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Fluxes between adjacent subsystems and other components of 
coastal ocean. Carbon can flux both within (values in black) 
and across (values in red) the boundaries of the coastal ocean. 
Particulate and dissolved OC fluxes are presented as total OC 
values. The balance between gross primary production (GPP) 
and total system respiration (both autotrophic, A, and 
heterotrophic, H; RAH) is net ecosystem production (NEP), with 
negative values indicating conversion of OC to IC. Units are Pg
C yr−1 (1 Pg = 1015 g) rounded to ± 0.05 Pg C yr−1. Within-river 
fluxes and transformation of carbon are excluded from this 
analysis.

0.05 Pg C/yr

Coastal Ocean



Mangrove Carbon 
Sequestration

Atmosphere CO2

What are best integration of methods to determine 
global estimates of carbon sequestration?
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Jardine, S. L. & Siikamäki, 
J. V. 2014.  A global 
predictive model of carbon 
in mangrove soils. Environ. 
Res. Lett. 9, 104013 

Developing global models of 
carbon sequestration in 
mangrove soils is one of the 
great challenges – both 
stocks and the annual burial 
rates – along with impacts 
from land use change.  



Carbon inventories depends on carbon 
density per unit area (Mg/ha) times the 

mangrove area

Mcleod, E., G. L. Chmura, S. Bouillon, R. Salm, M. Björk, 
C. M. Duarte, C. E. Lovelock, W. H. Schlesinger & B. R. 
Silliman, 2011. A blueprint for blue carbon: toward an 
improved understanding of the role of vegetated 
coastal habitats in sequestering CO2. Frontiers in 
Ecology and the Environment 9: 552-560 
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Mangrove Ecology – A Geomorphological Perspective

Bruce G. THOM
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THOM’S Environmental Settings For Mangroves

Part 1. A little bit of context and concept

Thom (1982)
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Colin D. WOODROFFE
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WOODROFFE’S Environmental Settings For Mangroves

Woodroffe (1992)



1995

65th Birthday Party for HT Odum, UNC Chapel Hill NC, 1989



Twilley et al. (1995)

The Ecogeomorphology of Mangroves



THOM’S + WOODROFFE’S Environmental Settings For Mangroves

Part 1. A little bit of context and concept

After Boyd et al. (1992), Dürr et al. (2011), Thom (1982), Twilley (1995), Woodroffe et al. (1992)
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Part 1. A little bit of context and concept

After Boyd et al. (1992), Dürr et al. (2011), Thom (1982), Twilley (1995), Woodroffe et al. (1992)





Coastal ecogeomorphology
conceptual framework. a, 
The relative contribution of 
geophysical (e.g. river 
discharge, tidal amplitude, 
wave energy) and climatic 
(temperature, precipitation, 
evapotranspiration) drivers 
shape (b) distinct coastal 
environmental settings (e.g. 
deltas, estuaries, lagoon, 
karstic). c, Bidirectional 
influences of biota and 
landscapes on each other 
constrain (d) carbon 
partitioning among 
ecosystem compartments 
(soil, above- and 
belowground biomass).
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Depth <0.3m

C from LOI

107 studies

551 sites from

43 countries 

Atwood et al. (2017)



142 cells
(0.25 degrees) 

From Carrère et al. (2012), Fekete et al (2002), Hijmans et al. (2005), Mu et al. (2011)
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20%, df=139, p<.000
𝑋𝑋₁ - Tide (83%)
𝑋𝑋₂ - Temp. (17%)

𝑌𝑌𝑖𝑖 = 𝑏𝑏₀ + 𝑏𝑏₁𝑋𝑋₁𝑖𝑖 + 𝑏𝑏₂𝑋𝑋₂𝑖𝑖 + ɛ

Med: 31.12 (mg cm-3)

May 18



Atwood et al. (2017)

Gray ➠ 283 Mg C ha-1

N = 57 countries
Hashed ➠ low quality data

N = 24 countries

37
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Woodroffe, C, K. Rogers, K.L. McKee, C.E. Lovelock, I.A. Mendelssohn, and N. Saintilan, 2016. Mangrove 
Sedimentation and Response to Relative Sea-Level Rise.  Annu. Rev. Mar. Sci. 8:243–66

Mangroves
C Sequestration

∆Corg/dt

Atmosphere CO2



Rates can range from 
4 to 1000 gC m-2 yr-1

The largest proportion 
of observations, 41 of 
the 65 sites, occur 
from 4 to 200 gC m-2

yr-1, 

Average = 225 gC m-2

yr-1 for all sites.
Breithaupt, J. L., J. M. Smoak, T. 
J. Smith, C. J. Sanders, and A. 
Hoare (2012), Organic carbon 
burial rates in mangrove 
sediments: Strengthening the 
global budget, Global 
Biogeochem. Cycles, 26, 
GB3011, 
doi:10.1029/2012GB004375 

C Sequestration

Soil C Burial

225 g C m-2 yr-1

Atmosphere CO2
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Data compiled
AGB, Litter fall, SOC

Figure XX. Bar graphs 
show the number of 
sites classified after 
Dürr (2011) and Thom 
(1982) classifications 
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Ecogeomorphology of mangroves vs marshes?
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5025 km2 50 km2

100 gC/m2 100 gC/m2

50 km25 km2

Analysis of relative 
contribution of 
transported detritus 
from wetlands to the in 
situ productivity of 
phytoplankton.  This is 
critical concept to 
evaluating the 
importance of 
subsystems to food 
webs of estuaries. 



WETLANDSSEAGRASSES

PHYTOPLANKTON
BENTHIC ALGA

The types of primary producers that 
dominate estuarine ‘landscape’ is related 
to the resources, regulators, and 
hydrology (light, nutrients, salinity, 
physical constraints) of the coastal 
setting.  The subsystem area times the 
per unit production will determine net 
system productivity.  



Hierarchical Framework : Landscape Patterns of Carbon SinksThe Ecogeomorphology of Mangroves



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. 

0.05 Pg C/yr

Mangroves =
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Questions/Comments

rtwilley@lsu.edu

Papers on 
researchgate

mailto:rtwilley@lsu.edu
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