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Louisiana’s 2012 Coastal Master Plan 
- Sediment capture diversions for 

land building

- 10 diversions on Mississippi and 
Atchafalaya Rivers

- Wax Lake Outlet: 900 to 8800 m3 

s-1

- Maximum discharge size 
categories:

- 141.6 m3s-1 (5,000 cfs)

- 1416 m3s-1  (50,000 cfs)

- 7080 m3s-1  (250,000 cfs)

Morganza



1: Concept of Emergent Ecosystems –

Successional Chronosequences

- Types of deltaic floodplains that 

control ecosystem patterns 

change over time with terrestrial 

and lacustrine vs coastal 

influences.

- How do the concepts of 

emergent ecosystems in coastal 

deltaic floodplains follow the 

established concepts for 

emergent ecosystems 

(succession)
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1: The Atchafalaya Floodway represents 

major section of flood control system

Roberts et al. 19971912 1930 1960 1975



1974 1983

1995 2002

Coastal Deltaic 

Floodplain





2: Chronosequence of soil development in deltaic 

lobes of coastal deltaic floodplain

- Limitations of growth

- Chronosequence soil 
characteristics

- Organic Matter

- Total Nitrogen

- Total Phosphorus



Soil organic matter content with 
substrate age
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• Distance from head of WLD used as a proxy for age
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Soil N and P content with 
substrate age
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3: Soil composition as part of Deltaic Floodplain 

Successional Chronosequences

- Soil extremes in 

composition from 

inorganic to organic 

dominated (IS:OM ratio) 

reflects delta cycle. 

- Abandonment and 

reoccupation control the 

IS:OM ratio; and the 

compsition of deltaic 

soils. 
Growth =         Maintenance =

River               Plants
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4: Plant communities contribute to the 

topography of coastal deltaic floodplains during 

delta development

- Plants respond to elevation 

gradients – step functions during 

extreme storm events?.

- Plants increase deposition and 

sediment storage on delta top and 

thus change elevation gradients 

and channels?.



Plant – Sediment Interactions

Justicia, Phragmites, 

Polygonum

Elevation

 15-20 cm

Mass

 20 kg m-2



5: Carbon accumulation of Coastal Deltaic 

Floodplains contribute to the elevation of 

emergent deltas 

- Ecosystems provide 

biomass production and 

organic matter accumulation 

– balance of production, 

respiration and export.

- Does this organic matter 

accumulation contribute to 

elevation of delta top
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Carbon contribution to Atop = rorg

All since 1980

Mostly since 1973W. Kim, G. Parker, C. Paola, D. 

Mohrig, R. Twilley, EOS 2009



6: There are thresholds of relative sea level rise 

that will result in the collaspe of coastal deltaic 

floodplains



Tidal PrismKirwan et al. 2010
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7: Ecosystem service as reduction of nitrate from 

riverine source to shelf hypoxia.

- How do nutrient fluxes vary with 

age of delta lobe development

- How do nutrient fluxes vary with 

the elevation and vegetation 

types

- What are the seasonal fluxes of 

nutrients

- Focus on the fate of nitrate as 

flows across delta lobe



N2-N Fluxes as a Function of 
Organic Matter Content
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Henry and Twilley 2013. Ecosystems
DOI: 10.1007/s10021-013-9727-3



Experiment: Summer (May) 2011, 25 °C, <1.0 ‰

Ambient NO3
-

62 μM
Low NO3

-

2 μM

* *

* *

35 yr

10 yr

Net N2 and Nitrate Fluxes in Marshes of WLD 

– Effects of Nitrate Enrichment (nitrate 

removal experiments)

N2 positive fluxes = net denitrification

N2 negative fluxes = net N fixation

Young Int Older

Site
3% OM 18% OM

Henry and Twilley 2013. Ecosystems
DOI: 10.1007/s10021-013-9727-3



Experiment: Summer (May) 2011, 25 °C, <1.0 ‰

Ambient NO3
-

62 μM

Low NO3
-

2 μM

Ambient NO3
-

62 μM
Low NO3

-

2 μM

* *

* *

35 yr

10 yr

Net N2 and Nitrate Fluxes in Marshes of WLD

N2 positive fluxes = net denitrification

N2 negative fluxes = net N fixation

Positive fluxes = soil production or release

Negative fluxes = soil consumption and uptake

Young Int Older Young Int Older

3% OM 18% OM
Site

3% OM 18% OM
Site

Henry and Twilley 2013. Ecosystems
DOI: 10.1007/s10021-013-9727-3



8: Coastal Deltaic Floodplains succession varies 

with nature of disturbance from biological and 

physical factors 



9: Coastal Deltaic Floodplains are linked to 

productive estuaries with fisheries value

Fourleague Bay is at the mouth 

of Atchafalaya River. It has 

historically received about 3% of 

river discharge.  

Has productive oyster leases in 

lower bay; 50% nutrient 

reduction; stable wetlands.  

Is also site of extensive shrimp 

harvest.  Thus is coastal basin 

with river occupation and 

ecosystem services. 



Fourleague Bay: Note upper 

right panel that shoses the 

salinity variation with high flow 

discharge of Atch River –

decreases to <2 ppt, but then 

recovers to 20 ppt is short 

time frame.  Residence time of 

freshwater is about 0.25  to 

0.5 months during high 

discharge (bottom right panel). 





Very important finding –
that normalized for 
depth, shallow coastal 
systems of deltaic coasts 
have nutrient removal 
rate of about 50 m/yr;

which is the coefficient 
similar to most wetland 
dominated systems.  

Thus there is a very high 
nutrient removal capacity 
of shallow coastal 
systems. 



Questions?



First exercise is to frame 

some evidence of how large 

was a flood-pulse of the 

Mississippi River during a 

major flood before the 

federal levee system was 

installed and restricted 

inundation of coastal basins. 

An analysis by Charles Ellet 

Jr. published in 1853 gives 

provides some evidence of 

how large a flood-pulse 

event during the 1851 flood. 



Estimate that the discharge 

of the 1851 flood – about 

1.28 million cfs. 

The next slide will show an 

estimate of how much of that 

flood emptied into the 

adjacent floodplain by 

creating crevasses along the 

river. 



Estimate that the total loss of 

river flow during 1851 flood 

between point of present Old 

River Control structure and 

below New Orleans (english 

turn) is about 139,500 cfs. 

This is flood pulse volume 

during 1851 flood that 

connected river to floodplain. 


