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Atchafalaya-Wax Lake Deltas 

Delta Formation
ÅBayhead environment

ÅEmerged after 1973 flood

ÅLand building = 2.0 km2 y-1

ÅFront expansion = 0.2 km y-1

ÅDischarge = 1/3 Miss. River

ÅWax Lake exemplifies   

natural channel/island 

development

Sediment Elevation and Plant Community Change During Rapid Delta Growth
Guerry O. Holm, Jr., Azure E. Bevington, Robert R. Twilley, and Charles E. Sasser

Department of Oceanography and Coastal Sciences, Louisiana State University, Baton Rouge, LA

Mudflat colonizers decrease: 

As soil elevation increases, inter-

specific competition intensifies 

among more species.

Current & Long-term Studies

Long-term Community Change Major Event Sedimentation

H. Ike

H. Gustav

ó10-yrô Flood of 2008Hurricanes Gustav & Ike

Flood Hurricane

Delta-wide, elevation gain was greater with flooding 

Flood Hurricane

Transect

studies
Atchafalaya Wax Lake

established 1980 2007

permanent 

plots
101 87

transects 3 7

total length (m) 2960 2000
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-80 -60 -40 -20 0 20 40P
o

s
t-

fl
o

o
d

 a
c

c
re

ti
o

n
/e

ro
s

io
n

 (
c

m
)

-10

-5

0

5

10

15

20

25

Pre-storm elevation (cm MSL)

-80 -60 -40 -20 0 20 40P
o

s
t-

s
to

rm
 a

c
c
re

ti
o

n
/e

ro
s
io

n
 (

c
m

)

-10

-5

0

5

10

15

20

25

0

50

100

150

200

250

300

0

20

40

60

80

100

120

0

20

40

60

80

100

120

Year

0

20

40

60

80

100

120

0784 85 86 9880 8382

S
u

m
 o

f 
c
o

v
e
r 

v
a
lu

e
s

Sagittaria sp.

Typha sp.

Zizaniopsis

Phragmites

óClonal Giantsô invade: 

Their success is related to tolerance 

of periodic saltwater exposure, poor 

palatability to herbivores & cold 

tolerance. Their persistence and 

growth throughout the year increase 

the net retention of sediments in the 

delta during early season cold-fronts 

and river flooding. Compared to 

adjacent mudflat species, 

Phragmites patches can create a 

sediment surplus of 20 kg m-2.

1998 plot elevation (cm)
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Atchafalaya

Wax Lake

Functional group Code Example species

Woody wdy Salix

Vine vin Vigna, Mikania

High elevation / 

understory
heu Colocasia, Cicuta, Spilanthes

Sprawling / 

cosmopolitan
spc

Polygonum, Ludwigia, 

Alternanthera

Perennial grass/sedge 

/rush
pgs

Panicum, Leersia,

Schoenoplectus

Clonal giant cgi Phragmites, Typha, Zizaniopsis

Mudflat emergent mfe Nelumbo, Sagittaria

Mudflat submersed mfs Heteranthera, Potomogeton

Ephemeral eph Cyperus, Sphenoclea

Early Studies
ÅTransects established in 

1980 in the Atchafalaya delta

ÅEarly studies focused on 

understanding primary 

succession

ÅPrimary drivers of community 

succession:

ð Inundation 

ð Nutria herbivory

ð Salinity

ð Mineral sedimentation

ð Competition

Contemporary 

Studies
ÅNew focus on the Wax Lake 

delta while continuing long-

term transects in the 

Atchafalaya delta

ÅThe natural development of 

Wax Lake delta provides an 

opportunity to predict the 

pace of land-building of a 

large river diversion

ÅUnderstand feedback 

between land-building and 

plant community change

Mudflat: Sagittariaplatyphylla(delta duck potato)

Willow Swamp: Salix nigraand Colocasiaesculenta

Wetland Type
Time

period

Accretion rate

(cm y-1)

Active deltaic

AtchafalayaÀ 1980-1986 1.0 

Atchafalaya* 1998-2007 1.7

Wax Lake* 2008 6.4

Inactive deltaic

Fresh# Since 1963 0.56

Brackish# Since 1963 0.52

Salt# Since 1963 0.64

1998-2007
ÅAtchafalaya delta (101 plots)

ÅMean accretion across the 

delta = 1.7 cm yr-1

ÅOver time, there is a 

relatively even distribution of 

accretion across island 

elevation gradients

Delta-wide Accretion = 1.7 cm y-1

ÀShaffer et al. 1992; * This study; # Piazza et al. in prep

Wetland Comparison
ÅLong-term, active delta 

sedimentation can be 2-3 

times greater than inactive 

marshes

ÅShort-term flood pulses 

produce high sedimentation 

which inevitably undergoes 

compaction & redistribution

Physical Conditions

Accretion Across Island Elevation Gradients

Elevation Change

Storm vs. Flood Sedimentation: 

Contrasting High and Low Elevation Transects

Functional Group Comparison Between Deltas

Atchafalaya Delta Long-term Transects 

Couple Sedimentation and Plant Community

ÅThe strength of feedback between plant community types and 

sedimentation remains to be established

ÅQuantify contemporary habitat types to predict the pace of land-

building and measure the rate of habitat change

Modeling Applications

CLEAR
ÅThe Coastal Louisiana 

Ecosystem Assessment and 

Restoration program provides 

a comprehensive modular 

approach to coastal 

ecosystem forecasting that 

projects ecological benefits of 

restoration alternatives. 

ÅThe data we have collected 

can be used to establish 

general quantitative 

relationships that can be used 

in CLEAR models

Plant Community
ÅOver time, the herbaceous 

marsh community changes 

from mudflat colonizers to 

robust clonal species that have 

resistance to herbivory and 

tolerance for protracted 

inundation, periodic salt 

exposure, and cold tolerance.

ÅDuring the early development 

of an island, woody species 

(Salix nigra) establish along 

high elevation island heads 

and flanks. There is no 

incremental, lateral expansion 

of trees into herbaceous marsh 

despite suitable elevations.

Sedimentation
ÅHigh rates of sedimentation are observed with large floods; tropical 

storms have an additive, albeit relatively smaller influence.

ÅWhile short-term sedimentation is immense, longer-term estimates 

suggest that the processes of seasonal redistribution and  

compaction are considerable.

A Natural Laboratory
ÅThe processes governing early delta land-building are 

principally different from inactive delta decay, which has been 

the traditional coastal research focus in Louisiana.

Forecasting Delta Restoration
ÅLandscape models are being developed with refined process 

rates to predict the trajectory of delta land-building.

Storm accretion favored high elevations

Flood accretion was more evenly distributed across elevations

Wax Lake delta community exemplifies a young phase of delta 

development that selects for species tolerant of extended inundation

Future Objectives

Conclusions

Atchafalaya and Wax Lake deltas (Landsat5 Thematic 

MapperSatellite Image, 17 Nov. 05.Image provided by John Barras, 

U.S. Geological Survey)

Aerial and cross sectional views of vegetation 
community zones across a typical mouth-bar island in 
the Atchafalaya delta  (Johnson et al. 1985)

Conceptual diagram of relationships between 
modules and data within the CLEAR framework

Biogeochemical Cycling
ÅMonthly survey of water quality throughout delta

ÅMeasure exchange between  marsh and open water under 

influence of tides, fronts, and river flooding

ÅDetermine importance of nutrient removal pathways 

(assimilation, denitrification, burial) 

ÅEstimate the nutrient removal capacity of different habitat types

ÅEstimate annual nutrient flux within delta


