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 ‘ The basic mangrove 
ecosystem is depicted as 
two coupled storages 
(above-ground structure 
and muds) linked by 
cycling of matter and 
powered by the 
interaction of sunlight 
and matter through 
photosynthesis’  
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ΔCorg = NEP steady state 
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Lovett et al. 2006 
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Relationship between functional types of mangrove forests and the 

dominant physical processes: River vs Tidal Forcings  

Functional types of mangrove forest  
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Twilley, R.R.,  R.H. Chen, and T. Hargis.  1992.  

Carbon sinks in mangroves and their implications to 

carbon budget of tropical coastal ecosystems.  Water, 

Air and Soil Pollution 64: 265-288. 

 



NEP ranges from  

112 to 200 TgC yr-

1 



Carbonate-based setting 

Florida Coastal Everglades (FCE) 

 Different mangrove 

types at the same 

latitudinal gradient. 

 

 Oligotrophic P-limited 

system. 

 

 P is supplied by the 

Gulf of Mexico during 

storm events. 

Holdridge’s Life Zone: Subtropical Moist 

Gulf of Mexico 

Total area: 144,000 ha 

Florida Bay 

Simard et al. (2006); Rivera-Monroy et al. (2011) 
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Taylor River, TS/Ph-6 Shark River, SRS-6 

Everglades, USA 

    (LTER site) 





Above- and Belowground Biomass (2001-2004) 

 Mean AG biomass: 

- Shark River = 122  20 Mg ha-1  

- Taylor River = 9.8  2.7 Mg ha-1 

  

 R. mangle: 70-80% of total biomass in 
upstream sites of Shark River.  

 

 L. racemosa: 43% of total biomass in SRS-6. 

* TS/Ph-6 & 7: Coronado-Molina et al. (2004) 

Shark River Taylor River 

 Average BG biomass = 35  4 Mg ha-1  

  

 Root biomass allocation was higher in 
mangrove sites with lower P fertility. 

 

Higher P 

Lower P 

Lower P 

Higher soil stress 



Riverine Mangroves along Shark River store more 

carbon compared to Indo-Pacific Mangroves 

 Shark River: 1120 ± 316 Mg C ha-1 
 

 SRS-6 had the highest total ecosystem carbon storage 
in FCE, twice higher compared to mangrove forests in the 

Indo-Pacific. 

 Deep peat deposits 
represent a significant pool 

of the total C storage in 
Everglades mangroves. 
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FCE Mangroves 

Shark River Taylor River 

843 

        1.9 m    2.5 m      4.5 m     <0.5 m  1.5 m     1.5 m 

Total Soil Peat Depth (to underlying bedrock) 

1.4 - 2.8 
m 

Mangroves 

Indo-Pacific 

Deep soil core section (1.95 - 2.45 cm) 

(Russian Piston Corer) 

SRS-6 

Courtesy: Qiang Yao, Ph.D. ongoing dissertation, LSU 



Describe SRS6 with NEP budget (Organic Carbon) 

NEP = (ANPP + BNPP + IT) – (Re + ET) 

          ANPP = 1150 gC m-2 yr-1 

BNPP  = 311 gC m-2 yr-1 

            Re = 470 gC m-2 yr-1 

Net ET (IT - ET) = 550 gC m-2 yr-1 

 

NEP = (1150 + 311) – (470 +  550)  

=  411 gC m-2 yr-1 
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Describe SRS6 with NEP budget (Organic Carbon) 

NEP = (ANPP + BNPP + IT) – (Re + ET) 

          ANPP = 1150 gC m-2 yr-1 

BNPP  = 311 gC m-2 yr-1 

            Re = 470 gC m-2 yr-1 

Net ET (IT - ET) = 550 gC m-2 yr-1 

 

NEP = (1150 + 311) – (470 +  550)  

=  411 gC m-2 yr-1 

 

     Wood Production =    200  gC m-2 yr-1          

Soil C accumulation = 150 gC m-2 yr-1 

Org Car Accumulation  = 350 gC m-2 yr-1 
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GPP R(e)  
NECB 

IT ET 

NEP = (GPP + I) – (Re + E) 

ET = DIC + DOC + PC 

IT = DIC + DOC + PC 

Surface and Ground Water 

 

Transition from ‘Organic Carbon based NEP 

To Net Ecosystem Carbon Budget (NECB) (Chapin 

et al. 2006) 
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NECB = (NEE + IT + Fatm) –  

(Fatm + ET) 

ET = DIC + DOC + PC 

IT = DIC + DOC + PC 

Surface and Ground Water 
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NEE 

NECB 

IT 
ET 

Fatm Fatm 

NECB = (NEE + IT + Fatm) –(Fatm + ET) 

          NEE = - 1170 gC m-2 yr-1 

 

         NECB = 991 gC m-2 yr-1 

          Net ET = 550 gC m-2 yr-1 

                 NEE = (NECB + ET) = 1541 

gC m-2 yr-1 

 

ANPP + BNPP – Re 

(1150+311-470 

=  991) 



NEE 

NECB 

IT 
ET 

Fatm Fatm 

NECB = (NEE + IT + Fatm) –(Fatm + ET) 

          NEE = - 1170 gC m-2 yr-1 

 

           NECB = 350 gC m-2 yr-1 

          Net ET = 550 gC m-2 yr-1 

                 NEE = (NECB + ET) = 900  

gC m-2 yr-1 

 

 

Wp + Soil Accum 

(ΔCorg ) 

(200 + 150  

= 350)   



What is the Question – Define the flux 

(carbon accumulation vs carbon exchange) 

 

What is the Question – Define the boundary 

(mangrove wetlands vs mangrove ecosystems – 

downstream fluxes) 

 

Determine the Fatm – what about CH4, VOC, CO? 

 

What about Nitrogen – Nitrogen sinks in coastal 

zone – N20, N fixation vs denitrification,  

 

Sulfur budgets ? 
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Fatm Fatm 

NECB = (NEE + IT + Fatm) –(Fatm + ET) 

          NEE = - 1170 gC m-2 yr-1 

 

 

             Net ET = 550 gC m-2 yr-1 

                              (DIC + DOC + PC)                 

 

Wp + Soil Accum 

(ΔCorg )   



Hierarchical Framework : Landscape Patterns of Adaptations 



FCE LTER 

PROGRESS 

Pulsing Drivers: Hurricane Wilma Impacts on FCE 

Mangrove Forests 

SRS6 

Mangrove Forest in 

SRS6 before Wilma 

Wind speeds reached 45-50 m/s at Shark River mouth 

compared to weaker winds (30-35 m/s) in the Joe Bay area 

(TS/Ph-8)  

SRS6 

SRS5 

Major defoliation of forest canopy  



FCE LTER 

PROGRESS 
Mangrove Productivity 



Global Cumulative Cyclone Tracks 

Frequency Coastal Disturbance; and 

tropical zone with little cyclone activity  












