRZV�LI�WKH�QXWULHQW�ÀX[�LV�LQFUHDVLQJ��IDFLQJ�XSZDUGV��RU�
GHFUHDVLQJ��SRLQWLQJ�GRZQZDUGV���'HFUHDVLQJ�ÀX[HV�LQGLFDWH�WKDW�WKH�PDQJURYH�IRUHVW�LV�QHW�DEVRUELQJ�
QXWULHQWV��LQFUHDVLQJ�ÀX[HV�LQGLFDWH�WKDW�LW�LV�QHW�H[SRUWLQJ��7KH�QXPEHU�GLUHFWO\�DERYH�WKH�OLQHV�LQGLFDWHV�
WKH�VWXG\�QXPEHU�LQ�7DE��6�
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RI�QXWULHQW�UHWHQWLRQ�LQ�PDQJURYHV��ZH�FRPSDUHG�DOO�WKHVH�VWXGLHV��GHVSLWH�WKH�OLPLWDWLRQV�LQ�
WKLV�DQDO\VLV��(LJKW�VWXGLHV��7DE��6���)LJ���$��UHSRUWHG�OHVV�H[SRUW�WKDQ�LPSRUW�RI�GLVVROYHG�
QLWURJHQ�LQ�WKH�ZDWHU�FROXPQ��1��',1���'21��71���LQGLFDWLQJ�D�SRWHQWLDO�IDFLOLWDWLYH�HIIHFW�
WR�VHDJUDVV�EHGV��7DE��6���)LJ���$���7ZR�RWKHU�VWXGLHV�VKRZHG�D�KLJKHU�H[SRUW�WKDQ�LPSRUW�RI�
QLWURJHQ�LQ�WKH�ZDWHU�FROXPQ��7DE��6���)LJ���$���1R�UHODWLRQVKLS�ZDV�VHHQ�EHWZHHQ�PDQJURYH�
area and retention capacity (R2� ������S�!��������

7KLV�FRXOG�QRW�EH�H[SODLQHG�E\�DQ\�HQYLURQPHQWDO�LQÀXHQFH�WKDW�WKH�DXWKRUV�ZHUH�DZDUH�RI�IRU�
WKHVH�VWXGLHV��7KH�VDPH�SDWWHUQ�ZDV�QRW�VHHQ�ZLWK�UHVSHFW�WR�ÀX[HV�RI�GLVVROYHG�SKRVSKRUXV�
LQ�WKH�ZDWHU�FROXPQ��3��73��',3���'23��'23���324���7DE��6���)LJ���%���DOO�VWXGLHV�UHWDLQHG�
SKRVSKRUXV��+RZHYHU��WKHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�PDQJURYH�DUHDV�DQG�H[SRUW�LPSRUW�
ratio for phosphorus (R2� ������S�!�������
 Seagrasses absorb dissolved nitrogen and phosphorus from the water column and 
VHGLPHQW�SRUHZDWHU��DQG�WKH\�H[SRUW�QXWULHQWV�SULPDULO\�DV�RUJDQLF�GHWULWXV��$OO�WKH�VWXGLHV�
VKRZHG�VHDJUDVV�UHWDLQLQJ�GLVVROYHG�QXWULHQWV�LQ�WKH�ZDWHU�FROXPQ��ZLWK�UHWHQWLRQ�UDWHV�RI���
WR������IRU�QLWURJHQ�DQG������IRU�SKRVSKRUXV��LQGLFDWLQJ�D�ODUJH�UDQJH��7DE��6���)LJ�����1R�
relationship was seen between the retention capacity for nitrogen and the area of the seagrass 
beds (R2� ������S�!�������� 

)LJXUH���5HGXFWLRQ�RI�GLVVROYHG�QLWURJHQ��EODFN��DQG�SKRVSKRUXV��JUH\��ÀX[HV��J�1�RU�3�Pí� dí���YLD�
XSWDNH�IURP�VHDJUDVV�SODQWV��(DFK�OLQH��DUURZ�UHSUHVHQWV�D�GLIIHUHQW�VWXG\��ZKHUH�WKH�KLJKHVW�SRLQW�LV�
WKH�LQLWLDO�ÀX[��IROORZLQJ�WKH�DUURZV�GRZQ��WKH�ORZHVW�SRLQW�UHSUHVHQWV�WKH�HQG�FRQFHQWUDWLRQ�ÀX[��VHH�
7DE��6����(DFK�VWXG\�FDOFXODWHG�D�GLIIHUHQW�SHUFHQWDJH�FKDQJH�RI�QXWULHQW�XSWDNH�IRU�D�JLYHQ�VSHFLHV�RI�
VHDJUDVV�EHG��ZKLFK�ZH�UH�FDOFXODWHG�WR�D�ÀX[��WKH�QXPEHU�GLUHFWO\�DERYH�WKH�OLQHV�FRUUHODWHV�ZLWK�WKH�
study number in Tab. S7. Studies 1 & 2 refer to Cymodocea sp.��6WXG\���LV�D�Halodule sp.��6WXGLHV���	�
��UHIHU�WR�Posidonia sp.��6WXGLHV��í��UHIHU�WR�Thalassia sp.��DQG�6WXGLHV���DQG����DUH�ERWK�Zostera sp.
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,Q�SDUW��WKLV�LV�EHFDXVH�WKH�H[SHULPHQWV�ZHUH�LQFXEDWLRQV�RU�ÀXPHV��DQG�WKHUHIRUH��WKH�DUHD�LV�
QRW�D�FRQWUROOLQJ�YDULDEOH��:H�GLG�QRW�FRPSOHWH�VWDWLVWLFV�IRU�SKRVSKRUXV�DV�WKHUH�ZDV�RQO\���
data point.
 Epiphytes also strongly contribute to nutrient retention in seagrass beds. Cornelisen 
	�7KRPDV��������IRXQG�WKDW�VHDJUDVV�HSLSK\WHV�DEVRUE����WR������RI�QLWURJHQ�IURP�WKH�ZDWHU�
column. If seagrass beds and their associated epiphytes were the only buffer between coral 
UHHIV�DQG�WKH�ODQG��WKH\�REYLRXVO\�ZRXOG�SURYLGH�DQ�LPSRUWDQW�VHUYLFH�LQ�DEVRUELQJ�QXWULHQWV��
especially in the event of pulse nutrient enrichment. Nutrient-rich conditions in seagrass beds 
DUH�PDLQO\�WKH�UHVXOW�RI�LQFUHDVHG�RUJDQLF�PDWWHU�FRQFHQWUDWLRQV��0F*ODWKHU\�HW�DO���������
Organic matter addition experiments have shown a decline in above- and below-ground 
ELRPDVV�����WR�������GXH�WR�SODQW�PRUWDOLW\�DQG�JUHDWHU�OHDI�DEVFLVVLRQ��3HUH]�HW�DO���������
7KH� UHVXOWLQJ� LQFUHDVH� LQ� SDUWLFXODWH� RUJDQLF�PDWWHU�� DORQJ�ZLWK� VHGLPHQW� GHVWDELOL]DWLRQ��
would likely lead to greater export to mangroves or coral reefs under these conditions. 
Note that reduced aboveground biomass will reduce the potential of seagrass to attenuate 
hydrodynamic energy and to retain sediment. 

1.4.4  Organism exchange 

1.4.4.1  Increased densities of algal consumers can affect coral reefs and seagrass 
beds.

$V�QRWHG�HDUOLHU��FRUDOV�DQG�VHDJUDVVHV�UHTXLUH�UHODWLYHO\�KLJK�OLJKW�OHYHOV�DQG�DUH�DGDSWHG�WR�
ORZ�QXWULHQW�FRQGLWLRQV��,Q�QXWULHQW�ULFK�HQYLURQPHQWV��WKH\�FDQ�EH�RYHUJURZQ�E\�DOJDH�DQG�
HSLSK\WHV��ZKLFK�PD\�FRPSHWH�IRU�OLJKW��5DOSK�HW�DO��������YDQ�GHU�+HLGH�HW�DO���������)RU�
H[DPSOH��+HFN�	�9DOHQWLQH��������VKRZHG�WKDW�VHDJUDVV�GHFOLQHG�GXH�WR�VXUIDFH�HSLSK\WH�
overgrowth following nutrient enrichment. The latter was especially problematic when 
QR�HSLSK\WLF�JUD]HUV�ZHUH�SUHVHQW��DV�JUD]HUV�FDQ�UHGXFH�HSLSK\WH�ELRPDVV�E\�XS�WR������
�1HFNOHV� HW� DO�� �������0RUHRYHU�� D� VPDOO� LQFUHDVH� LQ� JUD]LQJ� FDQ� UHVXOW� LQ� D� VXEVWDQWLDOO\�
JUHDWHU�UHVLOLHQFH�RI�FRUDO�UHHIV��0XPE\�	�+DVWLQJV�������%HUNVWU|P�HW�DO���������$OJLYRUHV�
�H�J��VRPH�VSHFLHV�RI�MXYHQLOH�EXWWHUÀ\¿VK��JRDW¿VK��VXUJHRQ¿VK�DQG�SDUURW¿VK��FDQ�WKXV�SOD\�
D�PDMRU�UROH�LQ�PDLQWDLQLQJ�WKH�YLJRXU�RI�FRUDO�UHHIV�DQG�VHDJUDVV�EHGV��1HFNOHV�HW�DO���������
7KXV��WKH�SUHVHQFH�RI�DGMDFHQW�HFRV\VWHPV�PD\�KDYH�IDFLOLWDWLYH�HIIHFWV�RQ�DQRWKHU�HFRV\VWHP�
by enhancing populations of mobile algivores and thereby algal consumption. Piscivores/
LQYHUWHEUDWH�IHHGHUV�FDQ�DOVR�XWLOLVH�DOO���V\VWHPV�DV�MXYHQLOHV�����WR������RI�WKHVH�SUHGDWRU�
¿VKHV�XVH�VHDJUDVV�EHGV�DQG�PDQJURYH�UHHIV�DV�QXUVHU\�DUHDV��%HUNVWU|P�HW�DO���������7KH�
predatory species can affect the stability of coral reefs via reduction of prey species such 
DV� VHD� XUFKLQV�� VWDU¿VK� DQG� JDVWURSRGV��ZKLFK� FDQ� LQ� ODUJH� QXPEHUV� FDXVH� ELRHURVLRQ� RQ�
VWRQ\�FRUDOV��%HUNVWU|P�HW�DO���������+RZHYHU��EDVHG�RQ�DYDLODEOH�GDWD��ZH�ZLOO�FRQVLGHU�WKLV�



30

Chapter 1

TXHVWLRQ�PDLQO\�IRU�SDUURW¿VK��ZKLFK�DUH�UHJDUGHG�DV�SUHGRPLQDQWO\�DOJLYRUHV�ZLWK�SRVLWLYH�
effects on seagrass and corals.

1.4.4.2  Positive interactions from mangroves and seagrass beds by enlarging algal 
consumer populations

6HYHUDO�VWXGLHV�LQ�7DQ]DQLD�DQG�WKH�&DULEEHDQ�KDYH�VKRZQ�LQFUHDVHV�LQ�GHQVLW\�RI�SDUURW¿VK�
when coral reefs were adjacent to mangroves and seagrass beds (Nagelkerken & van der 
9HOGH�������'RUHQERVFK�HW�DO���������IRU�H[DPSOH��SDUURW¿VK�GHQVLW\�LQFUHDVHG�!������LQ�
&XUDoDR�FRPSDUHG�WR�FRUDO�UHHIV�LVRODWHG�IURP�WKH�RWKHU���V\VWHPV��)LJ������7KH�LQFUHDVHG�
GHQVLW\�RI�SDUURW¿VK�IRU�FR�RFFXUULQJ�HFRV\VWHPV�LQGLFDWHV�D�SRWHQWLDO�IDFLOLWDWLYH�UHODWLRQVKLS�
IRU�FRUDO�UHHIV�DQG�VHDJUDVV�EHGV��DV�WKH�¿VK�FDQ�UHGXFH�DOJDO�ORDGLQJ�YLD�KHUELYRU\�

)LJXUH� �� Three examples of the positive effect of the co-occurrence of coastal ecosystems (MF: 
PDQJURYH��6*��VHDJUDVV��&5��FRUDO�UHHI��RQ�WKH�GHQVLW\�RI�SDUURW¿VK�PHDVXUHG�DW�WKH�FRUDO�UHHI��0)�
6*�&5�LQGLFDWHV�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�RFFXUULQJ�LQ�FORVH�SUR[LPLW\��EODFN�
FROXPQV���&5�DORQH�GHQRWHV�FRUDO�UHHIV� WKDW�KDYH�QR�RWKHU�HFRV\VWHPV�QHDUE\��JUH\�FROXPQV���'DWD�
from 1'RUHQERVFK�HW�DO����������2'RUHQERVFK�HW�DO����������31DJHONHUNHQ�HW�DO����������

0XPE\�HW� DO�� ������� DOVR� IRXQG�DQ� LQFUHDVHG�ELRPDVV�RI� UHHI�¿VK�ZKHQ�FRUDO� UHHIV�ZHUH�
QHDU�WR�DEXQGDQW�PDQJURYHV��FRPSDUHG�WR�FRUDO�UHHIV�ZLWK�IHZ�RU�QR�PDQJURYHV��0DQJURYH�
IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�DUH�GLVWULEXWHG�DFURVV�LQFUHPHQWDO�GHSWKV�IURP�WKH�ODQG�
WR�WKH�RSHQ�RFHDQ��DQG�VLJQL¿FDQW�RQWRJHQHWLF�WUDQVIHUV�IURP�RQH�HFRV\VWHP�WR�DQRWKHU��L�H��
MXYHQLOHV�WR�WKH�VKDOORZV��PDWXUH�RUJDQLVPV�WR�WKH�GHHS���.LPLUHL�HW�DO��������PD\�RFFXU�LQ�
DGGLWLRQ�WR�WUDQVIHU�ZLWK�GDLO\�WLGHV��)RUZDUG�	�7DQNHUVOH\�������DQG�GLXUQDO�PRYHPHQWV�
�.UXPPH��������:LWK�UHVSHFW�WR�WKH�QXUVHU\�IXQFWLRQ�RI�DGMDFHQW�HFRV\VWHPV��0DWHR�HW�DO��
�������GHPRQVWUDWHG�WKDW�GLVWDQFH�LV�QRW�QHFHVVDULO\�WKH�SULPDU\�LQÀXHQFH�RQ�WKH�RULJLQ�RI�



31

Potential for landscape scale interactions

MXYHQLOHV�DQG�WKDW�GLVWDQFH�HIIHFWV�FDQ�EH�VSHFLHV�VSHFL¿F��5HFHQW�ODERUDWRU\�DQG�in situ studies 
DOVR�¿QG� WKDW� MXYHQLOHV�RI� VRPH�¿VK� VSHFLHV� VKRZ�VWURQJ�SUHIHUHQFHV� IRU� VSHFL¿F�KDELWDWV�
�*URO�HW�DO��������� WKLV� LQGLFDWHV� WKDW�DQ\�SRWHQWLDO� IRU�SRVLWLYH� LQWHUDFWLRQV�ZRXOG�GHSHQG�
RQ�D�EOHQG�RI�VSHFLHV��GLVWDQFH�DQG�KDELWDW�W\SHV��2YHUDOO�� LW� LV�FOHDU�WKDW�LQODQG�PDQJURYH�
DQG�VHDJUDVV�EHG�DUHDV�IRUP�DQ�LPSRUWDQW�QXUVHU\�KDELWDW�IRU�SDUURW¿VK��1DJHONHUNHQ�������
and that mangrove forests or mangrove-seagrass systems contribute high fractions of the 
SRSXODWLRQV� RI� YDULRXV� UHHI� ¿VK� VSHFLHV� �1DJHONHUNHQ� HW� DO�� ������� 1XUVHU\� RU� VSDZQLQJ�
DUHDV� LQ� DGMDFHQW� HFRV\VWHPV�PD\� KDYH� ORZHU� SUHGDWLRQ� ULVNV� IRU� MXYHQLOHV��ZKLFK�PLJKW�
explain why coral reefs close to nursery or spawning areas show enhanced species diversity 
RU�VHFRQGDU\�SURGXFWLRQ��'RUHQERVFK�HW�DO��������0XPE\�HW�DO��������1DJHONHUNHQ�������

����� ,QWHUDFWLQJ�HIIHFWV�EHWZHHQ�PXOWLSOH�ÀX[HV

The majority of previous studies have investigated single connections between systems 
�+HPPLQJD�HW�DO��������%RXLOORQ�HW�DO��������1DJHONHUNHQ��������:H�DUJXH� WKDW�PXOWLSOH�
ÀX[HV�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�HYDOXDWLQJ�WKH�LPSRUWDQFH�RI�DGMDFHQW�HFRV\VWHPV��
+RZHYHU��VXFK�PXOWLSOH�HQYLURQPHQWDO�IDFWRUV�PD\�LQWHUDFW�DQG�WKHUHE\�UHVXOW�LQ�UHVSRQVHV�
WKDW� GLIIHU� IURP�ZKDW�ZRXOG� EH� H[SHFWHG� EDVHG� RQ� D� VLQJOH� IDFWRU��+RZHYHU�� LQWHUDFWLRQV�
EHWZHHQ� PXOWLSOH� ÀX[HV� DUH� VWLOO� WRR� SRRUO\� VWXGLHG� WR� IXOO\� DFFRXQW� IRU� DOO� LQWHUDFWLRQV�
within this perspective. It is clear that certain exchanges are likely to co-occur (e.g. high 
K\GURG\QDPLF�HQHUJ\�DQG�WXUELGLW\���GH�ORV�6DQWRV�HW�DO���������:RODQVNL��������VKRZHG�WKDW�
physical and chemical parameters are often linked to biological aspects of ecosystems. In the 
FDVH�RI�PDQJURYH�IRUHVWV��WKH�SK\VLFDO�VWUXFWXUH�RI�PDQJURYHV�ZLOO�LQÀXHQFH�RXWZHOOLQJ�DQG�
FRQVHTXHQWO\�RIIVKRUH�¿VKHULHV�
� &RPELQLQJ� �� IDFWRUV� PD\� FDXVH� GLIIHUHQW� W\SHV� RI� LQWHUDFWLRQV�� V\QHUJLVWLF��
DQWDJRQLVWLF�DQG�LQGHSHQGHQW��GH�ORV�6DQWRV�HW�DO��������/D�1D¿H�HW�DO���������$�FOHDU�H[DPSOH�
RI�RQH�H[FKDQJH�IXOO\�RYHUUXOLQJ�D�VHFRQG�H[FKDQJH�ZDV�VKRZQ�E\�GH�ORV�6DQWRV�HW�DO����������
ZKR�GHPRQVWUDWHG�WKDW�OLJKW�DYDLODELOLW\��UHODWHG�WR�WXUELGLW\��ZDV�PXFK�PRUH�LPSRUWDQW�IRU�
VHDJUDVV� KHDOWK� WKDQ� FKDQJHV� LQ�K\GURG\QDPLF� HQHUJ\�� ,Q� FRQWUDVW��/D�1D¿H� HW� DO�� �������
showed that waves and high nutrient loads jointly decrease the survival but separately affect 
morphological and biomechanical properties of the seagrass Zostera noltii. Recent work has 
DOVR�VKRZQ�WKDW�KHUELYRUHV�ZLOO� OLPLW� WKH�HVWDEOLVKPHQW�RI�DOJDH�� LQ�WXUQ�OLPLWLQJ�VHGLPHQW�
DFFXPXODWLRQ� �5DVKHU� HW� DO�� �������$OO� RI� WKH� IDFWRUV�PHQWLRQHG� DERYH� �OLJKW� DYDLODELOLW\��
K\GURG\QDPLF�HQHUJ\��QXWULHQW�ORDGV��KHUELYRUH�QXPEHUV�DQG�VHGLPHQWDWLRQ��DUH�FULWLFDO�IRU�
the growth and establishment of these ecosystems.
� :H� KDYH� FRQFHQWUDWHG� RQ� WKH� SRVLWLYH� LQWHUDFWLRQV�� EXW� WKHUH� FRXOG� EH� QHJDWLYH�
interactions as well. Fluxes leading to negative direct effects may have a positive indirect 
HIIHFW��)RU�H[DPSOH��LQFUHDVHG�QXWULHQW�ÀX[HV�WR�FRUDO�UHHIV�RU�VHDJUDVV�EHGV��ZLWK�QHJDWLYH�
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HIIHFWV� GXH� WR� HXWURSKLFDWLRQ�� PD\� FDXVH� LQFUHDVHG� KHUELYRUH� QXPEHUV�� D� SRVLWLYH� HIIHFW��
6RPH�VSHFLHV�RI�SDUURW¿VK�Leptoscarus vaigiensis are known to only feed on seagrass leaves 
�*XOOVWU|P�HW�DO���������7KXV��DQ�LQFUHDVH�LQ�QXPEHUV�IRU�WKLV�VSHFL¿F�KHUELYRUH�EHFDXVH�RI�
SUR[LPLW\�WR�D�FRUDO�UHHI�PD\�FDXVH�D�GHFUHDVH�LQ�VHDJUDVV�ELRPDVV�DQG�EH�WKHUHIRUH�FODVVL¿HG�
DV�D�QHJDWLYH�LQWHUDFWLRQ��)XUWKHUPRUH��WKHVH�SRWHQWLDO�QHJDWLYH�LQWHUDFWLRQV�PD\�EH�FDQFHOOHG�
RXW��H�J��PHJD�KHUELYRUH�JUD]LQJ��JUHHQ�WXUWOH��KDV�EHHQ�VKRZQ�WR�LQFUHDVH�VHDJUDVV�WROHUDQFH�
WR�HXWURSKLFDWLRQ� �&KULVWLDQHQ�HW� DO��������� DQG�¿VK�KHUELYRUH�JUD]LQJ�KDV�EHHQ� VKRZQ� WR�
LQFUHDVH�VKRRW�GHQVLW\��9DOHQWLQH�HW�DO��������+HFN�	�9DOHQWLQH��������7KHVH�VLPSOH�H[DPSOHV�
LOOXVWUDWH�WKH�FRPSOH[LW\�RI�WKHVH�HFRV\VWHPV�DQG�KRZ�ÀX[HV�RI�ERWK�SRVLWLYH�DQG�QHJDWLYH�
interactions can have results not explicitly considered.
� 2EWDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�PXOWLSOH�ÀX[�LQWHUDFWLRQV�LV�RI�YLWDO�LPSRUWDQFH�
IRU� WKH�IXWXUH��*OREDO�FOLPDWH�FKDQJH�FRPELQHG�ZLWK�DQWKURSRJHQLF� LQÀXHQFHV� LV� OLNHO\�WR�
FDXVH�VLPXOWDQHRXV�FKDQJHV�LQ�PXOWLSOH�IDFWRUV�LQ�WKH�QHDU�IXWXUH�DQG��DV�KLJKOLJKWHG�LQ�WKH�
SUHVHQW�SHUVSHFWLYH��WKH�GLVDSSHDUDQFH�RI�RQH�HFRV\VWHP�FDQ�FDXVH�VLPXOWDQHRXV�FKDQJHV�LQ�
PXOWLSOH�ÀX[HV�ZLWK�DGMDFHQW�HFRV\VWHPV�

����� 3HUVSHFWLYH��/DQGVFDSH�IDFLOLWDWLRQ"

The idea of facilitation is generally considered in ecological community theory (Bruno et 
DO���������7KH� LPSRUWDQFH�RI� WKH� LGHD�RI� IDFLOLWDWLRQ�RU�SRVLWLYH� LQWHUDFWLRQ� LQ� FRPPXQLW\�
HFRORJ\�UDLVHV�WKH�TXHVWLRQ�RI�ZKHWKHU�WKLV�FRQFHSW�FDQ�EH�XVHG�DV�DQ�DQDORJ\�DW�WKH�ODQGVFDSH�
OHYHO��:KHUH�HFRV\VWHPV�LQ�FORVH�SUR[LPLW\�DUH�FRQQHFWHG�E\�ÀRZV�RI�HQHUJ\��PDWHULDOV�DQG�
RUJDQLVPV����PLQLPDO�UHTXLUHPHQWV�PXVW�EH�PHW�IRU�ODQGVFDSH�VFDOH�SRVLWLYH�LQWHUDFWLRQV�WR�
RFFXU��)LUVW��WKHUH�VKRXOG�EH�D�VXI¿FLHQWO\�ODUJH�H[FKDQJH�EHWZHHQ�WKH�V\VWHPV�RI�D�UHOHYDQW�
UHVRXUFH��VXFK�DV�QXWULHQWV��VHGLPHQW��HQHUJ\�RU�RUJDQLVPV��7KLV�UHTXLUHV�WKH�V\VWHPV�WR�EH�
FORVH�HQRXJK�VSDWLDOO\��UHODWLYH�WR�WKH�W\SLFDO�OHQJWK�VFDOH�JRYHUQLQJ�GLVSHUVDO�DQG�H[FKDQJH�
mechanisms. Second,�H[FKDQJHV�PXVW�KDYH�WKH�SRWHQWLDO�WR�EH�EHQH¿FLDO�WR�DW�OHDVW�RQH�RI�WKH�
V\VWHPV��GRQRU�RU�UHFLSLHQW��6\VWHPV�PXVW�HLWKHU�KDYH�D�UHTXLUHPHQW�IRU�D�VSHFL¿F�UHVRXUFH�RU�
PXVW�EH�GHSHQGHQW�RQ�WKH�VWUHVV�EXIIHULQJ�FDSDFLW\�RI�DQRWKHU�V\VWHP��7KLUG��WKH�UHTXLUHPHQW�
for alteration in resources suggests that substantive ecosystem engineering by some species 
PD\�ZHOO� SOD\� DQ� LPSRUWDQW� UROH� LQ� ODQGVFDSH�VFDOH� IDFLOLWDWLRQ��+RZHYHU�� LW� LV� FOHDU� WKDW�
only those ecosystems that cause a clear change in resources and/or stresses are relevant 
to consider and that such ecosystems may be expected to often contain strong ecosystem 
engineers.
� 7KLV�H[SORUDWLRQ�RI�SRVLWLYH�UHFLSURFDO�LQWHUDFWLRQV�IRU�PDQJURYH�IRUHVWV��VHDJUDVV�
EHGV�DQG�FRUDO�UHHIV�LQGLFDWHV�D�SRWHQWLDO�IRU�ODQGVFDSH�IDFLOLWDWLRQ��:H�KDYH�VKRZQ�WKDW�WKHVH�
V\VWHPV�VKRZ�DQ�H[FKDQJH�RI�UHOHYDQW�UHVRXUFHV��QXWULHQWV��VHGLPHQW��HQHUJ\�RU�RUJDQLVPV���
WKDW�WKHVH�H[FKDQJHV�FDQ�EH�EHQH¿FLDO�WR�GRQRU�HFRV\VWHPV��YLD�VHGLPHQW�QXWULHQW�EXIIHUV��
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ZDYH�UHGXFWLRQ�DQG�QXUVHU\�DUHDV��DQG�WKDW�D�SRWHQWLDO�UHTXLUHPHQW�LV�WKDW�HFRV\VWHP�HQJLQHHUV�
DUH�D�VXEVWDQWLDO�FRPSRQHQW�RI�WKH�GRQRU�RU�UHFHLYLQJ�V\VWHPV��H�J��PDQJURYH�WUHHV��VHDJUDVV�
SODQWV�DQG�VWRQ\�FRUDOV���3URJUHVV�KDV�EHHQ�VKRZQ�ZLWK�UHJDUG�WR�VSHFLHV�LQWHUDFWLRQV��$OWLHUL�
HW�DO��������DQG�PRUH�UHFHQWO\�ZLWKLQ�KDELWDW�LQWHUDFWLRQV��7KRPVHQ�HW�DO��������DW�WKH�VPDOO�
VFDOH��IROORZ�XS�ZRUN�VKRXOG�XSVFDOH�DQG�LQYHVWLJDWH�PXOWLSOH�FRQQHFWLRQV�DW�WKH�HFRV\VWHP�
VFDOH�� 7R� RXU� NQRZOHGJH�� TXDQWLWDWLYH� DQDO\VHV� DUH� W\SLFDOO\� RQO\� PHDVXUHG� IRU� VLQJOH�
rather than multiple exchanges and more often for directional than reciprocal exchanges. 
)RUWXQDWHO\��LQWHUHVW�LQ�WKLV�W\SH�RI�UHVHDUFK�LV�JDLQLQJ�JURXQG�IURP�WKH�HFRV\VWHP�VHUYLFHV�
SHUVSHFWLYH��%DUELHU�HW�DO��������

����� &RQFOXVLRQV

,Q�WKH�SUHVHQW�UHYLHZ��ZH�IRXQG�WKDW�WKH�FKDQJHV�LQ�ÀX[HV��ZDYH�KHLJKW��VHGLPHQW�QXWULHQW�
DQG�RUJDQLVPDO�H[FKDQJH��ZLOO�EH�YLWDO�IRU�����HVWDEOLVKPHQW�RI�IRXQGDWLRQ�VSHFLHV�DQG�����
ZKHQ�HFRV\VWHPV�DUH�DOUHDG\�XQGHU�VWUHVV�IURP�HXWURSKLF�RU�QDWXUDO�DIIHFWV��:H�DFNQRZOHGJH�
that threshold conditions may have already been surpassed before the interaction of the 
GRQRU�HFRV\VWHP��,Q�PDQ\�FRXQWULHV��WKHVH���HFRV\VWHPV�DUH�PDQDJHG�E\�GLIIHUHQW�HQWLWLHV��
7R� HQVXUH� HIIHFWLYH�PDQDJHPHQW�� D�PRUH� FRRUGLQDWHG� DSSURDFK� LV� UHTXLUHG� �%HUNVWU|P� HW�
DO���������$�SULRULW\�VKRXOG�EH�HFRV\VWHP�EDVHG�PDQDJHPHQW��(%0���ZKLFK�LV�FRQVLGHUHG�
WKH�PRVW�KROLVWLF� DSSURDFK� WR�PDQDJLQJ�HFRV\VWHPV� �0RUD�HW� DO��������0F/HRG�	�/HVOLH�
������:LONLQVRQ�	� 6DOYDW� �������$W� SUHVHQW�� LW� LV� KLJKO\� VSHFXODWLYH� WR� JHQHUDOL]H� DERXW�
the universal importance of ecosystem-level facilitation at the tropical coastal seascape. 
+RZHYHU��ZH�VXJJHVW�WKDW�WKH�SRWHQWLDO�IRU�WKH�SURFHVV�LV�ODUJH�DQG�PRUHRYHU�WKDW�LW�PD\�KDYH�
substantial management implications.
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Chapter 2

Abstract

(FRV\VWHPV�LQ�WKH�WURSLFDO�FRDVWDO�]RQH�PD\�H[FKDQJH�SDUWLFXODWH�RUJDQLF�PDWWHU��320��ZLWK�
DGMDFHQW�V\VWHPV��EXW�UHODWLYH�GLIIHUHQFHV�LQ�WKLV�IXQFWLRQ�DPRQJ�HFRV\VWHPV�UHPDLQ�SRRUO\�
TXDQWL¿HG��6HDJUDVV�EHGV�DUH�RIWHQ�D�UHODWLYHO\�VPDOO�VHFWLRQ�RI�WKH�FRDVWDO�]RQH��EXW�KDYH�
D�SRWHQWLDOO\�PXFK�ODUJHU�HFRORJLFDO� LQÀXHQFH�WKDQ�VXJJHVWHG�E\�WKHLU�VXUIDFH�DUHD��8VLQJ�
LVRWRSH� WUDFHUV� RI� RFHDQLF�� WHUUHVWULDO��PDQJURYH� DQG� VHDJUDVV� VRXUFHV��ZH� HVWDEOLVKHG� WKH�
RULJLQ�RI�SDUWLFXODWH�RUJDQLF�PDWWHU� LQ�FRDVWDO�DUHDV� LQ�3KXNHW��7KDLODQG��8VLQJ�DQ�PL[LQJ�
PRGHO��EDVHG�RQ�&�1�UDWLR��į13&�DQG�į��1��ZH�IRXQG�WKDW�RFHDQLF�VRXUFHV�GRPLQDWHG�VXVSHQGHG�
SDUWLFXODWH� RUJDQLF� PDWWHU� VDPSOHV� DORQJ� WKH� PDQJURYH�� VHDJUDVV� RSHQ� RFHDQ� JUDGLHQW��
Sediment trap samples showed contributions from all four sources. Based on ecosystem area 
KRZHYHU��WKH�FRQWULEXWLRQ�RI�VXVSHQGHG�SDUWLFXODWH�RUJDQLF�PDWWHU�GHULYHG�IURP�VHDJUDVV�EHGV�
ZDV�GLVSURSRUWLRQDOO\�KLJK�� UHODWLYH� WR� WKHLU� VL]H��7KH�FRQWULEXWLRQ� IURP�PDQJURYH� IRUHVWV�
ZDV�URXJKO\�HTXDO�WR�WKHLU�VXUIDFH�DUHD��ZKHUHDV�WHUUHVWULDO�VRXUFHV�ZHUH�XQGHU�UHSUHVHQWHG�
to suspended organic particulates. The relatively large role of seagrass beds in organic matter 
export should be considered in coastal zone management.

.H\ZRUGV��,VRWRSHV��VHDJUDVV�EHGV��PDQJURYH�IRUHVWV��FDWFKPHQW�DUHD��QXWULHQWV��ODQGVFDSH
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Seagrass role in organic matter export

2.1  ,QWURGXFWLRQ�

The tropical coastal zone is comprised of ecosystems along the coastline ranging from 
WKH� RSHQ�RFHDQ�� RYHU� FRUDO� UHHIV� DQG� VHDJUDVV� EHGV� WRZDUGV� WKH� WHUUHVWULDO� ]RQH� LQFOXGLQJ�
mangrove forests. These systems form a well-structured and gradual interface between the 
land and the sea that comprises some of the most productive and biogeochemically active 
HFRV\VWHPV� LQ� WKH�ZRUOG� �*DWWXVR� HW� DO�� ������� ,Q� SDUW�� WKH� SURGXFWLYLW\� LV�PDLQWDLQHG� E\�
the inputs of nutrients in the form of particulate and dissolved organic material (POM & 
'20���IURP�ERWK�WHUUHVWULDO�DQG�RFHDQLF�VRXUFHV��*DWWXVR�HW�DO���������(QYLURQPHQWV�ZLWKLQ�
this zone have high production and storage capacity in addition to readily exchanging POM 
EHWZHHQ�WKHP�DQG�ZLWK�WKH�RFHDQ��*DWWXVR�HW�DO���������
� 7KH�TXDQWLW\�RI�WKH�LQÀX[�RI�WHUUHVWULDO�RUJDQLF�PDWHULDO�GHSHQGV�RQ�WKH�VL]H�DQG�WKH�
ODQG�XVH�ZLWKLQ�WKH�FDWFKPHQW�DUHD�DQG�LPSRUWDQWO\��RQ�WKH�OLQNDJH�EHWZHHQ�RUJDQLF�PDWWHU�
VRXUFHV� DQG� WKH� ULYHU� V\VWHP� GUDLQLQJ� WRZDUG� WKH� FRDVW� �.UXVFKH� HW� DO�� ������� (VWXDULHV��
ZKLFK�DUH�WLGDOO\�GRPLQDWHG��KDYH�ODUJH�H[FKDQJHV�RI�ZDWHU�ZLWK�WKH�RFHDQ�DQG�WKHUHIRUH�DOVR�
UHFHLYH�RFHDQ�GHULYHG�GLVVROYHG�DQG�SDUWLFXODWH�RUJDQLF�PDWHULDO� �.XUDPRWR�	�0LQDJDZD�
������7KLPGHH�HW�DO��������0HNVXPSXQ�HW�DO���������7KH�PDQJURYH�RXWZHOOLQJ�K\SRWKHVLV�
�2GXP�������/HH�������SRVWXODWHV�WKDW�H[SRUW�RI�PDQJURYH�GHULYH�RUJDQLF�PDWWHU�VXSSRUWV�
DGMDFHQW�HFRV\VWHPV�DQG�IRRG�ZHEV��0DQJURYHV�DUH�ELRJHRFKHPLFDOO\�FRPSOH[��ZLWK�KLJK�
QXWULHQW�SURFHVVLQJ�E\�DVVRFLDWHG�IDXQD��/HH�������.ULVWHQVHQ�HW�DO���������
 Another potentially important nutrient source and sink within the tropical coastal 
zone are seagrass beds. Seagrass plants trap suspended POM originating from both external 
VRXUFHV�DQG�IURP�OHDI�VKHGGLQJ�LQVLGH�WKH�VHDJUDVV�EHG��7HUUDGRV�	�'XDUWH�������9RQN�HW�
DO������E���7UDSSLQJ� UHVXOWV�GLUHFWO\� IURP� WKH�SK\VLFDO� VWUXFWXUH�RI� WKH�PHDGRZ�DQG� IURP�
VHWWOLQJ�LQGXFHG�E\�FKDQJHV�LQ�WKH�K\GURG\QDPLF�FRQGLWLRQV��ERWK�DUH�UHODWHG�WR�SODQW�GHQVLW\�
DQG� OHDI� FKDUDFWHULVWLFV� �)RQVHFD�	� &DKDODQ� ������ +HQGULNV� HW� DO�� ������� 2QFH� 320� LV�
GHSRVLWHG�ZLWKLQ�VHDJUDVV�EHGV��SODQWV� LQ� WKH�PHDGRZ�OLPLW�UH�VXVSHQVLRQ�DQG�PRVW�RI� WKH�
POM degrades within the bed thereby releasing dissolved nutrients that are taken up by the 
VHDJUDVV��+HPPLQJD�HW�DO��������.RFK�	�9HUGXLQ�������,QIDQWHV�HW�DO��������RU�DUH�UHOHDVHG�
WR�WKH�ZDWHU�FROXPQ��7HUUDGRV�	�'XDUWH�������:LONLH�HW�DO���������
� 'XH� WR� WKH� GLIIHUHQW� KDELWDWV� LQ� WKH� VHDVFDSH�� WKH� KLJK� SURGXFWLRQ� RI� HFRV\VWHPV�
and the potential for import and export from a variety of sources it is challenging to separate 
different sources of organic material. A useful chemical tracer approach is to use a combination 
RI�FDUERQ�WR�QLWURJHQ�UDWLRV��&�1���ZLWK�FDUERQ�DQG�QLWURJHQ�VWDEOH�LVRWRSH�UDWLRV��į13&�	�į���

1��UHVSHFWLYHO\���0F&RQQDFKLH�	�3HWWULFUHZ�������6FKLQGOHU�:LOGKDEHU�HW�DO���������(DFK�
RI� WKHVH� WUDFHUV�KDV�D�VSHFL¿F�VLJQDWXUH�IRU�HDFK�VRXUFH��RFHDQLF��VHDJUDVV��PDQJURYH�DQG�
WHUUHVWULDO���ZKLFK�FDQ�EH�XVHG�WR�LGHQWLI\�WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�VRXUFHV�LQ�D�PL[WXUH�
�0F&RQQDFKLH�	�3HWWULFUHZ�������6FKLQGOHU�:LOGKDEHU�HW�DO���������
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� .XUDPRWR� 	� 0LQDJDZD� ������� LQYHVWLJDWHG� VRXUFH� FRQWULEXWLRQV� LQ� 6RXWKHUQ�
7KDLODQG�DQG�IRXQG�WKDW�VHDJUDVV�SODQWV�FRQWULEXWHG�EHWZHHQ���������RI�RUJDQLF�PDWHULDO�
WR� VHGLPHQW� WUDS� VDPSOHV��+HPPLQJD� HW� DO�� ������� DQG�%RXLOORQ� HW� DO�� ������� IRXQG� WKDW�
PDQJURYH�DQG�VHDJUDVV�PDWHULDO�GRPLQDWHG�VXVSHQGHG�320�LQ�WKH�ZDWHU�FROXPQ�DW�*D]L�%D\��
.HQ\D��7KHVH�VWXGLHV�LQGLFDWH�LW�LV�OLNHO\�WKDW�WKHVH�UHVXOWV�GHSHQG�RQ�WKH�ORFDO�FRQGLWLRQV��
,Q�WKLV�SDSHU��ZH�EXLOG�XSRQ�WKH�IRXQGDWLRQV�RI�SUHYLRXV�ZRUN�WR�LQYHVWLJDWH�WKH�RULJLQ�RI�
POM in the coastal zone in Phang-nga Bay in southern Thailand across several sites to gain 
a greater understanding of export of POM from different ecosystems at the tropical seascape 
VFDOH��6SHFL¿FDOO\�ZH�FRPSDUH�WKH�DPRXQW�RI�RUJDQLF�PDWHULDO�RULJLQDWLQJ�IURP�VHDJUDVV�EHGV�
YHUVXV�PDQJURYH��RFHDQLF��DQG�WHUUHVWULDO�VRXUFHV�DFURVV�D�QXPEHU�RI�GLIIHUHQW�VXE�KDELWDWV�LQ�
the region and compare this to their respective surface areas.

2.2  Methods

2.2.1  Study Area and Physical attributes

:LWKLQ�WKH�$QGDPDQ�6HD��DORQJ�WKH�VRXWK�ZHVW�FRDVW�RI�7KDLODQG�LV�WKH�SURYLQFH�RI�3KXNHW��
ZKLFK�ERUGHUV�3KDQJ�QJD�ED\��)LJ������

)LJXUH� � Map showing location of the 
QLQH� VDPSOLQJ� VLWHV� �EODFN� FLUFOHV�� LQ�
3KDQJ� 1JX� ED\�� 6RXWKHUQ� 7KDLODQG��
All sites were sampled and treated 
LGHQWLFDOO\�� EXW� IRU� HDVLHU� SUHVHQWDWLRQ�
RQO\�WKH�¿JXUHV�RI�WKH�ZKLWH�¿OOHG�SRLQWV�
�$��%�	�&��DUH�VKRZQ��7KH�GDWD� IRU�DOO�
sites can be found in the supplementary 
material.
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2XU�VDPSOLQJ�VLWHV�DUH�ORFDWHG�DORQJ�3KDQJ�QJD�%D\��ZKLFK�LV����NP�ORQJ��KHDG�WR�PRXWK���
82 km long and a surface area of 3000 km2��)LJ������7KH�VRXWKHUQ�SDUW�RI�WKH�ED\�LV�RSHQ�WR�WKH�
$QGDPDQ�6HD�DQG�WKH�QRUWKZHVW�DUHD�LV�RSHQ�WR�WKH�VHD�YLD�WKH�3DN�3UD�,QOHW��ZKLFK�VHSDUDWHV�
3KXNHW�LVODQG�IURP�WKH�PDLQODQG��)LJ������(VWXDULQH�VDOLQLW\�FRQGLWLRQV�GRPLQDWH�LQ�WKH�QRUWK��
ZKLOVW�PDULQH�FRQGLWLRQV�GRPLQDWH�LQ�WKH�VRXWK��/LPSVDLFKRO�HW�DO���������&LUFXODWLRQ�LQ�WKH�
ED\�FKDQJHV�GHSHQGLQJ�RQ� WKH�GU\� �0D\� WR�2FWREHU��RU�ZHW� VHDVRQ� �1RYHPEHU� WR�$SULO���
which alters the wind direction and surface water currents. Mean annual rainfall is about 
2300 mm and mean temperature is 28 °C. Land-use around Phang-nga bay has changed 
IURP�QDWXUDO�IRUHVW� WR� LQLWLDOO\�WLQ�PLQLQJ�������������� WKLV�DUHD�LQ�6RXWKHUQ�7KDLODQG�KDV�
VXEVWDQWLDO� GHSRVLWV� RI� YDOXDEOH� HDUWK�PLQHUDOV� VXFK� DV� WLQ� DQG� TXDUW]� �/LPSVDLFKRO� HW� DO��
�������+RZHYHU� WLQ�PLQLQJ� LQWHQVLW\�KDV�GHFUHDVHG� LQ� UHFHQW� \HDUV��2WKHU� ODQG�XVHV�KDYH�
JDLQHG�JUHDWHU�LPSRUWDQFH�VXFK�DV�UXEEHU�DQG�SDOP�RLO�SODQWDWLRQV�DV�ZHOO�DV�VKULPS�DQG�¿VK�
IDUPV� �/LPSVDLFKRO� HW� DO��������� DQG� UHFHQWO\� WKH� UDSLG�XUEDQLVDWLRQ� UHODWHG� WR� WRXULVP� LQ�
Phuket. 

)RU� FRQYHQLHQFH�� WKH� GDWD� DQG� UHVXOWV� RI� WKH� RWKHU� VLWHV� DUH� VKRZQ� LQ� WKH� VXSSOHPHQWDU\�
PDWHULDO��)LJ��6��DQG���DQG�7DE��6����EXW�DUH�LQFOXGHG�LQ�WKH�GLVFXVVLRQ��$OO�VLWHV�ZHUH�RXWVLGH�
the reach of direct river discharge and experienced a strong tidal exchange with the ocean. 
7KHUHIRUH��DOO�VLWHV�FODVVLI\�DV�WLGDO�PDQJURYHV��:RRGURIIH��������

2.2.2  Sample collection and data processing

At each site we established transects beginning at the edge of the mangrove and extending 
WRZDUGV�WKH�RFHDQ�WKURXJK�DQ�DGMDFHQW�VHDJUDVV�SDWFK��6DPSOHV�ZHUH�WDNHQ��ZKHQ�ORJLVWLFDOO\�
SRVVLEOH��DW�DOO�GLVWDQFHV�RI����VHDZDUG�HGJH�RI�PDQJURYH�IRUHVW��������������������������������
�����������DQG������P�DORQJ�WKH�WUDQVHFW�SHUSHQGLFXODU�WR�WKH�VHDZDUG�HGJH�RI�WKH�PDQJURYH�
forest towards the open sea. Three types of samples were collected: core samples of surface 
VHGLPHQW��WUDS�VDPSOHV�RI�VXVSHQGHG�PDWHULDO�DERYH�WKH�EHG�DQG�VXVSHQGHG�SDUWLFXODWH�PDWWHU�
LQ�WKH�ZDWHU�FROXPQ��$W�OHDVW�KDOI�RI�WKH�VDPSOLQJ�SRLQWV��IRU�FRUH��WUDS�DQG�ZDWHU�VDPSOHV��
ZHUH� LQ� WKH�VHDJUDVV�EHGV�� WKH�RWKHU�KDOI�ZHUH� WDNHQ�DW�SRLQWV� ODQGZDUG�RU�VHDZDUG�RI� WKH�
bed depending on the physical constraints of the different sites. Sediment core samples were 
WDNHQ�DW�HDFK�SRLQW�ZLWK�D���FP�OHQJWK�KDQG�KHOG�39&�FRUHU�WKDW�H[WUDFWHG�D�YROXPH�RI����
cm3��6HGLPHQW�WUDSV��DW�HDFK�SRLQW��ZHUH�VHFXUHG�WR�VWHHO�URGV�DQG�DQFKRUHG�DW�HDFK�SRLQW�
WR� WKH� VXEVWUDWH� DW� D� KHLJKW� RI� �����P� DERYH� WKH� VHGLPHQW�� WKH\�ZHUH� HPSWLHG� RQFH� DIWHU�
DSSUR[LPDWHO\����KRXUV��2Q�WKH�GD\�RI�FRUH�VDPSOH�FROOHFWLRQ�DQG�WUDS�LQVWDOODWLRQ����OLWHU�
surface water samples were taken at each point above the traps at the water surface during 
high tide. All samples were collected in March 2011. 
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� )RXU�320�VRXUFHV�ZHUH�FRQVLGHUHG�LQ�WKLV�VWXG\��WHUUHVWULDO�YHJHWDWLRQ��PDQJURYH�
OHDYHV��VHDJUDVV�PDWHULDO�DQG�RFHDQLF�SODQNWRQ��)RU�WKH�WHUUHVWULDO�YHJHWDWLRQ��WKUHH�UHSOLFDWHV�
of 3-4 leaves from rubber trees (Hevea sp.��DQG�QDWLYH�YHJHWDWLRQ��Delonix sp.) were collected 
RQ�WKH�LVODQG�RI�.RK�<DL��7KLV�PDWHULDO�UHSUHVHQWV�WKH�VRXUFH�YDOXH�IRU�WKH�WHUUHVWULDO�RUJDQLF�
material used in the mixing model. Mangrove and seagrass leaves were collected during 
the trap deployment. Oceanic samples were taken for plankton samples were sampled with 
ZHLJKWHG� SODQNWRQ� QHWV�ZLWK�PHVK� VL]HV� ���� ȝP� DQG� IRU� 630� VDPSOHV� �� [� �� OLWUH�ZDWHU�

Table 1 Land-use in the catchment areas and the physical attributes of the marine ecosystems for 
each site and the associated bay. Physical attributes of each site. Land use in the catchment area was 
GHWHUPLQHG�E\�DQDO\VLQJ�4XLFNELUG��:RUOG9LHZ���DQG�:RUOG9LHZ���VDWHOOLWH�LPDJHU\��7KH�ODQG�XVH�LQ�
WKH�FDWFKPHQW�DUHD�ZDV�YLVXDOO\�TXDOL¿HG�DV�PDQJURYH�IRUHVW��QDWXUDO� IRUHVW� �WHUUHVWULDO���SODQWDWLRQV�
�UXEEHU�	�SDOP�RLO��� ULFH�SDGGLHV��VKULPS�IDUPV��FOHDULQJV��FOHDUHG�ODQG��RU�EXLOGLQJV��XUEDQ�DUHDV���
The physical attributes associated with the marine ecosystems were determined during the experiment. 

Site Catchment area land-use Area (km2� Marine ecosystem attributes

A Natural forest 0.3 Seagrass bed �6%�
Plantations 23.3 Area (km2� ���

Rice paddies 0.1 Species Enhalus sp.

Shrimp farms 1.2 Mangrove forest �0)�

Buildings 0.4 Area (km2� 3.3

Clearings 1.0 Species Rhizphora sp, Ceriops sp & 
Xylocarpus sp

Fish farm 0.0009

Total catchment area ���� % MF in catchment area 13

B Natural forest 0.4 Seagrass bed �6%�

Plantations 1.0 Area (km2� 2.1

Shrimp farms 0.4 Species Enhalus sp.

Buildings 3.9 Mangrove forest �0)�

Clearings 1.8 Area (km2� 0.9

Species Rhizphora sp

Total catchment area ��� % MF in catchment area 12

C Natural forest 0.4 Seagrass bed �6%�

Plantations 1 Area (km2� 0.8

Rice paddies 0 Species Enhalus sp, Haladule sp, 
Halophila sp & Thalassia sp

Buildings 4 Mangrove forest �0)�

Clearings 1.8 Area (km2� 0.4

Species Rhizphora sp, Ceriops sp & 
Xylocarpus sp

Total catchment area 7.2 % MF in catchment area �
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VDPSOHV�ZHUH� FROOHFWHG��7KHVH�ZHUH� FROOHFWHG� DW� D� SRLQW��ZKLFK�ZDV� WKRXJKW� WR� KDYH� WKH�
PDMRULW\�RI�RFHDQLF�LQÀXHQFH����������¶1�DQG����������¶(��DW�D�GHSWK�RI����P��7KH�PHDQ�
RI�WKH�&�DQG�1�FRQWHQW�DQG�į13&�DQG�į���N value of each POM source was taken as respective 
end-member to determine the contribution of each source to the organic matter along the 
transect.
� $OO�VROLG�VDPSOHV��VHGLPHQW�DQG�OHDYHV��ZHUH�SODFHG�LQ�VHSDUDWH�VDPSOH�EDJV��VWRUHG�
LQ�D�FRROLQJ�ER[�DQG�WKHQ�WUDQVSRUWHG�LPPHGLDWHO\�WR�WKH�¿HOG�ODERUDWRU\�ZKHUH�WKH\�ZHUH�
GULHG�DW����&�IRU����KRXUV��:DWHU�VDPSOHV�IRU�630�DQG�SODQNWRQ�ZHUH�¿OWHUHG�WKURXJK�SUH�
FRPEXVWHG�JODVV�¿EHU�¿OWHUV��*)�)�������ȝP�SRUH�GLDPHWHU���7KH�*)�)�¿OWHUV�ZHUH�WKHQ�GULHG�
DW����&�IRU����KRXUV��%RWK�VROLG�PDWHULDO��VHGLPHQW�	�OHDYHV��DQG�*)�)�¿OWHUV�ZHUH�SDFNHG�
in airtight containers and transported to the laboratory of Royal Netherlands Institute for 
6HD�5HVHDUFK��1,2=��IRU�HOHPHQWDO�DQG�LVRWRSH�DQDO\VLV�

2.2.3  Elemental and isotope analysis

6HGLPHQW� DQG� OHDI�PDWHULDO� VDPSOHV�ZHUH� JURXQG� IRU� KRPRJHQLVDWLRQ��7KH� WUDS�� SODQNWRQ�
DQG�630�ZHUH�DFLGL¿HG� WR� UHPRYH�DOO� FDUERQDWHV� IURP� WKH� VDPSOHV� �1LHXZHQKXL]H�HW� DO��
�������ZKLOH�WKH�OHDYHV�ZHUH�QRW�DFLGL¿HG��$OO�VDPSOHV�ZHUH�DQDO\VHG�IRU�WRWDO�RUJDQLF�FDUERQ�
�72&���WRWDO�QLWURJHQ��71���DQG�WKH�LVRWRSHV�į13&�DQG�į��N by means of elemental analysis 
LVRWRSH�UDWLR�PDVV�VSHFWURPHWU\��($�,506��XVLQJ�D�7KHUPR�)LQQLJDQ�)ODVK�������
� 6WDEOH�LVRWRSH�UDWLRV�DUH�H[SUHVVHG�DV�į�YDOXHV��Å��UHODWLYH�WR�FRQYHQWLRQDO�VWDQGDUGV�
(VPDB limestone for C and atmospheric N2 IRU�1���DV�VKRZQ�LQ�HTXDWLRQ�����

� į[� ���[sample – xstandard����[standard�
�������Å�� ���

ZKHUH�į[�LV�HLWKHU�į13&�RU�į��1��[sample is the 
13C / 12C or ��N/ 141�UDWLR�RI�WKH�VDPSOH��[standard is 

the 
13C / 12C or ��N/ 141�UDWLR�RI�WKH�VWDQGDUGV����������IRU���&�DQG���������IRU���N.

2.2.4  Elemental and isotope analysis examination 

:H�FRQVLGHUHG�WKH�IROORZLQJ�SRWHQWLDO�VRXUFHV��)LJ������WHUUHVWULDO�YHJHWDWLRQ��Delonix sp. & 
Terminalia sp���PDQJURYH�PDWHULDO��Rhizophora sp.���VHDJUDVV�OHDYHV��Enhalus sp.��Halodule 
sp. & Halophile sp.��DQG�RFHDQLF�SURGXFWLRQ��SODQNWRQ�DQG�630���9DOXHV�IRU�WKH�IRXU�HQG�
members in the carbon and isotope analysis were taken as the means of the collected data 
IRU�HDFK�VRXUFH��7DE������2QO\�630�DQG�WUDS�VDPSOHV�ZHUH�DQDO\VHG�ZLWK�WKH�PL[LQJ�PRGHO�
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)LJXUH���&DUERQ��į13C o

/

oo

��DQG�QLWURJHQ��į��N o

/

oo

��isotopic composition for organic matter from trap 
DQG�630�VDPSOHV�IURP�WKH�WKUHH�VLWHV�$��%�	�&��7KH�HQG�PHPEHUV�VKRZQ�DUH�DV�IROORZV�ZKLWH�FLUFOHV�
LV�WKH�WHUUHVWULDO�YDOXH��ZKLWH�VTXDUH�UHSUHVHQWHV�RFHDQLF�VRXUFHV��ZKLWH�WULDQJOH�V\PEROLVHV�WKH�VHDJUDVV�
plant end-number and white diamond is the mangrove plant values. The trap and SPM samples are 
UHSUHVHQWHG�E\�FURVVHV�DQG�EODFN�FLUFOHV�UHVSHFWLYHO\��9DOXHV�IRU�WKH�HQG�PHPEHUV�DUH�PHDQV������6(���
)RU�WKH�HQG�PHPEHUV�RI�WKH�RFHDQLF��WHUUHVWULDO��VHDJUDVV�SODQWV�DQG�PDQJURYH�SODQWV�VRXUFHV��Q� �������
���	����UHVSHFWLYHO\��7KLV�LV���GLPHQWLRQDO�UHSUHVHQWDWLRQ�RI�WKH�GDWD�ZLWK�RQO\�LVRWRSH�VRXUFHV��WDEOH�
��UHSUHVHQWV�WKH�DQDO\VLV�RI�WKH�UHVXOWV�ZLWK�DOO�WKUHH�FRPSRQHQWV��FDUERQ��QLWURJHQ�LVRWRSHV�DQG�&�1�
UDWLRV��

A linear mixing model was used to determine the contributions of the different sources to the 
630�DQG�WUDS�VHGLPHQW�VDPSOHV��3KLOOLSV�	�*UHJJ�������3KLOOLSV�	�.RFK��������7KH�PL[LQJ�
PRGHO�XVHV�WKH�PHDQV�RI�į13&��į��N and the C:N ratios (corrected for differences in %C and 
�1�EHWZHHQ�VRXUFHV��RI�LQGLYLGXDO�WUDS�RU�630�VDPSOHV�WR�GHWHUPLQH�WKH�FRQWULEXWLRQ��I��
RI�HDFK�RI�WKH�IRXU�VRXUFHV��RFH� �RFHDQLF��WHU� �WHUUHVWULDO��PDQ� �PDQJURYH�WUHHV�	�VHD� �
VHDJUDVV�SODQWV��WR�WKLV�PL[WXUH��7KH�YDULDWLRQ�EHWZHHQ�WKH�UHSOLFDWHV�LV�VPDOO��MXVWLI\LQJ�WKH�XVH�
RI�WKH�PHDQV��7KH�PL[LQJ�PRGHO�KDV�IRXU�HTXDWLRQV��HTV�������WKDW�DUH�VROYHG�VLPXOWDQHRXVO\�
WR�UHFRYHU�D�XQLTXH�VROXWLRQ�RI�WKH�IRXU�VRXUFH�FRQWULEXWLRQV��Ioce��Iter��Iman��Isea���7KH�PRGHO�
ZDV�LPSOHPHQWHG�DQG�VROYHG�LQ�5��5�&RUH�7HDP��������XVLQJ�WKH�lsei function from the LIM 
SDFNDJH��9DQ�2HYHOHQ�HW�DO���������

 foce ��Iter ��Iman ��Isea  ��� ���

� į13Cmix� �į
13Coce·foce ��į

13Cter·fter ��į
13Cman·fman ��į

13Csea·fsea� ���
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� į��Nmix� �į
��Noce·foce ��į

��Nter·fter���į
��Nman·fman ��į

��Nsea·fsea� ���

 0 = (%Coce - CNmix·%Noca��āIoce�����&ter - CNmix·%Nter��āIter���
 (%Cman - CNmix·%Nman��āIman�����&sea - CNmix·%Nsea��āIsea ���

Table 2�0HDQ�YDOXHV�RI�į���&�	�į���1��FDUERQ��QLWURJHQ�UDWLRV��&�1��DQG�VWDQGDUG�HUURU�IRU�WHUUHVWULDO�
WUHHV��PDQJURYHV�WUHHV��VHDJUDVV�SODQWV�DQG�RFHDQLF��7KH�RYHUDOO�YODXHV�IRU�HDFK�VRXUFH��KLJKOLJKWHG��
DUH�WKH�PHDQV�RI�WKH�GLIIHUHQW�FRQWULEXWLRQV��VSHFLHV�IRU�WHUUHVUWLDO��PDQJURYH�DQG�VHDJUDVVHV�	�630�
SODQNWRQ�IRU�RFHDQLF���7KHVH�YDOXHV�DUH�GH¿QHG�DV�WKH�HQG�PHPEHUV��RUJDQLF�PDWWHU�VRXUFHV���ZKLFK�DUH�
used in the mixing to determine the different mixture of fractions for organic matter. The organic matter 
was collected in the sediment trap and suspended sediemnt matter samples. The carbon isotope value 
LV�UHSUHHQWHG�E\�į13&�DQG�WKH�QLWURJHQ�E\�į��1�DQG�&�1�HTXDWHV�WR�WKH�DWRPLF�FDUERQ��&��QLWURJHQ��1��
ratio. n, is the number of samples and SE is standard error. 

Sources Species į13C  į��N  C  N n

Group Mean SE Mean SE Mean SE mean SE
(o/oo� (o/oo�

Terrestrial Havea sp -31.8 ��� 0.4 0.001 ���� 0.2 4.2 0.04 3

Delomix sp -30.1 ��� ��� 0.001 ���� 0.3 ��� 0.2 3

Terminalia sp -31.2 ��� 1.9 0.001 44.8 0.2 ��� ����� 3

Overall terrestrial - ����� ��� ��� ������ ���� ��� ���� ���� �

Overall Mangrove trees Rhizphora sp ����� ��� ��� ��� ���� ��� 1.2 ���� 45

Seagrass plants Halodule sp -11.4 0.7 2.9 ���� 21.4 ��� 1.4 0.2 7

Halophile sp ����� ��� 2.8 0.9 21.4 2.1 1.3 0.2 19

Enhalus sp -10.1 0.3 ��� 0.3 ���� ��� 1.9 0.1 17

Overall seagrass plants - ����� ��� ��� ��� ���� 1.4 1.5 ��� �

Oceanic SPM -24.1 0.13 18.3 3 1.2 0.07 0.2 0.01 3

Plankton -24 0.04 7.9 0.03 ��� ��� 0.8 0.1 3

Overall oceanic - -24.1 ���� ���� ��� 2.9 ��� ��� ��� �

8VLQJ�WKH�FRQWULEXWLRQ�UHVXOWV�IURP�WKH�PL[LQJ�PRGHO��ZH�WKHQ�FDOFXODWHG�LI�HDFK�VRXUFH�ZDV�
XQGHU�FRQWULEXWLQJ�RU�RYHU�FRQWULEXWLQJ�FRPSDUHG�WR�LWV�UHODWLYH�VXUIDFH�DUHD��HTXDWLRQ�����

 Fx/Afx� ���

7KLV� LQGH[� ZDV� QRW� FDOFXODWHG� IRU� 320� GHULYHG� IURP� RFHDQLF� VRXUFHV�� EHFDXVH� QR�
UHSUHVHQWDWLYH� VXUIDFH�DUHD� IRU� WKH� µRFHDQ¶�FRXOG�EH�GH¿QHG��7KH�FRQWULEXWLRQ� �)x�����SHU�
source in each sample was then divided by the percent of total surface area (Afx��RFFXSLHG�E\�
WKH�SDUWLFXODU�V\VWHP��FDWFKPHQW�DUHD�WHUUHVWULDO��PDQJURYH�IRUHVW��VHDJUDVV�EHG���7KLV�JLYHV�D�
dimensionless number in which 1 implies that the ecosystem contributes proportionally to its 
relative surface area and below or above 1 would indicates that the proportional contribution 
LV�ORZHU�RU�KLJKHU��UHVSHFWLYHO\��
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2.2.5  Statistical analysis

)URP� WKH� UHVXOWV� RI� HTXDWLRQ� ��ZH� XVHG� VWHS�ZLVH� UHJUHVVLRQ� DQDO\VLV� WR� GHWHUPLQH� LI� WKH�
contribution was related to relevant physical aspects of the nine sites. For this analysis we only 
used the mixing model results at 0 m on the transect as this was comparable across all three 
VLWHV��&RQWULEXWLRQV�IURP�WHUUHVWULDO��PDQJURYH�DQG�VHDJUDVV�WR�630�DQG�WUDS�VDPSOHV�ZHUH�
correlated with physical attributes of each site. The mangrove contribution was tested against 
area of mangrove forest (m2���DUHD�RI�ED\��P2���XUEDQLVDWLRQ�LQ�WKH�FDWFKPHQW�DUHD������UDWLR�
RI�ZLGWK�DQG�OHQJWK�RI�ED\�DQG�ZLGWK�RI�PDQJURYH�IRUHVW��P���7HUUHVWULDO�FRQWULEXWLRQ�ZDV�
analysed against catchment area (m2���DUHD�RI�ED\��P2���XUEDQLVDWLRQ�LQ�WKH�FDWFKPHQW�DUHD�
�����UDWLR�RI�ZLGWK�DQG�OHQJWK�RI�ED\��)LQDOO\�VHDJUDVV�ZDV�WHVWHG�ZLWK�DUHD�RI�WKH�VHDJUDVV�
bed (m2���DUHD�RI�ED\��P2���XUEDQLVDWLRQ�LQ�WKH�FDWFKPHQW�DUHD������UDWLR�RI�ZLGWK�DQG�OHQJWK�
of bay. 
 The surface area of the mangrove forests and seagrass beds was determined during 
WKH�VDPSOLQJ�FDPSDLJQ��/DQG�XVH� LQ� WKH�FDWFKPHQW�DUHD��ZLGWK�DQG�OHQJWK�RI� WKH�ED\�ZDV�
GHWHUPLQHG�E\�DQDO\VLQJ�4XLFNELUG��:RUOG9LHZ���DQG�:RUOG9LHZ���VDWHOOLWH� LPDJHU\��$OO�
VWDWLVWLFDO�DQDO\VLV�ZDV�FRPSOHWHG�LQ�5��5�&RUH�7HDP���������ZKHUH�SUREDELOLWLHV��S��ZHUH�
H[SUHVVHG�DW�S�!������DQG�DUH�UHIHUUHG�LQ�WKH�WH[W�DV�D�VLJQL¿FDQW�UHVXOW��

����� 5HVXOWV

,Q�WKH�LVRWRSH�SORW�RI�į13&�DQG�į��1��)LJ������DOPRVW�DOO�VDPSOHV��WUDS�DQG�630��ZHUH�EHWZHHQ�
RFHDQLF��WHUUHVWULDO��PDQJURYH�DQG�VHDJUDVV�SODQW�HQG�PHPEHUV��:H�FRQVLGHU�WKDW�WKH�WKUHH�
trap samples that fell out of the triangle indicate that these contained POM that had undergone 
substantial processing and degradation that had altered the CN and stable isotope ratios (see 
'LVFXVVLRQ�EHORZ���,QWHUHVWLQJO\��DOO�WUDS�VDPSOHV�DORQJ�WKH�JUDGLHQW�VKRZHG�GLIIHUHQW�VRXUFHV�
RI�RUJDQLF�PDWHULDO��)LJ������$W�VLWH�$��WKH�PDMRULW\�RI�WUDS�VDPSOHV�ZHUH�EHWZHHQ�WHUUHVWULDO��
PDQJURYH�DQG�RFHDQLF�VRXUFHV��ZLWK�VRPH�LQÀXHQFH�IURP�VHDJUDVV��)LJ������7KH�WUDS�VDPSOHV�
from Site B centred in the middle of the triangle. Apart from a substantial contribution from 
PDQJURYH�WUHHV�DW�������P�D�JUHDWHU�LQÀXHQFH�IURP�RFHDQLF�DQG�VHDJUDVV�SODQW�VRXUFHV�FRXOG�
EH�VHHQ��)LJ����	�7DE������

6XVSHQGHG�VHGLPHQW�VDPSOHV�VKRZHG�VLPLODU�SDWWHUQV� WR� WUDS�VDPSOHV��EXW�ZLWK�D�VWURQJHU�
FRQWULEXWLRQ�IURP�WKH�RFHDQLF�HQG�PHPEHU��)LJ������7UDS�VDPSOHV�IURP�VLWH�&�ZHUH�ORFDWHG�
HTXLGLVWDQWO\�EHWZHHQ�WKH�WHUUHVWULDO�DQG�VHDJUDVV�SODQW�HQG�PHPEHUV�EXW�ZLWK�D�VOLJKW�LQFUHDVH�
LQ�į��1�YDOXHV�LQGLFDWLQJ�DQ�LQFOLQDWLRQ�WRZDUGV�WKH�RFHDQLF�VRXUFH��)LJ������
 The mixing model determined the fraction of each source end-member (mangrove 
	� VHDJUDVV� SODQWV�� WHUUHVWULDO� 	� RFHDQLF�� LQ� WKH� PHDQ� RI� ���� LQGLYLGXDO� VHGLPHQW� WUDSV�
DQG�630�VDPSOHV� IRU� WKH� WKUHH�VLWHV� �7DE������6LWH�$�VKRZHG� OLWWOH�YDULDWLRQ� LQ�VXVSHQGHG�
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SDUWLFXODWH� PDWWHU� VRXUFH� FRQWULEXWLRQV�� 7KH� VDPSOHV� ZHUH� SUHGRPLQDQWO\� RFHDQLF� ����
������ IRU� DOO� GLVWDQFHV� �������P�� �7DE�� ����0DQJURYH� DQG� WHUUHVWULDO� SODQWV� VKRZHG� WKH�
KLJKHVW�FRQWULEXWLRQ�WR�630�DW�WKH�FRDVW����P������DQG������UHVSHFWLYHO\��7DE������$�ORZ�
EXW� FRQVLVWHQW� FRQWULEXWLRQ� IURP� VHDJUDVV� VRXUFHV�� LQ� WKH� RUGHU� RI� �����ZDV� LQIHUUHG��)RU�
VXVSHQGHG�VHGLPHQW�VDPSOHV�LQ�VLWH�%��RFHDQLF�VRXUFHV�VWLOO�VKRZHG�WKH�VWURQJHVW�LQÀXHQFH�
�����������7KHUH�ZDV�QR�FOHDU�SDWWHUQ�RI�FRQWULEXWLRQ�IURP�PDQJURYHV�����������ZKLOVW�IRU�
VHDJUDVV��YDOXHV�UHPDLQHG�FRPSDUDWLYHO\�ORZ����������IRU�630��7DE������7KH�FRQWULEXWLRQ�RI�
WHUUHVWULDO�VRXUFHV�GHFUHDVHG�LQ�630�IURP�WKH�FRDVW�������DW���P��WR�WKH�RFHDQ������DW������
P���7KH�LQÀXHQFH�RI�WKH�WHUUHVWULDO�VRXUFHV�IRU�630�DORQJ�WKH�WUDQVHFW�DW�VLWH�&�GLG�QRW�VKRZ�
the same decreasing trend with distance from the coast as at site B. Terrestrial contributions 
YDULHG�EHWZHHQ���������DORQJ� WKH�JUDGLHQW� �7DE������$�VLPLODU�ÀXFWXDWLRQ�ZLWKRXW�D�FOHDU�

7DEOH���(QG�PHPEHU�FRQWULEXWLRQV�RI�HDFK�VRXUFH��WHUUHVWULDO��PDQJURYH��VHDJUDVV�DQG�RFHDQLF��WR�HDFK�
VHGLPHQW�VDPSOH��630�	�WUDS��FDOFXODWHG�IURP�WKH�PL[LQJ�PRGHO��'LVWDQFH��P��UHSUHVHQWV�WKH�GLVWDQFH�
DORQJ�WKH�WUDQVHFW�IURP�ODQG����P��WR�WKH�RFHDQ�IRU�HDFK�VLWH��$��%�	�&���630�DQG�WUDS�DUH�VDPSOH�W\SH��
630�LV� VXVSHQGHG�SDUWLFXODWH�PDWWHU� WDNHQ� IURP� WKH�ZDWHU�FROXPQ��:KLOVW� WUDS� UHSUHVHQWV� VHGLPHQW�
VDPSOHV�FDSWXUHG�RQ�WKH�VHGLPHQW�ÀRRU�RYHU�D����KRXU�SHULRG���QV��PHDQV�WKDW�WKH�PRGHO�GLG�QRW�¿QG�D�
VROXWLRQ���A��UHSUHVHQWV�VHGLPHQW�WUDSV�ORFDWHG�LQ�VHDJUDVV�EHGV��

Site Sample Distance 
�P�

0 �� 100 200 300 400 ��� 1000 ����

Source Contribution
����

A SPM Mangrove 2 0.3 1 0.2
Oceanic �� �� 90 83 ��

Terrestrial 12 7 � 12 4
Seagrass � 4 4 4 10

Trap Mangrove �� 13 �A ��A 24^
Oceanic �� 71 79^ ��A ��A

Terrestrial 7 7 9^ 13^ 17^
Seagrass 11 10 �A �A 7^

B SPM Mangrove 1 � 9 11 7 �� 22 �� ns
Oceanic �� �� �� �� �� 71 �� 74 ns

Terrestrial 23 �� 24 20 7 4 3 1 ns
Seagrass 8 11 13 13 11 10 8 10 ns

Trap Mangrove 20 ns 20 ns ns^ ns^ ��A 8^ 7
Oceanic 48 ns 22 ns ns^ ns^ 31^ ��A 40

Terrestrial 17 ns 34 ns ns^ ns^ 29^ 19^ 34
  Seagrass �� ns 23 ns ns^ ns^ 24^ ��A 19
C SPM Mangrove � 4 � 1 � ns 4 0 NA

Oceanic �� 77 71 72 72 ns �� 82 NA
Terrestrial 14 11 11 14 10 ns 13 10 NA
Seagrass 11 8 13 13 13 ns 7 7 NA

Trap Mangrove 22 ns 9 10 3 4^ 2^ 3^ NA
Oceanic �� ns �� �� 71 72^ 84^ 78^ NA

Terrestrial � ns 10 12 �� 8^ �A 8^ NA
Seagrass 13 ns 13 �� 11 17^ 9^ 12^ NA
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WUHQG�ZLWK�GLVWDQFH�LV�VKRZQ�E\�WKH�PDQJURYH�FRQWULEXWLRQ���������DQG�VHDJUDVV�SODQWV�������
����2FHDQLF�LQSXW�GRPLQDWHG�DORQJ�WKH�HQWLUH�JUDGLHQW������������7DE������7KH�WUDS�VDPSOHV�
LQ�VLWH�$�VKRZHG�VSDWLDO�SDWWHUQV�WKDW�ZHUH�XQUHODWHG�WR�GLVWDQFH�IURP�WKH�VRXUFH��7DE�����

Table 4 Dimensionless index indicating the relative FRQWULEXWLRQ�RI�WHUUHVWULDO��PDQJURYH�DQG�VHDJUDVV�
VRXUFHV� IRU� 630� DQG� WUDS� VHGLPHQW� VDPSOHV� �630�	� WUDS���7KLV�ZDV� FDOFXODWHG� IURP�GLYLGLQJ� WKH�
PL[LQJ�PRGHO� FRQWULEXWLRQ� UHVXOW� �7DE�� ��� ZLWK� WKH� SHU� FHQW� RI� WRWDO� VXUIDFH� DUHD� RFFXSLHG� E\� WKH�
SDUWLFXODU�HFRV\VWHP�DW�WKH�VLWHV�$��%�	�&��'LVWDQFH��P��UHSUHVHQWV�WKH�GLVWDQFH�DORQJ�WKH�OHQJWK�RI�WKH�
WUDQVHFW�IURP�WKH�ODQG����P��WR�WKH�RFHDQ�IRU�HDFK�VLWH��$��%�	�&���630�DQG�WUDS�DUH�VDPSOH�W\SH��630�
LV�VXVSHQGHG�SDUWLFXODWH�PDWWHU�WDNHQ�IURP�WKH�ZDWHU�FROXPQ��:KLOVW�WUDS�UHSUHVHQWV�VHGLPHQW�VDPSOHV�
FDSWXUHG�RQ�WKH�VHGLPHQW�ÀRRU�RYHU�D����KRXU�SHULRG���QV��HTXDWHV�WR�WKH�PRGHO�QRW�VROYLQJ�IRU�WKHVH�
SRLQWV���A��UHSUHVHQWV�VHGLPHQW�WUDSV�ORFDWHG�LQ�VHDJUDVV�EHGV��0) �PDQJURYH�IRUHVW��6% �VHDJUDVV�EHG�
and CA = catchment area. 

Site Area of Sample Distance 0 �� 100 200 300 400 ��� 1000 ����
ecosystem ��P�

(km2� Source
Contri-
bution 
���

A MF: 3.3 SPM Mangrove 2 0.2 0.03^ ����A 0.02^
&$������ Terrestrial 0.1 0.1 0.1^ 0.1^ ����A
6%����� Seagrass 3 3 3^ 3^ 7^

Trap Mangrove 1 1 1^ �A 2^
Terrestrial 0.1 0.1 0.1^ 0.1^ 0.2^
Seagrass 7 � 4^ 4^ 4^

B MF: 2.1 SPM Mangrove 0.03 0.3 ���A ���A 0.4^ 0.8^ 1^ 0.8^ ns
&$����� Terrestrial 0.3 0.3 0.3^ 0.3^ 0.1^ 0.1^ 0.04^ 0.02^ ns
SB: 0.9 Seagrass 1 2 2^ 2^ 1^ 1^ 1^ 1^ ns

Trap Mangrove 1 ns 1^ ns^ ns^ ns^ 0.8^ 0.4^ 0.4
Terrestrial 0.2 ns ���A ns^ ns^ ns^ 0.4^ 0.3^ 0.4

  Seagrass 2 ns 3^ ns^ ns^ ns^ 3^ 2^ 3
C MF: 0.4 SPM Mangrove 1 ��� 1 0.1 1 1^ 0.1^

CA: 7.2 Terrestrial 0.2 0.1 0.1 0.2 0.1 0.2^ 0.1^
SB: 0.8 Seagrass 1 1 1 1 1 1^ 1^

Trap Mangrove 3 ns 1 1 0.4 ��� 0.2^ 0.3^
Terrestrial 0.1 ns 0.1 0.1 0.2 0.1 0.1^ 0.1^
Seagrass 1 ns 1 1 1 1 1^ 1^

7KH� RFHDQLF� FRQWULEXWLRQ� GRPLQDWHG� LQ�PRVW� VDPSOHV� �PHDQ� ������ ,Q� WKH� UDQJH� ��������
m there was a relatively large mangrove contribution. Overall mangroves had the second 
VWURQJHVW�LQÀXHQFH��PHDQ������IROORZHG�E\�WHUUHVWULDO�FRQWULEXWLRQV��PHDQ������DQG�ODVWO\�
VHDJUDVV�SODQWV� �PHDQ������7DE������7KH�RFHDQLF�����������VLJQDO� LQ� WUDS�VDPSOHV�RI�VLWH�
B was weaker than in trap samples of the other sites. It did not vary clearly with distance. 
6HDJUDVV�SODQWV� ����������DQG� WHUUHVWULDO� ���� �������KDG�VLPLODU�FRQWULEXWLRQV� WR� WKH� WUDS�
VDPSOHV�LQ�VLWH�%��7DE������ZKLOVW�PDQJURYH�IRUHVW�LQÀXHQFH�GHFUHDVHG�DZD\�IURP�WKH�IRUHVW�
������DW���P�WR�����DW������P���7KH�WUDS�VDPSOHV�RI�VLWH�%�KDG�WKH�PRVW�HTXDO�GLVWULEXWLRQ�
over sources of the three sites. Mangrove forest at site C showed a strong contribution at 0 
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P��������GHFUHDVLQJ�WRZDUGV�WKH�RFHDQ�DW������P�������7DE������7HUUHVWULDO�VRXUFHV�VKRZHG�
QR�FOHDU�SDWWHUQ�LQ�FRQWULEXWLRQ�LQ�UHODWLRQ�WR�GLVWDQFH�IURP�VKRUH���P�������WR�RFHDQ������
P��������7DE������6HDJUDVV�SODQWV�DW�VLWH�&�VKRZHG�D�VWHDG\�LQÀXHQFH�WKURXJK�WKH�OHQJWK�RI�
WKH�WUDQVHFW�����������7DE������2FHDQLF�VRXUFHV�ZHUH�UHVSRQVLEOH�IRU�DERXW�WKUHH�TXDUWHUV�RI�
the material.
� 7KH�PDMRULW\�RI�630�DQG�WUDS�VDPSOHV��a������FRQWULEXWLRQ�IURP�VHDJUDVV�SODQWV�
LQ�VLWHV�$�DQG�%�VKRZHG�DQ�RYHU�FRQWULEXWLRQ�FRPSDUHG�WR�WKH�VHDJUDVV�EHG�VL]HV��7DE������,Q�
VLWH�&��VHDJUDVV�SODQWV�FRQWULEXWLRQV��ZHUH�FRPSDUDEOH�WR�WKH�VXUIDFH�DUHD�RI�WKH�HFRV\VWHP�
ERWK�IRU�630�DQG�WUDS�VDPSOHV��7DE������$�KLJK�TXDQWLW\�RI�PDQJURYH�IRUHVWV��������VKRZHG�
D�ORZHU�FRQWULEXWLRQ�WR�WKH�630�DQG�WUDS�VDPSOHV��VLWHV�$��%�DQG�&��FRPSDUDWLYH�WR�WKH�IRUHVW�
VXUIDFH�DUHD��ZKLOVW������VKRZHG�D�FRQWULWLRQ�UHODWLYH�WR�WKH�VL]H�RI�WKH�IRUHVW��WKH�UHPDLQLQJ�
LQGLFDWHG�D�RYHU�FRQWULEXWLRQ��7DE������7KH�WHUUHVWULDO�VRXUFH�DFURVV�VLWHV�$��%�DQG�&�IRU�630�
DQG�WUDS�VDPSOHV�ZHUH�DOO�XQGHU�FRQWULEXWLQJ�FRPSDUHG�WR�WKH�DUHD�RI�WKH�VRXUFH��7DE������
 Step-wise regression found no relationship between terrestrial contributions and 
DVVRFLDWHG�SK\VLFDO�DWWULEXWHV�RI�WKH�VLWHV��FDWFKPHQW�DUHD��XUEDQLVDWLRQ�ZLWKLQ�WKH�FDWFKPHQW�
DUHD�� UDWLR� RI�ZLGWK� DQG� OHQJWK� RI� WKH� ED\� DQG� ED\� DUHD�� IRU� 630�DQG� WUDS� VDPSOHV� �S�!�
������ 7DE�� ���� 6HDJUDVV� FRQWULEXWLRQ� VKRZHG� D� QHJDWLYH� FRUUHODWLRQ� ZLWK� ODUJHU� DUHDV� RI�
WKH� VHDJUDVV�EHG� IRU� WUDS� VDPSOHV� �\� ���� ����[� ��52  ������� QR� UHODWLRQVKLS�ZDV� VHHQ� IRU�
VHDJUDVV�FRQWULEXWLRQ��630�DQG�WUDS�VDPSOHV��DQG�RWKHU�SK\VLFDO�YDULDEOHV��S�!�������7DE��
����0DQJURYH�WUDS�VDPSOH�FRQWULEXWLRQV�VKRZHG�QR�FRUUHODWLRQ�ZLWK�DUHD�RI�PDQJURYH�IRUHVW��
DUHD�RI�ED\��SHUFHQWDJH�RI�XUEDQLVDWLRQ�LQ�WKH�FDWFKPHQW�DUHD��UDWLR�RI�ZLGWK�DQG�OHQJWK�RI�ED\�
DQG�ZLGWK�RI�PDQJURYH�IRUHVW��S�!�������7DE������6XVSHQGHG�VHGLPHQW�VDPSOHV�IRU�PDQJURYH�
FRQWULEXWLRQ�GLG�VKRZ�D�SRVLWLYH�UHODWLRQVKLS�ZLWK�ZLGWK�RI�PDQJURYH�IRUHVW��\� ������������[�
: R2  �������EXW�QR�RWKHU�UHODWLRQVKLS�ZDV�VHHQ�IRU�630�VDPSOHV�DQG�SK\VLFDO�YDULDEOHV�IURP�
mangroves.

����� 'LVFXVVLRQ

This study was designed to clarify the origin and exchange of organic material within tropical 
bays using chemical tracers. Despite the high local primary production in mangrove and 
VHDJUDVV�VWDQGV��ZH�IRXQG�WKDW�RFHDQLF�VRXUFHV�GRPLQDWHG�WUDS�DQG�630�VDPSOHV�DORQJ�WKH�
entire transects. The mixing model showed that mangrove forests and terrestrial sources 
KDG�PDMRU�FRQWULEXWLRQV�HVSHFLDOO\�WR�WUDS�VDPSOHV��6HDJUDVV�PHDGRZV��DOWKRXJK�RFFXS\LQJ�
WKH�VPDOOHVW�DUHD�RI�DOO�WKH�SRWHQWLDO�VRXUFHV��DOVR�KDG�D�VXEVWDQWLDO�FRQWULEXWLRQ�WR�RUJDQLF�
material in the majority of trap and SPM samples. 
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2.4.1  Mixing model

Mixing models are often used to estimate contributions to a mixture (Phillips & Gregg 
������3KLOOLSV�	�.RFK�������� 6RPH�RI� WKH� VDPSOHV� FRXOG� QRW� EH� VROYHG�ZLWK� WKLV�PRGHO�
which indicates that they violate some of the implicit assumption of the linear mixing model 
IRUPXODWLRQ��VXFK�DV�LPSUHFLVH�PHDVXUHPHQW�RI�WKH�HQG�PHPEHUV¶�YDOXHV��WKH�H[LVWHQFH�RI�
XQLGHQWL¿HG�VRXUFHV��RU�GHJUDGDWLRQ�SURFHVVHV�WKDW�KDYH�DOWHUHG�WKH�LVRWRSH�RU�&1�UDWLRV�RI�
WKH�PL[WXUH��)RU�RXU�VWXG\�VLWH��ZH�DUH�FRQ¿GHQW�WKDW�ZH�LQFOXGHG�WKH�GRPLQDQW�320�VRXUFHV�

Table 5�6KRZLQJ�SK\VLFDO�YDULDEOHV�RI�DOO�VLWHV��ZKLFK�ZHUH�XVHG�� LQ�VWHS�ZLVH�UHJUHVVLRQ�VWDWLVWLFDO�
DQDO\VLV��7KH�VLWH�OHWWHUV�LQ�LWDOLFV�DQG�EROG�GDWD�DUH�VKRZQ�LQ�WKLV�SDSHU��)LJ����	�7DE������ZKLOVW�WKH�
RWKHUV��QRQ�LWDOLFV�DQG�QRQ�EROG��DUH�LQGLFDWHG�LQ�WKH�VXSSOHPHQWDU\�PDWHULDO��)LJ��6��	�7DE��6����&$�
HTXDWHV�WR�FDWFKPHQW�DUHD��6LWH�%�DQG�&�ZHUH�ORFDWHG�DORQJ�D�H[SRVHG�FRDVW�DQG�WKHUHIRUH�GLG�QRW�KDYH�
any bay areas which could be used in the analysis. 

Sample 
Type Site

Physical 
attributes
Area of 

mangrove 
forest

Area of
 catchment

Area of 
seagrass 

bed
:LGWK�
of bay

Length 
of bay

Ratio 
width:length

Urbanisation 
in catchment

km2 km2 km2 km km % 

SPM A 3 30 1 1 ��� 0.7 �

A 3.3 ���� ��� 1 ��� 0.7 �

B 10 3 0.1 na na na 40

C ��� 0.2 0.3 na na na 21

D ��� ��� 0.8 1.8 1.1 ��� 4

E 3.2 0.7 0.04 1.4 0.7 2 4

F ��� 12.3 0.8 3.8 3.3 1.1 �

B 9 2.1 0.9 1.2 2.9 0.4 7

C 4.7 0.4 0.8 2 1.1 1.9 70

Trap A 3 30 1 1 ��� 0.7 �

A 3.3 ���� ��� 1 ��� 0.7 �

B 10 3 0.1 na na na 40

C ��� 0.2 0.3 na na na 21

D ��� ��� 0.8 1.8 1.1 ��� 4

E 3.2 0.7 0.04 1.4 0.7 2 4

F ��� 12.3 0.8 3.8 3.3 1.1 �

B 9 2.1 0.9 1.2 2.9 0.4 7

C 4.7 0.4 0.8 2 1.1 1.9 70
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in our design and these end-members were very consistent and were estimated with a very 
ORZ� XQFHUWDLQW\� �7DE�� ����:H� WKHUHIRUH� EHOLHYH� WKDW� WKH� IHZ� VDPSOHV� WKDW� IHOO� RXWVLGH� WKH�
PL[LQJ�SRO\JRQV��)LJ�����KDG�DOUHDG\�XQGHUJRQH�VXEVWDQWLDO�ELRJHRFKHPLFDO�PRGL¿FDWLRQ��
ZKLFK�FDQ�OHDG�WR�D�GHFUHDVH�RI�į��N values and/or N contents through mineralization and 
GHQLWUL¿FDWLRQ��&OLQH�	�.DSODQ�������.XUDPRWR�	�0LQDJDZD��������:H�WKLQN�WKDW�WKH�WUDS�
samples that fell out of the polygon contained predominantly re-suspended bottom sediment 
�QRW�XQOLNHO\�JLYHQ�WKH�FORVH�SUR[LPLW\�WR�WKH�VHGLPHQW��GXH�WR�K\GURG\QDPLF�SURFHVVHV��5H�
suspended bottom sediment is a potential source of material caught in the trap that had been 
VXEMHFWHG�WR�ELRJHRFKHPLFDO�PRGL¿FDWLRQ��
 There was a strong oceanic signal in the trap samples for the three sites suggesting 
WKDW� RFHDQLF� GHULYHG�RUJDQLF�PDWHULDO�PXVW� DOVR� EH� VHWWOLQJ�RXW� �)LJ�� ����7KH� LQÀXHQFH�RI�
RFHDQLF� VRXUFH� LQ� WKH�630�DQG� WUDS� VDPSOHV�� LQGLFDWLQJ�D� VXEVWDQWLDO�320�RFHDQLF� LQSXW�
LQ� DJUHHPHQW�ZLWK�SUHYLRXVO\� VWXGLHV� �'LWWPDU�	�/DUD�������+XQVLQJHU� HW� DO�� �������7KH�
fact that the ocean shows any contribution to the organic material within the bays indicates 
WKDW� LQGXVWULHV� VXFK� DV� RIIVKRUH� ¿VK� IDUPV� RU� VLPLODU�PD\� KDYH� DQ� LPSDFW� �ERWK� SRVLWLYH�
DQG�QHJDWLYH��RQ�QXWULHQW�DYDLODELOLW\�ZLWK�WKH�ZDWHU�FROXPQ��7KH�RUJDQLF�PDWWHU�RI�WKH�WUDS�
samples at Site A and B showed a strong contribution from terrestrial and mangrove sources. 
7KHVH�VLWHV�KDYH�ODUJH�FKDQQHOV�FRPLQJ�IURP�WKH�LQQHU�WHUUHVWULDO�DQG�PDQJURYH�DUHD��ZKLFK�
may explain the increased contribution of terrestrial and mangrove organic matter. Sites B & 
C trap samples within the seagrass bed show an inclination towards the seagrass plant end-
member and this indicates that the seagrass canopy trap seagrass organic material (Evrard et 
DO��������9RQN�HW�DO������E��9DQ�(QJHODQG�HW�DO���������

������� /DQGVFDSH�SDWWHUQV�RI�RUJDQLF�PDWHULDO�ÀX[HV

6XVSHQGHG�SDUWLFXODWH�PDWHULDO��630��ZDV�GRPLQDWHG�E\�WKH�RFHDQLF�VRXUFH��7DE������2XU�
data indicate that nitrogen and carbon from oceanic sources may be an important POM 
source in the water column. Although terrestrial and mangrove plant sources contributed 
WR�630�VDPSOHV��ZH�IRXQG�WKDW�LQ�WHUPV�RI�SDUWLFXODWH�RUJDQLF�PDWWHU�LQ�WKH�ZDWHU�FROXPQ��
WKH� RFHDQ� ZDV� D� GRPLQDQW� VRXUFH�� 7KH� RFHDQLF�� WHUUHVWULDO� DQG� PDQJURYH� SODQW� VRXUFHV�
LQÀXHQFHG�WUDS�VDPSOHV��EXW�WKH�RFHDQLF�GLG�QRW�GRPLQDWH�WKH�FRQWULEXWLRQV�DV�PXFK�DV�LQ�WKH�
630�VDPSOHV��0DQJURYH�DQG�WHUUHVWULDO�SODQWV�VKRZHG�WKH�QH[W�VWURQJHVW�LQÀXHQFH�WR�WUDS�
samples supporting the outwelling theory that mangrove-derived nutrients support adjacent 
HFRV\VWHPV�DQG�IRRG�ZHEV��2GXP�������/HH��������
 Interestingly mangrove contribution did not correlate with the size of the mangrove 
forest but correlated positively with the frontal width of the mangrove forest. This indicates 
that the export of mangrove detritus may partly be controlled by the exposure of the trees to 
K\GURG\QDPLFV��ZDYHV�DQG�WLGDO�H[FKDQJHV���WKXV�PRUH�WUHHV�ZLWK�GLUHFW�FRQWDFW�WR�WKH�RFHDQ�
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will show a forest with a higher contribution. In fact no other physical parameters showed a 
FRUUHODWLRQ�ZLWK�DQ\�WHUUHVWULDO�RU�PDQJURYH�FRQWULEXWLRQ��$V�QR�UHODWLRQKVLSV�ZHUH�IRXQG��ZH�
assume that there is another controlling factor that has not been measured at the present time. 
Past research have found that the presence of waves can increase the movement of POM 
WKURXJK�PLPLF�PDQJURYH�URRWV�DQG�VHDJUDVV�EHGV��*LOOLV�HW�DO������E���RWKHU�K\GURG\QDPLFV�
in-situ could be also be an important factor and a future research perspective.
� ,I�RQH�FRPSDUHV�WKH�SRWHQWLDO�DPRXQW�RI�LQÀX[�RI�RUJDQLF�PDWHULDO�VRXUFHV�LQ�UHODWLRQ�
WR�WKHLU�UHODWLYH�VL]H��VHDJUDVV�LV�D�PXFK�PRUH�LPSRUWDQW�UHODWLYH�VRXUFH�WKDQ�PDQJURYH�IRUHVW�
�7DE������ ,Q�DGGLWLRQ� VHDJUDVV�EHGV�ZLWK� VPDOOHU� DUHDV�FRQWULEXWHG� VLJQL¿FDQWO\�PRUH� WKDQ�
ODUJHU�VHDJUDVV�EHGV��ZKLFK�LQGLFDWHV�WKDW�VPDOO�EHGV�FDQ�DOVR�KDYH�DQ�LPSRUWDQW�LQÀXHQFH��
There was a remarkably similar pattern where terrestrial and mangrove samples were 
ZLWKLQ�D�VPDOO�UDQJH�EHWZHHQ�VLWHV��&RQVLGHULQJ�WKH���RWKHU�VLWHV��ZH�FDOFXODWHG�WKH�VRXUFH�
FRQWULEXWLRQ�IRU�WUDS�DQG�630�VDPSOHV�SHU�DUHD��FDWFKPHQW��PDQJURYH�IRUHVW��VHDJUDVV�EHG��
IRU�HDFK�VLWH��)LJ�����

)LJXUH���0DS�VKRZLQJ�GLVWDQFH�DORQJ�WUDQVHFW��P��DQG�PHDQ�FRQWULEXWLRQV�RI�VRXUFH�PDWHULDO�IURP�
mangrove forest and seagrasses beds for suspended sediment samples and sediment traps. Each chart 
UHSUHVHQWV�D�VLWH�ORFDWLRQ��VHH�OHWWHU�DW�WRS�OHIW�KDQG�VLGH�RI�FKDUW��)LJ����	�)LJ��6����7KH�VLWH�OHWWHUV�LQ�
LWDOLFV�DQG�EROG�GDWD�DUH�VKRZQ�LQ�WKLV�SDSHU��)LJ����	�7DE������ZKLOVW�WKH�RWKHUV��QRQ�LWDOLFV�DQG�QRQ�
EROG��DUH�LQGLFDWHG�LQ�WKH�VXSSOHPHQWDU\�PDWHULDO��)LJ��6��	�7DE��6����%ODFN�DUHDV�UHSUHVHQW�VHDJUDVV�
EHGV��ZKLWH�DQG�JUH\�DUHDV�V\PEROLVH�PDQJURYH�IRUHVWV�DQG�WHUUHVWULDO�VRXUFHV�UHVSHFWLYHO\�
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This allows us to obtain an estimation of the variability of the contributions among sites 
�)LJ������)RU�VXVSHQGHG�VHGLPHQW�DQG�WUDS�PDWHULDO�WKH�VLWHV�$��%�	�&�IROORZHG�D�YHU\�VLPLODU�
SDWWHUQ�WR�WKH�RWKHU���VLWHV��ZKHUH�VHDJUDVV�GHULYHG�320�VRXUFH�RYHU�FRQWULEXWHG��PHDQ�WUDS��
��	�630�����FRPSDUHG�WR�PDQJURYH��PHDQ�WUDS����	�630�����DQG�WHUUHVWULDO��PHDQ�WUDS������
	�630�������VRXUFHV��)LJ������

����� )XWXUH�SHUVSHFWLYH�DQG�PDQDJHPHQW�LPSOLFDWLRQV.

:H�KDYH�VKRZQ�WKDW�VHDJUDVV�EHGV�DUH�D�FRPSDUDWLYHO\� ODUJH�VRXUFH�RI�320�IRU�DGMDFHQW�
ecosystems. A decrease in the size or productivity of the ecosystem could have implications 
for the seagrass beds’ role as a nutrient source for other ecosystems and organisms. Natural 
LPSDFWV�VXFK�DV�VWURQJ�ZDYH�DFWLRQ��VWRUPV�RU�KXUULFDQHV�FRXOG�FDXVH�PDMRU�XSURRWLQJ�RI�WKH�
SODQWV�WKXV�UHGXFLQJ�WKH�VL]H�DQG�SURGXFWLYLW\�RI�WKH�EHGV��YDQ�GHU�+HLGH�HW�DO��������,QIDQWHV�
et al. �������,Q�DGGLWLRQ�QXWULHQW�HQULFKPHQW�RU�LQFUHDVHG�WXUELGLW\�IURP�FKDQJHV�LQ�FDWFKPHQW�
area surrounding coastal areas where seagrasses are located can also cause physiological 
SUREOHPV�ZKLFK�FDQ�UHGXFH�WKH�DUHD�DQG�ELRPDVV�RI�WKH�HFRV\VWHP��7RGG�HW�DO���������7KHVH�
DOWHUDWLRQV� LQ� WKH� LQWHJULW\�RI� WKH�V\VWHP�FRXOG�DOVR�KDYH�FRQVHTXHQFH�RQ� WKHLU�HFRV\VWHP�
function as a nutrient sink or buffer for excess nutrients for sensitive adjacent ecosystems 
such as coral reefs. Therefore a key role in management of these areas is to ensure the health 
DQG�SK\VLFDO�SK\VLRORJLFDO� VWUXFWXUH� RI� VHDJUDVV� EHGV�� WKHVH� WZR� IDFWRUV� FDQ�EH� UHODWHG� WR�
TXDQWLWLHV�RI�320�EHLQJ�WUDSSHG�DQG�RXWZHOOHG��%XUNKROGHU�HW�DO��������3HUH]�HW�DO���������
:H�PRQLWRUHG�QLQH�VLWHV�DQG�LQ�DOO�VLWHV�VHDJUDVV�EHGV�VKRZHG�DQ�RYHU�FRQWULEXWLRQ�WR�320�
LQ�WUDS�VDPSOHV��!�����HYHQ�VLWHV�ZLWK�PLQRU�VHDJUDVV�EHGV��VPDOOHVW�VLWH������NP2���
 Mangrove forests were not found to be as an important input for organic material 
FRPSDUHG�WR�RFHDQLF�LQÀXHQFH�RU�VHDJUDVV�PDWHULDO��)XUWKHUPRUH��UHFHQW�UHVHDUFK�KDV�IRXQG�
that mangrove forest may be an effective POM trap and therefore a strong nutrient sink 
�*LOOLV�HW�DO������E���)RU� WKLV� UHDVRQ� WKH� LQWHJULW\�RI� WKH� IRUHVW� VKRXOG�DOZD\V�EH�HQVXUHG��
DV�IXUWKHU�ZRUN�LV�UHTXLUHG�WR�XQGHUVWDQG�KRZ�WKHLU�UROH�RI�WUDSSLQJ�¿WV�ZLWKLQ�WKH�WURSLFDO�
coastal seascape. Importantly this study provides further evidence that connective particulate 
ÀX[HV��ZKLFK�RFFXU� EHWZHHQ� HQYLURQPHQWV� LQ� WKH� WURSLFDO� FRDVWDO� VHDVFDSH�� GR� H[LVW��7KH�
existence of these connections is important and could have implications for strengthening 
management especially from an ecosystem-based perspective. 
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����� 6XSSOHPHQWDU\�0DWHULDO

)LJXUH� 6� Map showing 
location of the nine sampling 
VLWHV� �EODFN� FLUFOHV�� LQ� 3KDQJ�
1JX� ED\�� 6RXWKHUQ� 7KDLODQG��
5HG� ¿OOHG� SRLQWV� �$�� %� 	� &��
data is shown in the paper 
�)LJV����	�7DE������%ODFN�¿OOHG�
circles are the sites which are 
generalised in the paper and 
the data are presented below 
�)LJXUH�6��	�7DEOH�6����
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)LJXUH�6��&DUERQ��į13C o

/

oo

��DQG�QLWURJHQ��į��N o

/

oo

��isotopic composition for organic matter from trap 
DQG�630�VDPSOHV�IURP�WKH�¿YH�VLWHV�$��%��&��'��(�	�)��7KH�HQG�PHPEHUV�VKRZQ�DUH�DV�IROORZV�ZKLWH�
FLUFOHV�LV�WKH�WHUUHVWULDO�YDOXH��ZKLWH�VTXDUH�UHSUHVHQWHV�RFHDQLF�VRXUFHV��ZKLWH�WULDQJOH�V\PEROLVHV�WKH�
seagrass plant end-number and white diamond is the mangrove plant values. The trap and SPM samples 
DUH�UHSUHVHQWHG�E\�FURVVHV�DQG�EODFN�FLUFOHV�UHVSHFWLYHO\��9DOXHV�IRU�WKH�HQG�PHPEHUV�DUH�PHDQV������
6(���)RU�WKH�HQG�PHPEHUV�RI�WKH�RFHDQLF��WHUUHVWULDO��VHDJUDVV�SODQWV�DQG�PDQJURYH�SODQWV�VRXUFHV��Q� �
���������	����UHVSHFWLYHO\��
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Table S1�(QG�PHPEHU�FRQWULEXWLRQV�RI�HDFK�VRXUFH��WHUUHVWULDO��PDQJURYH��VHDJUDVV�DQG�RFHDQLF�� WR�
HDFK�VHGLPHQW�VDPSOH��630�	�WUDS��FDOFXODWHG�IURP�WKH�PL[LQJ�PRGHO��'LVWDQFH��P��UHSUHVHQWV�WKH�
GLVWDQFH�DORQJ�WKH�OHQJWK�RI�WKH�WUDQVHFW�IURP�WKH�ODQG����P��WR�WKH�RFHDQ�IRU�HDFK�VLWH��630�DQG�WUDS�DUH�
VDPSOH�W\SH��630�LV�VXVSHQGHG�SDUWLFXODWH�PDWWHU�WDNHQ�IURP�WKH�ZDWHU�FROXPQ��:KLOVW�WUDS�UHSUHVHQWV�
VHGLPHQW�VDPSOHV�FDSWXUHG�RQ�WKH�VHGLPHQW�ÀRRU�RYHU�D����KRXU�SHULRG���QV��HTXDWHV�WR�WKH�PRGHO�QRW�
¿QGLQJ�D�VROXWLRQ�IRU�WKHVH�SRLQWV��

Site Sample 'LVWDQFH��P� 0 �� 100 200 300 400 ��� 1000
Type

Source Contributions
A SPM Mangrove 3 2 ��� 0.3 0.2

Terrestrial 0.2 0.2 0.04 0.2 0.1
Seagrass 4 � 1 3 2

Trap Mangrove 2 0.7 3 3 2
Terrestrial 0.1 0.03 0.1 0.2 0.1
Seagrass 3 1 4 8 2

B SPM Mangrove 1 0 0.1 ��� 1
Terrestrial 0.1 0.1 0.2 0.1 0.1
Seagrass 19 12 12 17 �

Trap Mangrove 1 0.04 1 0.2
Terrestrial 0.2 0.03 0.3 0.1
Seagrass �� 12 29 19

C SPM Mangrove 0.03 0.01 0.02
Terrestrial 0.3 0.2 0.2
Seagrass 0.3 0.2 0.1

Trap Mangrove 1.0 0.9 0.4 0.9 0.4
Terrestrial 0.4 0.4 0.4 0.4 ���
Seagrass 0.2 0.3 0.4 0.3 ���

D SPM Mangrove 1 1 1 0.1 0.8 ��� 0
Terrestrial 0.2 0.1 0.1 0.2 0.1 0.2 0.1
Seagrass 14 1 1 1 1 0.8 0.8

Trap Mangrove 2 0 0 1 1
Terrestrial 0.1 0.2 0.2 0.1 0.2
Seagrass 2 1 1 2 1

E SPM Mangrove 0.01
Terrestrial ����
Seagrass 2

Trap Mangrove 1 1 0.1 0.2 2 1
Terrestrial 0.4 0.2 0.1 ��� 0.3 0.2
Seagrass 13 13 12 13 9 12

F SPM Mangrove 0.1 ns 0.2 ns ns 0.1 0.1
Terrestrial 0.2 ns 0.1 ns ns 0.02 0.2
Seagrass 1 ns 1 ns ns 1 2

Trap Mangrove 2 0.7 2 3 ns ns ns
Terrestrial 0.1 0.03 0.1 0.2 ns ns ns
Seagrass 0.9 0.3 1 2 ns ns ns
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&KDSWHU���

7RZDUG�XQGHUVWDQGLQJ�WKH�UROHV�RI
PDQJURYH�DQG�VHDJUDVV�SDUWLFXODWH�PDWWHU�DV�D
QLWURJHQ�VRXUFH�LQ�WURSLFDO�FRDVWDO�HFRV\VWHPV�

/�*��*LOOLV��$�'��=LHJOHU��&��&DWKDORW��:��.LVZDUD��3�0�-��+HUPDQ�DQG�7�-��%RXPD�

STATUS: Submitted.
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Abstract

The location of tropical mangrove forests and seagrass beds along coastlines and shallow 
ZDWHU�DUHDV�HQDEOHV�WKHP�ERWK�WR�UHFHLYH�DQG�RXWZHOO�SDUWLFXODWH�RUJDQLF�PDWWHU��320���DV�
well as inorganic and organic nitrogen in dissolved forms. Little is known about the potential 
importance of POM transfer between mangrove forests and seagrass beds as a nutrient 
source. Transportation experiments using both mangrove and seagrass leaves showed that 
WKH�PDQJURYH�OHDYHV�ZHUH�WKH�GRPLQDQW�320�VRXUFH�H[SRUWHG�WR�VHDJUDVV�EHGV��EXW�WKHUH�ZDV�
little difference between the export of seagrass or mangrove leaves to the ocean. Incubations 
showed that dissolved organic nitrogen came primarily from seagrass leaves. Mangrove 
and seagrass leaves had different degradation patterns independent of the location of the 
degradation. The slower degradation of mangrove leaves could potentially mean that they 
PD\�WUDQVSRUW�QXWULHQWV�RYHU�ORQJHU�GLVWDQFHV�WKDQ�VHDJUDVV�OHDYHV��ZKLFK�GHJUDGH�UDSLGO\��
%HFDXVH�RI�WKH�IDVW�VHDJUDVV�OHDI�GHJUDGDWLRQ�DQG�UHVXOWDQW�GLVVROYHG�RUJDQLF�QLWURJHQ�UHOHDVH��
seagrass leaves are likely to recycle within the bed and may not be an important nitrogen 
VRXUFH�IRU�RWKHU�HFRV\VWHPV��5HVXOWV�RYHUDOO��LQGLFDWH�WKDW�XQGHU�QRUPDO�FRQGLWLRQV��VHDJUDVV�
EHGV�FRPSDUHG�ZLWK�PDQJURYH�IRUHVWV�UHWDLQ�PRVW�RI� WKHLU�QXWULHQWV��UDWKHU� WKDQ�H[SRUWLQJ�
them to adjacent nutrient-sensitive ecosystems such as coral reefs.

.H\�ZRUGV��PDQJURYH�IRUHVWV��VHDJUDVV�EHGV��SDUWLFXODWH�RUJDQLF�PDWHULDO��QLWURJHQ��QXWULHQWV��
connectivity
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����� ,QWURGXFWLRQ

,Q�QXWULHQW�OLPLWHG�FRQGLWLRQV��+HDUQ�HW�DO��������/HH�HW�DO���������SDUWLFXODWH�RUJDQLF�PDWWHU�
originating from adjacent ecosystems may form an important source of nutrients for keystone 
RUJDQLVPV�� VXFK� DV� VWRQ\� FRUDOV� DQG� VHDJUDVV� SODQWV�� DQG� WKHLU� DVVRFLDWHG� VSHFLHV� �$ORQJL�
������/HH�	�'XQWRQ�������*UDQHN�HW�DO���������*LYHQ�WKH�ODUJH�VWDQGLQJ�ELRPDVV�DQG�KLJK�
SURGXFWLYLW\�RI�PDQJURYH�IRUHVWV�DQG�VHDJUDVV�EHGV��320�RULJLQDWLQJ�IURP�OHDYHV�FRXOG�EH�
DQ�LPSRUWDQW�QXWULHQW�VRXUFH�WR�DGMDFHQW�HFRV\VWHPV��/HH�������+HPPLQJD�HW�DO���������,Q�
this respect mangrove and seagrass leaves may provide positive interactions with adjacent 
HFRV\VWHPV�DW�WKH�WURSLFDO�VHDVFDSH�VFDOH��EXW�H[SHULPHQWDO�HYLGHQFH�LV�YHU\�OLPLWHG�WR�GDWH��
 Mangrove nutrient recycling is thought to occur predominantly in situ within the 
IRUHVW��ZLWK�XQXVHG�QXWULHQWV�H[SRUWHG�WR�FRDVWDO�ZDWHUV��LQ�SDUW�YLD�OHDYHV�DQG�RWKHU�W\SHV�RI�
320��%RWR�	�:HOOLQJWRQ�������(ZHO�HW�DO��������$GDPH�	�/RYHORFN��������'HFD\LQJ�OHDYHV�
release both organic and inorganic forms of dissolved nitrogen. Leaves are also utilized by 
RUJDQLVPV�� VXFK� DV� FUDEV� WKDW� SURFHVV� QLWURJHQ� WR�PRUH� SDODWDEOH� IRUPV� WKDW� FDQ� EH� XVHG�
E\�RWKHU�RUJDQLVPV��/HH�������.ULVWHQVHQ�HW�DO���������0DQJURYHV�JURZLQJ�LQ�QXWULHQW�ULFK�
conditions may therefore export considerable amounts of nutrients in their leaves.
� 6HDJUDVV� EHGV� W\SLFDOO\� KDYH� KLJK� SURGXFWLYLW\�� HYHQ� ZLWKLQ� QXWULHQW�SRRU�
HQYLURQPHQWV� �+HPPLQJD� HW� DO�� ������ 7RXFKHWWH� 	� %XUNKROGHU� ������� 2QH� H[SODQDWLRQ�
IRU� WKH� DELOLW\� WR�ÀRXULVK� LQ� VXFK� FRQGLWLRQV� LV� LQWHUQDO� UHF\FOLQJ�RI� QXWULHQWV� UHOHDVHG�E\�
VHQHVFHQW� OHDYHV�RU� WKRVH� VKHG�E\�K\GURG\QDPLF� IRUFHV²SURYLGHG� WKDW�GHJUDGDWLRQ� VWDUWV�
EHIRUH� OHDYHV�DUH�H[SRUWHG� IURP� WKH�EHGV� �+HPPLQJD�HW�DO��������.RFK�	�9HUGXLQ�������
,QIDQWHV�HW�DO���������$OWHUQDWLYHO\��VRPH�RI�WKH�QXWULHQWV�PD\�FRPH�IURP�WKH�LPSRUW�RI�320�
IURP�DGMDFHQW�VRXUFHV��LQFOXGLQJ�PDQJURYHV�
 Previous studies have focused on the importance of leaves as a nitrogen and carbon 
VRXUFH�PDLQO\�WKURXJK�LQFXEDWLRQ�GHJUDGDWLRQ�H[SHULPHQWV��.ULVWHQVHQ�HW�DO��������+ROPHU�
HW�DO��������.ULVWHQVHQ�HW�DO��������+ROPHU�HW�DO��������EXW�WKH\�GLG�QRW�DFFRXQW�IRU�WUDQVSRUW�
SURFHVVHV�� %RXLOORQ� HW� DO�� ������� LQYHVWLJDWHG� WKH� WUDQVIHU� RI� RUJDQLF� PDWHULDO� EHWZHHQ�
PDQJURYH� IRUHVWV� DQG� VHDJUDVV� EHGV�� EXW� GLG� QRW� ORRN� DW� UH�PLQHUDOL]DWLRQ� RI� SURFHVVHV��
$V� IDU� DV� ZH� DUH� DZDUH�� QR� VWXG\� KDV� WULHG� WR� FRPELQH� ERWK� FRPSRQHQWV�� WUDQVSRUWDWLRQ�
and re-mineralization of POM. To understand the potential role of POM originating from 
PDQJURYH�IRUHVWV�DQG�VHDJUDVV�EHGV�DV�QLWURJHQ�VRXUFHV�IRU�DGMDFHQW�HFRV\VWHPV��RQH�PXVW�
both understand the rates of tidal export of POM from mangroves and seagrasses. As well as 
nutrient release rates from degrading leaves and how this depends on the location where the 
degradation occurs i.e. in the sediment or while in suspension in the water column. 
 Our aim is to determine the process rates that are needed for understanding nutrient 
H[FKDQJH� YLD� 320� WUDQVSRUW� EHWZHHQ�PDQJURYH� DQG� VHDJUDVV��:H� DGGUHVV� WKH� IROORZLQJ�
TXHVWLRQV�� ��� 7R� ZKDW� H[WHQW� DUH� PDQJURYH� 	� VHDJUDVV� OHDYHV� H[FKDQJHG� EHWZHHQ� ERWK�
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HFRV\VWHPV�XQGHU�QRUPDO�WLGDO�FRQGLWLRQV�����:KDW�LV�WKH�UDWH�RI�GHJUDGDWLRQ�RI�PDQJURYH�
DQG� VHDJUDVV� OHDYHV� GHSHQGLQJ� RQ� WKH� ORFDWLRQ� GHJUDGDWLRQ� WDNHV� SODFH�� ����+RZ�GR�&�1�
UDWLRV�FKDQJH�ZLWK�GHJUDGDWLRQ������'R�PDQJURYH�VHDJUDVV� OHDYHV�HIÀX[�GLVVROYHG�RUJDQLF�
DQG�LQRUJDQLF�QLWURJHQ�LQ�GLIIHUHQW�ZD\V������+RZ�PXFK�QLWURJHQ�H[FKDQJH�PD\�SRWHQWLDOO\�
occur between mangrove forests and seagrass beds as a result of the interchange of particulate 
RUJDQLF�PDWWHU��DQG�����,V�WKH�QXWULHQW�GRQDWLRQ�RI�PDQJURYH�320�VXI¿FLHQW�WR�PHHW�QLWURJHQ�
GHPDQG�IRU�VHDJUDVV�EHGV�WR�SHUVLVW��7KHVH�TXHVWLRQV�DUH�DGGUHVVHG�WKURXJK�D�VHULHV�RI�¿HOG��
and lab-based experiments.

����� 6WXG\�$UHD

7KH�VWXG\�VLWH�IRU�DOO�¿HOG�EDVHG�H[SHULPHQWV�ZDV�ORFDWHG�LQ .RK�&KRQJ�/DW�1RL�ED\��RQ�WKH�
LVODQG�RI�<DR�<DL�� LQ�3DQJ�1JD�3URYLQFH�LQ�6RXWKHUQ�7KDLODQG������¶������´1�������¶����
��´(���)LJ������7KH�PDQJURYH�IRUHVW�DUHD�ZDV�����������P2�DQG�VHDJUDVV�EHG�ZDV���������
m2��7KH�IRUHVW�UHFHLYHG�QR�ULYHU�GLVFKDUJH��DQG�ZH�DVVXPH�WKH�RQO\�IUHVK�ZDWHU�LW�UHFHLYHG�
ZDV�IURP�UDLQIDOO�RU�ODQG�UXQ�RII��)LJ������

)LJXUH����Study site for shallow water environments 
RQ�WKH�LVODQG�RI�<DR�<DL��3KDQJ�1JD�ED\��VRXWKZHVW�
FRDVW� RI� 7KDLODQG� �LQVHW��� 7KH� ZKLWH� DUHD� VKRZV�
the extent of the mangrove forest (grey lines are 
FKDQQHOV���DQG�WKH�EODFN�DUHD�LQGLFDWHV�WKH�VHDJUDVV�
bed. Black rectangles indicate the location of the 
320�ÀX[�QHWV��WKH�GDVKHG�OLQH�LQGLFDWHV�WKH�VLGH�RI�
the nets POM were collected from. The dark grey 
lines refer to the widths of the mangrove forest 
�����P�� DQG� WKH� VHDJUDVV� EHGV� �ODQGZDUG� ����P�
DQG�VHDZDUG�����P��XVHG�LQ�(TXDWLRQ����7KH�EODFN�
DUURZ�LQGLFDWHV�WKH�GLUHFWLRQ�RI�WKH�ZDWHU�DW�ÀRRG�
tide.

7KH�PDQJURYH�IRUHVW�KDV�WZR�ORQJLWXGLQDO�WLGDO�FUHHNV��RQH�RI�����NP�DQG�DQRWKHU�VPDOOHU�
creek of 0.8 km. Tidal range in the area varies from 1 m at neap tide to 3 m at spring tide. 
7KH�GLUHFWLRQ�RI�WKH�FXUUHQW�LV�IURP�VRXWK�WR�QRUWK��GXULQJ�VSULQJ�ORZ�WLGH�WKH�ZKROH�VHDJUDVV�
EHG�LV�H[SRVHG��,QFXEDWLRQ�H[SHULPHQWV�ZHUH�FRPSOHWHG�LQ�WKH�PDULQH�UHVHDUFK�VWDWLRQ��DOVR�
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ORFDWHG�RQ�WKH�LVODQG��6HDJUDVV�DQG�PDQJURYH�OHDYHV��VHGLPHQW�DQG�ZDWHU�IRU�WKH�GHJUDGDWLRQ�
DQG� LQFXEDWLRQ�H[SHULPHQWV�ZHUH� WDNHQ�IURP�&KRQJ�/DW�1RL�ED\�GXULQJ�-XO\�������0HDQ�
water temperature during sampling was 27-30°C and salinity was 28-33 ppt. 
� :H�FRPSDUHG�GHJUDGDWLRQ�UDWHV�LQ�WKUHH�KDELWDW�W\SHV������WKH�HGJH�RI�WKH�PDQJURYH�
IRUHVW��0)�������WKH�WLGDO�ÀDW��7)��DW�DSSUR[LPDWHO\�����P�IURP�WKH�PDQJURYH�IRUHVW��DQG�
����WKH�VHDJUDVV�EHG��6%��ORFDWHG�DSSUR[LPDWHO\�����P�IURP�WKH�PDQJURYH�IRUHVW��)LJ������
The mangrove forest was composed of fringing Rhizophora sp.� Ceriops sp. and Xylocarpus 
sp. The seagrass beds comprised Enhalus sp.��Haladule sp.� Halophila sp. and Thalassia sp. 
with Enhalus sp. being the climax species with highest biomass. For the experiments we used 
leaves from Rhizophora sp. and Enhalus sp. 7KH�VHDJUDVV��WLGDO�ÀDW�DQG�IULQJLQJ�PDQJURYH�
were exposed at low tide for 1-4 hours. 

����� 0HWKRGV

3.3.1  Incubations to measure release rates of dissolved nitrogen from 
seagrass and mangrove leaves

Sediment and mangrove/seagrass leaf samples were collected at low tide. Care was taken 
WR�SLFN�OHDI�VDPSOHV�ZLWK�VLPLODU�OHQJWK��PDQJURYH�OHDYHV������P��VHDJUDVV�OHDYHV�������P��
DQG�SK\VLFDO�VWDWH� �ZKROH�JUHHQ� OHDYHV�ZLWK�QR� LPSHUIHFWLRQV� LQ� WKH� OHDI�VWUXFWXUH���:DWHU�
samples were collected in the bay at high tide and transported to the marine laboratory in 
DQ� LFHER[�� 6DOLQLW\� DQG� WHPSHUDWXUH�ZHUH� UHFRUGHG� GXULQJ� VDPSOLQJ��:DWHU� VDPSOHV�ZHUH�
¿OWHUHG�WR�UHPRYH�ODUJH�SDUWLFOHV��!���PP���7KUHH�GDUN�LQFXEDWLRQV�ZLWK�PDQJURYH�OHDYHV�
ZHUH� FRPSOHWHG� LQ� SDUDOOHO� RYHU� D� ���KRXU� SHULRG�� 7KH� ¿UVW� LQFXEDWLRQ� FRQWDLQHG� RQO\�
VHDZDWHU�FROOHFWHG�DW�WKH�PDQJURYH�VLWH��FRQWURO�WUHDWPHQW���WKH�VHFRQG��PDQJURYH�VHGLPHQW�
SOXV�VHDZDWHU��VHGLPHQW�WUHDWPHQW���DQG�WKH�WKLUG��IUHVK�PDQJURYH�OHDYHV�ZLWK�VHGLPHQW�DQG�
VHDZDWHU�IURP�PDQJURYHV��OHDYHV�WUHDWPHQW���7KUHH�UHSOLFDWH�H[SHULPHQWV�RQ�DOO�WUHDWPHQWV�
were performed. 
6DPSOHV�ZHUH�LQFXEDWHG�LQ�WKH�GDUN�LQ������/�FKDPEHUV��UDGLXV������P��KHLJKW������P���)RU�
WKH�VHGLPHQW�DQG�OHDI�WUHDWPHQWV��D�����P�WKLFN�VHGLPHQW�OD\HU�ZDV�SODFHG�RQ�WKH�ERWWRP�DQG�
12.9 L of seawater was added. The temperature was kept constant by placing the chambers 
LQ�D�ZDWHU�EDWK�LQ�ZKLFK�WKH�WHPSHUDWXUH�ZDV�PDLQWDLQHG�PDQXDOO\��7HPSHUDWXUH���������&��
DQG�VDOLQLW\��������SSW��ZHUH�KHOG�ZLWKLQ�QDUURZ�UDQJHV�WKDW�FRUUHVSRQGHG�ZLWK�WKH�VDPSOLQJ�
FRQGLWLRQV��$�PDJQHWLF�VWLUUHU�ZDV�XVHG�WR�PDLQWDLQ�ZDWHU�ÀRZ�GXULQJ�WKH����KRXU�LQFXEDWLRQV��
:DWHU�VDPSOHV�����PO��ZHUH�WDNHQ�HYHU\���KRXUV��DW������������������KRXUV��DQG�WHPSHUDWXUH�
and salinity were recorded at the times of sampling. The water in the incubation chamber was 
replaced by seawater from the site that had been kept at the sample temperature and salinity. 
Samples were immediately frozen for analysis at a later date. After transporting to Royal 
1HWKHUODQGV� ,QVWLWXWH� IRU� 6HD�5HVHDUFK� �1,2=��� WKH� VDPSOHV�ZHUH� DQDO\]HG� IRU� GLVVROYHG�
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RUJDQLF�DQG�LQRUJDQLF�QLWURJHQ��'21�	�',1���)RU�GHWHUPLQLQJ�VHDJUDVV�UHOHDVH�RI�'21�DQG�
',1��ZH�IROORZHG�WKH�VDPH�SURWRFRO�GHVFULEHG�DERYH�IRU�PDQJURYHV��1LWURJHQ�UHOHDVH�IURP�
mangroves or seagrass leaves was calculated as the difference of DON and DIN contents of 
WKH�VHGLPHQW� WUHDWPHQW� �VHDZDWHU���VHGLPHQW� LQFXEDWLRQ�� IURP� WKRVH�RI� WKH� OHDI� WUHDWPHQW�
�OHDYHV���VHGLPHQW���VHDZDWHU�LQFXEDWLRQ���

������� 7UDQVSRUWDWLRQ�UDWH�RI�VHDJUDVV�DQG�PDQJURYH�OHDYHV���¿HOG�
experiment 

:H�HVWLPDWHG�WKH�UHVLGHQFH�WLPH�RI�PDQJURYH�DQG�VHDJUDVV�OHDYHV�GHSRVLWHG�RQ�WKH�VHGLPHQW�
ZLWKLQ� WKH�PDQJURYH� IRUHVW� �0)��� WLGDO�ÀDW� �7)�� DQG� VHDJUDVV� EHG� �6%��� ,Q� HDFK�RI� WKHVH�
KDELWDW� W\SHV�� ¿YH� PDUNHG� �ÀRUHVFHQW� SDLQW�� PDQJURYH� DQG� VHDJUDVV� OHDI� UHSOLFDWHV� ZHUH�
SODFHG�DW� ORZ� WLGH�DW� HGJH� ������P� IURP� WKH�RFHDQ��DQG� LQWHULRU� �����P� IURP� WKH�RFHDQ��
locations within a 1 m2�TXDGUDW�DUHD��7KH�VLWHV�ZHUH�PRQLWRUHG�HYHU\�WLGDO�F\FOH�WR�GHWHUPLQH�
the time it takes until the leaves were transported from their initial locations. 
� :H�PHDVXUHG� WKH� LPSRUW�H[SRUW� UDWHV�RI� OHDI�SDUWLFOHV� IURP�HDFK�HFRV\VWHP�ZLWK�
����OHQJWK��[����KHLJKW��P�QHWV��PHVK�VL]H������P��VWUHWFKHG�DFURVV�WKH�VHDZDUG�HGJH�RI�WKH�
PDQJURYH�IRUHVW��QHW���LQ�)LJ������WKH�ODQGZDUG�HGJH�RI�WKH�VHDJUDVV�EHG��QHW���LQ�)LJ������DQG�
WKH�VHDZDUG�HGJH�RI�WKH�VHDJUDVV�EHG��QHW���LQ�)LJ������:H�FROOHFWHG�SDUWLFXODWH�PDWWHU�RYHU�
¿YH�FRQVHFXWLYH�ORZ�WLGDO�F\FOHV��VHSDUDWLQJ�WKH�PDQJURYH�DQG�VHDJUDVV�OHDYHV��/HDI�PDWHULDO�
ZDV�RQO\�FROOHFWHG�IURP�WKH�VLGHV�RI�WKH�QHW�IDFLQJ�WKH�HFRV\VWHP��GDVKHG�UHG�OLQHV��)LJ�����
to ensure we only collected material exported from the mangrove forest or seagrass bed. Dry 
PDVV��J��ZDV�GHWHUPLQHG�DIWHU�GU\LQJ�IRU�DW�OHDVW����KRXUV�DW�����&��
 Particulate organic material transportation rate per unit area of each ecosystem 
(POMtransport� mg m-2 day-1��ZDV�HVWLPDWHG�IROORZLQJ�HTXDWLRQ���

 POMtransport= 2 x POMnet x (Leco/Lnet���$eco�� ���

where POMnet (mg tide-1�� LV� WKH� WRWDO�320�FDSWXUHG�LQ� WKH����P�ORQJ�QHW�GXULQJ�RQH�WLGDO�
F\FOH��/net�LV�WKH�OHQJWK�RI�WKH�QHW�����P��DQG�/eco the total length of the fringe edge of the 
HFRV\VWHP�ZKLFK�LV�GRQDWLQJ�WKH�320��a����P�IRU�PDQJURYH������P�IRU�VKRUHZDUG�VHDJUDVV�
EHG�������P�IRU�VHDZDUG�VHDJUDVV�EHG���$eco (m

2��LV�WKH�VXUIDFH�DUHD�RI�WKH�HQWLUH�GRQDWLQJ�
HFRV\VWHP��PDQJURYH�IRUHVW�����������P2�DQG�VHDJUDVV�EHG���������P2���DQG�WKH�FRQVWDQW���
converts the transportation rate from per tide to per day. 
:H�VXEVHTXHQWO\�FDOFXODWHG�WKH�WRWDO�QLWURJHQ�H[SRUWHG�SHU�XQLW�DUHD��71transport ��ȝ�PROH�P

-2 
day-1��DV�

 TNtransport = POMtransport * TNleaf� ���
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where TNleaf�����LV�WKH�WRWDO�OHDI�1�GHWHUPLQHG�IURP�WKH�IUHVK�PDQJURYH�VHDJUDVV�OHDYHV�XVHG�
LQ� WKH�GHJUDGDWLRQ�H[SHULPHQWV� �VHH� VHFWLRQ������ ��&ROOHFWLYHO\�� WKHVH�FDOFXODWLRQV�SURYLGH�
D�URXJK�HVWLPDWH�RI�320�H[FKDQJHG�EHWZHHQ�HFRV\VWHPV�DQG�WKH�RFHDQ��DV�ZH�DVVXPH�DOO�
trapped leaves contribute to the total POM exported/imported.

3.3.3  In situ seagrass and mangrove leaf degradation experiment 

Fresh seagrass (Enhalus sp.�� DQG� PDQJURYH� �Rhizophora sp.�� OHDYHV� RI� VLPLODU� OHQJWK�
�PDQJURYH�OHDYHV������P��VHDJUDVV�OHDYHV�������P��DQG�SK\VLFDO�VWDWH��ZKROH�JUHHQ�OHDYHV�
ZLWK�QR�LPSHUIHFWLRQV�LQ�WKH�OHDI�VWUXFWXUH��ZHUH�XVHG�LQ�WKH�GHJUDGDWLRQ�H[SHULPHQWV��/HDYHV�
ZHUH�FROOHFWHG�DW�ORZ�WLGH�DQG�HSLSK\WHV�ZHUH�UHPRYHG��6XEVHTXHQWO\��OHDYHV�ZHUH�VHSDUDWHG�
LQWR�����JURXSV�����IRU�VHDJUDVV�DQG�PDQJURYH��DSSUR[LPDWHO\����J�ZHW�ZHLJKW�HDFK���(DFK�
JURXS�ZDV�WKHQ�SODFHG�LQWR�D�QHW�EDJ�RI�PHVK�VL]H�������PP�WKDW�DOORZHG�IRU�VPDOO�RUJDQLVPV�
WR�PLJUDWH�LQ�DQG�RXW��EXW�GLVSHOOHG�ODUJHU�PDULQH�DQLPDOV�VXFK�DV�FUDEV��$GGLWLRQDO�VHDJUDVV�
DQG�PDQJURYH�OHDI�VDPSOHV����UHSOLFDWHV�HDFK��ZHUH�XVHG�WR�GHWHUPLQH�LQLWLDO�ZHW�PDVV��0wet���
dry mass (Mdry���DQG�&�1�UDWLRV��$W�HDFK�KDELWDW� W\SH��0)��7)��6%��� WKUHH�UHSOLFDWHV����P�
DSDUW�ZHUH�HVWDEOLVKHG��FUHDWLQJ�WKUHH�SDUDOOHO�WUDQVHFWV��$W�HDFK�UHSOLFDWH��VHWV�RI���SROHV�ZHUH�
GULYHQ�LQWR�WKH�VXEVWUDWH��7KH�SROHV�VXSSRUWHG�WZR�VHWV�RI�EDJV��RQH�ZLWK�PDQJURYH�OHDYHV��WKH�
RWKHU�VHDJUDVV�OHDYHV��7KH�EDJV�ZHUH�DWWDFKHG������P�DERYH�WKH�VXUIDFH��DQG�RQH�EXULHG������
P�LQ�WKH�VHGLPHQW��:H�FROOHFWHG�RQH�VHW�RI�UDQGRPO\�FKRVHQ�EDJV�DIWHU�SHULRGV�RI�������������
and 30 days to determine the leaf degradation rates. Changes in C:N ratios were determined 
IURP�EDJV�FROOHFWHG�RQ�GD\V�������DQG����GD\V��)ROORZLQJ�FROOHFWLRQ��WKH�VDPSOHV�ZHUH�GULHG�
LQ�DQ�RYHQ�IRU����KRXUV�DW����&��7KH\�ZHUH�WKHQ�ZHLJKHG�DQG�SODFHG�LQ�ODEHOHG�VHDOHG�SODVWLF�
EDJV�IRU�WUDQVSRUWDWLRQ�WR�1,2=��ZKHUH�WKH\�ZHUH�IXUWKHU�DQDO\]HG�IRU�&��1�UDWLRV�

3.3.4  Nitrogen requirements of seagrass beds

7R�TXDQWLI\�WR�ZKDW�H[WHQW�QLWURJHQ�LQ�PDQJURYH�320�H[SRUWHG�WR�VHDJUDVV�HFRV\VWHPV�FRXOG�
SURYLGH�WKH�VHDJUDVV�SODQWV�ZLWK�WKHLU�QLWURJHQ�QHHGV��ZH�PDGH�DQ�DSSUR[LPDWH�FDOFXODWLRQ�RI�
WKH�QLWURJHQ�UHTXLUHPHQWV�RI�Enhalus sp. and Halophila sp. meadows (NR� ȝ�PROH�P

-2 day-1� 
XVLQJ�HTXDWLRQ���

 NR =  TNleaf * B/LT  ���

where TNleaf�LV�WKH�WRWDO�OHDI�1�FRQWHQW��ȝ�PROH�Jleaf
-1�� B is the standing biomass (g m-2��DQG�

/7�LV�WKH�OHDI�WXUQRYHU��GD\V���:KHUH�71leaf��ȝ�PROH�Jleaf
-1� for Enhalus sp. is the total leaf N 

GHWHUPLQHG�IURP�WKH�VHDJUDVV�OHDYHV�XVHG�LQ�WKH�GHJUDGDWLRQ�H[SHULPHQW�������ȝ�PROH�Jleaf
-1���

For Halophila sp.�ZH�XVHG�WRWDO�1�OHDI�FRQWHQW�GDWD�IURP�=DNDULD�HW�DO����������������ȝ�PROH�
gleaf

-1. Standing biomass of the seagrass per m2 was calculated by determining the above 
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ground weight of Enhalus sp. and Halophila sp. per m2.�7KH� OHDI� WXUQRYHU� �/7��GD\V�� IRU�
Enhalus sp. is 100 days and for Halophila sp.����GD\V��+HPPLQJD�	�'XDUWH������� 

3.3.5  Chemical analyses

)ROORZLQJ�GU\LQJ��OHDI�VDPSOHV�ZHUH�JURXQG�WR�HQVXUH�KRPRJHQL]DWLRQ�XVLQJ�D�PL[HU�PLOO�
�5HWVFK��W\SH�00������7KH�&��1�	�&�1�UDWLRV�LQ�GULHG�OHDYHV�ZHUH�GHWHUPLQHG�XVLQJ�D�XVLQJ�
D�)ODVK�($������(OHPHQWDO�$QDO\]HU��7KHUPR�)LQQLJDQ���'LVVROYHG�LQRUJDQLF��1+4

���123
- & 

NO2
-��QLWURJHQ��',1��DFFXPXODWHG�LQ�WKH�LQFXEDWLRQ�ZDWHU�ZDV�GHWHUPLQHG�FDORULPHWULFDOO\�

XVLQJ�D�6.���QXWULHQW�DQDO\VHU��6NDODU�	�6HDO��0LGGHOEXUJ�	�1LHXZHQKXL]H��������7RWDO�
QLWURJHQ� �71�� ZDV� GHWHUPLQHG� IURP� D� *))� ¿OWHU� �:KDWPDQ�� DIWHU� DONDOLQH� SHUVXOSKDWH�
destruction using the same instrument for dissolved nutrient concentrations (Grasshoff et 
DO���������'LVVROYHG�RUJDQLF�QLWURJHQ�ZDV�FDOFXODWHG�IURP�WKH�GLIIHUHQFH�EHWZHHQ�GLVVROYHG�
RUJDQLF�QLWURJHQ��',1��DQG�WRWDO�QLWURJHQ��71���

3.3.6  Statistical analysis

3ULRU� WR� WHVWLQJ��QRUPDOLW\� LQ� WKH�GDWD�ZDV� WHVWHG�XVLQJ�D�'¶$JRVWLQR�3HDUVRQ� WHVW��7KUHH�
ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZLWK�UHSOLFDWLRQ�ZDV�XVHG�WR�WHVW�IRU�GLIIHUHQFHV�LQ�WKH�
following: i)� GHFRPSRVLWLRQ� RI� GHWULWXV� UHODWHG� WR� KDELWDW� W\SH� �0)��7)�� 6%�� YHUVXV� WLPH�
SHULRG� �������������DQG����GD\V�� IRU�HDFK�HQYLURQPHQW� �VHGLPHQW�DQG�ZDWHU�FROXPQ���DQG�
ii)�&�1�UDWLRV�RI�PDQJURYH�DQG�VHDJUDVV� OHDYHV�EHWZHHQ�KDELWDW� W\SH��0)��7)��6%��YHUVXV�
WLPH�SHULRG��������������DQG����GD\V��IRU�HDFK�HQYLURQPHQW��VHGLPHQW�DQG�ZDWHU�FROXPQ���
A repeated measures test was also used to compare nitrogen release from mangrove leaves 
�',1�	�'21�� DQG� WLPH� LQ� WKH� LQFXEDWLRQV��7KH� VDPH� WHVW�ZDV� XVHG� IRU� VHDJUDVV� OHDYHV��
%HFDXVH�WKH�GDWD�ZHUH�QRW�QRUPDOO\�GLVWULEXWHG��WKH�.UXVNDO�:DOOLV��.�:��WHVW�ZDV�XVHG�WR�
compare changes in DIN & DON release from mangrove and seagrass leaves at 24 hours in 
WKH�LQFXEDWLRQ��WR�SUHYHQW�VHULDO�FRUUHODWLRQ�ZH�XVHG�WKH�¿QDO�FRQFHQWUDWLRQV�RI�',1�	�'21��
:H�DOVR�XVHG�.UXVNDO�:DOOLV�WR�WHVW�GLIIHUHQFHV�EHWZHHQ�PDQJURYH�DQG�VHDJUDVV�OHDI�H[SRUW�
WR�RWKHU�HFRV\VWHPV�DQG�WR�WKH�RFHDQ��/HDVW�VTXDUHV�GLIIHUHQFH��/6'��SRVW�KRF�WHVWLQJ�ZDV�
SHUIRUPHG�IROORZLQJ�$129$��3UREDELOLWLHV��S��ZHUH�H[SUHVVHG�DW�S��������	������DQG�DUH�
UHIHUUHG�WR�LQ�WKH�WH[W�DV�VLJQL¿FDQW��$OO�VWDWLVWLFDO�WHVWLQJ�ZDV�FRPSOHWHG�LQ�DQ�5�SURJUDPPLQJ�
SODWIRUP��5�&RUH�7HDP��������

����� 5HVXOWV

3.4.1  Incubation experiment

There was low release of DIN from Rhizophora sp.� OHDYHV� LQ� WKH� LQFXEDWLRQ�H[SHULPHQWV��
DV�WKH�FRQFHQWUDWLRQ�GLG�QRW�VLJQL¿FDQWO\�GLIIHU�IURP�]HUR�ZKLOVW�Enhalus sp. showed slight 
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QHJDWLYH�YDOXHV��)LJ������,Q�FRQWUDVW��'21�FRQFHQWUDWLRQV�LQFUHDVHG�GXULQJ����K�RI�VHDJUDVV�
OHDI�GHFRPSRVLWLRQ��ZLWK�WKH�PD[LPXP�UHDFKLQJ�D�PHDQ����ȝ�PROH�'21�J-1. DON-release 
IURP�GHFRPSRVLQJ�PDQJURYH�OHDYHV�ZDV�QHJOLJLEOH��)LJ������$�VLJQL¿FDQW��.�:�WHVW��S� �������
increase in DON release from seagrass leaves compared with mangrove leaves occurred after 
���KRXUV��)LJ�����

)LJXUH�� Incubations of fresh Rhizophora sp.�OHDYHV��FLUFOHV��DQG�Enhalus sp.�OHDYHV��VTXDUHV���6KRZQ�
DUH�GLVVROYHG�LQRUJDQLF�QLWURJHQ��',1��UHOHDVH��FOHDU�PDUNHUV��DQG�GLVVROYHG�RUJDQLF�QLWURJHQ��'21��
UHOHDVH� �¿OOHG�PDUNHUV�� RYHU� ��� KRXUV��7KUHH�ZD\�$129$� LQGLFDWHG� VHDJUDVV�'21� FRQFHQWUDWLRQV�
YDULHG�RYHU�WLPH��S� ��������7KH�VHDJUDVV�OHDI�'21�UHVSRQVH�ZDV�VLJQL¿FDQWO\�GLIIHUHQW�IURP�WKDW�IRU�
PDQJURYH�OHDYHV��.UXVNDO�:DOOLV�WHVW��S� ��������9DOXHV�DUH�PHDQV���RQ�VWDQGDUG�HUURU�RI���UHSOLFDWHV�

,Q� DGGLWLRQ�� '21� FRQFHQWUDWLRQV� IRU� VHDJUDVV� LQFUHDVHG� VLJQL¿FDQWO\� �UHSHDWHG� PHDVXUHV�
$129$��S� ���������WKHQ�VWDELOL]HG�DIWHU���KRXUV�XQWLO�WKH�HQG�RI�WKH�H[SHULPHQW��1HJDWLYH�
values indicate zero release and originate from the calculation of the nitrogen release from 
PDQJURYHV�RU�VHDJUDVV�OHDYHV�L�H��VXEWUDFWLRQ�RI�WKH�1�YDOXHV�RI�WKH�³VHDZDWHU���VHGLPHQW´�
LQFXEDWLRQ�IURP�WKH�³OHDYHV���VHGLPHQW���VHDZDWHU´�LQFXEDWLRQ��7DE��6,���

3.4.2  POM and TN exchange calculations

$OO�WDJJHG�OHDYHV�WKDW�ZHUH�GHSRVLWHG�DW�SRVLWLRQV�ZLWKLQ�WKH�PDQJURYH�IRUHVW��WLGDO�ÀDW�DQG�
seagrass bed were transported away from their original location within one tidal cycle (data 
QRW�VKRZQ���+RZHYHU��LW�LV�QRW�NQRZQ�LI�WKH\�ZHUH�WUDQVSRUWHG�RXW�RI�WKH�V\VWHP��2XU�ÀX[�
measurements using nets across the bay indicated that the export of mangrove leaves moving 
LQWR�VHDJUDVV�EHGV�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�WKH�ELRPDVV�RI�VHDJUDVV�OHDYHV�PRYLQJ�LQODQG�
WRZDUG�WKH�PDQJURYH��.�:�WHVW��S� �������QHWV���	����)LJ������7KH�GDLO\�DUHD�ZHLJKWHG�PDVV�RI�
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mangrove leaves transported toward the seagrass beds (3.7 mg m-2 day-1��ZDV�DSSUR[LPDWHO\�
VL[�IROG�JUHDWHU�WKDQ�IRU�VHDJUDVV�PDWHULDO�WUDQVSRUWHG�WRZDUG�WKH�PDQJURYHV������PJ�P-2 day-1�� 
)LJ�����QHWV���	�����

)LJXUH� �� Transportation of total organic matter and nitrogen 
contained in Rhizophora sp. and Enhalus sp. OHDYHV� between 
PDQJURYH� IRUHVWV�� VHDJUDVV�EHGV�� DQG� WKH�FRDVWDO�RFHDQ��;�D[LV�
labels represent the movement of leaf material between 
HFRV\VWHPV�� 0/ !6%� VKRZV� PDQJURYH� OHDI� �0/�� JUH\��
WUDQVSRUWDWLRQ� IURP� WKH� PDQJURYH� IRUHVW� �0)�� WR� WKH� VHDJUDVV�
EHG� �6%�� �QHW� ����6/ !0)�� VHDJUDVV� OHDI� �6/��ZKLWH�� IURP� WKH�
VHDJUDVV� EHG� �6%�� WR� WKH� PDQJURYH� IRUHVW� �0)�� �QHW� ���� 7KH�
ODVW� WZR� FROXPQV� LQGLFDWH� OHDI� PRYHPHQW� WR� WKH� RFHDQ� �2��
�QHW� ����7KH� WRS� SDQHO� LQGLFDWHV� WKH� WRWDO� GU\�PDVV� WUDQVSRUWHG�
from each ecosystem per day (POMtransport��PJ�P

-2 day-1���ZKLFK�
ZDV� FDOFXODWHG� XVLQJ� HTXDWLRQ� ����� /HWWHUV� GHQRWH� VLJQL¿FDQW�
differences between total leaf mass transported (mg m-2 day-1���
ZLWK� GLIIHUHQW� OHWWHUV� LQGLFDWLQJ� D� GLIIHUHQFH� �.�:� WHVW�� /6'�
WHVW��� 7KH� ORZHU� SDQHO� VKRZV� WRWDO� QLWURJHQ� WUDQVSRUWDWLRQ� LQ�
leaf content of Rhizophora sp. and Enhalus sp. Letters denote 
VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WRWDO�QLWURJHQ�WUDQVSRUWHG��ȝ�PROH�
m-2 day-1���ZKHUH�GLIIHUHQW�OHWWHUV�LQGLFDWH�D�GLIIHUHQFH��.�:�WHVW��
/6'�WHVW���9DOXHV�DUH�PHDQV���RQH�VWDQGDUG�HUURU��Q� �����

The transport to the ocean of both mangrove (0.3 mg m-2 day-1��DQG�VHDJUDVV�OHDYHV������PJ�
m-2 day-1��ZDV�PXFK�ORZHU�WKDQ�WKH�H[FKDQJH�EHWZHHQ�PDQJURYHV�DQG�VHDJUDVV��)LJ�����QHW�
����7KH�WRWDO�QLWURJHQ�LQ�VHDJUDVV�OHDYHV�FRQYH\HG�WR�PDQJURYH�IRUHVWV�ZDV�DSSUR[LPDWHO\�
KDOI�RI�WKDW�WUDQVIHUUHG�WR�VHDJUDVV�EHGV�IURP�PDQJURYHV��.�:�WHVW��S� ��������)LJ������7KHUH�
was no detectable difference in TN exported to the ocean by mangrove and seagrass leaves 
�QHW�����

3.4.3  Degradation experiments

'HJUDGDWLRQ�RI�(QKDOXV�VS��OHDYHV�IROORZHG�DQ�H[SRQHQWLDO�GHFD\�SDWWHUQ��ZKHUH�ORVV�RI�PDVV�
VKRZHG�D���������GHFUHDVH�ZLWKLQ���GD\V�LQ�WKH�ERWK�WKH�ZDWHU�FROXPQ�DQG�LQ�WKH�VHGLPHQW�
�)LJ���%�	�'���$W�������GD\V��OHDYHV�LQ�WKH�ZDWHU�FROXPQ�SODWHDXHG�DW�DERXW������RI�RULJLQDO�
PDVV� IRU� DOO� KDELWDW� W\SHV�� LQ� FRQWUDVW� OHDYHV� LQ� WKH� VHGLPHQW� KDG� D� KXJH� YDULDELOLW\�� ���
�����RI� WKH� LQLWLDO�PDVV�RI�VHDJUDVV� OHDYHV�UHPDLQHG� LQ� WKH�VHGLPHQW� �)LJ���%�	�'���7KH�
degradation pattern of Enhalus sp. leaves was in direct contrast with that of the Rhizophora 
VS��OHDYHV��5KL]RSKRUD�VS��OHDYHV�VKRZHG�RQO\�D������ORVV�LQ�PDVV�DIWHU���GD\V��ERWK�LQ�WKH�
ZDWHU�FROXPQ�DQG�VHGLPHQW��)LJ���$�	�&���5KL]RSKRUD�VS��OHDI�PDVV�ZDV�VWLOO�DSSUR[LPDWHO\�
�����RI�WKH�LQLWLDO�PDVV�DW����GD\V��)LJ���$�	�&���$�VLJQL¿FDQW�UHODWLRQVKLS�IRU�PDQJURYH�OHDI�
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mass loss was seen between the water column and the sediment in the different environments 
�ZDWHU�FROXPQ�	�VHGLPHQW��DW����GD\V��

)LJXUH���5HPDLQLQJ�GU\�PDVV�����RI�Rhizophora sp.��$�	�&��DQG�Enhalus sp.��%�	�'��OHDYHV�GXULQJ����
���������DQG����GD\�GHJUDGDWLRQ�H[SHULPHQWV�FRQGXFWHG�LQ�GLIIHUHQW�HFRV\VWHPV��PDQJURYH�IRUHVW��0)��
EODFN�GLDPRQGV��� WLGDO�ÀDW� �7)��GDUN�JUH\�VTXDUHV��DQG�VHDJUDVV�EHG� �6*�� OLJKW�JUH\� WULDQJOHV���7RS�
JUDSKV�UHSUHVHQW�LQFXEDWLRQV�LQ�WKH�ZDWHU�FROXPQ��$�DQG�%���ERWWRP�JUDSKV��ZLWKLQ�WKH�VHGLPHQW��&�DQG�
'���7KH�FKDQJH�LQ�PDQJURYH��S� �������DQG�VHDJUDVV�OHDI��S� ������PDVV�RYHU�WLPH�ZDV�KLJKO\�VLJQL¿FDQW�
�S ������7DE������DQ�LQWHUDFWLRQ�ZDV�DOVR�VHHQ�EHWZHHQ�WKH�HQYLURQPHQW�DQG�WLPH�IRU�PDQJURYH��S� �
������DQG�VHDJUDVV��S� ������OHDYHV��7DE������9DOXHV�DUH�PHDQV���RQH�VWDQGDUG�HUURU��Q� �����

In the sediment the leaves showed a gradual decrease in contrast with the water column 
ZKHUH�OHDYHV�VKDUSO\�GHFUHDVHG�LQ�PDVV�UHPDLQLQJ��S� �������7DE������&KDQJHV�LQ�VHDJUDVV�
OHDI�PDVV�RYHU� WLPH�ZHUH� VLJQL¿FDQW�DW� WKH� OHYHO�S� ������ VHDJUDVV� OHDI�PDVV� VWDELOL]HG� LQ�
WKH�VHGLPHQW��EXW�WKHLU�PDVV�GHFUHDVHG�PRUH�LQ�WKH�ZDWHU�FROXPQ��7DE������%RWK�PDQJURYH�
and seagrass leaves also indicated an interaction between time and the environment (water 
FROXPQ�YV��VHGLPHQW��DW�S� ������DQG�S� �����UHVSHFWLYHO\��7DE������1R�RWKHU�PDVV�FKDQJHV�
ZHUH�VLJQL¿FDQW��7DE������
 C:N ratios of seagrass leaves increased in the water column and plateaued in the 
VHGLPHQW��)LJ���%�	�'����DQG�WKHVH�GLIIHUHQFHV�LQ�WKH�ZDWHU�FROXPQ�FKDQJHG�RYHU�WLPH��S� �
������7DE������$�FKDQJH�LQ�&�1�UDWLRV�RI�VHDJUDVV�OHDYHV�ZDV�IRXQG�WR�EH�KLJKO\�VLJQL¿FDQW�
�S� �������EHWZHHQ�WKH�HQYLURQPHQWV��7DE������'LIIHUHQW�&�1�UDWLRV�LQ�WKH�ZDWHU�FROXPQ�DOVR�
FKDQJHG� RYHU� WLPH�� DV� VKRZQ� E\� WKH� WLPH� LQWHUDFWLRQ� �7DE�� ����0DQJURYH� OHDYHV� VKRZHG�
D� KLJKO\� VLJQL¿FDQW� UHODWLRQVKLS� �S�  � ������ EHWZHHQ�&�1� UDWLRV� IRU� WLPH�� DQG� WKHVH�ZHUH�
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DIIHFWHG�E\�WKH�VLWH��7DEO����/6'�WHVW���0DQJURYH�OHDYHV�VKRZHG�D�VLJQL¿FDQW�FKDQJH��S� �
������EHWZHHQ�&�1�UDWLRV�DW���DQG�������GD\V��)LJ���$�	�&���DQG�WKHVH�ZHUH�DIIHFWHG�E\�WKH�
VLWH��7DE�����/6'�WHVW���

Table 1 6WDWLVWLFDO�VXPPDU\�RI�WKH���ZD\�$129$�DQDO\VLV�RI�PDQJURYH�OHDI��0/��DQG�VHDJUDVV�OHDI�
�6/�� GHJUDGDWLRQ� H[SHULPHQWV�� IRU� OHDI�PDVV� DQG�&�1� UDWLRV� YDULDEOHV��7KH� GDWD� UHÀHFW� VWDWLVWLFDOO\�
VLJQL¿FDQW� LQWHUDFWLRQV� EHWZHHQ� HQYLURQPHQW� �ZDWHU� FROXPQ� YHUVXV� EXULHG� LQ� WKH� VHGLPHQW��� VLWH�
�VHDJUDVV�EHG�YHUVXV�PDQJURYH�IRUHVW���DQG�WLPH��PDVV������������������	����GD\V�DQG�&�1�UDWLRV���������
���	����GD\V��YDULDEOHV�

Leaf 
type Experiment D’Agostino-

Pearson
Environ-

ment Site Time Environment 
*Site

Environment 
*Time

Site 
*Time

Environment 
*Site*Time

SL mass S�!����� - - * - * - -
C:N ratios S�!����� ** - - - ** - -

ML mass S�!����� - - ** - ** - -
C:N ratios S�!����� - - ** - - ** -


�3�YDOXH�������


3�YDOXH�������
��1RW�VLJQL¿FDQW

)LJXUH�� C:N ratios of Rhizophora sp.��$�	�&��DQG�Enhalus�VS���%�	�'��OHDYHV�GXULQJ�������DQG����
GD\V�RI�GHJUDGDWLRQ�LQ�GLIIHUHQW�HFRV\VWHPV��PDQJURYH�IRUHVW��0)��EODFN�GLDPRQGV���WLGDO�ÀDW��7)��GDUN�
JUH\�VTXDUHV��DQG�VHDJUDVV�EHG��6%��OLJKW�JUH\�WULDQJOHV���7RS�JUDSKV�UHSUHVHQW�LQFXEDWLRQV�LQ�WKH�ZDWHU�
FROXPQ��$�DQG�%���ERWWRP�JUDSKV�LQ�WKH�VHGLPHQW��&�DQG�'���7KH�FKDQJH�LQ�PDQJURYH��S� �������DQG�
VHDJUDVV�OHDI��S� ������PDVV�RYHU�WLPH�ZDV�VLJQL¿FDQW��7DE������$Q�LQWHUDFWLRQ�ZDV�DOVR�VHHQ�EHWZHHQ�
WKH�HQYLURQPHQW�DQG�WLPH�IRU�PDQJURYH��S� �������DQG�VHDJUDVV��S� ������OHDYHV��7DE������9DOXHV�DUH�
PHDQV���RQH�VWDQGDUG�HUURU��Q� �����
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����� 'LVFXVVLRQ

Mangrove leaves were the dominant POM source transported between adjacent seagrass 
EHGV�DQG�PDQJURYH�IRUHVWV��EXW�KDG�VLPLODU�320�WUDQVSRUW�UDWHV�WR�WKH�RSHQ�RFHDQ�DV�VHDJUDVV�
EHGV� �)LJ�� ����+RZHYHU�� RXU� UHVXOWV� VKRZ� IDVWHU� GHJUDGDWLRQ� UDWHV� RI� VHDJUDVV� OHDYHV� WKDQ�
PDQJURYH� OHDYHV� �)LJ�� ���� VXJJHVWLQJ� WKDW� VHDJUDVV� OHDYHV� DUH�PDLQO\� LQWHUQDOO\� UHF\FOHG�
ZLWK� KLJK� 1�UHOHDVH� LQ� WKH� EHG�� ,Q� FRQWUDVW�� PDQJURYH� OHDYHV� DUH� D� GRPLQDQW� SDUWLFXODWH�
organic matter in the coastal area that can be transported before degrading and hence may 
EH�UHJDUGHG�DV�D�SRWHQWLDO�VRXUFH�IRU�GLVVROYHG�QLWURJHQ� LQ�RWKHU�HFRV\VWHPV�� ,PSRUWDQWO\��
combining transportation and degradation/incubation experiments provide novel insights in 
the processes and pathways in the tropical coastal seascape. 

3.5.1  Leaf litter nitrogen release from seagrass & mangrove leaves

,W�KDV�EHHQ�WKRXJKW�WKDW�VHDJUDVV�DQG�PDQJURYH�GHWULWXV�HQKDQFH�QLWUL¿FDWLRQ�DQG�GHQLWUL¿FDWLRQ�
SURFHVVHV�LQ�WKH�ZDWHU�FROXPQ��.ULVWHQVHQ�HW�DO��������+ROPHU�HW�DO���������'HWULWXV�LV�D�',1�
DON source through leaching and bacterial degradation. Fresh seagrass leaves had a much 
KLJKHU�FRQFHQWUDWLRQ�RI�71��WRWDO�QLWURJHQ��LQ�WKH�OHDI�WKDQ�PDQJURYHV�OHDYHV��6/����ȝ�PROH�
N g-1��0/����ȝ�PROH�1�J-1���,PSRUWDQWO\�RXU�GDWD�DOVR�VKRZHG�WKDW�VHDJUDVV�VHGLPHQW�KDV�D�
PXFK�KLJKHU�FRQWULEXWLRQ�WR�ZDWHU�FROXPQ�',1�WKDQ�VHDJUDVV�OHDYHV��7DE��6,���7KH�QHJDWLYH�
YDOXHV� IRXQG� IRU�HIÀX[�RI�',1�IURP�VHDJUDVV� OHDYHV� LQGLFDWHV� WKDW� WKHUH�ZDV�DQ� LQÀX[�RI�
',1� LQWR� WKH� VHDJUDVV� VHGLPHQW� WKDW� LV� SUREDEO\� FDXVHG� E\� HQKDQFHG� GHQLWUL¿FDWLRQ� IURP�
organic material derived ammonium �+ROPHU�HW�DO���������6HDJUDVV�OHDYHV�VKRZHG�D�KLJKHU�
FRQWULEXWLRQ�WR�ZDWHU�FROXPQ�'21�WKDQ�VHDJUDVV�VHGLPHQW��LQGLFDWLQJ�WKDW�'21�SURGXFWLRQ�
comes from the plants rather than from the sediment. Our incubation experiments indicate 
WKDW�LQLWLDOO\��¿UVW����KRXUV��VHDJUDVV�OHDYHV�PD\�EH�D�PRUH�LPSRUWDQW�VRXUFH�RI�'21�LQ�WKH�
coastal zone. The C:N ratios in the degradation experiments indicated that overall seagrass 
OHDYHV�UHOHDVHG�QLWURJHQ��ZKHUHDV�PDQJURYH�OHDYHV�UHWDLQHG�LW��LQ�DJUHHPHQW�ZLWK�SUHYLRXV�
VWXGLHV��.ULVWHQVHQ�HW�DO��������+ROPHU�HW�DO���������2XU�LQFXEDWLRQV�DOVR�YHULI\�WKLV�UHVXOW�
over a 24 hour initial time period. 

3.5.2  Leaf litter transportation 

$OWKRXJK� URXJK� HVWLPDWHV�� WKH� UHVXOWV� RI� RXU� 320� WUDQVSRUWDWLRQ� H[SHULPHQW� DFURVV�
HFRV\VWHPV� VKRZHG� WKDW� VLJQL¿FDQW� DPRXQWV�RI�PDQJURYH� OHDYHV�DUH� H[SRUWHG� WR� VHDJUDVV�
EHGV� ����� �� ����PJ�P-2 day-1�� )LJ�� ����9LD� OHDI� H[SRUW��PDQJURYHV� WUDQVSRUW� D� VXEVWDQWLDO�
DPRXQW�RI�320�WR�VHDJUDVV�EHGV�FRPSDUHG�ZLWK�ÀX[HV�IURP�DQG�WR�RWKHU�HFRV\VWHPV�DQG�WKH�
ocean. Only 8 % (0.3 mg m-2 day-1��RI�WKH�PRELOL]HG�PDQJURYH�OHDYHV�ZHUH�WUDQVSRUWHG�IURP�
WKH�VHDJUDVV�EHG�WR�WKH�RFHDQ��)LJ�����:H�WKHUHIRUH�HVWLPDWH�WKDW������RI�WKH�PDQJURYH�OHDYHV�
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UHPDLQHG�LQ�WKH�VHDJUDVV�EHG��DSSUR[LPDWHO\�����PJ�P-2 day-1��)LJ������2WKHU�VWXGLHV�KDYH�
shown that seagrass plants can trap mangrove leaves from mangrove forests located up to 3 
NP�DZD\��+HPPLQJD�HW�DO���������([FKDQJHV�RI�PDQJURYH�OHDYHV��Rhizophora sp. & Ceriops 
sp.��WR�VHDJUDVV�EHGV��Thalassodendron sp.��DQG�WKHQ�EDFN�WR�PDQJURYHV�KDV�EHHQ�UHSRUWHG�
SUHYLRXVO\�LQ�*D]L�%D\��.HQ\D��6OLP�HW�DO��������
� ,Q�RXU� WUDQVSRUWDWLRQ�H[SHULPHQW�� OHDYHV� WUDSSHG�LQ� WKH�QHWV�ZHUH�IUHVK��GHJUDGHG�
leaves were not present. This may suggest that degradation starts after leaves get trapped 
LQ� HLWKHU� WKH� PDQJURYH� URRWV� RU� VHDJUDVV� SODQWV�� HQGLQJ� WKHLU� WUDQVSRUW� XQGHU� QRUPDO�
hydrodynamic conditions. Retention of mangrove and seagrass leaves within tropical coastal 
V\VWHPV� FDQ� EH� TXLWH� VXEVWDQWLDO�� DQG� FRQVWLWXWH� D� SRWHQWLDOO\� LPSRUWDQW� QXWULHQW� VRXUFH��
GHSHQGLQJ�RQ�WKH�WLPH�VFDOH�RI�GHJUDGDWLRQ�DQG�QLWURJHQ�UHOHDVH��,Q�WKH�FDVH�RI�VHDJUDVV�EHGV��
9RQN�HW�DO�������E��IRXQG�WKDW�VHDJUDVV�FDQRSLHV�FRXOG�UHWDLQ�KDOI�RI�WKH�QLWURJHQ�UHOHDVHG�
IURP�OHDI�OLWWHU�ZLWKLQ�D��������P2 UDGLXV��$GDPH�	�/RYHORFN��������LQGLFDWHG�WKDW�PDQJURYH�
forests export carbon and nutrients as particulate organic matter to the coastal ocean and 
therefore seagrass beds. Furthermore mangrove forests will also import dissolved nitrogen 
XVXDOO\�DW�KLJK�WLGHV�DQG�KLJK�FRQFHQWUDWLRQV��DOWKRXJK�IXUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�IRUP�
¿UP�FRQFOXVLRQV�UHJDUGLQJ�QLWURJHQ�ÀX[HV��$GDPH�	�/RYHORFN��������

3.5.4  Leaf litter Decomposition 

Our observations agree with past degradation experiments with seagrass and mangrove litter 
�1HZHOO�HW�DO��������+ROPHU�	�2OVHQ�������EXW�H[WHQG�WKLV�NQRZOHGJH�E\�LQFOXGLQJ�GLIIHUHQW�
habitats and environment types. Differences in degradation rates between species are due to the 
KLJKHU�VWUXFWXUDO�FRQWHQW�RI�PDQJURYH�OHDYHV�FRPSDUHG�ZLWK�VHDJUDVV�OHDYHV��WKXV�PXFK�PRUH�
LPSRUWDQW�WKDQ�ORFDWLRQ�RI�GHJUDGDWLRQ��%HQQHU�	�+RGVRQ��������IRXQG�WKDW�OLJQRFHOOXORVHV�
in mangrove particulate matter caused greater resilience to microbial degradation than other 
PDULQH�PDFURSK\WHV�VXFK�DV�VHDJUDVV�OHDYHV��2YHU����GD\V��RXU�GHJUDGLQJ�PDQJURYH�OHDYHV�
ORVW�DERXW������RI�WKHLU�PDVV��ZKLFK�LV�FRPSDUDEOH�WR�RWKHU�VWXGLHV��)LJ������G¶&UR]�HW�DO��
������$VKWRQ�HW�DO��������%RVLUH�HW�DO��������6LOYD�HW�DO���������7KH�EUHDNGRZQ�RI�WKH�SK\VLFDO�
VWUXFWXUH�RI�PDQJURYH�OHDYHV�LQGLFDWHV�D�JUDGXDO�EDFWHULDO�FRORQL]DWLRQ��ZKLFK�LV�DOVR�YHUL¿HG�
E\�WKH�GHFUHDVH�LQ�&�1�UDWLR��)LJ������
 Mangrove leaf C:N ratio showed little difference across both environments and 
KDELWDW�W\SHV��EXW�WKH\�GLG�VKRZ�D�GHFUHDVH�RYHU�WKH�FRXUVH�RI�RQH�PRQWK��)LJ������$�GHFUHDVH�LQ�
C:N ratios could be attributed to carbon being the preferentially respired element as nitrogen 
LV�UHWDLQHG��&KDOH�������+ROPHU�	�2OVHQ��������+RZHYHU�WKH�UDWH�RI�EDFWHULDO�XVH�RI�FDUERQ�
LV�OLNHO\�VORZ�RYHU����GD\V��SRVVLEO\�GXH�WR�WDQQLQ�FRQWHQW�LQ�WKH�PDQJURYH�OHDYHV�DV�ZHOO�DV�
WKH�SK\VLFDO�VWUXFWXUH�RI�WKH�OHDYHV��DV�IRXQG�E\�+ROPHU�	�2OVHQ���������7KH�&�1�UDWLR�RI�
VHDJUDVV�OHDYHV�EXULHG�LQ�WKH�VHGLPHQW�SODWHDXHG�LQ�WKH�PDQJURYH�IRUHVW��VHDJUDVV�EHG�DQG�WLGDO�
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ÀDW�VHGLPHQW��DW�D�PHGLDQ�YDOXH�RI�DERXW�����7KH�&�1�UDWLR�RI�WKH�VHDJUDVV�OHDYHV�LQFXEDWHG�
LQ�WKH�ZDWHU�FROXPQ�LQFUHDVHG��LQGLFDWLQJ�D�GHFUHDVH�LQ�QLWURJHQ�FRQWHQW��'LIIHUHQFHV�LQ�WKH�
evolution of the C:N ratios of seagrass and mangrove leaves during decomposition have been 
previously interpreted by the C:N differences of the starting material: the low C:N material 
RI� VHDJUDVV� OHDYHV� KDYH� VXI¿FLHQW� IRRG� TXDOLW\� WR� GHFRPSRVH� UDSLGO\�� EXW�PLFUREHV�PXVW�
DFFXPXODWH�1�LQ�RUGHU� WR�GHJUDGH� WKH�KLJK�&�1�PDWHULDO�RI�PDQJURYH� OHDYHV��)RXUTXUHDQ�
	�6FKUODX��������/LNHO\� WKH� LQFUHDVH� LQ�&�1�UDWLR�REVHUYHG�LQ�VHDJUDVV� OHDYHV� LQGLFDWHV�D�
nitrogen release to the water column that will be available for other organisms. 

3.5.5  Exchange between Ecosystems: Facilitation potential

)RU�WKLV�VWXG\�ZH�LQYHVWLJDWHG�QLWURJHQ�ÀX[HV�YLD�320�GXULQJ�WKH�UDLQ\�VHDVRQ��:H�HVWLPDWHG�
PD[LPXP�QLWURJHQ�UHTXLUHPHQWV��ȝ�PROH�P-2 day-1��IRU�Enhalus sp. and Halophile sp. (via 
HTXDWLRQ����WR�EH�DSSUR[LPDWHO\�������DQG���������ȝ�PROHV�P-2 day-1��UHVSHFWLYHO\� Comparing 
these values with the mangrove derived total nitrogen exported in POM to seagrass beds (2.4 
ȝ�PROH-1 m-2 day-1� )LJ������LQGLFDWHV that mangrove forests only provide a negligible amount 
���������RI�WKH�1�UHTXLUHPHQWV�IRU�Enhalus sp. SDWFKHV�YLD�WKH�H[SRUW�RI�OHDYHV�SHU�VTXDUH�
meter of mangrove forest. For Halophile sp. mangrove leaves could provide approximately 
���������� RI� QLWURJHQ� UHTXLUHPHQWV� RI� WKLV� VSHFLHV��2XU� VWXG\�ZDV� FRPSOHWHG� LQ� WKH�ZHW�
season. In the dry season we would expect to see much less leaf shedding from mangrove 
WUHHV��FRQVHTXHQWO\�PDQJURYH�IRUHVWV�PD\�GRQDWH�PXFK�OHVV�320�WR�VHDJUDVV�EHGV�RU�GHHSHU�
ZDWHU�HFRV\VWHPV��,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKLV�SDUWLFXODU�VLWH��WKHVH�WZR�HFRV\VWHPV�DUHD�
KDYH�D�UDWLR�RI����PDQJURYH�IRUHVW�����������P2�DQG�VHDJUDVV�EHG���������P2���%XW�LQ�D�VLWH�
ZLWK� D� ODUJHU� DUHD� UDWLR�� WKH�SRWHQWLDO� IRU�PDQJURYH� IRUHVWV� WR� SURYLGH� VHDJUDVV� EHGV�ZLWK�
QLWURJHQ�ZLOO�EH�JUHDWHU��)XUWKHUPRUH��ZLWKLQ�WKH�PDQJURYH�IRUHVW��GHJUDGHG�PDQJURYH�OHDYHV�
will release dissolved organic material that will also be transported to seagrass leaves. This 
process represents an important direction for future research knowing that seagrasses can 
UDSLGO\�XVH�'20��(YUDUG�HW�DO��������9RQN�HW�DO������E��9DQ�(QJHODQG�HW�DO���������*LYHQ�
WKDW�VHDJUDVV�EHGV�DUH�IRXQG�LQ�ROLJRWURSKLF�ZDWHU�DQG�FRQVHTXHQWO\�KDYH�GHYHORSHG�HIIHFWLYH�
QXWULHQW�UHWHQWLRQ�DQG�UHF\FOLQJ��PDQJURYH�OHDYHV�PD\�SURYLGH�D�VPDOO�DGGLWLRQ�RI�QLWURJHQ�
to seagrass beds. 

����� &RQFOXVLRQ�

In-situ transportation experiments showed that POM in tidal waters was composed more of 
PDQJURYH�OHDYHV�WKDQ�VHDJUDVV�OHDYHV��6HDJUDVV�OHDYHV�GHJUDGHG�TXLFNHU�DFURVV�DOO�KDELWDW�
W\SHV��ERWK�LQ�VHGLPHQW�DQG�ZDWHU�FROXPQ��WKDQ�PDQJURYH�OHDYHV��)XUWKHUPRUH��LQFXEDWLRQV�
indicated that DON release from seagrass leaves was higher than from mangrove leaves. 
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 To improve insight into nitrogen interactions via particulate organic matter exchange 
EHWZHHQ� PDQJURYH� IRUHVWV� DQG� VHDJUDVVHV� EHGV�� IXUWKHU� LQIRUPDWLRQ� VKRXOG� EH� REWDLQHG�
regarding the changes of DIN and DON release from degrading mangrove leaves over longer 
WLPHVFDOHV��!���PRQWK���'DWD�DUH�DOVR�UHTXLUHG�RQ�WKH�SURGXFWLYLW\�RI�WKH�PDQJURYH�IRUHVW�
DQG�VHDJUDVV�HFRV\VWHPV��SRWHQWLDOO\�SURYLGLQJ�LQIRUPDWLRQ�RQ�QLWURJHQ�G\QDPLFV��HVSHFLDOO\�
QXWULHQW�UHTXLUHPHQWV�ZLWKLQ�WKH�HFRV\VWHP��)XUWKHUPRUH��WKH�WUDSSLQJ�FDSDFLW\�RI�PDQJURYH�
roots and seagrass plants would support approximations of how much POM is outwelled 
IURP�HDFK�V\VWHP��,PSRUWDQWO\�WKH�PDMRU�¿QGLQJV�RI�WKLV�VWXG\�LQGLFDWH�WKDW�PDQJURYH�IRUHVWV�
and seagrass beds are primarily found to withhold particulate derived nutrients within their 
own ecosystems.

Acknowledgments

2XU�WKDQNV�JR�WR�.DOD\D�.DQWDZRQJ��1DP�:DQL��%RRQFKDL�3KUDWKDDQ��%HGHHQ�3KUDWKDDQ�DQG�
0DLUL�)HQWRQ�IRU�WKHLU�ORJLVWLF�KHOS�ZLWK�WKH�¿HOGZRUN�LQ�7KDLODQG�DQG�WR�WKH�1,2=�DQDO\VWV�
for the laboratory measurements. This study was funded by the Building with Nature project 
�186�6':$�*UDQW��5������������������



79

Understanding the role of mangrove and seagrass particulate matter

����� 6XSSOHPHQWDU\�WDEOH
7DEOH�6,�&RQFHQWUDWLRQV��ȝPROH�O-1��RI�GLVVROYHG�LQRUJDQLF��',1��DQG�RUJDQLF��'21��QLWURJHQ�IURP�
VHDJUDVV��6/��DQG�PDQJURYH��0/��OHDI�LQFXEDWLRQ�RYHU����KRXUV��7KH�¿UVW�FROXPQ�LQGLFDWHV�WKH�PDWHULDO�
�0/�	�6/��DQG�WKH�VHFRQG�FROXPQ�UHSUHVHQWV�WKH�QXPEHU�RI�KRXUV��PD[LPXP����KRXUV���&ROXPQV���
	���VKRZ�WKH�QLWURJHQ�FRQFHQWUDWLRQ�FKDQJH��ȝ�PROH�O-1��IURP�PDQJURYH�RU�VHDJUDVV�OHDYHV��0/�	�6/��
ZLWK�VHGLPHQW��6��DQG�ZDWHU��:���:KLOVW�FROXPQV���	���LQGLFDWH�QLWURJHQ�UHOHDVH��ȝ�PROH�O-1��IURP�RQO\�
VHGLPHQW��6��DQG�ZDWHU��:���7R�FDOFXODWH�WKH�1�UHOHDVH�IURP�PDQJURYH�RU�VHDJUDVV�OHDYHV��ȝ�PROH�J-1��
ZH�VXEWUDFWHG�FROXPQV��	��IURP��	��UHVSHFWLYHO\��PXOWLSOLHG�E\�WKH�QXPEHU�RI�OLWUHV�LQ�WKH�WDQN�������
/��DQG�WKHQ�GLYLGHG�E\�WKH�ZHLJKW�RI�WKH�PDWHULDO��J���

Material Time DIN �ȝ�PROH�O-1� DON �ȝ�PROH�O-1�
�KRXUV� :���6���0/�RU�6/ :���6 :���6���0/�RU�6/ :���6

ML 0 ��� ��� ���� 13.9
ML 0 1.1 ��� ���� 14.4
ML 0 ��� 0.8 14.1 10.0
ML � 1.1 1.1 12.7 ����
ML � 3.1 1.7 32.9 18.0
ML � 2.2 1.4 ���� ����
ML 12 1.3 1.8 10.2 ����
ML 12 4.9 2.1 ���� 12.7
ML 12 2.4 1.8 11.7 ����
ML 18 ��� 3.3 ���� 23.0
ML 18 ��� ��� 20.4 12.7
ML 18 ��� 3.0 ���� 13.8
ML 24 ��� 2.1 12.1 11.9
ML 24 ���� 3.9 27.2 ����
ML 24 0.7 3.0 11.3 ����
SL 0 0.4 0.4 7.0 9.1
SL 0 0.3 1.0 8.4 14.3
SL 0 ��� ��� ��� 10.2
SL � ��� 2.0 12.0 7.2
SL � 1.3 0.8 43.9 9.9
SL � 1.8 1.3 ���� 9.8
SL 12 4.2 ��� 40.7 8.2
SL 12 1.0 0.9 38.0 ���
SL 12 1.9 2.0 ���� 8.4
SL 18 1.2 0.9 44.1 ���
SL 18 1.0 ��� 40.4 17.0
SL 18 1.8 2.1 72.9 7.4
SL 24 ��� ��� 49.4 ���
SL 24 0.7 2.0 33.9 ���
SL 24 4.3 ��� ���� 12.7
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/HDI�WUDQVSRUW�LQ�PLPLF�PDQJURYH�IRUHVWV� 
and seagrass beds.

/�*��*LOOLV��7�-��%RXPD��:��.LVZDUD��$�'��=LHJOHU DQG�3�0�-��+HUPDQ�

STATUS: Published at Marine Ecology Progress Series.
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Abstract

0DQJURYH� IRUHVWV�DQG�VHDJUDVV�EHGV�DUH� WKRXJKW� WR�H[FKDQJH�SDUWLFXODWH�RUJDQLF�PDWHULDO��
HVSHFLDOO\� LQ� WKH� IRUP� RI� OHDYHV�� +RZHYHU�� UHODWLYHO\� OLWWOH� LV� NQRZQ� DERXW� WKH� WUDSSLQJ�
FDSDFLW\�RI�PDQJURYH�DERYHJURXQG�URRWV�DQG�VHDJUDVV�SODQWV�IRU�OHDI�VHJPHQWV��:H�DLPHG�WR�
identify the major factors controlling the leaf-trapping capacity of mangroves and seagrasses 
LQ� D�ÀXPH�VWXG\��)RU�PDQJURYHV��ZH� IRXQG� WKDW�KLJKHU�GHQVLW\�PDQJURYH� URRWV� HQKDQFHG�
trapping capacity whereas the presence of waves strongly reduced the trapping capacity. The 
latter might be explained by a reduced average collision time (i.e. the time a leaf was attached 
WR�D�URRW�VWUXFWXUH��LQ�WKH�SUHVHQFH�RI�ZDYHV��7KH�DELOLW\�IRU�VHDJUDVV�EHGV�WR�WUDS�OHDYHV�ZDV�
GRPLQDWHG�E\�WKH�OHQJWK�W\SH�RI�YHJHWDWLRQ�DQG�WKH�DEVHQFH�SUHVHQFH�RI�ZDYHV��2YHUDOO��RXU�
UHVXOWV�VXJJHVW�WKDW�PDQJURYHV�YLD�WKHLU�URRWV�KDYH�D�PRUH�HI¿FLHQW�WUDSSLQJ�PHFKDQLVP�WKDQ�
seagrass beds. Mangrove roots extend through the entire water column the majority of the 
WLPH��ZKLFK�HQKDQFHV�WUDSSLQJ�FDSDFLW\��,Q�FRQWUDVW��VHDJUDVV�EHGV�UHTXLUH�SDUWLFXODWH�RUJDQLF�
PDWHULDO�WR�EHFRPH�HQWDQJOHG�ZLWKLQ�WKH�SUHGRPLQDQWO\�VXEPHUJHG�VKRRWV��PDNLQJ�WUDSSLQJ�
dependent on the degraded state of the leaf and the water depth. Our results give an indication 
of parameters that could be used in a model of trapping capacity of these ecosystems. As 
OHDYHV�DUH�DVVRFLDWHG�ZLWK�QXWULHQWV��ZH�KDYH�LGHQWL¿HG�IDFWRUV��ZKLFK�ZLOO�KHOS�WR�GHWHUPLQH�
what parameters affect the nutrient retention or export of ecosystems. These include density 
RI�URRWV��K\GURG\QDPLF�FRQGLWLRQV��DEVHQFH�SUHVHQFH�RI�ZDYHV���ORFDWLRQ�RI�LQLWLDO�GHSRVLWLRQ��
degradation stage and type of leaf.

.H\�ZRUGV� 3DUWLFXODWH�RUJDQLF�PDWHULDO��QXWULHQWV�� WUDSSLQJ�FDSDFLW\��K\GURG\QDPLFV��DQG�
ÀXPH�H[SHULPHQW� 
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����� ,QWURGXFWLRQ�

(FRV\VWHPV�DUH�RSHQ�WR�H[FKDQJH�PDWHULDOV�ZLWK�DGMDFHQW�HQYLURQPHQWV��3ROLV�HW�DO��������
/RYHWW�HW�DO���������7KLV�LV�SDUWLFXODUO\�WUXH�IRU�PDQJURYH�IRUHVWV�DQG�VHDJUDVV�EHGV��ZKLFK�DUH�
often found in proximity to each other in the tropical coastal seascape (Ogden & Gladfelter 
������0REHUJ�	�5|QQEDFN��������%RWK�V\VWHPV�DUH�VXEMHFWHG�WR�ODUJH�WLGDO�H[FKDQJHV�WKDW�
IDFLOLWDWH�WKH�PRYHPHQW�RI�SDUWLFXODWH�RUJDQLF�PDWWHU��320��DQG�GLVVROYHG�QXWULHQWV�IURP�RQH�
HFRV\VWHP�WR�DQRWKHU��RU�WR�GHHSHU�ZDWHU��/HH�������%RXLOORQ�	�&RQQROO\�������'DYLV�HW�DO��
�������320�FDQ�EH�FODVVL¿HG�DV�OHDYHV��VHHGV��URRWV�DQG�RWKHU�GHWDFKDEOH�SDUWV�RI�D�SODQW��2I�
PDMRU�LPSRUWDQFH�LV�WKH�QXWULHQW�SRWHQWLDO�RI�320��L�H��KRZ�PXFK�RI�LWV�DVVRFLDWHG�QXWULHQWV�
FDQ�EH�PDGH�DYDLODEOH�WR�RWKHU�HFRV\VWHPV�DQG�RUJDQLVPV��2GXP�	�+HDOG�������%LUG�HW�DO��
������3ROLV�HW�DO���������320�RULJLQDWLQJ�IURP�HFRV\VWHPV�VXFK�DV�PDQJURYH�IRUHVWV�DQG�RU�
seagrass beds is potentially an important source of nutrients for adjacent keystone organisms 
DQG�WKHLU�DVVRFLDWHG�VSHFLHV��$ORQJL�������/HH�	�'XQWRQ�������*UDQHN�HW�DO��������
 Mangrove forests are intertidal ecosystems with large variability in the tree and root 
formation. Mangrove tree species can range from pioneering species such as Avicennia sp. (1 
WR���P�WDOO��WKDW�KDV�SQHXPDWRSKRUHV�YHUWLFDOO\�H[WHQGLQJ�IURP�WKH�JURXQG��WR�5KL]RSKRUD�VS��
���WR����P�WDOO��ZLWK�FKDUDFWHULVWLF�SURS�RU�VWLOW�URRWV�WKDW�FDQ�H[WHQG�KRUL]RQWDOO\�GLUHFWO\�IURP�
WKH�WUXQN��*LHVHQ�HW�DO���������0DQJURYH�HFRV\VWHPV�FDQ�W\SLFDOO\�WROHUDWH�ÀRZ�YHORFLWLHV�
RI������WR�����P�V±��DQG�ZDYH�KHLJKWV�RI������WR������P��4XDUWHO�HW�DO���������,Q�FRQWUDVW��
WURSLFDO�VHDJUDVV�VSHFLHV�FDQ�UDQJH�IURP�WKH�VPDOOHVW�+DORSKLOD�VS���OHDI�OHQJWK���FP��WR�WKH�
ODUJHVW�(QKDOXV�VS���OHDI�OHQJWK����FP���'XDUWH��������7KH�HFRV\VWHP�FDQ�H[SHULHQFH�KLJKHU�
K\GURG\QDPLF�HQHUJ\�WKDQ�PDQJURYH�IRUHVWV��ÀRZ�YHORFLWLHV�RI��������WR�����P�V±��DQG�ZDYH�
KHLJKWV�RI�����WR������P��GH�%RHU�HW�DO��������0DVLQL�HW�DO���������)XUWKHU��WKH�H[WHQVLYH�URRWV�
systems of many seagrass plants can reduce sediment erosion and facilitate sedimentation 
�$JDZLQ�	�'XDUWH�������*DFLD�HW�DO��������
� %HFDXVH� RI� WKHLU� VKDSH� DQG� GHQVLW\� LQ� WKH� ZDWHU� FROXPQ�� PDQJURYH� URRWV� DQG�
SQHXPDWRSKRUHV�FDQ�WUDS�320��$ORQJL�������/HH��������0DQJURYH�WUHHV�FDQ�GHFUHDVH�WKH�
ZDWHU�YHORFLW\�DQG�DWWHQXDWH�ZDYHV��FDXVLQJ�FDOPHU�K\GURG\QDPLF�FRQGLWLRQV�WKDW�IDFLOLWDWH�
WUDSSLQJ� �:RODQVNL� HW� DO�� ������0DVVHO� HW� DO�� ������4XDUWHO� HW� DO�� ������� )DFWRUV� VXFK� DV�
GHQVLW\��VSHFLHV��URRW�VKDSH��DQG�ELRPDVV�DV�ZHOO�DV�LQWHUWLGDO�SRVLWLRQ�RI�WKH�PDQJURYH�IRUHVW�
FDQ�YDU\�JUHDWO\��)ULHVV�HW�DO���������7KHVH�IDFWRUV�DIIHFW�WKH�K\GURG\QDPLFV�DQG�FRQVHTXHQWO\�
WKH�WUDSSLQJ�FDSDFLW\��&RQVHTXHQWO\��WKH�LQWHULRU�RI�PDQJURYHV�KDV�JUHDWHU�WUDSSLQJ�FDSDFLW\�
FRPSDUHG�ZLWK�WKH�VHDZDUG�HGJHV��)ULHVV�HW�DO���������6HDJUDVV�EHGV�FDQ�DOVR�WUDS�SDUWLFOHV�
RI� 320� LQVLGH� WKH� VHDJUDVV� FDQRS\� �7HUUDGRV�	�'XDUWH� ������$JDZLQ�	�'XDUWH� �������
Trapping results directly from the physical structure of the meadow or from settling induced 
E\�FKDQJHV�LQ�WKH�K\GURG\QDPLF�FRQGLWLRQV��ZKLFK�DUH�UHODWHG�WR�SODQW�URRW�GHQVLW\��URRW�W\SH�
DQG�OHDI�FKDUDFWHULVWLFV��)RQVHFD�	�&DKDODQ�������$JDZLQ�	�'XDUWH�������1HZHOO�	�.RFK�
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������8NX�	�%MRUN�������+HQGULNV�HW�DO���������2QFH�SDUWLFXODWH�PDWHULDO�LV�GHSRVLWHG�ZLWKLQ�
VHDJUDVV�EHGV��D�KLJK�SHUFHQWDJH�ZLOO�UHPDLQ�LQ�SODFH�DV�WKH�SODQWV�LQ�WKH�PHDGRZ�OLPLW�UH�
VXVSHQVLRQ��H�J��VHH�7HUUDGRV�	�'XDUWH�������:LONLH�HW�DO��������
 The majority of the studies on POM trapping in mangrove forests and seagrass beds 
IRFXV�RQ�VPDOO�GHWULWDO�PDWHULDO��7HUUDGRV�	�'XDUWH�������$JDZLQ�	�'XDUWH�������:LONLH�
HW�DO���������/DUJH�IRUPV�RI�SDUWLFXODWH�PDWWHU��IRU�H[DPSOH�PDQJURYH�DQG�VHDJUDVV�OHDYHV��
DUH�D�PRELOH�VRXUFH�RI�320�LQ�WKH�FRDVWDO�RFHDQ��+HPPLQJD�HW�DO��������'DYLV�HW�DO���������
0DQJURYH�IRUHVWV�DQG�WURSLFDO�VHDJUDVV�FDQ�WUDS�320�LQ�WKH�IRUP�RI�ÀRDWLQJ�OHDYHV��$ORQJL�
	�&KULVWRIIHUVHQ�������+HPPLQJD�HW�DO��������/HH�������.LWKHND�������5LYHUD�0RQUR\�HW�
DO��������.RFK�	�0DGGHQ�������%RXLOORQ�	�&RQQROO\��������&KDQJHV�LQ�WKH�ZDWHU�FRQWHQW�
of leaves through trapping or degradation can also affect their movement although this has 
RQO\�EHHQ�YHUL¿HG�IRU�VHHGV��&KDQJ�HW�DO���������+RZHYHU��UHODWLYHO\�OLWWOH�GDWD�DUH�DYDLODEOH�
on trapping capacity and transport velocities of various types of leaves in mangrove forests 
DQG�VHDJUDVV�PHDGRZV��)XUWKHUPRUH�ZH�DUH�XQDZDUH�RI�KRZ�FKDQJHV�LQ�K\GURG\QDPLFV��VXFK�
DV� WKH�SUHVHQFH�RI�ZDYHV�RU� LQFUHDVHG�YHORFLW\��FDQ�FKDQJH� WKH� WUDSSLQJ�FDSDFLW\�RI� WKHVH�
ecosystems.
 To facilitate physical modeling of large POM exchange in the tropical coastal 
VHDVFDSH��ZH�XVHG�ÀXPH�H[SHULPHQWV� WR�TXDQWLI\� WKH�HIIHFWV�RI�SODQW�URRW�GHQVLW\�� FXUUHQW�
YHORFLW\��DQG�WKH�DEVHQFH�SUHVHQFH�RI�ZDYHV�RQ�WKH�PRYHPHQW�RI�OHDYHV�LQ�PLPLF�PDQJURYH�
IRUHVWV�DQG�VHDJUDVV�PHDGRZV��0RUHRYHU��ZH�PHDVXUHG�VHWWOLQJ�YHORFLWLHV�WR�GHWHUPLQH�WKH�
collision time needed for leaves to settle down and how increased moisture content of the 
OHDI�PD\�DIIHFW� LWV� WUDSSLQJ�SRWHQWLDO��:H�LQYHVWLJDWHG� WKH�IROORZLQJ�K\SRWKHVHV�UHJDUGLQJ�
WKH�SK\VLFDO�WUDSSLQJ�RI�320�ZLWKLQ�WKHVH�HFRV\VWHPV������+LJKHU�GHQVLW\�VHDJUDVV�FDQRSLHV�
DQG�PDQJURYH�URRWV�ZLOO�LQFUHDVH�WUDSSLQJ�SRWHQWLDO������/RQJHU�OHDI�OHQJWK�ZLOO�HQKDQFH�WKH�
WUDSSLQJ�FDSDFLW\�RI�PLPLF�PDQJURYHV�DQG�VHDJUDVV�HFRV\VWHPV������$GGLWLRQ�RI�ZDYHV�WR�WKH�
ÀRZ�ZLOO�JHQHUDWH�DQ�XQEDODQFHG�OHDI�PRYHPHQW��FUHDWLQJ�D�ORZHU�OLNHOLKRRG�WKDW�D�OHDI�ZLOO�
EHFRPH�WUDSSHG������0DQJURYHV�ZLOO�KDYH�JUHDWHU�WUDSSLQJ�SRWHQWLDO�WKDQ�VHDJUDVV�EHFDXVH�
of their extension through the whole water column. Verifying these hypotheses will provide 
us with parameters that allow us to model what factors in different ecosystems will affect the 
transportation of leaves through the ecosystems.

4.2  Methods

4.2.1  Flume experiments

%\�PHDQV�RI�D�ÀXPH�VWXG\��ZH�TXDQWL¿HG�WKH�UHWHQWLRQ�RI�IUHVK�PDQJURYH�DQG�VHDJUDVV�OHDI�
segments by mimicking seagrass canopies and mangrove forests for a variety of hydrodynamic 
FRQGLWLRQV��7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�UDFHWUDFN�ÀXPH�������P�ORQJ������P�ZLGWK�
DQG�ZDWHU�GHSWK�RI�����P��DW�WKH�5R\DO�1HWKHUODQGV�,QVWLWXWH�RI�6HD�5HVHDUFK��1,2=���<HUVHNH��
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1HWKHUODQGV�� LQ�0D\�������7KH� GHVLJQ� RI� WKH�ÀXPH� DOORZV� XQLIRUP�ÀRZ� FRQGLWLRQV�� DQG�
JHQHUDWHV�QRUPDO�YHORFLW\�SUR¿OHV��7KH�IUHVK�OHDYHV�ZHUH�WUDQVSRUWHG�LQ�D�FRRO�ER[�IURP�3DUL�
,VODQG��,QGRQHVLD�WR�1,2=��7KH�OHDYHV�ZHUH�UDQGRPO\�VHOHFWHG�IURP�KHDOWK\�SODQWV�DQG�WUHHV��
care was taken to ensure leaves selected were the oldest fully-grown with uniform physical 
appearance. Leaves were either used immediately in the experiment or kept refrigerated until 
XVH��7KH�K\GURG\QDPLF�FRQGLWLRQV�WHVWHG�LQFOXGHG���FXUUHQW�YHORFLWLHV������DQG�����P�V±���
DQG���ZDYH�FRQGLWLRQV��QRQH�DQG�����P�KLJK����V�SHULRG�ZDYHV���7KHVH�FRQGLWLRQV�DUH�VLPLODU�
to those typically reported in the literature for mangrove creeks and seagrass meadows (de 
%RHU�HW�DO��������0DVLQL�HW�DO��������4XDUWHO�HW�DO���������)RU�RXU�H[SHULPHQWV��ZH�GLG�QRW�
LQYHVWLJDWH�H[WUHPH�WLGHV�RU�D�VWRUP��ZKLFK�ZRXOG�KDYH�LQFUHDVHG�WKH�YHORFLWLHV�DQG�ZDYH�
KHLJKWV��RXU�SURSRVLWLRQ�ZDV�WR�ORRN�DW�WKH�WUDQVSRUWDWLRQ�XQGHU�QRUPDO�FRQGLWLRQV�
� 7UDQVSRUW�ZDV�PHDVXUHG�IRU�WKH�IROORZLQJ�OHDI�VHJPHQWV������DQG�����P�OHQJWK�������
m width and 0.0009 m thickness of fresh Enhalus acoroides� OHDYHV��VHDJUDVV���DQG�����P�
OHQJWK�������P�ZLGWK�DQG��������P�WKLFNQHVV�RI�Rhizophora apiculata�OHDYHV��PDQJURYH���,Q�
a 2.4 m2����P�OHQJWK�î�����P�ZLGWK��DUHD�RI�WKH�ÀXPH��WZR�GHQVLWLHV�RI�PDQJURYH�URRWV�ZHUH�
PLPLFNHG������URRWV�P–2��ORZ�GHQVLW\��DQG���URRWV�P–2��KLJK�GHQVLW\��XVLQJ�XQFXW�EDPERR�
FDQHV��a����P�GLDPHWHU��a����P�OHQJWK���9DQ�GHU�6WRFNHQ�HW�DO���������$�����P2 (2 m length 
î�����P�ZLGWK��VHDJUDVV�PHDGRZ�ZDV�PLPLFNHG�XVLQJ�KLJKO\�ÀH[LEOH�SODVWLF�VWULSV������P�
WDOO�DQG������P�ZLGH���7ZR�OHDI�GHQVLWLHV�ZHUH�WHVWHG������OHDYHV�P–2��ORZ�GHQVLW\��DQG�����
leaves m–2� �KLJK� GHQVLW\�� �)RONDUG� �������%RWK� GHQVLWLHV� RI�PDQJURYH� URRWV� DQG� VHDJUDVV�
FDQRSLHV�ZHUH�VLPLODU�WR�SK\VLFDO�SURSHUWLHV�RI�WKH�HFRV\VWHPV�IRXQG�LQ�WKH�¿HOG�VLWHV�ZKHUH�
ZH�GLG�WKH�VHWWOLQJ�YHORFLW\�H[SHULPHQWV����WR����PDQJURYH�URRWV�P–2�DQG�����WR�����VHDJUDVV�
leaves m–2��:LWKLQ� WKH�ÀXPH�VHFWLRQ��PDQJURYH� URRWV�ZHUH� UDQGRPO\�GLVWULEXWHG�RYHU� WKH�
DYDLODEOH�VSDFH��7KH�PLPLF�FDQRS\�ZDV�IXOO\�VXEPHUJHG�LQ�WKH�ÀXPH��OHDYLQJ������P�GHSWK�
RI�ZDWHU�RYHUO\LQJ�WKH�VHDJUDVV�FDQRS\�WR�PLPLF�DQ�LQFRPLQJ�RXWJRLQJ�WLGH��L�H��ZKHQ�320�
transport may be expected to be highest.
 Ten replicates were completed for each combination of parameters for a total of 48 
WUHDWPHQWV����ÀRZ�YHORFLWLHV������DQG�����P�V–1�����ZDYH�FRQGLWLRQV��ZDYHV�DQG�QR�ZDYHV�����
OHDI�OHQJWKV�W\SHV������DQG�����P�VHDJUDVV�OHDYHV�DQG�����P�PDQJURYH�OHDYHV�����PLPLFNHG�
HFRV\VWHPV��PDQJURYH�IRUHVW�DQG�VHDJUDVV�PHDGRZ��DQG���GHQVLWLHV��KLJK�DQG�ORZ��IRU�HDFK�
PLPLF�HFRV\VWHPV��)RU�WKH�PDQJURYH�IRUHVW�WUHDWPHQWV��LQGLYLGXDO�OHDYHV�ZHUH�UHOHDVHG�RQWR�
WKH�ZDWHU�VXUIDFH��WKURXJKRXW�WKLV�H[SHULPHQW�DOO�OHDYHV�UHPDLQHG�RQ�WKH�VXUIDFH�RI�WKH�ZDWHU��
,Q� WKH� VHDJUDVV�PHDGRZ� WUHDWPHQWV�� LQGLYLGXDO� OHDYHV�ZHUH� UHOHDVHG�HLWKHU�RQWR� WKH�ZDWHU�
surface or at the bottom within the mimicked seagrass canopy. In the mimic mangrove forest 
WUHDWPHQWV��OHDYHV�ZHUH�LQLWLDOO\�DOVR�UHOHDVHG�RQ�WKH�ERWWRP��+RZHYHU��DOO�OHDYHV�ÀRDWHG�WR�
WKH�VXUIDFH�RI�ZDWHU��+HQFH�WKLV�DVSHFW�ZDV�QRW�LQYHVWLJDWHG�LQ�WKH�PDQJURYH�H[SHULPHQWV�
� ,Q�WRWDO������OHDYHV�ZHUH�REVHUYHG��:H�PHDVXUHG�WKH�WLPH�IRU�OHDYHV�WR�PRYH�RXW�RI�
the system and we counted the number of collisions between released leaves and mimicked 
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PDQJURYH�URRWV�RU�VHDJUDVV�VWDONV��:H�DOVR�UHFRUGHG�WKH�WRWDO� WLPH�WKH�OHDYHV�ZHUH�VWDOOHG�
due to collisions with mimicked mangrove roots or seagrass material. Preliminary long-term 
ÀXPH�UXQV�VKRZHG�QR�OHDI�UHOHDVH�RQFH�WKH�VWDOO�WLPH�H[FHHGHG���PLQ��+HQFH��LI�WKH�VWDOO�WLPH�
H[FHHGHG���PLQ��ZH�FRQVLGHUHG�WKHP�WR�EH�WUDSSHG�LQGH¿QLWHO\��PHDQLQJ�WKDW�WR�EH�UHOHDVHG��D�
FKDQJH�LQ�FXUUHQW�GLUHFWLRQ�ZRXOG�QHHG�WR�RFFXU��&RQVHTXHQWO\��WKH�WUDSSLQJ�FDSDFLW\�IRU�HDFK�
system was determined as the percentage of leaves that stayed on a root or within a seagrass 
bed for > 2 min.

4.2.2  Leaf settling velocity experiments

)LYH�IUHVK�VHDJUDVV�OHDYHV�����P�DQG�����P�ORQJ�ZHUH�WDNHQ�IURP�WKH�VHDJUDVV�EHG�LQ�.RK�
&KRQJ�/DW�1RL�ED\��RQ�WKH�LVODQG�RI�.RK�<DR�<DL��6RXWK�7KDLODQG������¶��´1��������¶��´(���
:H�DOVR�FROOHFWHG�¿YH�����P�ORQJ�PDQJURYH�OHDYHV�IURP�WKH�PDQJURYH�IRUHVW�DW� WKH�VDPH�
location. Collected leaves were all green without imperfections in the leaf structure. The 
leaves were directly transported to the marine laboratory in a cool box. Epiphytes were 
removed from the collected mangrove and seagrass leaves where they occurred. The leaves 
���HDFK�RI�����DQG�����P�VHDJUDVV� OHDYHV�DQG�����P�PDQJURYH� OHDYHV��ZHUH�SODFHG� LQWR�D�
QHW�EDJ�RI�PHVK�VL]H�������PP�WKDW�DOORZHG�IRU�VPDOO�RUJDQLVPV�WR�PLJUDWH�LQ�DQG�RXW��EXW�
dispelled larger marine animals such as crabs. At the mangrove forest a metal stake was 
SODFHG�LQWR�WKH�VXEVWUDWH��7KH���QHW�EDJV��L�H����ZLWK�PDQJURYH�DQG���ZLWK�VHDJUDVV�OHDYHV��
ZHUH�WKHQ�VHFXUHG�WR�WKH�SROH�DW�D�KHLJKW�RI������P��7KHVH�QHW�EDJV�ZHUH�FROOHFWHG�IURP�WKH�
VDPSOLQJ�VLWHV�DIWHU���G�DQG�OHDYHV�ZHUH�XVHG�IRU�PHDVXULQJ�VHWWOLQJ�YHORFLWLHV�
 Settling velocity (m s–1��ZDV�PHDVXUHG�XVLQJ�D�VHWWOLQJ�FKDPEHU��ZKLFK�LV�D�����P�
WDOO�F\OLQGHU�FRQWDLQHU��¿OOHG�ZLWK�ZDWHU�WR�D�GHSWK�RI�����P��7R�GHWHUPLQH�VHWWOLQJ�YHORFLWLHV��
the stopwatch was started when the leaf was placed into the surface of the water and stopped 
once the entire leaf was deposited on the bottom of the chamber. The time taken was recorded 
LQ�VHFRQGV��(DFK���G�GHJUDGHG�OHDI�ZDV�PHDVXUHG�LQ�WKLV�ZD\��JLYLQJ���UHSOLFDWHV�IRU���FODVVHV�
�����DQG�����P�VHDJUDVV�OHDYHV�DQG�����P�PDQJURYH�OHDYHV���$���G�GHJUDGDWLRQ�SHULRG�ZDV�
chosen because we found that at this time period leaves displayed rapid physical degradation.

4.2.3  Statistical analysis

:H� XVHG� $129$� IRU� DQDO\]LQJ� FXPXODWLYH� FROOLVLRQ� WLPH� YHUVXV� �� VHDJUDVV� GHQVLWLHV��
SUHVHQFH�DEVHQFH�RI�ZDYHV�DQG�OHDI� W\SH�LQ�D�PDQJURYH�IRUHVW����ZD\�$129$���$���ZD\�
ANOVA was tested for trapping capacity versus presence/absence of waves in a mangrove 
IRUHVW��/DVWO\�D���ZD\�$129$�ZDV�XVHG�WR�WHVW�WUDYHOOLQJ�WLPHV�YHUVXV���YHORFLWLHV��DEVHQFH�
presence of waves and leaf length in the seagrass bed. One-way ANOVA was also used for 
WKH�VHWWOLQJ�YHORFLW\�YHUVXV�OHDI�W\SH��3ULRU�WR�WHVWLQJ��QRUPDOLW\�LQ�WKH�GDWD�ZDV�DVVHVVHG�XVLQJ�
D�'¶$JRVWLQR�3HDUVRQ�WHVW��/HDVW�VTXDUHV�GLIIHUHQFH��/6'��SRVW�KRF�WHVWLQJ�ZDV�SHUIRUPHG�
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following ANOVA. All statistical testing was completed using the R programming platform 
�5�&RUH�7HDP�������

����� 5HVXOWV

4.3.1  Flume Experiment – Mangrove forest

7KH�WUDSSLQJ�FDSDFLW\�RI�WKH�KLJK�GHQVLW\�PDQJURYH�IRUHVWV��HVWLPDWHG�DV�WKH�SHUFHQW�RI�OHDYHV�
WKDW�UHPDLQHG�WUDSSHG�RQ�D�URRW�IRU�PRUH�WKDQ���PLQ��ZDV�KLJKHU�LQ�WKH�DEVHQFH�RI�ZDYHV�����
���������WKDQ�LQ�WKH�SUHVHQFH�RI�ZDYHV�����������������ZD\�$129$��S� ���������F� �������Q�
 ������)LJ�����7KH�WUDSSLQJ�FDSDFLW\�LQ�KLJK�GHQVLW\�PDQJURYHV�ZDV�DOVR�VLJQL¿FDQWO\�KLJKHU�
WKDQ�LQ�ORZ�GHQVLW\�PDQJURYHV����ZD\�$129$��S� �������F� ������Q� ������)LJ������EXW�WKH�
HIIHFW�RI�YHJHWDWLRQ�GHQVLW\��WUDSSLQJ�FDSDFLW\�a������ZDV�VPDOOHU�WKDQ�WKDW�RI�ZDYHV��a���
����1R�LQWHUDFWLRQV�ZKHUH�IRXQG�EHWZHHQ�KLJK�DQG�ORZ�GHQVLWLHV�RI�URRWV�DQG�WKH�DEVHQFH�
presence of waves.

)LJXUH���3HUFHQWDJH�RI�WUDSSHG�OHDYHV��WLPH�!���PLQXWHV��LQ�KLJK�GHQVLW\��+'��DQG�ORZ�GHQVLW\��/'��
PDQJURYHV�IRU�VLWXDWLRQV�ZLWK�ZDYHV��JUH\�FROXPQV��DQG�ZLWKRXW�ZDYHV��ZKLWH�FROXPQV���3HUFHQWDJHV�
�QXPHULF�YDOXHV�LQ�ER[HV��DUH�FDOFXODWHG�IURP�����H[SHULPHQWV��Q� ����IRU�HDFK�WUHDWPHQW���3HUFHQWDJH�
RI�WUDSSHG�OHDYHV�DUH�PHDQV���RQH�VWDQGDUG�HUURU��Q� �����/HWWHUV�GHQRWH�VLJQL¿FDQW�GLIIHUHQFHV��/6'�
WHVW��S� ��������

Cumulative collision time was reduced in the presence of waves compared with absence of 
ZDYHV����ZD\�$129$��S������������F� �������Q� ������)LJ������
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)LJXUH���7KH�UHODWLRQVKLS�EHWZHHQ�QXPEHU�RI�FROOLVLRQV�DQG�FXPXODWLYH�FROOLVLRQ�WLPH��PLQXWHV��IRU�
D�VLQJOH�OHDI�IRU�H[SHULPHQWV�ZLWK�ZDYHV��JUH\�FLUFOHV��DQG�ZLWKRXW�ZDYHV��ZKLWH�FLUFOHV���,Q�WRWDO�����
OHDYHV�ZKHUH�REVHUYHG������IRU�HDFK�WUHDWPHQW��&LUFOHV�DUH�PHDQV�RI����ÀXPH�UXQV��&XPXODWLYH�FROOLVLRQ�
WLPHV�IRU�ZDYH�DQG�QR�ZDYH�FRQGLWLRQV�DUH�VLJQL¿FDQWO\�GLIIHUHQW����ZD\�$129$��S������������)� �
������Q� �������EXW�QXPEHU�RI�FROOLVLRQ�LV�QRW�VLJQL¿FDQW��

)LJXUH���7KH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�FROOLVLRQV�DQG�FXPXODWLYH�FROOLVLRQ�WLPH��PLQ��IRU�
����P�ORQJ�PDQJURYH�OHDYHV��ZKLWH�FLUFOHV��DQG�����DQG�����P�VHDJUDVV�OHDYHV��EODFN�DQG�JUH\�FLUFOHV�
UHVSHFWLYHO\���6\PEROV�UHSUHVHQW�WKH�PHDQ�RI�Q� ����UXQV��Q� ����IRU�HDFK�WUHDWPHQW���0DQJURYH�OHDYHV�
�����P��DQG�VHDJUDVV�OHDYHV������P��VKRZHG�D�UHGXFHG�FXPXODWLYH�FROOLVLRQ�WLPH�FRPSDUHG�WR�VHDJUDVV�
OHDYHV������P�����ZD\�$129$��S� ���������F  ������Q� �������9DOXHV�DUH�DYHUDJHV��Q� �����
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$PRQJ�OHDI�W\SHV��WKH�����P�ORQJ�VHDJUDVV�OHDYHV�KDG�WKH�KLJKHVW�QXPEHU�RI�FROOLVLRQV�DV�ZHOO�
DV�WKH�ORQJHVW�FROOLVLRQ�WLPH�LQ�WKH�PLPLFNHG�PDQJURYH�URRWV��)LJ������6HDJUDVV�OHDYHV�RI�����
m length collided with the mangrove roots one or more instances the majority of the time (93 
����������)LJ������7KH�����P�ORQJ�VHDJUDVV�OHDYHV�DQG�����P�ORQJ�PDQJURYH�OHDYHV�KDG�IHZHU�
collisions. There was a positive relationship between the mean number of collisions and the 
FXPXODWLYH�FROOLVLRQ�WLPH��PLQXWHV���$�OLWWOH�PRUH�WKDQ�KDOI��������������RI�WKHVH�OHDYHV������
DQG�����P��KDG�PRUH�WKDQ�RQH�FROOLVLRQ�ZLWK�WKH�PDQJURYH�URRWV��7KH�FXPXODWLYH�FROOLVLRQ�
WLPH�YDOXHV�IRU�����P�ORQJ�PDQJURYH�OHDYHV�DQG�����P�ORQJ�VHDJUDVV�OHDYHV�ZHUH�VLJQL¿FDQWO\�
ORZHU�WKDQ�WKDW�RI�����P�ORQJ�VHDJUDVV�OHDYHV����ZD\�$129$��S� ���������F� ������Q� ������
)LJ������

4.3.2  Flume Experiment – Seagrass bed

,Q� WKH� PLPLFNHG� VHDJUDVV� FDQRS\� H[SHULPHQWV�� DOO� OHDYHV� UHOHDVHG� RQ� WKH� ZDWHU� VXUIDFH�
PRYHG�RYHU� WKH�PHDGRZ�ZLWK�QR�FROOLVLRQV��+LJKHU�YHORFLW\�FXUUHQWV�GHFUHDVHG� WUDYHOOLQJ�
WLPH�VLJQL¿FDQWO\�������V�YHUVXV������V����ZD\�$129$��S������������F� ��������Q� �������
KRZHYHU�WUDYHOLQJ�WLPH�ZDV�QRW�DIIHFWHG�E\�WKH�SUHVHQFH�DEVHQFH�RI�ZDYHV����ZD\�$129$��
S� ������F� ������Q� �������2Q�WKH�ERWWRP�RI�WKH�VHDJUDVV�FDQRS\��OHDI�W\SH�JHQHUDWHG�WKH�
JUHDWHVW�GLIIHUHQFH�LQ�WUDYHOOLQJ�WLPH����ZD\�$129$��S� ���������F� ������Q� ������)LJ������
This difference was due to 0.3 m leaves becoming trapped for > 2 min in 3 out of 4 conditions 
�)LJ������,Q�WKH�SUHVHQFH�RI�ZDYHV��WUDYHOOLQJ�WLPH�IRU�OHDYHV�ZDV�VKRUWHU������PLQ�YHUVXV�����

)LJXUH�� Total travelling time for leaves of different lengths through the bottom of the seagrass beds 
for four conditions and three combinations of leaf lengths and types. The x-axis refers to the following 
OHDI�OHQJWKV�DQG�W\SHV������P�VHDJUDVV�OHDYHV��6/�������P�PDQJURYH�OHDYHV��0/��DQG�����P�VHDJUDVV�
leaves. Boxes refer to the following conditions: no waves and 0.1 m s-1 YHORFLW\��EODFN���ZDYHV�DW�����
m s-1 YHORFLW\��GDUN�JUH\���QR�ZDYHV�DW�����P�V-1 YHORFLW\��ZKLWH���DQG�ZDYHV�DW�����P�V-1 velocity (light 
JUH\���'HQVLW\�ZDV�SRROHG�IRU�WKH�¿JXUHV��,Q�WRWDO�����OHDYHV�ZKHUH�REVHUYHG�����RI�����P��VHDJUDVV���
���RI�����P��PDQJURYH��DQG����RI�����P��VHDJUDVV��OHDYHV��7UDYHO�WLPHV�DUH�PHDQV�DUH�IRU�Q� ����UXQV���
RQH�VWDQGDUG�HUURU��Q� ������/HWWHUV�GHQRWH�VLJQL¿FDQW�GLIIHUHQFHV��/6'�WHVW��S� ��������
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PLQ����ZD\�$129$��S� �������F� ����Q� ������)LJ������9HORFLW\�GLG�QRW�FKDQJH�WUDYHOOLQJ�WLPH�
IRU�OHDYHV�LQ�WKH�VHDJUDVV�FDQRS\����ZD\�$129$��S� ������)� ������Q� ������)LJ������7HVWLQJ�
with a 3-way ANOVA revealed that there were no interactions between vegetation length/
W\SH��DEVHQFH�SUHVHQFH�RI�ZDYHV�DQG�FXUUHQW�YHORFLW\��1R�VLJQL¿FDQW�GLIIHUHQFH�ZDV�VKRZQ�
EHWZHHQ�WKH�GLIIHUHQW�GHQVLWLHV�RI�VHDJUDVV�FDQRSLHV����ZD\�$129$��S�!������F� �������Q� �
������WKHUHIRUH�WKH�GDWD�ZDV�SRROHG�IRU�WKH�KLJK�DQG�ORZ�GHQVLWLHV�

4.3.3 Settling velocity

0HDQ�VHWWOLQJ�YHORFLWLHV�RI���G�GHJUDGHG�PDQJURYH�OHDYHV������P�������P�V–1��DQG�VHDJUDVV�
leaves (0.1 m: 0.011 m s–1������P�������P�V–1��LQ�WKH�VHWWOLQJ�FKDPEHU�ZLWK�VWDQGLQJ�VHD�ZDWHU�
VKRZHG�QR�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�OHDI�RULJLQ��S� ��������F� �������Q� ����)LJ�����

)LJXUH�� Mean settling velocities for different lengths of degraded leaves. Lengths of 0.1 and 0.3 m 
FRUUHVSRQG�WR�WKH�VHDJUDVV�OHDYHV������P��PDQJURYH�OHDYHV��6HWWOLQJ�YHORFLWLHV�DUH�PHDQV���RQH�VWDQGDUG�
HUURU��Q� �����/HWWHUV�GHQRWH�VLJQL¿FDQW�GLIIHUHQFHV��S� ��������)� �������Q� ������ZD\�$129$��/6'�
WHVW���

����� 'LVFXVVLRQ�

These experiments provide data for some important model parameters affecting the export of 
POM from mangrove forest and seagrass beds. Models for mangrove structure and dynamics 
VXFK�DV�)250$1��.L:L�DQG�0$1*52�DQG�K\GURG\QDPLF�PRGHOV��IRU�H[DPSOH�'HOIW��'��
would be able to utilize this data for greater understanding of spatio-temporal changes in 
mangrove forests. Trapping capacity of mimicked mangrove roots was strongly dependent 
RQ�WKH�GHQVLW\�RI�WKH�URRWV�DQG�SUHVHQFH�RI�ZDYHV��)LJ������6PDOOHU�OHDYHV������P�VHDJUDVV�
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OHDYHV�DQG�����P�PDQJURYH�OHDYHV��GLG�QRW�KDYH�SURORQJHG�FROOLVLRQV�ZLWK�PDQJURYH�URRWV��
and therefore had shorter collision times than the longer 0.3 m seagrass leaves (Figs. 2 & 
����5HVXOWV�IURP�WKH�VHDJUDVV�FDQRS\�H[SHULPHQWV�LQGLFDWHG�WKDW�OHDYHV�DUH�WUDSSHG�RQO\�LI�
WKH\�FRPH� LQ�FRQWDFW�ZLWK� WKH�EHG��DQG� WKH� UDWH�RI� WUDSSLQJ�ZLWKLQ�VHDJUDVV�FDQRSLHV�ZDV�
GHWHUPLQHG�ODUJHO\�E\�WKH�OHQJWK�DQG�RU�W\SH�RI�YHJHWDWLRQ��)LJ�����
 Prior studies have found that the hydrodynamics within a mangrove have a strong 
LQÀXHQFH�RQ�GLVVROYHG�DQG�SDUWLFXODWH�PDWWHU� WUDQVSRUWDWLRQ��)RU�H[DPSOH��:RODQVNL�HW�DO��
�������UHOHDVHG�D�WUDFHU�LQWR�WKH�XSSHU�DUHDV�RI�D�PDQJURYH�VZDPS��$IWHU����G�WKH�WUDFHU�ZDV�
VWLOO� WUDSSHG�ZLWKLQ�WKH�HGJH�RI�WKH�IRUHVW��:DYH�DFWLRQ�ZLWKLQ�PDQJURYH�IRUHVWV�GHFUHDVHV�
IURP�WKH�VHDZDUG�HGJH�RI�WKH�PDQJURYH�IRUHVW�WRZDUGV�WKH�ODQGZDUG�HGJH��.RFK�HW�DO���������
:RODQVNL� HW� DO�� ������� VKRZHG� WKDW� SDUWLFOHV� EHFDPH� WUDSSHG� LQ� WKH� LQQHU�PDQJURYH��2XU�
UHVXOWV�DUH�LQ�DJUHHPHQW��ZH�IRXQG�WKDW�WUDSSLQJ�FDSDFLW\�LQFUHDVHG��IURP���������WR�������
���)LJ�����LQ�WKH�DEVHQFH�RI�ZDYHV��L�H��ZLWKLQ�WKH�PDQJURYHV��
� 7KH�GLVSHUVDO�RI�OHDYHV�FRXOG�DOVR�EH�UHODWHG�WR�WKH�WLGH�F\FOH��ZKHUH�OHDYHV�UHOHDVHG�
DW� KLJK� WLGH�PD\� EHFRPH� VWUDQGHG� EH\RQG� WKH� KLJK� WLGH� OLQH²DV�$OOHQ�	�.UDXVV� �������
DQG�&ODUNH��������IRXQG�IRU�PDQJURYH�SURSDJXOHV��:H�IRXQG�WKDW�VPDOOHU�OHDYHV�ZHUH�OHVV�
OLNHO\�WR�EH�WUDSSHG�E\�PDQJURYH�URRWV��VXJJHVWLQJ�WKDW�VPDOO�OHDI�IUDJPHQWV²H�J��EURNHQ�
E\�GHJUDGDWLRQ�RU�DQLPDOV��H�J��FUDEV�²ZLOO�KDYH�D�JUHDWHU�FKDQFH�RI�WUDQVSRUWLQJ�QXWULHQWV�
WR� RWKHU� V\VWHPV�� )RU� WKLV� H[SHULPHQW� ZH� XVHG� D� VLPSOLVWLF� VWUXFWXUH� RI�PDQJURYH� URRWV��
KRZHYHU�� URRW�GHQVLW\�DQG�VKDSH�KDV�KXJH�YDULDELOLW\�ZLWKLQ�PDQJURYHV�IRUHVWV�GHSHQGLQJ�
RQ�ORFDWLRQ�DQG�VSHFLHV��:H�GLG�QRW�HVWDEOLVK�WUDQVSRUWDWLRQ�IRU�OHDYHV�DW�WKH�ERWWRP�RI�WKH�
PDQJURYH�URRWV��ZKLFK�FDQ�EH�PRYHG�E\�HLWKHU�K\GURG\QDPLFV�RU�ELRORJLFDO�DVSHFWV�VXFK�DV�
crabs. Movement of leaves into the sediment has ecological importance and should be the 
IRFXV�IRU�IXWXUH�ZRUN��7KH�SUHVHQW�ZRUN�LV�OLPLWHG�WR�SK\VLFDO�WUDQVSRUW�ZLWK�WLGDO�ÀRZ��DV�FDQ�
EH�DSSOLHG�LQ�D�ÀXPH�VHWXS�
 The capacity of the seagrass canopy to trap POM depended on the initial location 
where the leaf was released: i.e. on the surface of the water column or within the seagrass 
FDQRS\�� 7KH� ÀH[LEOH� VHDJUDVV� FDQRS\� GLG� QRW� KLQGHU� OHDYHV� WKDW� ÀRDWHG� RQ� WKH� VXUIDFH��
+RZHYHU�� LI� OHDYHV� EHFDPH� HQWDQJOHG�ZLWKLQ� WKH� VHDJUDVV� FDQRS\�� WKH\�ZHUH�PRUH� OLNHO\�
to be trapped. Settling velocities of 0.01 to 0.02 m s–1�LQGLFDWH�WKDW�LQ�VKDOORZ�ZDWHU��VKRUW�
FROOLVLRQV�DUH� VXI¿FLHQW� WR� FDXVH�GHJUDGHG� OHDYHV� WR� VHWWOH��3UHYLRXV�ZRUN�KDV� VKRZQ� WKDW�
seagrass canopies can reduce the re-suspension of small particles from within a meadow by 
DSSUR[LPDWHO\�������7HUUDGRV�	�'XDUWH��������7KXV��RQFH� VHDJUDVV� OHDYHV�DUH�GHSRVLWHG�
ZLWKLQ�EHGV��WKH\�OLNHO\�ZLOO�QRW�EH�UHPRELOL]HG��*DFLD�HW�DO���������VKRZHG�WKDW�SDUWLFXODWH�
organic carbon in seagrass bed sediment can be made up of 43 % of Posidonia oceanica 
PDWHULDO��,Q�.HQ\D��XS�WR������ZDV�PDGH�XS�IURP�7KDODVVLD�KHPSULFKLL�GHULYHG�SDUWLFXODWH�
PDWWHU��+HPPLQJD�HW�DO���������,Q�RXU�H[SHULPHQW��WKH�VHDJUDVV�FDQRS\�RFFXSLHG�WZR�WKLUGV�
RI�WKH�ZDWHU�FROXPQ��7KLV�FDQRS\�ZLOO�XQGRXEWHGO\�LQFUHDVH�WKH�WUDSSLQJ�HI¿FLHQF\�FRPSDUHG�
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WR�VHDJUDVV�VSHFLHV�ZLWK�YHU\�VPDOO�FDQRSLHV��)XUWKHUPRUH��WLGH�KHLJKW�DW�WKH�WLPH�RI�OHDYH�
UHOHDVH�ZRXOG�DIIHFW� WUDSSLQJ�SRWHQWLDO��)RU�H[DPSOH��D� VSULQJ� WLGH�ZRXOG� UHGXFH� WUDSSLQJ�
even with species of seagrass with long leaves if plants are completely submerged. In our 
H[SHULPHQW�ZH�PLPLFNHG�WKH�LQFRPLQJ�RXWJRLQJ�WLGH��DV�320�H[FKDQJH�PD\�EH�H[SHFWHG�WR�
be highest during these periods.
 To gain greater insight into the trapping capacity of mangrove forests and seagrasses 
FDQRSLHV��IXUWKHU�LQIRUPDWLRQ�VKRXOG�EH�REWDLQHG�UHJDUGLQJ�WKH�GLIIHUHQW�W\SHV�RI�OHDYHV��ERWK�
WHUUHVWULDO�DQG�PDULQH���,W�ZRXOG�EH�LQVLJKWIXO�WR�HVWDEOLVK�KRZ�GLIIHUHQW�W\SHV�RI�OHDYHV�DUH�
trapped and then transported through the bottom of a seagrass bed or mangrove forests. 
&KDQJ�HW�DO���������IRXQG�WKDW�WKH�ORQJHU�D�VHHG�ZDV�LQ�ZDWHU��WKH�KLJKHU�WKH�ZDWHU�FRQWHQW��
DQG�WKLV�GHFUHDVHG�WKH�VHHG¶V�EXR\DQF\��$�VLPLODU�PHFKDQLVP�PD\�RFFXU�LQ�OHDYHV��%LR¿OPV�
that form on leaves can change the physical surface of the leaf by making it more tacky 
�/LQGRZ�	�%UDQGO�������%RJLQR�HW�DO���������+RZHYHU�� LQ�RXU�PLPLF�HFRV\VWHPV�ZH�GLG�
QRW�KDYH�DQ\�ELR¿OPV�RQ�WKH�URRWV�RU�FDQRSLHV��WR�RXU�NQRZOHGJH���ZKLFK�PD\�KDYH�UHGXFHG�
trapping capacity by reducing this stickiness. Leaves or roots with a higher potential for 
ELR¿OP�FRORQLVDWLRQV�PD\�KDYH� D� JUHDWHU� WUDSSLQJ� SRWHQWLDO�� 6WRUP� HYHQWV� FRXOG� UHVXOW� LQ�
the simultaneous shedding of many leaves. The transport of a cohort of leaves may change 
the retention capacity of the ecosystems. This was however outside the scope of the current 
study.
 Both seagrass beds and mangrove forests have different distributions and species 
DVVHPEODJH� LQ� FOHDU� ]RQDWLRQ� SDWWHUQV�� ,Q� DGGLWLRQ�� GLIIHUHQFHV� LQ� GHQVLW\� DPRQJ� YDULRXV�
VSHFLHV�UHODWHG�WR�]RQDWLRQ�SRWHQWLDOO\�DIIHFW�OHDI�WUDSSLQJ�FDSDFLW\��)RU�H[DPSOH��LQ�PDQJURYH�
forests many species at the seaward edge such as Avicennia sp. and Rhizophora sp. can have 
H[WHQVLYH�KRUL]RQWDO�DQG�YHUWLFDO�URRWV�SOXV�SQHXPDWRSKRUHV��*LHVHQ�HW�DO���������7KHVH�URRWV�
DQG�SQHXPDWRSKRUHV�ZLOO�LQFUHDVH�OHDI�WUDSSLQJ��EXW�WKHLU�ORFDWLRQ�DW�WKH�VHDZDUG�HGJH�PHDQV�
WKH\�PD\�H[SHULHQFH�D�UHODWLYHO\�KLJK�ZDYH�DFWLRQ��*LHVHQ�HW�DO��������.RFK�HW�DO���������
,Q� FRQWUDVW�� ODQGZDUG�PDQJURYHV�PD\� KDYH� D� ORZHU� URRW� DQG� SQHXPDWRSKRUH� GHQVLW\� EXW�
DOVR�OHVV�H[SRVXUH�WR�ZDYH�DFWLRQ��*LHVHQ�HW�DO��������.RFK�HW�DO���������7KH�SUHVHQW�VWXG\�
VXJJHVWV�ZDYH�DFWLRQ�KDV�D�VWURQJHU�HIIHFW�RQ�OHDI�WUDSSLQJ�WKDQ�URRW�GHQVLW\��EXW�LW�UHTXLUHV�
further research to fully understand the spatial aspects of root density and wave exposure for 
OHDI�WUDSSLQJ��)XUWKHU��PDQ\�SLRQHHU�VHDJUDVV�VSHFLHV�VXFK�DV�Halodule sp. and Halophila sp. 
DW�WKH�HGJH�RI�WKH�VHDJUDVV�EHG�KDYH�VPDOOHU�OHDYHV�DQG�WKHUHIRUH�ORZHU�WUDSSLQJ�SRWHQWLDO��:H�
recommend that future work should concentrate on degradation and nutrient-release rates of 
WUDSSHG�OHDYHV��DQG�ZKDW�WKLV�PHDQV�IRU�QXWULHQW�UHWHQWLRQ�LQ�WKH�PDQJURYH�IRUHVW�RU�VHDJUDVV�
bed. Data on trapped degraded leaves would allow us to understand the time scale of nutrient 
release from leaves. New research should focus on how anthropogenic and natural impacts 
reduce the density or change the zonation of mangrove forests and seagrass beds. Modeling 
efforts should focus at the landscape scale and especially take into account how ecosystem 
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IUDJPHQWDWLRQ�DIIHFWV�WUDSSLQJ�FDSDFLW\��QXWULHQW�UHWHQWLRQ�DQG�QXWULHQW�RXWZHOOLQJ�WR�DGMDFHQW�
ecosystems or the adjacent estuary.

����� &RQFOXVLRQ

2XU�UHVHDUFK� LQGLFDWHV� WKDW�PDQJURYH�URRWV�KDYH�D�PRUH�HI¿FLHQW�PHFKDQLVP�IRU� WUDSSLQJ�
leaves than seagrass beds because their roots and pneumatophores extend through much of 
WKH�ZDWHU�FROXPQ�WKH�PDMRULW\�RI�WKH�WLPH��,Q�FRQWUDVW��VHDJUDVV�EHGV�UHTXLUH�320�WR�EHFRPH�
HQWDQJOHG�ZLWKLQ�WKH�EHG��7KXV��WUDSSLQJ�LV�GHSHQGHQW�RQ�WKH�VWDWH�RI�WKH�OHDI��GHJUDGHG�DQG�
QRQ�GHJUDGHG��DQG�WKH�ZDWHU�GHSWK��7KHVH�UHVXOWV�JLYH�DQ�LQLWLDO�LGHD�RI�ZKDW�SURFHVVHV�QHHG�
to be parameterized when modeling the transportation of POM from and between ecosystems: 
GHQVLW\�RI�URRWV��K\GURG\QDPLF�FRQGLWLRQV��DEVHQFH�SUHVHQFH�RI�ZDYHV��� ORFDWLRQ�RI�LQLWLDO�
GHSRVLWLRQ��GHJUDGDWLRQ�VWDJH�DQG�W\SH�RI�OHDI��,Q�WKH�SUHVHQW�VWXG\�ZH�SULPDULO\�FRQFHQWUDWH�
RQ� WKH�SK\VLFDO� WUDQVSRUW�RI�320�ZLWK� WLGDO�ÀRZ�UDWKHU� WKDQ�ELRORJLFDO� WUDQVSRUW��)XUWKHU�
ZRUN�LV�UHTXLUHG�WR�XQGHUVWDQG�KRZ�ELRORJLFDO�DVSHFWV�VXFK�DV�PRYHPHQW�E\�RUJDQLVPV�RU�
EDFWHULDO�GHJUDGDWLRQ�PD\�DIIHFW�OHDI�OLWWHU�WUDQVSRUWDWLRQ��)LQDOO\��WKLV�ZRUN�VWUHQJWKHQV�WKH�
viewpoint that the trapping capacity of POM in mangrove forests and seagrass beds could 
KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�WKH�SRWHQWLDO�RI�UHWDLQLQJ�QXWULHQWV�LQ�OHDYHV�ZLWKLQ�WKH�HFRV\VWHP��
,PSRUWDQWO\��XQGHUVWDQGLQJ�WKH�WUDSSLQJ�FDSDFLW\�RI�PDQJURYH�IRUHVWV�DQG�VHDJUDVV�EHGV�DOVR�
supports modeling of outwelling from ecosystems to estuaries in the tropical coastal seascape.
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Chapter 5

Abstract

Understanding the relationship between land use and the nutrient status of mangrove forests 
LV�LPSRUWDQW�EHFDXVH�WKH�ODWWHU�GHWHUPLQHV��LQ�SDUW��WKH�DPRXQW�RI�QXWULHQWV�DQG�VHGLPHQW�WKDW�
LV�H[SRUWHG�WR�DGMDFHQW�PDULQH�HFRV\VWHPV��H�J���VHDJUDVV�EHGV�DQG�FRUDO�UHHIV���7KLV�VWXG\�
related land-cover distribution to mangrove nutrient status in several catchments in southwest 
Thailand. The investigation focused on indicators that integrate over relatively short time 
VSDQV��L�H���SRUHZDWHU�QXWULHQW�FRQFHQWUDWLRQV�DQG�VHGLPHQW�FDUERQ�	�QLWURJHQ�FRQWHQW���DV�
ZHOO�DV�RWKHU�LQGLFDWRUV�WKDW�LQWHJUDWH�RYHU�ORQJHU�WLPH�VSDQV��LQFOXGLQJ�Rhizophora apiculata 
OHDI� FDUERQ� 	� QLWURJHQ� FRQWHQW� 	� į��N signatures and the sesarmid crab Parasesarma 
erythrodactyla�WLVVXH�į��N signature. Mangrove nutrient status was correlated with the degree 
of anthropogenic land use in the catchment. Nutrient availability was lowest in less-disturbed 
FDWFKPHQWV�ZLWK�D�KLJK�GHJUHH�RI�QDWXUDO�YHJHWDWLRQ�FRYHU��DQG�LW�LQFUHDVHG�ZLWK�KLJKHU�OHYHOV�
RI� DQWKURSRJHQLF� LQÀXHQFH��&OHDUHG� DQG� XUEDQ� DUHDV� KDG� D� ODUJHU� LQÀXHQFH� RQ�PDQJURYH�
QXWULHQW�VWDWXV�WKDQ�RWKHU�IRUPV�RI�ODQG�XVH��LQFOXGLQJ�SODQWDWLRQV��ULFH�SDGGLHV�DQG�VKULPS�
DQG�¿VK�IDUPV��$OO�QXWULHQW�VWDWXV�LQGLFDWRUV�VXSSRUWHG�WKHVH�FRUUHODWLRQV��EXW�UHODWLRQVKLSV�
ZHUH� PRVW� SURIRXQG� IRU� LQGLFDWRUV� WKDW� LQWHJUDWH� RYHU� D� ORQJHU� SHULRG� RI� WLPH� �L�H��� R. 
apiculata�OHDYHV���,QGLFDWRUV�WKDW�LQWHJUDWHG�RYHU�VKRUW�WLPH�VSDQV��L�H���DELRWLF�SDUDPHWHUV��
YDULHG�JUHDWO\�EHWZHHQ�VLWHV��2YHUDOO��WKH�VWXG\�VKRZHG�WKDW�DQWKURSRJHQLF�FKDQJHV�LQ�ODQG�
use clearly affect mangrove nutrient status. 

.H\ZRUGV��HXWURSKLFDWLRQ��XUEDQL]DWLRQ��6RXWK�(DVW�$VLD��SRUHZDWHU��Rhizophora apiculata��
sesarmid crab. 
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����� ,QWURGXFWLRQ

Mangrove ecosystems play an important role in the tropical seascape by providing biotic 
DQG�DELRWLF�EHQH¿WV�WR�DGMDFHQW�PDULQH�HFRV\VWHPV��LQFOXGLQJ�VHDJUDVV�EHGV�DQG�FRUDO�UHHIV��
%LRWLF�EHQH¿WV�PD\�FRPH� LQ� WKH� IRUP�RI�SURYLGLQJ� D� IHHGLQJ�KDELWDW� IRU� DQLPDOV� WKDW� DUH�
QRW�UHVWULFWHG�WR�WKH�PDQJURYHV�WKHPVHOYHV��VXFK�DV�IUXLW�EDWV�RU�¿VKHV��&KRQJ�HW�DO��������
5REHUWVRQ�	�'XNH�������+RJDUWK��������0DQJURYHV�DOVR�IXO¿O�DQ�LPSRUWDQW�UROH�DV�D�QXUVHU\�
KDELWDW�IRU�MXYHQLOH�UHHI�DQG�VHDJUDVV�¿VKHV��
� $ELRWLF�EHQH¿WV� FRPH� LQ� WKH� IRUP�RI� FRDVWDO�SURWHFWLRQ� WKURXJK� WKH� UHGXFWLRQ�RI�
WKH� K\GURG\QDPLF� HQHUJ\� RI� LQFRPLQJ�ZDYHV� DQG� FXUUHQWV� �2WKPDQ� ������ 4XDUWHO� HW� DO��
�������7KH� LQWULFDWH� QHWZRUN�RI�PDQJURYH� WUHH� VWLOW� URRWV�� EXWWUHVV� URRWV�� SQHXPDWRSKRUHV�
DQG�VWHPV�SURYLGHV�UHVLVWDQFH�WR�ÀRZLQJ�ZDWHU��OHDGLQJ�WR�D�UHGXFWLRQ�LQ�FXUUHQW�YHORFLW\�DQG�
WKH�IRUPDWLRQ�RI�ÀRFV�RI�VXVSHQGHG�VHGLPHQW�WKDW�SUHFLSLWDWH�DW�VODFN�WLGH��7KHVH�SURFHVVHV�
result in the retention of sediment and associated nutrients within the mangrove forest (Eyre 
������)XUXNDZD�	�:RODQVNL��������7KH\�WKHUHE\�DLG�LQ�UHGXFLQJ�WXUELGLW\�LQ�FRDVWDO�ZDWHUV��
DQG�WKXV��LQ�PDLQWDLQLQJ�VXI¿FLHQW�OLJKW�FRQGLWLRQV�UHTXLUHG�E\�VHQVLWLYH�VHDJUDVVHV�DQG�FRUDO�
HFRV\VWHPV� �'HQQLVRQ�	�$OEHUWH� ������7HOHVQLFNL�	�*ROGEHUJ� �������$QRWKHU� EHQH¿W� RI�
mangroves is that they absorb a part of the nutrients they receive from both oceanic and 
WHUUHVWULDO�VRXUFHV��DQG�LQ�VRPH�FDVHV��WKHUHE\�SURWHFW�DGMDFHQW�VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�
IURP�UHFHLYLQJ�H[FHVVHV�RI�QXWULHQWV��%RWR�	�:HOOLQJWRQ�������'LWWPDU�	�/DUD�������9DOLHOD�
	�&ROH���������
� 7KH�FDSDFLW\�RI�PDQJURYH�IRUHVWV�WR�SURYLGH�WKH�DIRUHPHQWLRQHG�EHQH¿WV�SDUWLDOO\�
depends on their nutrient status. Mangrove forests are generally nutrient-poor. It might 
WKHUHIRUH�EH�H[SHFWHG�WKDW�QXWULHQWV�IURP�H[WHUQDO�VRXUFHV�DUH�DW�¿UVW�WDNHQ�XS�E\�WKH�IRUHVW��
,Q� WKLV�ZD\�� WKH�PDQJURYHV�DFW�DV�D�EXIIHU� WR�SURWHFW�DGMDFHQW�PDULQH�HFRV\VWHPV�IURP�DQ�
H[FHVV�LQ�QXWULHQWV��+RZHYHU��LQ�FDVHV�RI�H[WUHPH�QXWULHQW�HQULFKPHQW��WKH�EXIIHULQJ�FDSDFLW\�
may diminish. An increasing proportion of the received nutrients are then outwelled to the 
RFHDQ��%RWR�	�:HOOLQJWRQ�������'LWWPDU�	�/DUD�������9DOLHOD�	�&ROH��������)XUWKHUPRUH��
nutrient enrichment in mangroves may lead to a relatively smaller biomass allocation to root 
VWUXFWXUHV��0F.HH�������/RYHORFN�HW�DO��������1DLGRR��������$�GHFUHDVH� LQ�URRW�ELRPDVV�
UHVXOWV�LQ�IHZHU�DHULDO�URRW�VWUXFWXUHV�WKDW�FDQ�SURYLGH�UHVLVWDQFH�WR�ÀRZLQJ�ZDWHU�DQG�IDFLOLWDWH�
VHGLPHQWDWLRQ��1HSI�������/RSH]�	�*DUFLD�������%RXPD�HW�DO���������,W�PD\�EH�H[SHFWHG�
that nutrient-rich mangroves will therefore trap less sediment and absorb fewer nutrients than 
QXWULHQW�SRRU�PDQJURYHV��,Q�VXFK�FDVHV��WKH�EHQH¿WV�WKH\�SURYLGH�WR�DGMDFHQW�V\VWHPV�ZLOO�
diminish.
� &KDQJHV�LQ�FDWFKPHQW�ODQG�XVH��SDUWLFXODUO\�IRUHVW�FRQYHUVLRQ�WR�DJULFXOWXUH�DQG�XUEDQ�
DUHDV��SRWHQWLDOO\�DIIHFW�QXWULHQW�VWDWXV� LQ�GRZQVWUHDP�PDQJURYHV��)RU�H[DPSOH�� LQFUHDVHG�
nutrient concentrations in the water column of streams and estuaries have been linked to 
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ODQG� XVH� FRQYHUVLRQ��7R� RXU� NQRZOHGJH�� KRZHYHU�� QR� GLUHFW� FRUUHODWLRQ� EHWZHHQ� FKDQJHV�
in land use and mangrove nutrient status has been determined to date. This study primarily 
focuses on the relationship between land use and nutrient status of mangrove forests on three 
LVODQGV�LQ�VRXWKHUQ�7KDLODQG��:H�DQWLFLSDWHG�WKDW�WKH�DPRXQW�RI�DYDLODEOH�QXWULHQWV�ZRXOG�EH�
higher for catchments with greater anthropogenic activity. This hypothesis was based on the 
LGHD�WKDW�FRPSDUHG�ZLWK�QDWXUDO�V\VWHPV��GLVWXUEHG�FDWFKPHQWV�ZRXOG�H[SRUW�PRUH�QXWULHQWV��
experience accelerated erosion and have a reduced capacity for nutrient retention (Vitousek 
	�0HOLOOR�������5HHI�HW�DO���������+RZHYHU��WKH�VWXG\�DOORZV�IRU�DQ�LQWHJUDWHG��ODQGVFDSH�
scale comparison of mangroves with differentially impacted catchments for tests of nutrient 
indicators operating at different time scales. 

����� $VVHVVLQJ�PDQJURYH�QXWULHQW�VWDWXV

The nutrient status of the mangrove forests in this study was measured using a number 
of abiotic and biotic indicators of nutrient status that have different temporal periods of 
reference. These indicators include: (i��GLUHFW�QXWULHQW�PHDVXUHPHQWV��ZKLFK�GLVSOD\�D�ODUJH�
WHPSRUDO�YDULDELOLW\��/HH�	�-R\H�������-HQQHUMDKQ�HW�DO����������ii��FRPSRVLWLRQ�RI�PDQJURYH�
OHDYHV��ZKLFK�UHÀHFWV�D�ORQJHU�SHULRG�RI�QXWULHQW�XSWDNH��UDQJLQJ�IURP�DURXQG�VL[�PRQWKV�WR�D�
\HDU��%RWR�	�:HOOLQJWRQ�������)HOOHU�HW�DO���������DQG��iii��VHVDUPLG�FUDE�PXVFOH�WLVVXH�VWDEOH�
LVRWRSH�VLJQDWXUH��į��1���ZKLFK�LV�DQ�LQGLFDWRU�RI�QXWULHQW�VWDWXV�DV�LW�UHÀHFWV�RQ�WKH�VWDEOH�
isotope signatures of their various diet sources. Given the slow turnover rate of the muscle 
WLVVXH��LQ�WKH�RUGHU�RI�D�IHZ�PRQWKV��*HDULQJ�������5DLNRZ�	�+DPLOWRQ�������/RUUDLQ�HW�DO��
�������WKH�PXVFOH�WLVVXH�SURYLGHV�D�ORQJ�WHUP�LPDJH�RI�WKH�LVRWRSLF�VLJQDWXUHV�RI�WKH�GLIIHUHQW�
food sources in crab diets and thus on the nutrient availability within the system. 
 Porewater from nutrient-rich mangrove forests was expected to contain more 
nutrients than porewater from nutrient-poor mangroves. It was furthermore hypothesised 
WKDW�VHGLPHQW�WRWDO�RUJDQLF�FDUERQ��72&��DQG�WRWDO�QLWURJHQ��71��FRQWHQW�ZRXOG�EH�KLJKHU�
in nutrient-rich mangroves due to the higher primary production and turnover rates in those 
DUHDV� �0DFKLZD� ������� ,Q� DGGLWLRQ� WR� WKHVH� DELRWLF� SDUDPHWHUV�� PDQJURYH� �Rhizophora 
apiculata��OHDYHV�ZHUH�PHDVXUHG�IRU�72&�DQG�71�FRQWHQW�DQG�VWDEOH�LVRWRSH�VLJQDWXUH��į��1���
YDULDEOHV�WKDW�UHÀHFW�D�ORQJHU�SHULRG�RI�QXWULHQW�XSWDNH��%RWR�	�:HOOLQJWRQ�������)HOOHU�HW�
DO���������7KH�į��N signature of mangrove leaves is thereby related to nitrogen content (Fry 
HW�DO��������7HLFKEHUJ�HW�DO��������VHH�EHORZ���DQG�LW�DOVR�SURYLGHV�LQIRUPDWLRQ�RQ�QDWXUDO�YV��
DQWKURSRJHQLF�RULJLQV�RI�WKH�QLWURJHQ��%DULOH�������/DSRLQWH�HW�DO���������,W�PLJKW�WKXV�EH�
H[SHFWHG�WKDW�PDQJURYH�OHDI�71�FRQWHQW�DQG�į��N signature would be higher in mangroves 
leaves from nutrient-rich study sites because of the higher input of anthropogenic nitrogen at 
WKHVH�ORFDWLRQV��$V�D�FRQVHTXHQFH��WKH�&�1�UDWLR�ZDV�H[SHFWHG�WR�EH�ORZHU�LQ�WKRVH�QXWULHQW�
rich study sites. 
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� )LQDOO\��WLVVXH�VWDEOH�LVRWRSH�VLJQDWXUHV�RI�OHDI�HDWLQJ�VHVDUPLG�FUDEV��Perisesarma 
erythrodactyla���ZKLFK�ZHUH�DEXQGDQW�LQ�PDQJURYHV��ZHUH�PHDVXUHG�DV�DQ�LQGLFDWRU�RI�WKH�
stable isotope signatures of crab diets. The diet of leaf eating mangrove crabs consists mostly 
of mangrove leaf litter and other resources such as organic components of the sediment 
�GHJUDGHG� PDQJURYH� OLWWHU�� PLFURDOJDH� DQG� RWKHU� PLFURRUJDQLVPV��� HQFUXVWLQJ� DOJDH� RQ�
PDQJURYH� URRWV� DQG� VPDOO� LQYHUWHEUDWHV� �/LQWRQ� 	� *UHHQDZD\� ������ .ULVWHQVHQ� �������
%HFDXVH� FRQVXPHU� VWDEOH� LVRWRSH� VLJQDWXUHV� UHÀHFWV� IRRG� VRXUFH� VWDEOH� LVRWRSH� VLJQDWXUHV�
�3HWHUVRQ�	�)U\�������LW�PLJKW�EH�H[SHFWHG�WKDW�D�KLJKHU�FUDE�į��1�LQGLFDWH�D�KLJKHU�į��N 
signature of the mangrove vegetation and detritus. This is in turn provides information on 
WKH�QXWULHQW�VWDWXV�RI�WKH�PDQJURYH�IRUHVWV�DQG�WKH�RULJLQ�RI�WKH�QLWURJHQ��EHFDXVH�D�KLJK�į��N 
signature is associated with high nitrogen contents and high inputs of anthropogenic nitrogen 
into the system. 
 The potential advantage of using a broad range of indicators that encompass multiple 
WLPH�VSDQV�LV�WKDW�LW�PD\�SURYLGH�D�PRUH�UHOLDEOH�YLHZ�RI�WKH�HFRV\VWHP��FRPSDUHG�ZLWK�DQ�
DSSURDFK�WKDW�RQO\�FRQVLGHUV�LQGLFDWRUV�RI�D�VLPLODU�WLPH�IUDPH��+RZHYHU��ZH�UHFRJQL]H�WKDW�
short-term indicators may be less reliable than their long-term counterparts for indicating 
QXWULHQW�VWDWXV��7KXV��D�VHFRQGDU\�IRFXV�RI�WKLV�VWXG\�LV�GHWHUPLQLQJ�ZKLFK�LQGLFDWRUV�DUH�PRVW�
effective for depicting nutrient status. 
 

����� 6WXG\�DUHD

The study sites chosen in Phuket and Phang Nga provinces of southern Thailand provided 
JRRG� H[DPSOHV� RI� PDQJURYH� IRUHVWV� ZLWK� GLIIHULQJ� DQWKURSRJHQLF� LQÀXHQFHV� LQ� WKHLU�
respective catchments areas. Field measurements were conducted in November 2011 in eight 
PDQJURYH�IRUHVWV�RQ�WKH�LVODQGV�RI�3KXNHW��<DR�<DL�DQG�<DR�1RL��)LJV����	����7DE������7KH�
PDQJURYHV�ZHUH�DOO�FODVVL¿HG�DV�WLGDO��DFFRUGLQJ�WR�:RRGURIIH���������6HDJUDVV�EHGV�ZHUH�
IRXQG�DGMDFHQW�WR�DOO�VWXG\�VLWHV��DOWKRXJK�WKH\�ZHUH�OHVV�GHYHORSHG�IRU�VLWH����&RUDO�UHHIV�
ZHUH�RQO\�SUHVHQW�QH[W�WR�WKH�.RK�<DR�<DL�VLWHV���DQG���
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Table 1 Study site catchment area (km2��DQG�FDWFKPHQW�ODQG�XVH�FRPSRVLWLRQ�����

The climate is monsoonal with a dry season from November to April and a wet season 
ODVWLQJ�IURP�0D\�WR�2FWREHU��0HDQ�DQQXDO�UDLQIDOO�DQG�WHPSHUDWXUH�DUH������PP�DQG�����&��
UHVSHFWLYHO\��$W�WKH�WLPH�RI�VWXG\��WKH�ODQG�XVH�RQ�DOO�WKUHH�LVODQGV�ZDV�ODUJHO\�QDWXUDO�IRUHVW�
DQG�UXEEHU�SODQWDWLRQV��SDUWLFXODUO\�LQ�WKH�PRUH�PRXQWDLQRXV�DUHDV�DQG�RQ�VWHHS�VORSHV��2WKHU�
ODQG�XVH�LQFOXGHG�ULFH�SDGGLHV��VKULPS�DQG�¿VK�IDUPV��FOHDUHG�JURXQG�DQG�XUEDQL]HG�DUHDV��
5XEEHU�WUHH�SODQWDWLRQV�DQG�WRXULVP��WKH�ODWWHU�SDUWLFXODUO\�LQ�3KXNHW��KDYH�ODUJHO\�UHSODFHG�
tin mining as a major source of income in the area. Phuket island was more developed and 
XUEDQL]HG�WKDQ�WKH�RWKHU�WZR�LVODQGV��RI�ZKLFK�.RK�<DR�1RL�ZDV�PRUH�GHYHORSHG�WKDQ�.RK�
<DR�<DL��'XULQJ�WKH�ODVW�IHZ�\HDUV�WKH�HQWLUH�VWXG\�DUHD�KDV�EHFRPH�PRUH�GHYHORSHG��ZLWK�
LQFUHDVLQJ� XUEDQL]DWLRQ�� DJULFXOWXUH� HQFURDFKLQJ� LQWR� WHUUHVWULDO� IRUHVW� DQG� VKULPS� IDUPV�
encroaching on mangrove forests.

����� 0DWHULDOV�DQG�PHWKRGV

5.4.1  Catchment area land use composition and measuring points

The borders of the catchment area of each study site were delineated in ArcMap Geographic 
,QIRUPDWLRQ� 6HUYLFHV� �*,6�� Y������ XVLQJ� WKH� GLJLWDO� HOHYDWLRQ� GDWD� IURP� WKH� DUHD�� 8VLQJ�
4XLFNELUG��:RUOG9LHZ���DQG�:RUOG9LHZ���VDWHOOLWH�LPDJHU\��WKH�ODQG�XVH�LQ�WKH�FDWFKPHQW�
DUHD�ZDV�GHWHUPLQHG��7KH�ODQG�XVH�LQ�WKH�FDWFKPHQW�DUHD�ZDV�FODVVL¿HG�DV�PDQJURYH�IRUHVW��
QDWXUDO�WHUUHVWULDO�IRUHVW��UXEEHU�RU�SDOP�RLO�SODQWDWLRQV��KHQFHIRUWK�PHQWLRQHG�DV�SODQWDWLRQV���
ULFH�SDGGLHV��VKULPS�DQG�¿VK�IDUPV��FOHDUHG�ODQG�RU�XUEDQ�DUHDV��
� $W�HDFK�RI�WKH�¿YH�VWXG\�VLWHV��PHDVXULQJ�SRLQWV�ZHUH�ORFDWHG�DORQJ�WKH�WLGDO�FUHHN�
UXQQLQJ�WKURXJK�WKH�PDQJURYH�IRUHVW��UDQJLQJ�IURP�WKH�PRVW�VHDZDUG�SRLQW�ZKHUH�WKH�FUHHN�
UHDFKHV�WKH�RFHDQ������XS�WKH�WLGDO�FUHHN��WKURXJK�WKH�PRVW�ODQGZDUG�SRLQW�ZKHUH�WKH�FUHHN�
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EHJLQV��������XS�WKH�WLGDO�FUHHN��DQG�WKUHH�SRLQWV�LQ�EHWZHHQ���������DQG��������6LWHV�ZHUH�
VDPSOHG��VWDUWLQJ�DW�WKH�LQWHULRU�RI�WKH�IRUHVW�DW�KLJK�WLGH�WKHQ�IROORZLQJ�WKH�UHWUHDWLQJ�WLGH�
seaward. All measuring points were located within 10 m of the tidal creek in the forest. 
,QGLFDWRUV�ZHUH�RQO\�PHDVXUHG�DW�WKUHH�SRLQWV��������DQG��������DW�VLWHV���DQG���GXH�WR�WKH�
small size of the mangroves in those areas. The most seaward point at site 1 was also not 
measured due to high tide levels. 

5.4.2  Mangrove forest nutrient status

���������$ELRWLF�SDUDPHWHUV��SRUHZDWHU�DQG�VHGLPHQW�VDPSOLQJ

Three replicate porewater samples were collected at each measuring point from the upper 10 
FP�RI�WKH�VHGLPHQW��LQ�WKH�DFWLYH�URRW�]RQH�DW�HDFK�PHDVXULQJ�SRLQW�XVLQJ�WHQVLRQ�O\VLPHWHUV��
6DPSOHV��EHWZHHQ����DQG�����PO��ZHUH�VWRUHG�LQ�SRO\HWK\OHQH�FRQWDLQHUV�DQG�WUDQVSRUWHG�WR�
WKH�¿HOG�ODERUDWRU\��6DPSOHV�ZHUH�DQDO\VHG�IRU�QLWUDWH��123

-���QLWULWH��122
-���VLOLFD��6L22��DQG�

ortho-phosphate (PO4
3-���XVLQJ�D�'5�����SRUWDEOH�VSHFWURSKRWRPHWHU��+DFK�/DQJH�*PE+��

*HUPDQ\�� DQG�+DFK� /DQJH� SRZGHU� SLOORZV�� 3RUHZDWHU�123
-�� 122

-�� 6L22 and PO4
3- were 

PHDVXUHG�ZLWK�WKH�&DGPLXP�UHGXFWLRQ��'LD]RWL]DWLRQ��6LOLFRPRO\EGDWH�DQG�WKH�3KRV9HU���
�$VFRUELF�$FLG��PHWKRGV�UHVSHFWLYHO\��+DFK�/DQJH�*PE+��*HUPDQ\��
 Three sediment cores were also collected at each measuring point by inserting 
KDQGKHOG�39&�FRUH���FP�LQWR�WKH�VHGLPHQW��7KHVH�VDPSOHV�ZHUH�WKHQ�RYHQ�GULHG�LQ�WKH�¿HOG�
ODERUDWRU\�DW��������&�IRU�DW�OHDVW����KRXUV�EHIRUH�WKH\�ZHUH�VWRUHG�WHPSRUDULO\��:LWKLQ�D�
PRQWK��WKH�VDPSOHV�ZHUH�WDNHQ�WR�1,2=�<HUVHNH��WKH�1HWKHUODQGV�IRU�DQDO\VLV��7KH�VDPSOHV�
ZHUH�¿UVW�JURXQG��XVLQJ�D�PL[HU�PLOO��5HWVFK��W\SH�00������DIWHU�ZKLFK�WKH�FDUERQDWHV�ZHUH�
UHPRYHG�E\�DFLGL¿FDWLRQ��6DPSOHV�ZHUH�WKHQ�PHDVXUHG�IRU�WRWDO�RUJDQLF�FDUERQ��72&��DQG�
WRWDO�QLWURJHQ��71��FRQWHQW�XVLQJ�D�)ODVK�($������(OHPHQWDO�$QDO\]HU��7KHUPR�)LQQLJDQ��

���������0DQJURYH�OHDI�VDPSOHV

Three green leaf and three brown leaf samples were collected at each measuring point. Each 
VDPSOH�FRQVLVWHG�RI�¿YH�R. apiculata�OHDYHV�WKDW�ZHUH�HLWKHU�KDQGSLFNHG�IURP�¿YH�VHSDUDWH�
OLYLQJ�PDQJURYH�WUHHV��L�H��JUHHQ�OHDYHV���RI�KHLJKWV�UDQJLQJ�IURP���WR���P�RU�FROOHFWHG�IURP�
WKH� ZDWHU� DQG� VHGLPHQW� �L�H�� EURZQ� OHDYHV��� %HIRUH� IXUWKHU� DQDO\VHV�� EURZQ� OHDYHV� ZHUH�
ULQVHG�ZLWK�ZDWHU�WR�UHPRYH�DQ\�DWWDFKHG�VHGLPHQW��7KH�VDPSOHV�ZHUH�RYHQ�GULHG�LQ�WKH�¿HOG�
ODERUDWRU\��DW��������&�IRU�DW�OHDVW����KRXUV�EHIRUH�WKH\�ZHUH�VWRUHG�DQG�WUDQVSRUWHG�ZLWKLQ�D�
PRQWK�WR�WKH�1,2=��7KH�OHDYHV�ZHUH�JURXQG��XVLQJ�D�PL[HU�PLOO��5HWVFK��W\SH�00������DQG�
72&�DQG�71�ZHUH�PHDVXUHG�XVLQJ�D�)ODVK�($������(OHPHQWDO�$QDO\]HU��7KHUPR�)LQQLJDQ���
��N stable isotopes of the green leaf samples were measured using a Delta V Advantage 
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LVRWRSH� UDWLR� PDVV� VSHFWURPHWHU� �7KHUPR� )LQQLJDQ�� WKDW� ZDV� FRXSOHG�� YLD� D� &RQ)OR� ,,,�
LQWHUIDFH��7KHUPR�)LQQLJDQ���WR�WKH�)ODVK�($������(OHPHQWDO�$QDO\]HU��7KHUPR�)LQQLJDQ��

��������0DQJURYH�FUDE�LVRWRSHV

7KUHH� WR� ¿YH� LQGLYLGXDOV� RI� WKH� VHVDUPLG� FUDE�P. erythrodactyla�� ZLWK� D� FDUDSDFH� ZLGWK�
UDQJLQJ�IURP����WR����PP��ZHUH�KDQG�FDXJKW�DW� WKH�PDMRULW\�RI�PHDVXULQJ�SRLQWV��)HZHU�
FUDEV�ZHUH�FDXJKW�DW�WKH�PRVW�VHDZDUG�PHDVXUHPHQW�SRLQWV��ZKLFK�ZHUH�RIWHQ�LQXQGDWHG�DQG�
seldom showed signs of crab presence. No crabs were caught at sites 1 and 4 due to high 
WLGH�OHYHOV��&UDEV�ZHUH�WDNHQ�WR�WKH�¿HOG�ODERUDWRU\�ZKHUH�WKH\�ZHUH�GLVVHFWHG��2QO\�PXVFOH�
tissue was extracted for isotope analysis. Structures such as the hepatopancreas and gonad 
tissue were avoided because they have high turnover rates and are therefore less reliable 
IRU�UHÀHFWLQJ�WKH�ORQJ�WHUP�į��N signature of the crab’s diet. Muscle tissue was rinsed with 
GHLRQL]HG�ZDWHU�DQG�RYHQ�GULHG�DW��������&�IRU�DW�OHDVW����KRXUV��6DPSOHV�ZHUH�WKHQ�VWRUHG�
dry and transported to NIOZ. The ��N stable isotope signature was determined using the same 
methods as described for the green R. apiculata leaves. 

5.4.3 Statistical analysis

7KH�6KDSLUR�:LON�WHVW�ZDV�XVHG�WR�YHULI\�WKDW�PHDVXUHG�SDUDPHWHUV�ZHUH�QRUPDOO\�GLVWULEXWHG��
although the power of the test was low due to the small sample size. Data were then checked 
IRU�HTXDOLW\�RI�HUURU�YDULDQFHV�XVLQJ�/HYHQH¶V�WHVW��6LJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV�
ZHUH� DVVHVVHG� XVLQJ� RQH�ZD\�$129$�ZLWK� D�7XNH\� SRVW�KRF� WHVW� IRU� HTXDO� YDULDQFHV� RU�
XVLQJ�D�:HOFK�WHVW�DQG�D�*DPHV�+RZHOO�SRVW�KRF�WHVW�IRU�QRQ�HTXDO�YDULDQFHV��5HODWLRQVKLSV�
EHWZHHQ� GLIIHUHQW� SDUDPHWHUV� ZHUH� GH¿QHG� XVLQJ� WKH� 3HDUVRQ� FRUUHODWLRQ� FRHI¿FLHQW� DQG�
WHVWHG�IRU�VLJQL¿FDQFH�XVLQJ�D�WZR�WDLOHG�W�WHVW�
� 0XOWLYDULDWH�DQDO\VHV�RI� WKH�GLIIHUHQW�PHDVXUHG�SDUDPHWHUV��µUHVSRQVH�YDULDEOHV¶��
DQG�WKH�ODQG�XVH�LQ�WKH�FDWFKPHQW�DUHD��µH[SODQDWRU\�YDULDEOHV¶��ZHUH�SHUIRUPHG�LQ�&DQRFR�
IRU�:LQGRZV�YHUVLRQ������%HFDXVH�WKH�UHVSRQVH�FXUYH�RI�WKH�UHVSRQVH�YDULDEOHV�FRXOG�EH�EHVW�
GHVFULEHG�E\�D� OLQHDU� UHVSRQVH�PRGHO� UDWKHU� WKDQ�D�XQLPRGDO�PRGHO��SULQFLSDO�FRPSRQHQW�
DQDO\VLV� �3&$�� ZDV� SHUIRUPHG�� 2FFDVLRQDO� PLVVLQJ� YDOXHV� ZHUH� VXEVWLWXWHG� E\� PHGLDQ�
YDOXHV��DIWHU�WHU�%UDDN�	�6PLODXHU���������

����� 5HVXOWV

5.5.1  Abiotic parameters, vegetation and fauna measurements

3RUHZDWHU��VHGLPHQW��R. apiculata leaves and P. erythrodactyla tissue parameters displayed 
JUHDW�YDULDELOLW\�DPRQJ�VLWHV��7DE������$ELRWLF�SDUDPHWHUV�YDULHG�PRUH�DPRQJ�VLWHV��VRPHWLPHV�
HYHQ� D� IDFWRU� ����� WKDQ� ELRWLF� SDUDPHWHUV��$� IHZ� VLJQL¿FDQW� UHODWLRQVKLSV� ZHUH� REVHUYHG�
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UHJDUGLQJ�QXWULHQW�DYDLODELOLW\�ZLWKLQ�VLWHV���������DQG����3RUHZDWHU�QLWUDWH��RUWKR�SKRVSKDWH�
DQG�VLOLFDWH�LQFUHDVHG�VLJQL¿FDQWO\�IXUWKHU�ODQGZDUG�LQ�VLWH������DQG���UHVSHFWLYHO\��U� �������
S� ��������U� �������S� ��������U� ��������S� �������UHVSHFWLYHO\��GDWD�QRW�VKRZQ���%URZQ�R. 
apiculata�OHDI�72&�FRQWHQW�DQG�VHGLPHQW�&�1�UDWLR�GHFUHDVHG�VLJQL¿FDQWO\�IXUWKHU�ODQGZDUG�
LQ�VLWHV���DQG���UHVSHFWLYHO\��U� ���������S� ��������U� ���������S� �������UHVSHFWLYHO\��GDWD�
QRW� VKRZQ���)XUWKHUPRUH�� WKH�SRVLWLYH� UHODWLRQVKLS�EHWZHHQ�PDQJURYH� OHDI� į��N signature 
DQG�QLWURJHQ�FRQWHQW��ZKLFK�LV�RIWHQ�FLWHG�LQ�OLWHUDWXUH��ZDV�DOVR�IRXQG�GXULQJ�WKLV�VWXG\��U� �
�������S� ��������GDWD�QRW�VKRZQ��

Table 2�6LWH� DYHUDJH� IRU� DOO�PHDVXUHG�SDUDPHWHUV��YDOXHV�DUH�SUHVHQWHG�DV�PHDQ�Q���6�(��'LIIHUHQW�
OHWWHUV�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�VLWHV�DW�S��������

5.5.2  Relationship between land use and mangrove nutrient status

6LJQL¿FDQW�OLQHDU�FRUUHODWLRQV�ZHUH�IRXQG�EHWZHHQ�WRWDO�DUHD�RFFXSLHG�E\�FHUWDLQ�IRUPV�RI�
ODQG�XVH�DQG�SDUDPHWHUV�LQGLFDWLYH�RI�QXWULHQW�VWDWXV��7DE������)ROORZLQJ�WKH�OLWHUDWXUH��VHH�
,QWURGXFWLRQ���EURZQ�R. apiculata leaf C:N ratios and green R. apiculata leaf TOC & C:N 
UDWLRV�ZHUH�FODVVL¿HG�DV�SDUDPHWHUV� WKDW�GHFUHDVH�XQGHU�QXWULHQW�ULFK�FRQGLWLRQV� LQ�7DE�����
3RUHZDWHU�RUWKR�SKRVSKDWH�FRQFHQWUDWLRQV��VHGLPHQW�72&�	�71��EURZQ�R. apiculata leaf TN 
and green R. apiculata OHDI�71�	�į��1�ZHUH�RQ�WKH�RWKHU�KDQG�FODVVL¿HG�DV�SDUDPHWHUV�WKDW�
increase under conditions of nutrient enrichment. 
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7DEOH���3HDUVRQ¶V�U�YDOXHV�IRU�DOO�VLJQL¿FDQW�OLQHDU�UHODWLRQVKLSV�EHWZHHQ�WKH�SHUFHQWDJH�RI�D�SDUWLFXODU�
type of land use in the catchment area and parameters indicative of nutrient status. All presented 
UHODWLRQVKLSV�ZHUH�IRXQG�WR�EH�VLJQL¿FDQW�DW�WKH�S��������OHYHO��ZKLOH�UHODWLRQVKLSV�ZLWK�DVWHULVNV�ZHUH�
VLJQL¿FDQW�DW�WKH�S��������OHYHO��2QO\�SDUDPHWHUV�DQG��FRPELQDWLRQV�RI��IRUPV�RI�ODQG�XVH�IRU�ZKLFK�
VLJQL¿FDQW�UHODWLRQVKLSV�ZHUH�IRXQG�DUH�VKRZQ��

The R. apiculata OHDI�ZHUH� WKH� RQO\� LQGLFDWRUV� WKDW� DOVR� VKRZHG� VLJQL¿FDQW� UHODWLRQVKLSV�
with anthropogenically impacted forms of land use like cleared and urban areas. The abiotic 
LQGLFDWRUV�KDG�OHVV�VLJQL¿FDQW�UHODWLRQVKLSV�ZLWK�ODQG�XVH��ZKLOH�P. erythrodactyla WLVVXH�į��N 
VKRZHG�QRQH�DW�DOO��7DE������
� $UHD�LQFUHDVHV�RI�DQWKURSRJHQLFDOO\�LPSDFWHG�ODQGVFDSHV��LQ�SDUWLFXODU�FOHDUHG�DQG�
XUEDQ�DUHDV��ZHUH�JHQHUDOO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�LQGLFDWRUV�RI�QXWULHQW�ULFK�FRQGLWLRQV�
such as high R. apiculata� OHDI� į��1�YDOXHV��)XUWKHUPRUH�� WKH� DUHD�RFFXSLHG�E\�XUEDQ� DQG�
FOHDUHG�ODQGV�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�LQGLFDWRUV�RI�QXWULHQW�SRRU�FRQGLWLRQV��VXFK�DV�D�
high R. apiculata�OHDI�72&�FRQWHQW�DQG�&�1�UDWLR��7DE������,Q�FRQWUDVW��PDQJURYH�DQG�QDWXUDO�
forest areas were positively correlated with indicators of nutrient-poor conditions such as a 
high R. apiculata leaf TOC content and C:N ratio. The area occupied by mangrove and natural 
IRUHVW�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�SRUHZDWHU�RUWKR�SKRVSKDWH�FRQFHQWUDWLRQV��R. apiculata 
OHDI�71� FRQWHQW� DQG� į��1� VLJQDWXUH�� LQGLFDWRUV� RI� QXWULHQW�ULFK� FRQGLWLRQV��1R� VLJQL¿FDQW�
UHODWLRQVKLSV�ZHUH�IRXQG�IRU�SDOP�RLO�SODQWDWLRQV��UXEEHU�SODQWDWLRQV�DQG�DTXDFXOWXUH��VKULPS�
DQG�¿VK�IDUPV��
 The principal component analysis provided further distinction between natural and 
DQWKURSRJHQLFDOO\�LPSDFWHG� ODQG�XVHV��)LJ������0DQJURYHV�DQG�QDWXUDO� IRUHVWV�DUH�VLWXDWHG�
LQ� WKH�XSSHU� OHIW�TXDGUDQW�RI� WKH�SORW� WRJHWKHU�ZLWK� LQGLFDWRUV�RI�QXWULHQW�SRRU�FRQGLWLRQV��
including a high green and brown R. apiculata leaf C:N ratio. Anthropogenically impacted 



107

Landuse effects on mangrove nutrient status

ODQG�XVHV��VXFK�DV�FOHDUHG�DQG�XUEDQ�DUHDV��ZHUH�ORFDWHG�RQ�WKH�RSSRVLWH�VLGH��LQ�WKH�ORZHU�
ULJKW�SDUW�RI� WKH�SORW��,QGLFDWRUV�RI�QXWULHQW�ULFK�FRQGLWLRQV��VXFK�DV�KLJK�SRUHZDWHU�RUWKR�
SKRVSKDWH� FRQFHQWUDWLRQV��ZHUH� DOVR�SRVLWLRQHG� LQ� WKLV� VHFWLRQ�RI� WKH�SORW��7KHVH�¿QGLQJV�
illustrate the correlations between land use and nutrient status elaborated in the previous 
SDUDJUDSK��7DE������$JULFXOWXUDO�ODQG�XVHV��LQFOXGLQJ�SODQWDWLRQV�DQG�ULFH�SDGGLHV��SORW�LQ�WKH�
ORZHU�OHIW�VHFWLRQ��7KXV��WKH\�VKRZ�PRUH�VLPLODULW\�ZLWK�QDWXUDO�IRUPV�RI�ODQG�XVH�WKDQ�ZLWK�
FOHDUHG�DQG�XUEDQ�DUHDV��6LOLFDWH�DQG�QLWUDWH�DOVR�SORW�LQ�WKLV�VHFWLRQ��7KH�¿UVW�WZR�3&$�D[HV�
LQ�WKLV�SORW�H[SODLQHG������RI�WKH�YDULDWLRQ�LQ�UHVSRQVH�GDWD�

)LJXUH���3&$�WULSORW�RI�WKH�SDUDPHWHUV�LQGLFDWLYH�RI�QXWULHQW�VWDWXV��GRWWHG�DUURZV��DQG�WKH�W\SHV�RI�
ODQG�XVH��VROLG�DUURZV���WKH�VWXG\�VLWHV�DUH�LQGLFDWHG�DV�FLUFOHV��*/�DQG�%/�UHSUHVHQW�JUHHQ�DQG�EURZQ�R. 
apiculata OHDYHV�DQG�&�DQG�1�FDUERQ�DQG�QLWURJHQ��&UDE���1�UHSUHVHQWV�P. erythrodactyla tissue stable 
LVRWRSH� VLJQDWXUH��2QO\� WKH� IRUPV�RI� ODQG�XVH�ZKLFK� KDYH� VLJQL¿FDQW� UHODWLRQVKLSV�ZLWK� SDUDPHWHUV�
indicative of nutrient status are shown.

����� 'LVFXVVLRQ

7R�RXU�NQRZOHGJH�WKLV�LV�WKH�¿UVW�VWXG\�UHODWLQJ�PDQJURYH�QXWULHQW�VWDWXV�WR�FDWFKPHQW�ODQG�
use. Understanding this relation is important because many of the services that mangroves 
SURYLGH� WR�DGMDFHQW�FRDVWDO�HFRV\VWHPV��H�J��VHDJUDVV�EHGV�DQG�FRUDO� UHHIV��DUH�SRWHQWLDOO\�
OHVV�HIIHFWLYH�XQGHU�QXWULHQW�ULFK�FRQGLWLRQV� �H�J��9DOLHOD�	�&ROH��������2XU� UHVXOWV� VKRZ�
that nutrient availability was lowest in catchments with higher coverage of natural vegetation 
�PDQJURYHV� DQG� QDWXUDO� IRUHVWV��� $� KLJKHU� DYDLODELOLW\� RI� QXWULHQWV� ZDV� DVVRFLDWHG� ZLWK�
LQFUHDVLQJ�OHYHOV�RI�DQWKURSRJHQLF�LQÀXHQFH�LQ�WKH�FDWFKPHQW�DUHD��VXFK�DV�ODQG�FOHDULQJ�DQG�
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XUEDQL]DWLRQ��1XWULHQW�DYDLODELOLW\�RI�DUHDV�LQÀXHQFHG�E\�SODQWDWLRQV��ULFH�SDGGLHV�DQG�VKULPS�
DQG�¿VK�IDUPV�ZDV�SRVLWLRQHG�EHWZHHQ�WKHVH�WZR�H[WUHPHV��
� %HFDXVH�WKH�3KXNHW�VLWHV�DUH�JHQHUDOO\�ULFKHU�LQ�QXWULHQWV�WKDQ�WKH�.RK�<DR�1RL�DQG�
.RK�<DR�<DL�VLWHV��UHJLRQ�VSHFL¿F�HIIHFWV�PLJKW�DOVR�EH�FLWHG�DV�WKH�RULJLQ�RI�WKH�GLIIHUHQFHV�
in nutrient status among the different sites (i.e. the Phuket sites are richer in nutrients because 
WKH�VXUURXQGLQJ�RFHDQ�LQ�WKDW�UHJLRQ�LV�ULFKHU�LQ�QXWULHQWV�EHFDXVH�RI�UXQRII���3RUHZDWHU�RUWKR�
phosphate concentrations indeed support this alternative hypothesis but other parameters that 
LQWHJUDWH�RYHU� ORQJHU� WLPH�VSDQV� VKRZ� IHZHU� UHJLRQ�VSHFL¿F�SDWWHUQV��7KH�3&$�SORW� �)LJ��
���DOVR�VKRZV�WKDW�VWXG\�VLWHV������DQG����ORFDWHG�RQ�3KXNHW��.RK�<DR�1RL�DQG�.RK�<DR�<DL�
UHVSHFWLYHO\��DUH�PRUH�VLPLODU� WR�HDFK�RWKHU� WKDQ� WR� WKH�RWKHU�VWXG\�VLWHV� LQ� WKH�UHVSHFWLYH�
UHJLRQ�� 7KLV� ¿QGLQJ� IXUWKHU� LQGLFDWHV� WKDW� VLWH�VSHFL¿F� HIIHFWV� DUH� PRUH� LPSRUWDQW� WKDQ�
UHJLRQDO�HIIHFWV�LQ�GHWHUPLQLQJ�WKH�QXWULHQW�VWDWXV�RI�WKH�PDQJURYHV��)XUWKHUPRUH��VWXG\�VLWHV�
IURP�D�VSHFL¿F�UHJLRQ�ZHUH�QRW�IRXQG�WR�KDYH�D�VLJQL¿FDQWO\�GLIIHUHQW�ODQG�XVH�FRPSRVLWLRQ�
WKDQ�VLWHV�IURP�DQRWKHU�UHJLRQ��)LJV����	����7DE������)LQDOO\��WKH�VSDWLDO�VSUHDG�RI�WKH�GLIIHUHQW�
indicator values indicate that landward points are generally richer in nutrients than seaward 
SRLQWV��WKHUHE\�VXJJHVWLQJ�WKDW�QXWULHQWV�PRVWO\�RULJLQDWH�IURP�WKH�FDWFKPHQW�DUHD��QRW�IURP�
WKH�VXUURXQGLQJ�RFHDQ��,W�FDQ�WKXV�EH�FRQFOXGHG��EHFDXVH�RI�WKH�UHODWLYHO\�HYHQ�VSUHDG�RI�WKH�
different forms of land use and data from various long-term nutrient status indicators that 
WKH�GLIIHUHQFHV�LQ�QXWULHQW�VWDWXV�DPRQJ�VLWHV�ZHUH�FDXVHG�E\�VLWH�VSHFL¿FLW\�DQG�QRW�UHJLRQDO�
phenomena.
 The results of this study stress the importance of the selection of appropriate nutrient 
VWDWXV�LQGLFDWRUV��7KH�72&�DQG�71�FRQWHQW�DQG�į��N signature of R. apiculata leaves correlated 
the most with land use. P. erythrodactyla�į��N signature displayed the same correlations with 
land use as found for R. apiculata OHDYHV��7KHVH�FRUUHODWLRQV�KRZHYHU�ZHUH�RQO\�VLJQL¿FDQW�
for the mangrove leaves. The abiotic indicators that integrated over shorter time-spans (i.e. 
SRUHZDWHU�QXWULHQWV�DQG�VHGLPHQW�72&�DQG�71�FRQWHQW��GLVSOD\HG�WKH�OHDVW�FRUUHODWLRQV�ZLWK�
WKH�VXUURXQGLQJ�ODQG�XVH��7KHVH�SDUDPHWHUV�WHQG�WR�ÀXFWXDWH�RYHU�WLPH��DQG�WKH\�DUH�WKHUHIRUH�
OHVV�UHOLDEOH�DV�ORQJ�WHUP�LQGLFDWRUV�RI�QXWULHQW�VWDWXV��H�J��/HH�	�-R\H�������-HQQHUMDKQ�HW�DO��
�������

5.7.1 Relationship between land use and mangrove nutrient status.

7KH� JHQHUDO� WUHQGV�� VXSSRUWHG� E\� DOO� DQDO\VHV�� ZHUH� WKDW� PDQJURYHV� LQ� FDWFKPHQWV� ZLWK�
substantial natural land cover conversion show increased nutrient availability and mangroves 
VLWXDWHG�LQ�OHVV�GLVWXUEHG�FDWFKPHQWV�GLVSOD\HG�ORZHU�QXWULHQW�DYDLODELOLW\��7DE�����)LJ������
 The area of mangroves and natural forest in the catchment was found to be positively 
correlated with mangrove leaf TOC and C:N ratio and negatively correlated with porewater 
SKRVSKDWH�FRQFHQWUDWLRQV��OHDI�71�DQG�į��N signature. These relations indicate lower nitrogen 
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and phosphorus availability as well as a lower input of anthropogenic nitrogen. This suggests 
WKDW�WKHVH�QDWXUDO�ODQG�XVH�IRUPV�H[SRUW�IHZHU�QXWULHQWV�DQG�DUH�PRUH�HI¿FLHQW�LQ�UHWDLQLQJ�
WKHP��9LWRXVHN�	�0HOLOOR�������5HHI�HW�DO���������
 Rubber and palm oil plantations in the catchment were also found to be correlated 
ZLWK�QXWULHQW�SRRU�FRQGLWLRQV�LQ�PDQJURYHV��DOWKRXJK�3&$�DQDO\VLV�LQGLFDWHG�WKLV�HIIHFW�ZDV�
QRW�DV�SURIRXQG�DV�WKDW�FDXVHG�E\�WKH�SUHVHQFH�RI�IRUHVW�DUHD��)LJ������3ODQWDWLRQV�DW�WKH�VWXG\�
sites are therefore expected to export very few nutrients to the adjacent mangrove forests. 
%DVHG�RQ�SUHYLRXV�VWXGLHV��ULFH�SDGGLHV�ZHUH�H[SHFWHG�WR�FUHDWH�QXWULHQW�ULFK�FRQGLWLRQV�LQ�
downstream mangroves by nitrogen leaching into the surrounding ecosystems (Choudhury 
	�.HQQHG\� ������� +RZHYHU�� RXU� VWXG\� VKRZHG� QR� FRUUHODWLRQ� EHWZHHQ� ULFH� SDGG\� DUHD�
and indicators of mangrove nutrient status. This lack of correlation is possibly due to low 
IHUWLOL]HU� LQSXWV� GXULQJ� ULFH� FXOWLYDWLRQ�� 7KH� VWDWLVWLFDOO\� LQVLJQL¿FDQW� SRVLWLYH� FRUUHODWLRQ�
between plantation area and porewater nitrate and silicate concentrations observed in the 
PCA plot was not expected and the source of the correlation is unknown. Nitrate and nitrite 
DUH�UHODWLYH�PLQRU�IRUPV�RI�QLWURJHQ�LQ�PDQJURYHV�DQG�WKH\�DUH�QRW�H[SHFWHG�WR�UHÀHFW�JUHDW�
changes in the system. Ammonium was not measured during this study.
 The amount of cleared or urbanized area was negatively correlated with R. apiculata 
leaf TOC and C:N ratio. It was also positively correlated with mangrove leaf nitrogen content 
DQG� į��1� VLJQDWXUH�� 7KHVH� FRUUHODWLRQV� UHÀHFW� D� KLJKHU� QLWURJHQ� DYDLODELOLW\�� ZKLFK� ZDV�
SUREDEO\�FUHDWHG�E\� LQSXWV�RI� DQWKURSRJHQLF�QLWURJHQ�� ,Q�JHQHUDO��XUEDQ�DUHDV�DUH�RIWHQ�D�
major source of nutrient enrichment of coastal areas and mangroves. Correlations between the 
area of cleared land and nutrient availability are probably related to increased surface runoff 
IROORZLQJ�FOHDUDQFH�DQG�UHGXFHG�VRLO�LQ¿OWUDELOLW\��,W�VKRXOG�EH�QRWHG�WKDW�WKHVH�FRUUHODWLRQV�
DUH�PDLQO\�FDXVHG�E\� WKH�YHU\�KLJK�DPRXQWV�RI�XUEDQ�DQG�FOHDUHG�DUHD�IURP�VWXG\�VLWH����
a phenomenon that we did not observe for other forms of land use and other study sites. 
The lack of relationships between mangrove nutrient status and the area devoted to shrimp 
DQG�¿VK�IDUPLQJ�ZDV�VXUSULVLQJ��7KHVH�W\SHV�RI�DTXDFXOWXUH�DUH�UHFRUGHG�WR�H[SRUW�QXWULHQWV�
RULJLQDWLQJ�IURP�DSSOLHG�VKULPS�IHHG�RU�WUDVK�¿VK�WR�VXUURXQGLQJ�HFRV\VWHPV��%ULJJV�	�)XQJH�
6PLWK�������:X�������+RJDUWK��������,W�PD\�EH�WKDW�WKH�DUHD�GHYRWHG�WR�WKHVH�SUDFWLFHV��RU�
WKH�LQWHQVLW\�LQ�ZKLFK�WKH\�DUH�RSHUDWHG��LV�QRW�VXI¿FLHQW�WR�HIIHFW�PDQJURYH�QXWULHQW�VWDWXV�
DW�RXU� VLWHV��3ULRU� UHVHDUFK� LQ� WKH� VWXG\�DUHD� �VLWH���� DOVR�REVHUYHG� WKDW� VKULPS� IDUPV�KDG�
D�YHU\� OLPLWHG� LPSDFW�RQ�PDQJURYH�QXWULHQW�VWDWXV��H�J��+ROPHU�HW�DO��������.ULVWHQVHQ�	�
6XUDVZDGL��������2WKHU�FRPSOLFDWLQJ�IDFWRUV��VXFK�DV�WKH�SRVLWLRQ�RI�DTXDFXOWXUH�LQ�WKH�WLGDO�
FUHHN�DQG�WKH�WHPSRUDO�YDULDELOLW\�LQ�QXWULHQW�ORDGLQJ��PD\�DOVR�LQÀXHQFH�WKH�PDJQLWXGH�RI�
WKH�DTXDFXOWXUH�LPSDFW�RQ�WKH�PDQJURYHV�
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����� 0DQDJHPHQW�LPSOLFDWLRQV�DQG�UHFRPPHQGDWLRQV

This study shows that nutrient status in mangrove forests is correlated with the degree of 
anthropogenic land use in the catchment. Nutrient availability was lowest in catchments with 
D�KLJK�FRYHUDJH�RI�QDWXUDO�YHJHWDWLRQ��DQG� LQFUHDVHG� LQ�FDWFKPHQWV�ZLWK�D�KLJK�GHJUHH�RI�
anthropogenic disturbance. These results show the potential for population increases and 
urbanization in Southeast Asia to cause nutrient enrichment in mangrove forests. 
 Increases in nutrient availability within mangroves not only have great effects on 
WKH� IRUHVWV� WKHPVHOYHV�� EXW� DOVR� SRWHQWLDOO\� RQ� DGMDFHQW� HFRV\VWHPV�� ,Q� QXWULHQW�HQULFKHG�
PDQJURYHV��D� VPDOOHU�SRUWLRQ�RI� WKH� UHFHLYHG�QXWULHQWV�FDQ�EH�DEVRUEHG�E\� WKH� WUHHV�� WKXV�
more is exported to the ocean. The amount of exported sediment may also increase because 
WKH�UHODWLYH�ELRPDVV�DOORFDWLRQ�WR�URRW�VWUXFWXUHV��ZKLFK�SURYLGH�UHVLVWDQFH�WR�ÀRZLQJ�ZDWHU�
DQG�WKXV�IDFLOLWDWH�VHGLPHQWDWLRQ��GHFUHDVHV�DV�D�UHVXOW�RI�QXWULHQW�HQULFKPHQW��7KHVH�FKDQJHV�
PDLQO\�DIIHFW� WKH�DGMDFHQW� VHDJUDVV�PHDGRZV�DQG�FRUDO� UHHIV��HFRV\VWHPV� WKDW�DUH�DOUHDG\�
stressed by habitat destruction and ocean changes related to global warming. Our study 
VKRZV�WKDW�����IRU�DQ�RSWLPDO�SURWHFWLRQ�RI�PDQJURYH�IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV�
DQWKURSRJHQLF� LPSDFWV� RQ� FDWFKPHQW� ODQG� XVH� VKRXOG� EH�PLQLPL]HG�� DQG� ���� WKH� QXWULHQW�
content and stable isotope signature of mangrove leaves are a suitable indicator to identify 
nutrient enrichment in mangrove forests.
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Abstract

:H�SUHVHQW� WKH� ¿UVW� H[SHULPHQWDO� HYLGHQFH� RI� D� FRUDO� �Oulastrea crispata�� LQJHVWLQJ� DQG�
assimilating seagrass material. Tropical seagrass meadows export a substantial portion 
of their productivity and can provide an important source of nutrients to neighboring 
V\VWHPV�VXFK�DV� FRUDO� UHHIV�� KRZHYHU�� OLWWOH� LV� NQRZQ� DERXW� WKH� PHFKDQLVPV�RI� WKLV�OLQN��
To investigate whether seagrass nutrient� XSWDNH� YLD� FRUDO� KHWHURWURSK\� LV� SRVVLEOH�� ZH�
conducted a feeding experiment with seagrass particulate and dissolved organic matter. 
8VLQJ� JXW� H[WUDFWLRQV� DQG� VWDEOH� LVRWRSH�DQDO\VHV�� ZH�GHWHUPLQHG�WKDW�O. crispata ingested 
��N-HQULFKHG�VHDJUDVV� SDUWLFOHV�DQG�DVVLPLODWHG� WKH�QLWURJHQ�LQWR�LWV�WLVVXH�DW�D�UDWH�RI������
ȝJ�1�FP-2 h-1. Corals took up nitrogen from dissolved matter at a comparable rate of 0.98 
ȝJ� 1� FP-2 h-1.�:KLOH� RWKHU� HFRORJLFDO� FRQQHFWLRQV� EHWZHHQ� VHDJUDVV�PHDGRZV� DQG� UHHI�
HFRV\VWHPV�DUH�ZHOO�NQRZQ��RXU�UHVXOWV�VXJJHVW�D�SUHYLRXVO\�XQVWXGLHG�GLUHFW�QXWULWLRQDO�OLQN�
between seagrasses and corals. 

.H\ZRUGV� 6HDJUDVV��&RUDO�KHWHURWURSK\��KDELWDW�FRQQHFWLYLW\��QXWULHQW�WUDQVIHU�
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����� ,QWURGXFWLRQ

7KH� LQWHUFRQQHFWLYLW\� EHWZHHQ� VHDJUDVV� PHDGRZV�� FRUDO� UHHIV� DQG� PDQJURYH� IRUHVWV�
is known to be important for maintaining the health of these key habitats (Mumby et al. 
������'RUHQERVFK�HW�DO�� �������5HVHDUFK�LQWR�QXWULHQW�FRQQHFWLYLW\� IURP�WURSLFDO� VHDJUDVV�
meadows to coral reefs and mangroves has focused mainly on faunal migration or fauna-
DVVRFLDWHG�QXWULHQW�WUDQVSRUW��'RUHQERVFK�HW�DO��������8QVZRUWK�HW�DO���������1XWULHQW�H[SRUW�
IURP�VHDJUDVV�PHDGRZV�YLD� IDXQDO� LQWHUPHGLDWHV��KRZHYHU��LV�JHQHUDOO\�WKRXJKW�WR�EH� OHVV�
LPSRUWDQW� WKDQ� WKH� TXDQWLWLHV� WUDQVSRUWHG� GLUHFWO\� LQ� VHDJUDVV� PDWHULDO� �+HPPLQJD� HW�
DO�� �������6HDJUDVV� OLWWHU� LV� H[SRUWHG� LQ� ODUJH� TXDQWLWLHV� IURP� VHDJUDVV�PHDGRZV� WR� RWKHU�
KDELWDWV��ZKHUH� LW� FDQ�EH�D� VLJQL¿FDQW�QXWULHQW�VRXUFH��GH�%RHU��������(VWLPDWHV�SODFH�WKH�
SHUFHQWDJH�RI�QHW�SULPDU\�SURGXFWLYLW\�H[SRUWHG�IURP�VHDJUDVV�PHDGRZV�DW�XS�WR����������
ZLWK�DQ�DGGLWLRQDO�FRQWULEXWLRQ�IURP�GLVVROYHG�RUJDQLF�PDWWHU��'20��OHDFKLQJ�IURP�OLYLQJ�
DQG�GHDG�SODQW�PDWHULDO� �VHH�+HFN�HW�DO�������IRU� UHYLHZ���+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�
WKH�PHFKDQLVPV�RI�FRUDO�XSWDNH�RI�QXWULHQWV�IURP�VHDJUDVV�GHULYHG�RUJDQLF�PDWWHU��ZKLFK�LV�
SX]]OLQJ�JLYHQ�WKH�SRVVLEOH�VLJQL¿FDQFH�RI�VXFK�D�UHODWLRQVKLS��2UJDQLF�PDWWHU�DQG�QXWULHQWV�
from seagrasses can subsidise the metabolic needs of corals and may even promote growth 
DQG�UHSURGXFWLRQ��:KLOH�PXFK�RI�WKHVH�UHTXLUHPHQWV�DUH�GHULYHG�IURP�DXWRWURSKLF�V\PELRWLF�
DOJDH��FRUDOV�DOVR�IHHG�RQ�D�YDULHW\�RI�SODQNWRQLF�RUJDQLVPV��ZLWK�KHWHURWURSK\�FRQWULEXWLQJ�
VXEVWDQWLDOO\�WR�WKHLU�HQHUJ\�EXGJHW��VHH�+RXOEUqTXH�	�)HUULHU�3DJqV��������2VLQJD �������
recently demonstrated that growth in the coral Pocillopora damicornis increased after being 
fed the marine diatom Tetraselmis suecica��KLJKOLJKWLQJ� WKDW� FRUDOV�FDQ�GHULYH�QXWULHQWV�IURP�
ingested phytoplankton. This result portends that seagrass matter could be eaten by corals 
and contribute to their growth. The discovery of a brush border enzyme pathway in the stony 
coral Stylophora pistillata��D�SDWKZD\�ZKLFK� LQYHUWHEUDWHV�EUHDNV�GRZQ�FDUERK\GUDWHV�DQG�
SHSWLGHV� �2VLQJD� ������� IXUWKHU� VXSSRUWV� WKLV� QRWLRQ��*LYHQ�WKH�ODUJH�TXDQWLW\�RI�RUJDQLF�
PDWWHU�H[SRUWHG�E\�VHDJUDVV�PHDGRZV��WKHLU�FRPPRQ�RFFXUUHQFH�QHDU�FRUDO�UHHIV�LQ�WURSLFDO�
UHJLRQV� �6KRUW�HW�DO���������DQG� WKH�SURSHQVLW\� IRU�FRUDOV� WR� LQJHVW�SDUWLFXODWH�PDWWHU�� LW� LV�
HQWLUHO\�SODXVLEOH�WKDW�FRUDOV�FDQ�DQG�GR�DFTXLUH�QXWULHQWV�E\�IHHGLQJ�RQ�VHDJUDVV�PDWHULDO��
:H�LQYHVWLJDWHG�D�SUHYLRXVO\�XQWHVWHG�VRXUFH�RI�QXWULHQW�XSWDNH� LQ�FRUDOV��GLUHFW� LQJHVWLRQ�
RI� VHDJUDVV� SDUWLFXODWH�PDWWHU�� DQG� FRPSDUHG� LW� WR� WKH� XSWDNH� UDWHV� RI� VHDJUDVV� GLVVROYHG�
PDWWHU��:H�FRQGXFWHG�D�IHHGLQJ�H[SHULPHQW�RQ�WKH�FRUDO��Oulastrea crispata��DQG�VHDJUDVV��
Halophila ovalis��XVLQJ�D�SDUWLFOH�VXVSHQVLRQ�FKDPEHU��7KURXJK�JXW�H[WUDFWLRQV�DQG�VWDEOH�
LVRWRSH�DQDO\VHV��ZH�GHWHUPLQHG�WKH�H[WHQW�WR�ZKLFK�FRUDOV�DVVLPLODWH�QLWURJHQ�IURP�VHDJUDVV�
material. 
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6.2.1  Study species 

,Q� 1RYHPEHU� ������ ��� IUDJPHQWV� ��±�� FP�LQ�GLDPHWHU��IURP�VHSDUDWH�FRORQLHV�RI�]HEUD�
FRUDO��O. crispata� �)LJ�� �D��� ZHUH� FROOHFWHG� IURP� WKH� VRXWK�ZHVW� VKRUHOLQH� RI� PDLQODQG�
Singapore (1°18’���1��������’���(���7KHVH�IUDJPHQWV�ZHUH�DFFOLPDWLVHG�LQ�D�VHPL�LQGRRU�
DHUDWHG�DTXDULXP�DW�WKH�1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH�IRU���ZHHN��$SSUR[LPDWHO\�����
g of seagrass H. ovalis�ZHUH�FROOHFWHG� IURP� D�QHDUE\� LVODQG�� 3XODX� 7HNXNRU� ���13’ ���1��
103°��’���(��� DQG�PDLQWDLQHG� LQ� WKH� VDPH� IDFLOLW\��7KH�1+4 Cl (99 %��1�� &DPEULGJH�
,VRWRSH�/DERUDWRULHV�� WR� D�FRQFHQWUDWLRQ�RI����ȝPRO�/-1� and a doubled concentration of 40 
ȝPRO�/-1 was applied 1 day before the experiment.

)LJXUH� � A Oulastrea crispata� IUDJPHQW�ZLWK� WHQWDFOHV� H[WHQGHG�� E� IHHGLQJ� FKDPEHU�ZLWK� FRUDO�� F�
seagrass particle extracted from the gut of a specimen in the POM treatment.

6.2.2  Preparation of seagrass POM and DOM

7R�FUHDWH�WKH�IHHGLQJ�VXVSHQVLRQ� RI�SDUWLFXODWH�RUJDQLF�PDWWHU� �320�� DQG�'20�� ����J� RI�
ULQVHG� VHDJUDVV� �ZHW�ZHLJKW��ZDV�EOHQGHG�ZLWK�����P/�RI�VDQG�¿OWHUHG�VHDZDWHU�����IRU���
PLQ��7KH�VXVSHQVLRQ�ZDV�VLHYHG�WR�REWDLQ�SDUWLFXODWH�VL]HV�UDQJLQJ�IURP����WR�����ȝPRO�IRU�
WKH�320��OHDYLQJ�WKH�¿OWUDWH�IRU�WKH�'20�VROXWLRQ��7KH�320�ZDV�UH�VXVSHQGHG�LQ�����P/�
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RI�VHDZDWHU��FHQWULIXJHG�IRU���PLQ�DW�������USP�DQG�GHFDQWHG�WR�UHPRYH�WKH�GLVVROYHG�PDWWHU�
in the supernatant. This was repeated three times to remove as much dissolved matter as 
SRVVLEOH��VR�DV�WR�HQVXUH�WKDW�WKH�JUHDW�PDMRULW\�RI�WKH�LVRWRSLF�ODEHO�ZDV�IURP�WKH�VHDJUDVV�
SDUWLFOHV�RQO\��VHH�$QWKRQ\��������7KH�UHVLGXH�ZDV�WKHQ�UH�VXVSHQGHG�LQ�����P/�RI�¿OWHUHG�
VHDZDWHU� IRU� WKH� H[SHULPHQW��7KH�'20�¿OWUDWH�ZDV�IXUWKHU�SDVVHG�WKURXJK�D����ȝP�¿OWHU�WR�
UHPRYH�PRUH�SDUWLFOHV��DQG�FHQWULIXJHG�WKUHH�WLPHV�IRU���PLQ�DW������� USP��UHWDLQLQJ�RQO\�
the supernatant each time. The POM and DOM solutions were refrigerated between each 
feeding experiment.

6.2.3  Coral feeding

1LQH�FRUDO�IUDJPHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�LQGLYLGXDO�IHHGLQJ�FKDPEHUV�¿OOHG�ZLWK���
/�RI�VDQG�¿OWHUHG�VHDZDWHU��7KH�FKDPEHUV��EDVHG�RQ�'DYLHV�HW�DO����������HPSOR\HG�DLU�OLIWV�
WR�UH�VXVSHQG�SDUWLFXODWH�PDWWHU�DQG�URWDWLQJ�SDGGOHV�WR�SURYLGH� FRQVWDQW� ZDWHU� ÀRZ� �)LJ��
�E���$IWHU���K� RI� DFFOLPDWLVDWLRQ������P/�RI� WKH� VHDJUDVV�320�VXVSHQVLRQ�ZDV� DGGHG� WR�
WKUHH� UDQGRPO\� VHOHFWHG� FKDPEHUV�� ����P/� RI�'20�ZDV�DGGHG�WR�DQRWKHU�WKUHH��DQG�����
P/�VDQG�¿OWHUHG�VHDZDWHU�ZDV� DGGHG� WR� WKH� UHPDLQLQJ� WKUHH� DV� WKH� FRQWURO�� 7KH�DYHUDJH�
concentration of POM in the feeding chambers were 0.72 g L-1 (SD ���������GU\�ZHLJKW��
and had an average atom % N of 0.02 % (SD ���������'20�FRQFHQWUDWLRQ�ZDV������J�/-1 

(SD ��������� DQG� DYHUDJH� DWRP���1�ZDV�������� �6'����������&RUDOV�ZHUH� DOORZHG� WR�
feed for 2 h before being rinsed to remove any residual label. They were then placed in 
VHDZDWHU�¿OOHG� LQGLYLGXDO� ����P/� EHDNHUV�XQWLO�WKHLU�SRO\SV�UH�H[WHQGHG��$OWRJHWKHU��WKUHH�
URXQGV�ZLWK� WKUHH� UHSOLFDWHV�RI�HDFK� WUHDWPHQW� �320��'20�DQG�FRQWURO�� ZHUH�FRQGXFWHG�
over a 2-d period (n = ��� LQ� WKH�VHPL�LQGRRU� DTXDULXP� ZLWK� DPELHQW� SKRWRV\QWKHWLFDOO\�
DFWLYH� UDGLDWLRQ�DQG�WHPSHUDWXUH�FRQGLWLRQV�RI���������ȝPRO�SKRWRQV�P-2 s-1�DQG��������&��
UHVSHFWLYHO\��)ROORZLQJ�+LOO�HW�DO������������P/�V\ULQJHV�ZLWK�SDUWLFOHV� �UHFRJQLVHG�E\� WKH�
SUHVHQFH�RI� UHFWDQJXODU� FHOOV��� WKDW� SDUWLFXODU� IUDJPHQW�ZDV� FRQVLGHUHG� WR� KDYH� D� SRVLWLYH�
result for ingesting POM. The remaining polyps of each fragment were left to complete 
ingestion for an hour. To test whether the ��1�ODEHO�ZDV�LQJHVWHG�DQG�DVVLPLODWHG��WKH�WLVVXH�
was stripped into 20 mL of seawater using an air-pick and frozen. Samples were sent to 
the Royal Netherlands Institute for Sea Research for analyses of ��N and total nitrogen 
�DIWHU�]RR[DQWKHOODH�ZHUH�UHPRYHG�E\�FHQWULIXJDWLRQ��XVLQJ�D�WKHUPR�(OHFWURQ�)ODVK�($������
DQDO\VHU�FRXSOHG�WR�D�'HOWD�9�LVRWRSH�UDWLR�PDVV�VSHFWURPHWHU��,Q�DGGLWLRQ��VDPSOHV�RI�320�
and DOM were analysed for ��N content. Enrichment of the coral tissue in POM and DOM 
WUHDWPHQWV�ZDV�FDOFXODWHG�IROORZLQJ�9HXJHU�	�0LGGHOEXUJ���������9DOXHV�ZHUH�GLYLGHG�E\�
IHHGLQJ�WLPH�DQG�FRUDO�VXUIDFH�DUHD�WR�REWDLQ�WKH�XSWDNH�UDWH��H[SUHVVHG�DV��1�FP-2 of coral 
h-1. Rates between POM and DOM treatments were comparing using a Student’s t test. 
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2QH�VDPSOH�RI�WKH�320�WUHDWPHQW�ZDV�VSRLOHG�GXULQJ�WUDQVSRUW��VR�DQ�XQEDODQFHG�WHVW�ZDV�
conducted using the uptake rates of the eight remaining samples.

����� 5HVXOWV� DQG� GLVFXVVLRQ

*XW�H[WUDFWLRQV�LQGLFDWHG�WKDW�¿YH�RXW�RI�WKH�QLQH�VDPSOHV�RI�WKH�320�IHG�O. crispata had 
VHDJUDVV�SDUWLFOHV�LQ�WKHP��)LJ���F���QR�SDUWLFOHV�ZHUH�IRXQG�LQ�WKH�'20�DQG�FRQWURO�VDPSOHV��
7KH�XSWDNH�UDWHV�IRU�WKH�FRUDOV�WKURXJK�'20�DQG�320�GLG�QRW�GLIIHU�VLJQL¿FDQWO\��6WXGHQW¶V�
W�WHVW��S����������ZLWK� WKH� FRUDOV� LQ� WKH�320�WUHDWPHQW� KDYLQJ�D�PHDQ�XSWDNH�UDWH�RI������
(SE ��������ȝJ�1�FP-1 h-1 DQG�LQ�WKH�'20�WUHDWPHQW��������6(���������ȝJ�1�FP-1 h-1. These 
UHVXOWV�GHPRQVWUDWH�IRU�WKH�¿UVW�WLPH�WKDW�FRUDOV�FDQ�DVVLPLODWH�LQJHVWHG�VHDJUDVV�SDUWLFOHV�DQG�
absorbed dissolved seagrass matter and that the uptake rates through both mechanisms are 
comparable. The importance of corals being able to assimilate nitrogen and other nutrients 
from seagrass material is clearly dependent on the extent to which this occurs in situ. Seagrass 
PHDGRZV�H[SRUW�ODUJH�TXDQWLWLHV�RI�IUHVK�DQG�GHWULWDO�OLWWHU��DQG�LW�LV�WKHUHIRUH�SUREDEOH�WKDW�
high concentrations of seagrass particles are transferred to adjacent reefs. Seagrass matter 
WUDQVSRUWHG� WR�QHLJKERULQJ�HFRV\VWHPV�FDQ�TXLFNO\�IUDJPHQW�LQWR�VPDOOHU�SDUWLFOHV�DQG�OHDFK�
WKHLU� RUJDQLF�PDWWHU� �+HFN�HW�DO�� �������ZKLFK�FDQ�OHDG�WR�D�ORZHU�QLWURJHQ�FRQWHQW�LQ�GHDG�
VHDJUDVV�FRPSDUHG�WR� WKH�IUHVK�PDWWHU�XVHG�LQ� WKLV�H[SHULPHQW��+RZHYHU��WKH�VKHHU�DPRXQW�
RI�GHDG�PDWHULDO�H[SRUWHG�VXJJHVWV�WKDW�WKH�GHULYHG�QXWULHQWV��ERWK�SDUWLFXODWH�DQG�GLVVROYHG��
could still subsidise the metabolic needs of corals on typically oligotrophic reefs. Granek 
HW�DO���������IRXQG�WKDW�WKH�QDWXUDO�LVRWRSH�VLJQDWXUH�RI�FRUDO�UHYHDOHG�D�VXEVWDQWLDO�RUJDQLF�
matter contribution from Thalassia testudinum seagrass found in nearby meadows. The mode 
RI� WKH� XSWDNH� LQ� FRUDOV� ZDV� QRW� GLVFXVVHG�� DOWKRXJK� KHWHURWURSK\� ZDV� FLWHG� DV� RQH� RI�
the possible factors affecting nutrient incorporation. Direct ingestion could be the ‘missing 
link’ that explains how organic matter from seagrass meadows becomes assimilated into 
coral tissue. This has further implications on the type of organic matter corals can break 
GRZQ�� ,I� FRUDOV� DUH� FDSDEOH� RI� GLJHVWLQJ� SODQW� PDWWHU�� it opens up the possible route 
IRU�QXWULHQW�WUDQVIHU�IURP�RWKHU�YHJHWDO� VRXUFHV�� H�J���PDQJURYHV��PDUVKHV�� DOJDO� EHGV� DQG�
coastal forests. The implications of a direct nutrient link from seagrass to coral reefs are 
SURIRXQG�� DV� WKH� DYDLODELOLW\� RI�QXWULHQWV�FDQ�VWURQJO\�LQÀXHQFH�WKH�VWUXFWXUH�DQG�IXQFWLRQ�
RI�UHHI� V\VWHPV� �+DOORFN� DQG� 6FKODJHU� �������$Q� LQFUHDVH� LQ�LQRUJDQLF�QXWULHQW�OHYHOV��DV�
VHHQ�LQ�HXWURSKLF�UHHIV��FDQ�KDYH�D�GLUHFW�QHJDWLYH�HIIHFW�RQ�FRUDOV��GHSUHVVLQJ�JURZWK�UDWHV��
ODUYDO�VHWWOHPHQW�DQG�UHSURGXFWLRQ��.RRS�HW�DO���������,QRUJDQLF�QLWURJHQ� LV�SUHIHUHQWLDOO\�
WDNHQ� XS�E\� V\PELRWLF�]RR[DQWKHOODH�DQG� XVHG�WR�SURPRWH�WKHLU�RZQ�JURZWK�� UHGXFLQJ�WKH�
amount of photosynthetic product translocated the coral host resulting in slower coral growth 
�6WDPEOHU�	�6WLPVRQ��������2WKHUV��KRZHYHU��KDYH�GRFXPHQWHG�DQ�LQFUHDVH� LQ�JURZWK�DQG�
UHSURGXFWLRQ�ZLWK�RUJDQLF�QXWULHQW�HQULFKPHQW��%RQJLRUQL�HW�DO���������VXJJHVWLQJ�WKH�HIIHFW�
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First experimental evidence of coral reefs feeding on seagrass material

RI�QXWULHQWV�PD\�EH�GHSHQGHQW�RQ�WKH�RYHUDOO�FRQFHQWUDWLRQ�DQG�FKHPLFDO� IRUP� �)HUULHU�3DJqV�
	�*DWWXVR� ������� &RUDOV�KDYH�WR�VXSSOHPHQW� WKHLU�SKRWRWURSKLF� FDUERQ� GLHW�ZLWK�QLWURJHQ�
ULFK� PDWHULDOV�� VXFK� DV� ]RRSODQNWRQ� RU� '20�� DV� WKHLU� FDSDFLW\� WR� DVVLPLODWH� LQRUJDQLF�
QLWURJHQ� LV� ORZ� �)DONRZVNL� HW� DO�� �������$V� VXFK�� ERWK� SDUWLFXODWH� DQG� GLVVROYHG� RUJDQLF�
nitrogen contributions from seagrass might promote coral growth without upsetting the 
balance between the zooxanthellae and their coral hosts. Our experiments demonstrate 
that corals can assimilate nitrogen-based nutrients by feeding directly on seagrass 
particulate matter and/or absorbing leached DOM. Additional investigations are essential 
WR� XQGHUVWDQGLQJ� WKH�PHFKDQLVPV� LQYROYHG�� HVSHFLDOO\� WKH� HQ]\PDWLF� SDWKZD\� XVHG� LQ�
plant matter digestion and the extent to which ingestion of seagrass particles occurs in situ. 
The importance of the reciprocal relationships between coral reefs and their neighboring 
habitats for conservation management has been emphasised many times. The potential 
nutrient transfer from seagrass meadows to coral reefs demonstrated here further underlines 
the interconnectivity between these critical ecosystems.
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Abstract 

Ecosystem engineers within key coastal ecosystems can have spatially extended positive 
LQÀXHQFH� RQ� DGMDFHQW� HFRV\VWHPV�� JHQHUDWLQJ� UHFLSURFDOO\� UHLQIRUFLQJ� ORRSV� EHWZHHQ�
adjacent engineering ecosystems. These positive interactions originate from so-called 
HQJLQHHULQJ�GRQRU�HFRV\VWHPV�WKDW�PRGLI\�WKH�SK\VLFDO�HQYLURQPHQW��7KLV�PRGL¿FDWLRQ�FDQ�
EH�GRQH�E\�D�UHGXFWLRQ�RI�ZDYH�KHLJKW�RU�VHGLPHQW�DQG�QXWULHQW�FRQFHQWUDWLRQV��DQG�FDQ�EH�
LPSRUWDQW�IRU�WKH�SHUVLVWHQFH�DQG�HVWDEOLVKPHQW�RI�UHFLSLHQW�HFRV\VWHPV��+HQFH��VXFK�SRVLWLYH�
LQWHUDFWLRQV�DW�WKH�ODQGVFDSH�VFDOH�VKRXOG�EH�LQFOXGHG�LQ�VXFFHVVIXO�PDQDJHPHQW�VFKHPHV��
as well as in the creation of ecosystems for coastal defence purposes. Thus they should be a 
NH\�IRFXV�RI�HQYLURQPHQWDO�PRQLWRULQJ��,Q�SUDFWLFH��WKLV�PHDQV�WKDW�PDQDJHPHQW�SURJUDPV�
VKRXOG�LQFOXGH�DVVHVVPHQW�RI�����WKH�VWUHQJWK�RI�WKH�ÀX[�IURP�WKH�HQJLQHHULQJ�GRQRU�WR�WKH�
UHFLSLHQW� HFRV\VWHPV�� DQG� ���� WKH� KDELWDW�PRGL¿FDWLRQ� E\� WKH� HQJLQHHULQJ�GRQRU� LQ� RUGHU�
WR� GHWHFW� LQ� ZKDW� VLWXDWLRQ� WKH\� FDQ� FRQWURO� ÀX[HV�� ,I� PRQLWRULQJ� VKRZV� WKDW� HFRV\VWHP�
HQJLQHHUV�DUH�VR�GHJUDGHG�WKDW�WKH\�FDQQRW�DOWHU�SK\VLFDO�ÀX[HV��UHVWRUDWLRQ�HIIRUWV�PD\�EH�
PRVW�EHQH¿FLDO�DW�ODUJHU�VFDOHV��ZKHQ�VSHFL¿FDOO\�DLPHG�RQ�WKRVH�HFRV\VWHP�HQJLQHHUV�WKDW�
UDSLGO\�FKDQJH�VSHFL¿F�SK\VLFDO�FKHPLFDO�ÀX[HV��:H�KHQFH�VSHFL¿FDOO\�LQGLFDWH�IDVW�JURZLQJ�
HQJLQHHULQJ�VSHFLHV�DV�WDUJHW�IRU�UHVWRUDWLRQ��DV�WKH\�FRXOG�TXLFNO\�IXO¿O�SK\VLFDO�IXQFWLRQV�
for other habitats. This paper presents a conceptualised outline of parameters that should 
be monitored for landscape-scale based management and suggest novel methods suitable 
IRU� VXFK�PRQLWRULQJ� LQ� DGGLWLRQ� WR� SURYLGLQJ� UHFRPPHQGDWLRQV� IRU� UHVWRUDWLRQ� RI� VSHFL¿F�
species. Thereby presenting a promising opportunity to use the physical aspect of ecosystem 
HQJLQHHUV�WR�HI¿FLHQWO\�SUHVHUYH�DQG�UHVWRUH�D�KLJKO\�FRQQHFWHG�VHDVFDSH��

.H\�ZRUGV� HFRV\VWHP�HQJLQHHUV� FRQQHFWLYLW\��HFRV\VWHP�EDVHG�PDQDJHPHQW�� UHVWRUDWLRQ��
PRQLWRULQJ��PDQJURYH�IRUHVW��VHDJUDVV�EHG��FRUDO�UHHI�
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Discussion: Mind the Gap

����� ,QWURGXFWLRQ

Because the openness of many ecosystems allows them to have reciprocally positive 
FRQQHFWLRQV�RI�HQHUJ\��PDWHULDOV�DQG�RUJDQLVPV��WKH\�WKHUHIRUH�FDQ�EH�IXQFWLRQDOO\�FRQQHFWHG�
DFURVV� ODQGVFDSHV� �/RYHWW� HW� DO�� ������� 6KHDYHV� ������� KLJKOLJKWHG� WKH� LPSRUWDQFH� RI�
PDQDJHPHQW� RI� ELRORJLFDO� FRQQHFWLYLW\�� EXW� WKH� LPSRUWDQFH� RI� SK\VLFDO� H[FKDQJHV� ±� LQ�
SDUWLFXODU�WKHLU�LQÀXHQFH�RQ�HVWDEOLVKPHQW�DQG�SHUVLVWHQFH�RI�HFRV\VWHP�HQJLQHHUV�±�KDV�QRW�
been considered until recently (Chapter 1���(FRV\VWHP�HQJLQHHUV�DUH�DQ�HVVHQWLDO�FRPSRQHQW�
RI� VRPH� HFRV\VWHPV�� WKH\� FDQ� SK\VLFDOO\� PRGLI\� WKH� HQYLURQPHQWDO� FRQGLWLRQV� WR� DOORZ�
IRU� JUHDWHU� UHVRXUFH� DYDLODELOLW\� IRU� WKHLU� KDELWDWV� �-RQHV� HW� DO�� ������ ������� )XUWKHUPRUH��
EHFDXVH� WKH\�DOWHU�SK\VLFDO�FRQGLWLRQV��-RQHV�HW�DO�������������� WKH\�FDQ�PRGLI\�SK\VLFDO�
DQG�FKHPLFDO�H[FKDQJHV�EHWZHHQ�HFRV\VWHPV�DQG� WKXV�KDYH�DQ�H[WHQGHG�VSDWLDO� LQÀXHQFH�
over long distances for example nutrient exchange (Chapter 2���+HUH�ZH�LQYHVWLJDWH�KRZ�
conserving/restoration and the monitoring of reciprocal positive connections between 
ecosystems in the tropical coastal seascape could be utilised to further improve ecosystem-
EDVHG�PDQDJHPHQW��(%0��
� 0DQJURYH�WUHHV��VHDJUDVV�SODQWV�DQG�VFOHUDFWLQLDQ�FRUDOV�DUH�DOO�NH\VWRQH�HFRV\VWHP�
HQJLQHHUV�LQ�WKDW�WKH\�VXSSRUW�HQWLUH�HFRV\VWHPV��0REHUJ�	�)RONH�������9DOLHOD�HW�DO��������
YDQ�GHU�+HLGH��������7KHVH�KDELWDW�IRUPLQJ�RUJDQLVPV�DUH�DEOH�WR�FKDQJH�SK\VLFDO�FRQGLWLRQV�
�L�H��� HFRV\VWHP�HQJLQHHUV� FI� -RQHV� HW� DO�� ������ ������ DQG� WKHUHIRUH� EXIIHU� HQYLURQPHQWDO�
VWUHVV�DQG�EHFRPH�WKH�ORFDO�GRPLQDQW�FRPPXQLW\�VWUXFWXULQJ�IRUFH��%UXQR�	�%HUWQHVV��������
,Q�WKLV�SDSHU�ZH�IRFXV�RQ�WKH�VSDWLDOO\�H[WHQGHG�HIIHFWV�RI�PDQJURYH�WUHHV��VHDJUDVV�SODQWV�
DQG�VFOHUDFWLQLDQ�FRUDOV��6SHFL¿FDOO\�� WKUHH�SRWHQWLDO�FRQQHFWLRQV� WKDW�KDYH�EHHQ�SURSRVHG�
IRU� WKHVH� HFRV\VWHPV� �2JGHQ�	�*ODGIHOWHU� ������ DUH�ZDYHV�� VHGLPHQWV� DQG�QXWULHQWV� �IRU�
nutrients see &KDSWHU���	����)LJ����	�7DE������0RGL¿FDWLRQ�RI�WKHVH�H[FKDQJH�SURFHVVHV�E\�
PDQJURYHV��VHDJUDVVHV�DQG�RU�FRUDOV�FDQ�SURYLGH�D�YDOXDEOH�IXQFWLRQ�WR�DQRWKHU�HFRV\VWHP�
�7DE�� ��� +DUERUQH� HW� DO�� ������� +HQFH�� WKHVH� LQWHUDFWLRQV� FDQ� SRWHQWLDOO\� LQÀXHQFH� WKH�
HVWDEOLVKPHQW�DQG�SHUVLVWHQFH�RI�UHFLSLHQW�HFRV\VWHP�HQJLQHHUV��*LOOLV�HW�DO������D���

7KHUH�KDV�EHHQ�D�FRQVLGHUDEOH�JOREDO�GHFOLQH�LQ�RFFXUUHQFH�DQG�KHDOWK�RI�PDQJURYHV��VHDJUDVV�
EHGV�DQG�FRUDO�UHHIV�RYHU�WKH�ODVW�GHFDGHV��7KDW�LV��ZRUOGZLGH�VHDJUDVV�EHGV�DUH�WKRXJKW�WR�
be declining about 7 % year-1�VLQFH�������:D\FRWW�HW�DO���������ZKHUHDV�PDQJURYH�DUHDV�DUH�
decreasing by 1-2 % year-1 �9DOLHOD�HW�DO������� and coral reefs by 1-7 % year-1 (Bellwood et al. 
�������7KHVH�V\VWHPV�FDQ�EH�XQGHU�D�YDULHW\�RI�WKUHDWV�E\�ORFDOLVHG�LPSDFWV�VXFK�DV�FKDQJHV�
LQ�FDWFKPHQW�DUHD�ODQG�XVH��ZKLFK�GUDLQV�LQWR�WKH�FRDVWDO�VHDVFDSH��FDXVLQJ�JUHDWHU�QXWULHQWV�
DQG� FRQVHTXHQWO\� SRWHQWLDO� HXWURSKLFDWLRQ� �Chapter 5��� %HFDXVH� WKHVH� WURSLFDO� FRDVWDO�
HFRV\VWHPV�DUH�YHU\�GLVWLQFWLYH�LQ�WKDW�WKH\�IXQFWLRQ�YHU\�GLIIHUHQWO\��WKH\�KDYH�RIWHQ�EHHQ�
PDQDJHG� LQ�D� VSHFL¿F�ZD\��ZLWKRXW� IRFXVVLQJ�RQ�FRQQHFWLYLW\�DQG� UHFLSURFDO� LQWHUDFWLRQV��
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)LJXUH���&RQFHSWXDOL]DWLRQ�RI�IXQFWLRQDO�SK\VLFDO�FRQQHFWLRQV�EHWZHHQ�ODQG��PDQJURYH�IRUHVWV��VHDJUDVV�
EHGV��FRUDO�UHHIV�DQG�RFHDQ�V\VWHPV��$UURZV�LQGLFDWH�WKH�GLUHFWLRQ�DQG�DSSUR[LPDWHG�PDJQLWXGH��DUURZ�
ZLGWK��IRU�WKUHH�H[FKDQJH�ÀX[HV�FRQVLGHUHG��VHGLPHQW�	�QXWULHQWV�DQG�K\GURG\QDPLF�HQHUJ\�

Table 1 Relationships between donor and recipient structures in the tropical coastal seascape. Donor 
VWUXFWXUHV�DUH�WKRVH�ZKR�DUH�DOWHULQJ�WKH�RULJLQDO�ÀX[�YLD�WKHLU�SK\VLFDO�SUHVHQFH��5HFLSLHQW�VWUXFWXUHV�
UHFHLYH�WKH�DOWHUHG�SK\VLFDO�ÀX[�IURP�WKH�GRQRU�VWUXFWXUH��6KRZLQJ literature based potential decrease 
LQ�ZDYH�KHLJKW��WUDSSLQJ�RI�WRWDO�VXVSHQGHG�VHGLPHQW�DQG�UHWHQWLRQ�RI�QLWURJHQ�DQG�SKRVSKRURXV�����
for the donor structures. 

)XQFWLRQDO�
H[FKDQJHV

0HFKDQLVPV 'RQRU�VWUXFWXUH 5HFLSLHQW�
VWUXFWXUH

:DYH�KHLJKW
�P�

Structural complexity of stony coral and 
seagrass leaves can reduce wave height

Coral reef
Seagrass bed

Seagrass bed 
Mangrove forest

Potential decrease 
���

Coral reef
Seagrass bed

20-97 ��������������������������� 
30-81 �������������

Total suspended 
solids

Mangrove roots and seagrass leaves reduce 
current and allow for sediment accumulation

Mangrove forest
Seagrass bed

Seagrass bed 
Coral reef

Potential trapping 
���

Mangrove forest
Seagrass bed

1-90 ������������������
��������������

1LWURJHQ��1��	�
3KRVSKRURXV��3�

0DQJURYH�WUHH��VHDJUDVV�SODQWV�DQG�DVVRFLDWHG�
organisms can uptake particulate and dissolved 

nutrients.

Mangrove forest
Seagrass bed

Seagrass bed 
Coral reef

Potential retention
����

Mangrove forest

Seagrass bed

1���������������������������������
P: ����������������������������

N: ����������������
P: ������� 

���$GDPH�HW�DO�������������$SRVWRODNL�HW�DO�������������%RWR�	�:HOOLQJWRQ����������%UDGOH\�	�+RXVHU�
�����������%UDQGHU�HW�DO�������������&RUQHOLVHQ�	�7KRPDV������������'DYLV�HW�DO�������������)RQVHFD�	�
&DKDODQ������������)XUXNDZD�HW�DO��������������+DQVHQ�	�5HLGHQEDFK�������������+HQGULNV�HW�DO����������
����+HQGULNV�HW�DO��������������.LWKHND�HW�DO��������������/L�������������/XJR�)HUQDQGH]�HW�DO��������������
/XJR�)HUQDQGH]�HW�DO��������������3HTXLJQHW�HW�DO��������������3HUH]�/ORUHQV�	�1LHOO�������������5REHUWV�
������������5REHUWV�HW�DO��������������6DQFKH]�&DULOOR�HW�DO��������������6XKD\GD�	�5REHUWV�������������
:DWWD\NRUQ�HW�DO��������������:DWWD\NRUQ�HW�DO��������������:RVWHQ�HW�DO��������������FLWHG�IURP�9DOLHOD�
	�&ROH�������������9DQ�(QJHODQG�HW�DO��������������9LFWRU�HW�DO��������������9RQN�	�6WDSHO���������
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*LYHQ�WKDW�UHVWRUDWLRQ�RI�FRUDO�UHHIV��VHDJUDVV�EHGV�DQG�PDQJURYH�IRUHVWV�FDQ�EH�YHU\�GLI¿FXOW�
DQG�H[SHQVLYH��<DS�������0REHUJ�	�)RONH��������D�VWURQJHU�IRFXV�RQ�PRUH�HIIHFWLYH�DQG�
HI¿FLHQW�PDQDJHPHQW��ZKLFK�XWLOLVHV�WKH�IXQFWLRQV�WKDW�HFRV\VWHP�HQJLQHHUV�SURYLGH�DW�WKH�
ODQGVFDSH�VFDOH��LV�D�SURPLVLQJ�DYHQXH��7KLV�LV�EHFRPLQJ�HVSHFLDOO\�SUHVVLQJ�QRZ�WKDW�WKHUH�
LV�D�JURZLQJ�UHFRJQLWLRQ�RI�WKH�HFRV\VWHP�VHUYLFHV�WKH\�SURYLGH�LQ�FRDVWDO�SURWHFWLRQ��DQG�
WKH�JURZLQJ�GHVLUH�DQG�QHHG�WR�JHQHUDWH�HFRV\VWHP�EDVHG�FRDVWDO�GHIHQFHV��.RFK�HW�DO��������
7HPPHUPDQ�HW�DO���������
� (FRV\VWHP�HQJLQHHUV�DQG�WKHLU�DVVRFLDWHG�FKDQJH�LQ�ÀX[HV�DW�WKH�ORFDO�FRPPXQLW\�
scale have already been noted as having great potential for restoration (Crain & Bertness 
������0RQWR\D�HW�DO���������&RQQHFWLYH�ÀX[HV�EHWZHHQ�HFRV\VWHPV�DW�WKH�ODQGVFDSH�VFDOH�
ZLOO�LQÀXHQFH�WKH�HVWDEOLVKPHQW�DQG�H[SDQVLRQ�RI�WKH�HFRV\VWHP��*LOOLV�HW�DO������D���7KXV�
D�YLWDO�DVSHFW�WR�FRQVLGHU�LV�WKH�VWUHQJWK�RI�WKH�ÀX[�DQG�KRZ�WKH�HFRV\VWHP�HQJLQHHUV�DIIHFW�
WKH�PDJQLWXGH�RI� WKH�ÀX[�� IRU�H[DPSOH�PDQJURYH� URRWV�DQG�VHDJUDVV�FDQRSLHV�FDQ� UHGXFH�
hydrodynamic energy and retain particulate organic material (Chapter 4���:H�H[SDQG�RQ�
WKHVH�WZR�FRQFHSWV��L�H���WKH�ÀX[�DQG�KRZ�WKH�ÀX[�LV�DOWHUHG��E\�H[DPLQLQJ�KRZ�GHFLVLRQ�
PDNLQJ� LQ� HFRV\VWHP�EDVHG� PDQDJHPHQW� FDQ� EHQH¿W� IURP� SXWWLQJ� IRFXV� RQWR� UHFLSURFDO�
SRVLWLYH�FRQQHFWLRQV�EHWZHHQ�HFRV\VWHPV�LQ�WKH�WURSLFDO�FRDVWDO�VHDVFDSH��0RUH�VSHFL¿FDOO\��
ZH�DLP�WR�LGHQWLI\�ZKDW�VSHFL¿F�VSHFLHV�ZLWKLQ�PDQJURYH�WUHHV��VHDJUDVV�SODQWV�DQG�VWRQ\�
corals could be most useful for restoration and re-establishment of the functionality in terms 
RI�FRQQHFWLYLW\��DQG�ZKLFK�PRQLWRULQJ�WRROV�KDYH�EHFRPH�DYDLODEOH�VSHFL¿FDOO\�IRU�UHFLSURFDO�
positive connections. 

����� 0DQDJHPHQW�RI�FRQQHFWHG�HFRV\VWHPV

7R�HQVXUH�HIIHFWLYH�PDQDJHPHQW� WKDW�DLPV� WR�FRQVHUYH�HFRV\VWHPV� UHTXLUHV�D�FRRUGLQDWHG�
DSSURDFK��%HFDXVH�RI�WKH�IXQFWLRQDO�FRQQHFWLRQV��RQH�FDQQRW�FRQVHUYH�RQH�V\VWHP�ZLWKRXW�
FRQVLGHULQJ�FRQQHFWLRQV�RU�LQWHUDFWLRQV�ZLWK�RWKHU�KDELWDWV��%HUNVWU|P�HW�DO���������&RQVHUYLQJ�
HFRV\VWHPV� WKXV� UHTXLUHV�SUHVHUYLQJ� IDYRXUDEOH�ÀX[HV�DV�JHQHUDWHG�E\� WKH�NH\�HFRV\VWHP�
HQJLQHHULQJ� VSHFLHV��:LWK� UHVSHFW� WR� UHVWRUDWLRQ�� WKHUH� LV� QHHG� WR� UH�HVWDEOLVK� IRXQGDWLRQ�
species that provide the critical connectivity with adjacent ecosystems. Once these species 
DUH�SUHVHQW�DJDLQ�DQG�VXUSDVV�WKH�FULWLFDO�ELRPDVV�QHHGHG�IRU�HFRV\VWHP�HQJLQHHULQJ��-RQHV�
HW�DO�������	��������WKH�IXQFWLRQDO�FRQQHFWLRQV�EHWZHHQ�HFRV\VWHPV�VKRXOG�LQ�WKHRU\�IROORZ�
automatically. 
 If the ecosystems were being degraded because of a lack of functionally connective 
UHODWLRQVKLSV�� D� YLDEOH� SURJUDP� ZRXOG� EH� WR� UHVWRUH� VSHFL¿F� VSHFLHV� WKDW� FRXOG� TXLFNO\�
SURYLGH�HVVHQWLDO�KDELWDW�FRQQHFWLYH�IXQFWLRQV�EHWZHHQ�HFRV\VWHPV��:H�VXJJHVW�XWLOLVLQJ�IDVW�
growing species of ecosystem engineers as an initial short-term management strategy. Fast 
JURZLQJ�VSHFLHV�FRXOG�SURYLGH�WKH�FULWLFDO�ELRPDVV��<DS��������ZKLFK�FRXOG�WKHQ�HIIHFWLYHO\�
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FKDQJH� ÀX[HV� IURP� D� GRQRU� WR� D� UHFLSLHQW� HFRV\VWHP�� 2QFH� WKHVH� VSHFLHV� KDYH� EHFRPH�
HVWDEOLVKHG��VXFFHVVLRQ�RI�RWKHU�VSHFLHV�ZLWKLQ�WKH�HFRV\VWHP�ZLOO�IROORZ��,Q�DGGLWLRQ��VFDOH�
should be taken into account in situations where a restored ecosystem lacks essential physical 
FKDUDFWHULVWLFV��DPRQJVW�RWKHUV��GLVWDQFH�EHWZHHQ�V\VWHPV�DQG�D�UHOHYDQW�PLQLPDO�HFRV\VWHP�
VL]H���,I�HVVHQWLDO�SK\VLFDO�FKDUDFWHULVWLFV�DUH�QRW�FRQVLGHUHG�WKHQ�FRQQHFWLYH�ÀX[HV�EHWZHHQ�
systems are unlikely to establish.
� 7R� FRQVHUYH� SRVLWLYHO\� FRQQHFWHG� HFRV\VWHPV�� PRQLWRULQJ� RI� ÀX[HV� PXVW� EH� DQ�
essential part of any management strategy. The monitoring should ideally include data on 
ZHOO�GH¿QHG� WKUHVKROGV� RU� HDUO\� ZDUQLQJ� LQGLFDWRUV�� 0RUHRYHU�� ZLWKLQ� VXFK� PRQLWRULQJ�
SURJUDPV��WKHUH�QHHGV�WR�EH�DQ�LQWHJUDWLYH�DSSURDFK�WR�DFFRXQW�IRU�WKH�HIIHFW�RI�FRQQHFWLRQV�
EHWZHHQ�DGMDFHQW�HFRV\VWHPV��7KDW�LV��RQH�VKRXOG�NQRZ�KRZ�D�VSHFL¿F�HQJLQHHULQJ�GRQRU�
HFRV\VWHP� DOWHU� WKH� LQFRPLQJ� ÀX[� RI� VSHFL¿F� SK\VLFDO� YDULDEOHV� WKDW� SULPDULO\� DIIHFW� WKH�
IXQFWLRQDO�FRQQHFWLRQV��L�H���ZDYHV�FRPLQJ�IURP�VHD�RU�QXWULHQW�VHGLPHQW�ORDGV�FRPLQJ�IURP�
WKH�ODQG��EHIRUH�LW�SDVVHV�RQ�WR�WKH�UHFLSLHQW��L�H���ZDYH�VKDGHG�RU�GRZQVWUHDP��HFRV\VWHP��
:H�DUH�DZDUH�WKDW�PDQDJHUV�DOUHDG\�PRQLWRU�PDQ\�SK\VLFDO�ÀX[HV��EXW�WKH�PDMRULW\�RI�WKLV�
GDWD�DUH�QRW�\HW�XVHG�ZLWK�UHVSHFW�WR�FRQVHTXHQFHV�LQ�RWKHU�FRQQHFWHG�HFRV\VWHPV��HVSHFLDOO\�
LI�WKH�FRQQHFWLRQ�LV�QRW�GLUHFWO\�YLVXDO��0RUHRYHU��QHZ�WHFKQRORJLHV��SDUWLFXODU�IURP�UHPRWH�
VHQVLQJ��PD\�QRZ�RIIHU�WKH�WRROV�WR�PRQLWRU�ÀX[HV�HI¿FLHQWO\�DW�D�WHPSRUDO�DQG�VSDWLDO�WLPH�
VFDOH�WKDW�ZDV�SUHYLRXVO\�LPSRVVLEOH��VHH�����IRU�GHWDLOV���

������0DQDJHPHQW�RI�FRQQHFWLYH�ÀX[HV

Initiating an ecosystem-based management program based on reciprocal positive connections 
UHTXLUHV�IROORZLQJ�WKH�VWHSV�YLVXDOLVHG�LQ�WKH�ÀRZ�FKDUW��)LJ������$V�D��st�VWHS��WKH�UHOHYDQW�
SK\VLFDO�ÀX[��WKH�HQJLQHHULQJ�GRQRU�HFRV\VWHP�DQG�WKH�UHFLSURFDO�HFRV\VWHP�DOO�QHHG�WR�EH�
LGHQWL¿HG��)LJ����� VWHS�����0DQDJHUV� WKHQ�QHHG� WR�PRQLWRU�KRZ�WKH�ÀX[�FKDQJHV� IURP�WKH�
initial intensity through the engineering-donor ecosystem to the reciprocal environment (Fig. 
���VWHS�����3K\VLFDO�DWWULEXWHV�RI�WKH�HFRV\VWHP�HQJLQHHUV�QHHG�WR�EH�PRQLWRUHG��)LJ�����VWHS�
����WKHVH�DWWULEXWHV�ZLOO�HLWKHU�GLUHFWO\�FRQWURO�WKH�ÀX[��L�H��SK\VLFDO�DWWHQXDWLRQ�RI�ZDYHV�IURP�
VWRQ\�FRUDOV��RU�SK\VLFDO�DVSHFWV�FRXOG�EH�FRUUHODWHG�ZLWK�D�ÀX[��L�H��D�KLJKHU�WUHH�ELRPDVV�
ZRXOG�LQGLFDWH�JUHDWHU�QXWULHQW�XSWDNH���7KH�ODVW�VWHS�LQYROYHV�DVNLQJ�WKH�TXHVWLRQ�ZKHWKHU�
WKH�UHFLSURFDO�V\VWHP�LV�GHJUDGHG�RU�QRW��VWHS�����$Q�DI¿UPDWLYH�DQVZHU�ZRXOG�LQGLFDWH�WKH�
QHHG�IRU�LQWHUYHQWLRQ��VXFK�DV�UHVWRUDWLRQ�RI�HFRV\VWHP�HQJLQHHUV��,I�QR�GHJUDGDWLRQ�LV�SUHVHQW��
PRQLWRULQJ�VKRXOG�FRQWLQXH��)LJ�����VWHS����
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)LJXUH���Flow diagram of management 
IRU�HFRV\VWHPV�ZLWK�FRQQHFWLYH�ÀX[HV��
$�ÀX[��GRQRU�DQG�UHFLSURFDO�HFRV\VWHP�
LV�LQLWLDOO\�LGHQWL¿HG��0RQLWRULQJ�RI�WKH�
ÀX[�WKURXJK�WKH�FRQQHFWLYH�HFRV\VWHP�
LV�WKHQ�FRPSOHWHG��:KHWKHU�WKH�ÀX[�LV�
detected or correlated with the physical 
structure of the ecosystem engineer 
is determined. Finally if the habitat is 
degraded then intervention is necessary 
but if not monitoring should continue. 

7.2.2 Management of the tropical coastal seascape 

7KH�¿UVW� VWHS� LQ� LPSOHPHQWLQJ� WKH�ÀRZ�GLDJUDP�GHVFULEHG�DERYH� �)LJ����� IRU� WKH� WURSLFDO�
FRDVWDO� VHDVFDSH� LV� LGHQWLI\LQJ� WKH�FRQQHFWLYH�ÀX[� �ZDYH�KHLJKW��QXWULHQWV�DQG�VHGLPHQWV��
occurring between ecosystem engineers in the donor and recipient ecosystem (mangrove 
IRUHVWV��VHDJUDVV�EHGV�DQG�FRUDO�UHHIV���)LJ�����VWHS�����7KH�VHFRQG�VWHS�LV�WR�PRQLWRU�WKH�ÀX[�
DQG�SK\VLFDO� DVSHFWV� LQ� WKH�GRQRU� V\VWHP��ZKLFK� FRXOG�SURYLGH�XV�ZLWK� DQ� HDUO\�ZDUQLQJ�
V\VWHP�IRU�WKH�UHFHLYLQJ�HFRV\VWHP��)LJ�����VWHS��E���%RWK�WKH�ÀX[�DQG�WKH�SK\VLFDO�YDULDEOHV�
of the donor and receiving systems can be monitored with a combination of remote sensing 
DQG�LQ�VLWX�PHDVXUHPHQWV��)LJ�����VWHS��D���
� �7KH�LPSRUWDQW�DVSHFW�WR�PRQLWRU�LQ�FRUDO�UHHIV�LV�WKH�VKDSH�RI�WKH�FRUDO�UHHI��UXJRVLW\��
DV� WKLV� KDV� WKH� JUHDWHVW� LQÀXHQFH� IRU�ZDYH� DWWHQXDWLRQ� �0RQLVPLWK��������/LQH� DQG�SRLQW�
LQWHUFHSW�WUDQVHFW��/,7�	�3,7��PHWKRGV�DUH�ZHOO�HVWDEOLVKHG�WHFKQLTXHV�WKDW�FDQ�EH�XVHG�LQ�
conjunction with recent new technology such as high-resolution light detection and ranging 
�/,'$5��EDWK\PHWU\��7KLV�FDQ�DOVR�SURYLGH���'�SHUVSHFWLYH�RI�WKH�EHQWKRV�RYHU�ODUJH�DUHDV�
�:DONHU��������,W�KDV�DOVR�EHHQ�XVHG�WR�GHWHFW�VXUIDFH�ZDYH�HQHUJ\�ÀX[HV�DQG�GLVVLSDWLRQ�RYHU�
FRUDO�UHHIV��+XDQJ�HW�DO���������ZKLOVW�RSWLFDO�LPDJLQJ�UHPRWH�VHQVLQJ�FDQ�\LHOG�HVWLPDWHV�RI�
WKH�H[WHQW�DQG�KHDOWK�RI�WKH�UHHIV��0XPE\�HW�DO��������6FRSpOLWLV�HW�DO��������*RRGPDQ�HW�DO��
�������
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 Meadow density and health are the most important aspects to monitor in seagrass 
EHGV��DV�WKH\�FRQWURO�VHGLPHQW�DQG�SDUWLFXODWH�DFFXPXODWLRQ��+HQGULNV�HW�DO��������+HQGULNV�
HW�DO���������$LUERUQH�DQG�VDWHOOLWH�RSWLFDO�UHPRWH�VHQVLQJ�KDYH�SURYHQ�VXLWDEOH�LQ�GHWHFWLQJ�
VHD�JUDVV�EHGV�DQG�WKHLU�G\QDPLFV��LQ�WKH�¿HOG�DW�D�VPDOOHU�VFDOH�TXDGUDWV�DQG�WUDQVHFWV�FDQ�EH�
XVHG��'LHUVVHQ�HW�DO��������/\RQV�HW�DO���������$GYDQFHV�LQ�VHQVRU�WHFKQRORJ\�DQG�UDGLRPHWULF�
WUDQVIHU�PRGHOOLQJ�KDYH�UHVXOWHG�LQ�WKH�DELOLW\�WR�DFFRXQW�IRU�WKH�LQ�ZDWHU�OLJKW�DWWHQXDWLRQ��
ERWWRP�UHÀHFWDQFH��DQG�VLPXOWDQHRXVO\�UHWULHYH�ZDWHU�GHSWK��'LHUVVHQ�HW�DO��������3DXO�HW�DO��
�������5HPRWH�VHQVLQJ�DOVR�KDV�WKH�SRWHQWLDO�IRU�PRQLWRULQJ�GLVSHUVDO�RI�VXVSHQGHG�VHGLPHQWV�
DQG�QXWULHQWV�LQ�WKHVH�HFRV\VWHPV��%URGLH�HW�DO��������
 Mangrove ability to absorb nutrients and accumulate sediment is dependent on the 
SK\VLFDO�VWUXFWXUH�RI�WKH�WUHHV�DQG�VXUIDFH�DUHD�RI�WKH�PDQJURYH�IRUHVW��7DOERW�	�:LONLQVRQ�
������/RYHORFN�HW�DO���������,QLWLDOO\�JURXQG�WUXWKLQJ�LV�QHHGHG�WR�LQYHVWLJDWH�LI�WKH�IRUHVW�LV�
XQGHU�VWUHVV�YLD�D�WUDQVHFW�RU�D�TXDGUDW�DSSURDFK��7DOERW�	�:LONLQVRQ��������6HFRQGO\�WKH�
VXUIDFH�DUHD�RI�WKH�PDQJURYH�IRUHVW�VKRXOG�EH�PDSSHG��5HPRWH�VHQVLQJ�WHFKQLTXHV�FDQ�EH�
XVHG�WR�GHWHFW�DQG�PRQLWRU�WKH�GLVWULEXWLRQ��ELRPDVV�DQG�KHDOWK�RI�PDQJURYH�IRUHVWV��7KHVH�
methods range from aerial photography to high- and medium-resolution optical imagery and 
from hyperspectral data to active microwave data (notably polarimetric Synthetic Aperture 
5DGDU��DQG�/,'$5��.XHQ]HU�HW�DO��������+HXPDQQ�������

7KH� WKLUG�VWHS� LV� WR�HVWDEOLVK�D�VROXWLRQ� WR� WKH�SUREOHP�� ,I� UHVWRUDWLRQ� LV�QRW� UHTXLUHG� WKHQ�
GHWHFWLRQ�RI�FKDQJHV�LQ�WKH�VWUHQJWK�RI�WKH�IXQFWLRQDO�ÀX[HV�VKRXOG�FRQWLQXH��)LJ�����VWHS�����
+RZHYHU�LI�UHVWRUDWLRQ�LV�UHTXLUHG��WKHQ�ZH�VKRXOG�LGHQWLI\�VSHFLHV�WKDW�SURYLGH�D�HFRV\VWHP�
VHUYLFH�WR�RWKHU�KDELWDWV��)LJ�����VWHS�����)RU�H[DPSOH��UHVWRUHG�VWRQ\�FRUDOV�QHHG�WR�SURYLGH�
KLJK� VWUXFWXUDO� FRPSOH[LW\�� ZKLFK� FDQ� UDSLGO\� LQFUHDVH� FRUDO� FRYHU� WR� DWWHQXDWH� ZDYHV��
Seagrass beds need to be present to provide sediment and nutrient accumulation therefore we 
QHHG�WR�FRQVLGHU�KRZ�TXLFNO\�WKH�SODQWV�ZLOO�FRORQLVH�WKH�DUHD��<DS��������:KHQ�UHJDUGLQJ�
the sediment trapping potential of mangrove forests an important aspect in ecosystem 
FRQQHFWLYLW\��UDSLG�SURS�URRW�JURZWK�WKDW�KHOSV�WR�WUDS�VHGLPHQW�DQG�VWDELOLVH�WKH�PDVV�RI�WKH�
mangrove forests are thought to be of upmost importance. It is also important to note that 
ecosystems need to be restored within proximity of other ecosystems to have an effect on the 
VWUHQJWK�RI�WKH�ÀX[��)RU�H[DPSOH��LQ�WKH�FDVH�WKDW�D�FRUDO�UHHI�WKDW�LV�WRR�IDU�IURP�VHDJUDVV�EHGV�
DQG�PDQJURYH�IRUHVWV��DWWHQXDWHG�ZDYHV�PD\�EXLOG�XS�DJDLQ�DIWHU�SDVVLQJ�WKURXJK�WKH�UHHI�
structure. They would therefore not be expected provide a positive interaction. 
 For integrative monitoring to truly work at the large-scale across individual 
HFRV\VWHPV��PRQLWRUHG�GDWD�IURP�HDFK�HFRV\VWHP�QHHGV�WR�EH�VKDUHG�DFURVV�VLWHV�ZLWK�RWKHU�
managers or stakeholders. As building and maintaining cross-ecosystem collaborations and 
GDWD�VKDULQJ�FDQ�EH�FKDOOHQJLQJ�� WRROV�VXFK�DV�DQ� LQWHUQHW�EDVHG�GLUHFWRU\�IRU�SHRSOH�ZLWK�
SURMHFWV� LQ� WKH� VDPH� DUHD�� JUDQW� VKDULQJ��ZRUNVKRSV�� FRQVXOWDWLRQV�� RQOLQH� IRUXPV� VKRXOG�
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EH� H[SORLWHG� IXOO\� �9DQFH�%RUODQG�	�+ROOH\� ������� 6XFFHVV� VWRULHV� WKDW� KDYH�PDLQWDLQHG�
FURVV�HFRV\VWHP�PRQLWRULQJ�LQFOXGH�WKH�*UHDW�%DUULHU�5HHI�0DULQH�3DUN��*%503��DQG�WKH�
PDQDJHPHQW�RI� WKH�JUHDWHU�HYHUJODGHV�HFRV\VWHP��/RYHWW�HW�DO��������7DOERW�	�:LONLQVRQ�
�������

����� &RQFOXVLRQ�DQG�IXWXUH�SHUVSHFWLYH

:H�VXJJHVW� WKDW�SRVLWLYH�SK\VLFDO� LQWHUDFWLRQV�EHWZHHQ�HFRV\VWHP�HQJLQHHULQJ�HFRV\VWHPV�
SURYLGH�HVVHQWLDO�IXQFWLRQV�IRU�RWKHU�HFRV\VWHPV�DW�WKH�ODQGVFDSH�VFDOH��/RYHWW�HW�DO��������
*LOOLV�HW�DO������D���%HFDXVH� WKHVH� LQWHUDFWLRQV�FDQ�EH� UHFLSURFDO�� WKH\�FDQ�EH�SDUWLFXODUO\�
LPSRUWDQW�IRU�WKH�SHUVLVWHQFH�RI�WKH�WRWDO�RI�HFRV\VWHPV�DV�ZHOO�DV�HDFK�HFRV\VWHP�LQGLYLGXDOO\��
DQG�WKXV�WKH\�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�IRU�VXFFHVVIXO�PDQDJHPHQW��FRQVHUYDWLRQ�DQG�

)LJXUH���'LDJUDP�VKRZLQJ�LQFRUSRUDWLRQ�RI�FRQQHFWLYH�HFRV\VWHPV�DQG�WKHLU�ÀX[HV�LQWR�PDQDJHPHQW�
SUDFWLVHV��7KH�¿UVW�VWHS�LV�WR�LGHQWLI\�WKH�ÀX[�DQG�GRQRU�UHFLSLHQW�HFRV\VWHP��7KH�¿UVW�SDUW�RI�WKH�VHFRQG�
VWHS�LW�WR�PRQLWRU�WKH�ÀX[�WKDW�UHTXLUHV�PDQDJHPHQW��7KH�VHFRQG�SDUW�RI�VWHS���LV�WR�PRQLWRU�WKH�SK\VLFDO�
DWWULEXWHV�RI�WKH�HFRV\VWHP�HQJLQHHUV��((��LQ�WKH�GRQRU�V\VWHP��ZKLFK�KDV�WKH�SRWHQWLDO�WR�DOWHU�WKH�ÀX[��
7KH�¿QDO�VWDJH�LV�WR�HVWDEOLVK�LI�WKH�HFRV\VWHP�QHHGV�UHVWRUDWLRQ�RI�VSHFL¿F�HFRV\VWHP�HQJLQHHULQJ��((��
species. 
1 high-resolution light detection and ranging 2 DFRXVWLF�FXUUHQW�GHSWK�SUR¿OHU�3 remote sensing 4 synthetic 
aperture radar � line intercept transect � chain intercept transfer 
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UHVWRUDWLRQ��$V�UHVWRUDWLRQ�RI�FRUDO�UHHIV��VHDJUDVV�EHGV�DQG�PDQJURYH�IRUHVWV�KDYH�DOO�SURYHQ�
WR�EH�H[WUHPHO\�FRPSOH[��H[SHQVLYH��DQG�GLI¿FXOW�WR�SUHGLFW�WKH�RXWFRPH��<DS�������0REHUJ�
	�5RQQEDFN��������D�VWURQJHU�IRFXV�RQ�LQWHJUDWLYH�PRQLWRULQJ�RI�SDUDPHWHUV�WKDW�DIIHFW�WKH�
connectivity between habitats and the sharing of such monitoring data is strongly advised. 
7KH� UH�HVWDEOLVKPHQW� RI� VSHFL¿F� HFRV\VWHP� HQJLQHHUV� ZKRVH� SULPDU\� HIIHFW� LV� FKDQJLQJ�
VSHFL¿F�SK\VLFDO�FKHPLFDO�ÀX[HV� LV� D� YLDEOH� RSWLRQ� WR� UHDOLVH� UHVWRUDWLRQ�JRDOV� LQ� DQRWKHU�
ecosystem. 
 Currently we have only created a conceptual outline for identifying the monitoring 
WHFKQLTXHV� DQG� SDUDPHWHUV� QHHGHG� DQG� SURYLGHG� JHQHUDO� UHFRPPHQGDWLRQV� IRU� VHOHFWLQJ�
ZKLFK� VSHFLHV� RQ�ZKLFK� WR� IRFXV� UHVWRUDWLRQ� HIIRUWV��:H� KDYH� QRW� WDNHQ� LQWR� DFFRXQW� WKH�
FRVW� HIIHFWLYHQHVV� QRU� DFFXUDF\� DVVHVVPHQWV� RU� ORFDO� VSHFL¿F� WDUJHWV� DW� WKH� VSHFLHV� OHYHO��
these aspects are essential if management decisions are to be based upon monitoring results 
�0XPE\�HW�DO��������-XSLWHU�HW�DO���������0DQDJHUV�DUH�DZDUH�WKDW�WKHVH�ÀX[HV�H[LVW²DQG�WKDW�
WKH\�DUH�LPSRUWDQW²WKH\�DOVR�QHHG�WR�HVWDEOLVK�ZKHUH�WKLV�LQIRUPDWLRQ�FDQ�EH�XVHG�ZLWKLQ�
WKHLU�RZQ�FRDVWDO�]RQHV��+HQFH��IURP�D�UHVHDUFK�SHUVSHFWLYH�ZH�UHTXLUH�PRUH� LQIRUPDWLRQ�
regarding how the physical functional connections between ecosystems manifest (Chapter 1, 

��������	���� Using ecosystem engineers that by their own physical structure affect landscape 
VFDOH� FRQQHFWLYLW\�� LQ� RUGHU� WR� UHVWRUH� DQG� FRQVHUYH� WURSLFDO� FRDVWDO� ]RQHV�� LV� D� JUHDW� DQG�
challenging opportunity. In addition this concept allows us to integrate management across 
HFRV\VWHPV��DW�D�VFDOH�WKDW�H[SDQGV�EH\RQG�LQGLYLGXDO�HFRV\VWHPV��0RUHRYHU��LW�PD\�FRLQFLGH�
with the growing need to use nature for coastal protection.
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,Q�WKH�LQWURGXFWRU\�OLWHUDWXUH�UHYLHZ��&KDSWHU�����ZH�HVWDEOLVKHG�WKH�SRWHQWLDO�IRU�UHFLSURFDO�
FRQQHFWLRQV��ZDYHV��VHGLPHQW��QXWULHQWV�DQG�RUJDQLVPV��EHWZHHQ�PDQJURYH�IRUHVWV��VHDJUDVV�
EHGV�DQG�FRUDO� UHHIV� LQ� WURSLFDO�FRDVWDO�VHDVFDSHV��2XU�UHVXOWV� LQGLFDWH� WKDW�� LQ� WKH�¿HOG�RI�
FRPPXQLW\� HFRORJ\�� WKHVH� H[FKDQJHV� FDQ� EH� SODFHG� LQ� WKH� FRQWH[W� RI� IDFLOLWDWLRQ� DW� WKH�
HFRV\VWHP�VFDOH��,Q�WKLV�WKHVLV��WKH�H[SHULPHQWDO�ZRUN�FRQFHQWUDWHG�RQ�HVWDEOLVKLQJ�QXWULHQW�
FRQQHFWLYLW\� EHWZHHQ� PDQJURYH� IRUHVWV�� VHDJUDVV� EHGV� DQG� FRUDO� UHHIV� DW� WKH� ODQGVFDSH�
scale. The mangrove outwelling theory has been a central point of nutrient exchange in the 
WURSLFDO�FRDVWDO�VHDVFDSH��2GXP�	�+HDOG�������/HH��������/LWWOH�ZRUN�KDV�WULHG�WR�HVWDEOLVK�
ZKHWKHU�RWKHU�KLJKO\�SURGXFWLYH�HFRV\VWHPV��VXFK�DV�VHDJUDVV�EHGV��PD\�SURYLGH�SDUWLFXODWH�
DQG�GLVVROYHG�QXWULHQWV�WR�WKH�FRDVWDO�VHDVFDSH��)XUWKHUPRUH��OLPLWHG�UHVHDUFK�KDV�DGGUHVVHG�
whether mangrove forests act as nutrient sinks or buffers to other coastal ecosystems. 
� :H�IRXQG�WKDW�LQ�WHUPV�RI�DUHD��VHDJUDVV�EHGV�FRQWULEXWH�WKH�PRVW�RUJDQLF�PDWHULDO�
FRPSDUHG�WR�PDQJURYH�IRUHVWV�UHODWLYH�WR�WKHLU�DUHD��&KDSWHU�����7KH�ORQJ�GHJUDGDWLRQ�WLPH�
RI�PDQJURYH�OHDYHV�DQG�WKH�QHJOLJLEOH�FRQWULEXWLRQ�RI�GLVVROYHG�RUJDQLF�QLWURJHQ�����ȝ�PROH�
DON g-1��WR�WKH�ZDWHU�FROXPQ��FRPSDUHG�WR�VHDJUDVV�OHDYHV��PHDQW�WKH�PDQJURYH�IRUHVWV�PD\�
not be a source of nitrogen for adjacent ecosystems and organisms as previously thought 
�&KDSWHU�����+RZHYHU��LQ�WHUPV�RI�ELRPDVV��J���PDQJURYH�OHDYHV�WUDQVSRUWHG�RXWZDUGV�IURP�
WKH�PDQJURYHV��ZHUH� VWLOO� WKH� GRPLQDQW� IRUP� RI� SDUWLFXODWH� RUJDQLF�PDWWHU� �320�� LQ� WKH�
WURSLFDO�FRDVWDO�VHDVFDSH��&KDSWHU�����
 The ability of mangrove forests to retain nutrients/POM and to buffer adjacent 
V\VWHPV�IURP�H[FHVV�QXWULHQWV�FRXOG�DOVR�EH�DIIHFWHG�E\�QXWULHQW�VWDWXV��)RU�PDQJURYHV��KLJKHU�
external nutrient availability may mean the forest cannot retain all nutrients and therefore 
some are outwelled in either dissolved or particulate form. Nutrient availability within a 
PDQJURYH�IRUHVW�FDQ�EH�VWURQJO\�DIIHFWHG�E\�DGMDFHQW�ODQG�XVH��0RVW�QRWDEO\��XUEDQLVDWLRQV�
PD\�SRVH�KLJKHU�H[WHUQDO�QXWULHQW�ÀX[HV�LQWR�D�IRUHVW��ZKLOH�QDWXUDO�IRUHVWV�RU�SODQWDWLRQV�PD\�
FDXVH�XSVWUHDP�QXWULHQW�GHSOHWLRQV�DQG�WKXV�D�GHFUHDVH�LQ�H[WHUQDO�QXWULHQW�LQÀX[��&KDSWHU����
 Delivery of POM will in turn depend on the trapping capacity of both mangrove 
roots and the seagrass canopy. Using mimic mangrove roots and mimic seagrass canopies in 
D�ÀXPH�H[SHULPHQW�ZLWK�GLIIHUHQW�K\GURG\QDPLF�FRQGLWLRQV��ZH�IRXQG�WKDW�PDQJURYHV�KDYH�
a much higher trapping capacity than seagrass canopies. This is in part because the mangrove 
URRWV�H[WHQG�WKURXJK�WKH�HQWLUH�ZDWHU�FROXPQ��ZKLOH�WKH�FDQRS\�RI�VHDJUDVV�PHDGRZV�W\SLFDOO\�
H[WHQGV� XQWLO� D� FHUWDLQ� GLVWDQFH� IURP� WKH� ERWWRP� �&KDSWHU� ���� ,Q� WKLV� UHVSHFW�� PDQJURYH�
IRUHVWV�PD\�UHWDLQ�QXWULHQW�ULFK�SDUWLFXODWH�RUJDQLF�PDWHULDO��DQG�LQ�IDFW�IXQFWLRQ�DV�D�EXIIHU�
of dissolved and particulate organic material. These mangrove forests are therefore strongly 
connected to other coastal ecosystems. 
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Summary

� )LQDOO\��ZH�SRVHG�WKH�TXHVWLRQ�ZKHWKHU�VFOHUDFWLQLDQ�RU�VWRQ\�WURSLFDO�FRUDOV�FRXOG�
XVH� IUHVK� VHDJUDVV�PDWHULDO�� ERWK� LQ� D� GLVVROYHG� DQG� D�SDUWLFXODWH� IRUP�� DV� D� IRRG� VRXUFH��
$OWKRXJK�GLVVROYHG�PDWHULDO�ZDV�DVVLPLODWHG�LQ�DOO�WHVWV�DQG�UHSOLFDWHV��ZH�PRUHRYHU�IRXQG�
WKDW� ����� RI� FRUDOV� DOVR� SURFHVVHG� SDUWLFXODWH� VHDJUDVV�PDWHULDO� �&KDSWHU� ����2XU� UHVXOWV�
LQGLFDWH� D� QHZ� FRQQHFWLYH� UHODWLRQVKLS��ZKLFK� KDV� QRW� EH� FRQVLGHUHG� EHIRUH�� QDPHO\� WKDW�
seagrass-derived material is an available and usable source of both dissolved and particulate 
organic material.
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,Q� RQ]H� OLWHUDWXXUVWXGLH� �+RRIGVWXN� ��� KHEEHQ� ZH� RQGHU]RFKW� RS� ZHONH� PDQLHU�
PDQJURYHERVVHQ��]HHJUDVYHOGHQ�HQ�NRUDDOULIIHQ�HONDDU�NXQQHQ�EHwQYORHGHQ�GRRU�XLWZLVVHOLQJ�
YDQ�JROYHQ��VHGLPHQW��QXWULsQWHQ�HQ�RUJDQLVPHQ��2Q]H�UHVXOWDWHQ�JHYHQ�DDQ�GDW��RS�GH�VFKDDO�
YDQ�JHPHHQVFKDSSHQ�HQ�HFRV\VWHPHQ��VSUDNH�NDQ�]LMQ�YDQ�IDFLOLWHUHQGH�UHODWLHV�DOV�JHYROJ�
YDQ�GH]H�XLWZLVVHOLQJHQ��'H�VWHUNWH�YDQ�GH�IDFLOLWDWLH�LV�PRHLOLMN�WH�NZDQWL¿FHUHQ�RS�EDVLV�YDQ�
GH�OLWHUDWXXU��+HW�H[SHULPHQWHOH�ZHUN�LQ�GLW�SURHIVFKULIW�KHHIW�ELMJHGUDJHQ�DDQ�KHW�DDQWRQHQ�
YDQ� QXWULsQWHQ�FRQQHFWLYLWHLW� RS� ODQGVFKDSVVFKDDO� WXVVHQ� PDQJURYHERVVHQ�� ]HHJUDVYHOGHQ�
en koraalriffen. De mangrove outwelling� WKHRULH� �2GXP�	�+HDOG� ������/HH� ������ LV� WRW�
RS�KHGHQ�KHW�FHQWUDOH�FRQFHSW�ZDW�EHWUHIW�QXWULsQWHQ�XLWZLVVHOLQJ�LQ�GH�WURSLVFKH�NXVW]RQH��
'H�URO�YDQ�DQGHUH�SURGXFWLHYH�PDULHQH�HFRV\VWHPHQ��]RDOV�]HHJUDVYHOGHQ��DOV�HHQ�EURQ�YDQ�
QXWULsQWHQ�HQ��SDUWLFXODLU�HQ�RSJHORVW��RUJDQLVFK�PDWHULDDO�YRRU�GH�RPULQJHQGH�NXVW]RQH��LV�
slecht bekend. Daarnaast is er nog nooit onderzoek verricht aan de vraag of mangrovebossen 
fungeren als een sink�YDQ�QXWULsQWHQ�RI�MXLVW�DOV�EXIIHUV�YRRU�DQGHUH�HFRV\VWHPHQ�ODQJV�GH�
tropische kustzone.
� :H�KHEEHQ�DDQJHWRRQG�GDW�]HHJUDVYHOGHQ�PHHU�RUJDQLVFK�PDWHULDDO�DDQ�KXQ�RPJHYLQJ�
OHYHUHQ�GDQ�PDQJURYHERVVHQ��JHUHNHQG�RS�EDVLV�YDQ�RSSHUYODNWH�DUHDDO� �+RRIGVWXN����� ,Q�
WHJHQVWHOOLQJ� WRW�ZDW�HHUGHU�ZHUG�DDQJHQRPHQ��YRUPHQ�PDQJURYHERVVHQ�JHHQ�VLJQL¿FDQWH�
bron van stikstof voor aangrenzende ecosystemen. Dit wordt verklaard door de lange 
degradatieperiode van mangrovebladeren en hun geringe bijdrage aan opgeloste organische 
VWLNVWRI� �'21�� LQ� GH� ZDWHUNRORP� ���� ȝ� PRO� '21� J-1��� YHUJHOHNHQ� PHW� ]HHJUDVEODGHUHQ�
�+RRIGVWXN� ���� 0DQJURYHEODGHUHQ� GLH� YDQXLW� GH� PDQJURYHQ� QDDU� GH� GDDUEXLWHQ� JHOHJHQ�
HFRV\VWHPHQ�ZRUGHQ�JHWUDQVSRUWHHUG��YRUPHQ�ZHO�� LQ�WHUPHQ�YDQ�ELRPDVVD��GH�GRPLQDQWH�
ÀX[�YDQ�SDUWLFXODLU�RUJDQLVFK�PDWHULDDO��320��LQ�GH�WURSLVFKH�NXVW]RQH��+RRIGVWXN�����
� +HW�YHUPRJHQ�YDQ�PDQJURYHERVVHQ�RP�QXWULsQWHQ�HQ�320�WH�NXQQHQ�YDVWKRXGHQ�
HQ�WH�IXQJHUHQ�DOV�HHQ��QXWULsQWHQ�EXIIHU�YRRU�DDQJUHQ]HQGH�HFRV\VWHPHQ��KDQJW�DI�YDQ�KHW�
KHHUVHQGH�QXWULsQWHQ�UHJLPH��$OV�GH�EHVFKLNEDDUKHLG�YDQ�QXWULsQWHQ�LQ�HHQ�PDQJURYH�KRRJ�LV��
GRRU�LQYORHGHQ�YDQ�EXLWHQDI��GDQ�]DO�KHW�ERV�QLHW�DO�OH�YRHGLQJVVWRIIHQ�NXQQHQ�EHKRXGHQ�HQ�
zal een deel ervan uitspoelen naar aangrenzende systemen in de vorm van vaste deeltjes of als 
RSJHORVWH�VWRIIHQ��'H�EHVFKLNEDDUKHLG�YDQ�QXWULsQWHQ�LQ�HHQ�PDQJURYH�NDQ�ZRUGHQ�EHwQYORHG�
door het landgebruik in aangrenzende gebieden. De meest opvallende voorbeelden hiervan 
]LMQ� EHERXZGH� JHELHGHQ�� ZHONH� HHQ� KRJHUH� EHVFKLNEDDUKHLG� YDQ� QXWULsQWHQ� YHURRU]DNHQ��
terwijl natuurlijke bossen of plantages leiden tot een daling in de beschikbaarheid van 
QXWULsQWHQ��+RRIGVWXN����
 De aanlevering van POM is op zijn beurt afhankelijk van de invangcapaciteit van 
GH�ERYHQJURQGVH�ZRUWHOVWHOVHOV�YDQ�PDQJURYHV�HQ�YDQ�GH�EODGHUHQ�YDQ�]HHJUDVYHOGHQ��:H�
plaatsten nagemaakte modellen van mangrovewortels en zeegrasbladeren in een stroomgoot 
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RQGHU� YHUVFKLOOHQGH� K\GURG\QDPLVFKH� RPVWDQGLJKHGHQ�� :H� YRQGHQ� GDW� PDQJURYHQ� HHQ�
YHHO� KRJHUH� LQYDQJFDSDFLWHLW� KHEEHQ� GDQ� ]HHJUDV��'LW� NRPW� YRRU� HHQ� GHHO� RPGDW�� DQGHUV�
GDQ� GH� ]HHJUDVEODGHUHQ�� GH� ZRUWHOV� YDQ� PDQJURYHQ� ]LFK� GRRU� GH� JHKHOH� ZDWHUNRORP�
EHYLQGHQ��+RRIGVWXN�����+LHUGRRU�NXQQHQ�PDQJURYHERVVHQ�JHPDNNHOLMN�RUJDQLVFKH�GHHOWMHV�
YDVWKRXGHQ�HQ�YRUPHQ�]LM�HHQ�EXIIHU�YRRU�RSJHORVWH�QXWULsQWHQ�HQ�320�LQ�GH�NXVW]RQH��'H]H�
bufferfunctie is verantwoordelijk voor een sterke connectie tussen mangroves en andere 
aangrenzende ecosystemen. 
 Vervolgens is de vraag gesteld of tropische harde koralen in staat zijn gedegradeerd 
]HHJUDVPDWHULDDO��LQ�]RZHO�RSJHORVWH�DOV�SDUWLFXODLUH�YRUP��WH�JHEUXLNHQ�DOV�YRHGVHOEURQ��'H�
koralen namen het opgelost materiaal op tijdens alle gerepliceerde experimenten. Bovendien 
YRQGHQ� ZH� GDW� ��� �� YDQ� GH� NRUDOHQ� RRN� ¿MQ� SDUWLFXODLU� ]HHJUDVPDWHULDDO� YHUZHUNWHQ�
�+RRIGVWXN�����2Q]H�UHVXOWDWHQ�ZLM]HQ�RS�HHQ�QRJ�QLHW�HHUGHU�EHNHQGH�YHUELQGHQGH�UHODWLH��
QDPHOLMN�GDW�JHGHJUDGHHUG�]HHJUDVPDWHULDDO�HHQ�EHVFKLNEDUH�pQ�EUXLNEDUH�EURQ�YDQ�SDUWLFXODLU�
en opgelost organisch materiaal vormt voor harde koralen. 



134

Chapter 8

$FNQRZOHGJHPHQWV

The premise of my PhD was too investigate how one ecosystem can facilitate another 
HFRV\VWHPV��KRZHYHU�PDQ\�SHRSOH�KDYH�IDFLOLWDWHG�P\�3K'���7R�WKHVH�SHRSOH�,�ZRXOG�OLNH�WR�
extend my sincere gratitude.   
� ,�ZRXOG�OLNH�WR�WKDQN�P\�SURPRWHUV�DQG�FR�SURPRWHUV�'U�7MHHUG�%RXPD��3URI��3HWHU�
+HUPDQ�DQG�3URI��$ODQ�=LHJOHU�LI�LW�ZHUH�QRW�IRU�WKHLU�SDWLHQFH��HQFRXUDJHPHQW��DGYLFH�DQG�
knowledge this PhD would never have been possible. Even though they had busy schedules 
they always gave detailed and considerate input on endless manuscripts. 
� 0\�JUDWLWXGH�DOVR�JRHV�WR�WKH�SHRSOH�RI�1,2=�<HUVHNH�IRU�KRVWLQJ�PH��7KH�LQVWLWXWH�
LV�D�FUHGLW� WR�VFLHQFH�DQG�VFLHQWLVWV��VWXG\LQJ�DQG�ZRUNLQJ�WKHUH�ZDV�D�SOHDVXUH��7KHUH�DUH�
too many people to thank individually but from the personnel departments to the analytical 
ODERUDWRU\��HYHU\RQH�KHOSHG�ZLWK�WKLV�3K'�LQ�D�GLUHFW�RU�LQGLUHFW�ZD\�
� +RZHYHU�� ,�ZRXOG�HVSHFLDOO\� OLNH� WR� WKDQN�P\�GHSDUWPHQW��-LP�DQG�2OLYLHU� �� ,¶P�
VWLOO�KDSS\�WR�VWDUW�WKH�³OHJR�SDSHU´��WKH�VHDJUDVV�JURXS�ZDV�HVVHQWLDO�IRU�KHOS�RQ�ORJLVWLFV��
LQVSLUDWLRQ��PHWKRGRORJLHV�DQG�SDSHUV��<D\X��/DXUD��6LWL��/DXUD�*��:RXWHU��DQG�IRU�WKH�HQWLUH�
department thank you for creating a truly motivating working group especially for listening 
to presentations and giving excellent feedback during departmental meetings.
� ,� VSHQW�PDQ\�PRQWKV� LQ�6LQJDSRUH��DQG� ,�ZRXOG� OLNH� WR� WKDQN� WKH�ZHOFRPH�IURP�
WKH�6LQJDSRUH�:DWHU�'HOIW�$OOLDQFH��ZKR� ORRNHG�DIWHU�PH�ZKHQ� ,�ZDV�DQ�RUSKDQ�VFLHQWLVW�
and gave me a desk plus Friday afternoon refreshments. I would also like to extend my 
JUDWHIXOQHVV�WR�&ODLUH�-HXNHQ�ZKR�SURYLGHG�VXSSRUW�DQG�DGPLQLVWUDWLRQ�IRU�VRPH�RI�WKH�ZRUVW�
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science. 
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