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• Gulf of Mexico coastal wetlands are transitional 
between marshes and mangroves

• Mangrove populations are expanding

Marsh  Mangrove



- Landsat TM 5 images from 
1990 and 2010 

- Used Artificial Neural 
Networks to classify 10 land 
cover types

Specifically targeted black 
mangrove (Avicennia 
germinans) and salt marsh 
(various species) coverage

Have mangroves become more 
common on the Texas coast?

Yes!
Over last 20 years:
Mangroves expanded by 74%
Marshes decreased by 24%

Armitage et al. PLOS One 2015
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• Mangroves increased by 74%
• 16 km2 increase

Mangrove expansion occurred in 
areas of marsh or upland

• Salt marshes decreased by 24%
• 78 km2 decrease

Only 8% of the salt marsh loss was 
due to mangrove expansion
Mangrove area small relative to 

marshes
Marsh loss largely due to habitat 

loss, relative sea level rise

Mangrove area increased, Marsh area decreased



Mangrove expansion rate may be accelerating

Sea level rise (Doyle et al. 2010)Temperature (Osland et al. 2013)

Atmospheric CO2

Herbivory
Other stressors



Photo courtesy L. Smee

Many species- and process-level implications of this expansion



Current focus: Will mangrove expansion change blue carbon storage?



• Coastal wetlands act as a carbon “bank”

• Plants take up carbon dioxide from the atmosphere and 
convert it into wood and leaf tissue

• That carbon eventually ends up the in soil, where it can be 
stored for thousands of years

• The size of that carbon bank “account” may be linked to 
vegetation type

• Mangroves: larger plants, woody tissue

• Salt marshes: smaller plants, less woody tissue

• Accumulation rates

• If mangroves expand and salt marshes shrink, could this change 
blue carbon storage on the Texas coast?

Blue carbon in coastal wetlands



• Marsh, mangrove, and transition sites

• Soil cores:  50 cm deep, 2 cm sections

• Measured organic carbon

• Calculated accretion rate using 
radiochronological dating

• Calculated soil carbon accumulation 
as g OC/m2.yr

• OC in above- and belowground biomass

Approach



Bottom line: 
- Mangroves have more carbon in aboveground tissue than marsh 

plants, but storage in the soil is the same
- Most OC stored in soil marsh and mangrove OC stocks similar

Plant tissue

Soil

Carbon stocks
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Salt marsh loss: -78 km2

Mangrove gain: 16 km2
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Bottom line: Mangrove plants 
offset loss of marsh plants, but 
there is a net loss in soil carbon

Change in carbon stocks
OC stock * change in area

Total aboveground load

Net D

Net D

Belowground inventory



Bottom line: 
- Local and coast-level burial rates were the same 

between marsh and mangrove, but much lower on TX 
coast compared to global averages

- Small wetland area  Low coast-level storage

Ecosystem
Carbon flux
(g C m-2 yr-1)

Coast-level carbon 
burial (Tg C yr-1) Sources

Global salt 
marshes

218 4.8-87.2
Mcleod et al. 2011, Chmura et al. 

2003, Duarte et al. 2005

Global 
mangroves

226 31.1-34.4
Chmura et al. 2003, Bird et al. 2004, 
Lovelock et al. 2011, Sanders et al. 

2010, Spalding et al. 2010

TX coastal salt 
marshes

27 0.0087 This study

TX coastal 
mangroves

27 0.0015 This study

Carbon burial



Baja mangroves:
Tiny but mighty!

Ezcurra et al. PNAS 2016

Blue carbon Mangrove area
Blue carbon Mangrove age 



Combine soil organic carbon accumulation rates with changes in 
aerial coverage: 

• Mangrove gain does not entirely offset marsh loss 

 Mangroves replace 24% of lost marsh belowground 
organic carbon inventory 

 Major deficit of belowground OC sequestration along 
the Texas Gulf Coast over the 20-year study period

• Texas coastal wetlands are declining in carbon storage capacity

 In 2010, the marsh/mangrove habitat in Texas 
accumulated 19% less organic carbon in the soil than in 
1990

 This change was mostly due to habitat loss (relative sea 
level rise), not a shift in vegetation

Coast-level blue carbon accumulation has 
declined



“Icing on the cake” – combined effect with other 
habitats

Texas wetlands are at the low end of the carbon 
flux range = relatively small contribution to global 
carbon sequestration fluxes 

Area > vegetation type

Mangrove expansion  trajectory towards rapid 
increase in blue carbon

Further shifts in vegetation communities may 
continue to change blue carbon sequestration 
capacity

Implications for blue carbon storage in Texas



Thanks!
Any questions?
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