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What factors create pattern in salt marsh vegetation?
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Single gradient model based on competitive hierarchies along 
a stress gradient

Diversity

Biomass
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Spartina alterniflora Spartina patens Juncus gerardi Iva frutescens

Upper limits of each species set by competition

Lower limits of each species set by flooding

Increasing flooding and salt stress 

Rhode Island

Conceptual model for RI based on work by Bertness lab

Peripheral habitat Core habitat
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At low latitudes, salt and flooding gradients not parallel
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Outline

1) New model
2) Transplant experiments
3) Watering experiments
4) Variation among sites
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organization in a GA salt marsh. 

1) New Model
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Water content vs. elevation

• Elevation more relevant to visible “zones”
• Water content more relevant to plant 

physiology
• Water content easier to standardize across 

multiple sites
• Doesn’t matter too much—correlated
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Airport Marsh
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Species

Borrichia frutescens and Juncus roemerianus—”core” species?
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Batis maritima and Salicornia virginica—”peripheral” species?
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Spartina alterniflora—”peripheral” species?
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Evidence for these designations (species)

Salinity (psu)

25 30 35 40 45 50 55 60

W
at

er
 C

on
te

nt
 (%

)

15

20

30

SV
BM

SA

DS

BF

JR



15

Evidence for these designations (species)

Salinity (psu)
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By “habitat type”, groups based on MRPP
Salinity (psu)
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By “habitat type”, groups based on MRPP
Salinity (psu)
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Model predicts:
1) Competition from core species 

excludes peripheral species from 
core habitat

2) Core species will die due to physical 
stress if moved to peripheral habitats

These predictions are consistent with all 
data from Georgia (31 tests in four 
studies)

core
habitat

peripheral 
habitat

peripheral 
habitat

2) Does model explain results of transplant experiments?
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Conclude: Model is consistent 
with all transplant results 
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3) Does model explain results of salinity manipulations?

We watered plots
1) Between core (Juncus) and salt-peripheral (Salicornia)
2) Between wet-peripheral (short Spartina) and salt-

peripheral (Salicornia, Batis, etc.)
3) Between salt-peripheral and uninhabitable (salt pan)

Plots watered 3x week for up to 4 years.  Effect was to 
flush salt without strongly affecting water content.

Model predicts that when salinity is lowered, plots will be 
invaded by core species at the expense of peripheral 
species.
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Edge of salt pan

Four zones: 1  2  3  4

0.5 m
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Conclude: model is consistent 
with watering results, one of the 

experiments (Spartina/ salt-
peripheral) was in retrospect not 
a good test because confounded 
both gradients in one experiment
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4) Does model explain variation among sites?

• Lots of studies have looked at zonation at 
a single site

• Few studies have looked at variation in 
zonation patterns among sites

• Comparing sites can test model and may 
reveal additional “landscape” drivers of 
zonation pattern
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55 Sites

Goal: explain zonation
(vertical range) of 4 
dominant zones (Spartina, 
“meadow”, Juncus, 
Borrichia)
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Predictor variables
• Landscape position (East-West; North-

South=distance from Altamaha)
• Upland morphology (peninsula to bay )
• Tidal range (+ or – versus reference site)
• Salinity (3 zones, creek)
• Soil water content, organic content
• Analysis using Structural Equation 

Modeling (SEM). This is a very general 
form of multiple regression that allows all 
variables to interact with each other
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Multiple regression SEM
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Coastal Marsh Structural Equation Meta-Model
(This is our hypothesis)

various
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* nonlinear pathways

Edaphic influences, competition

Borrichia negatively affected by 
wet soils and by high salinities 
(consistent with model and with 
transplant experiments).

Borrichia negatively affected by 
Juncus (consistent with 
transplant experiments).

Meadow positively affected by 
salinity (consistent with model).

Juncus negatively affected by 
salinity (consistent with model 
and transplant experiments).

Spartina positively affected by 
salinity (short Spartina?) and 
negatively affected by Juncus
(consistent with model and 
transplant experiments).
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* nonlinear pathways

Landscape influences

Soil water affected by north-
south location (wettest near 
major rivers). Hyporheic zone?

Upland form strongly affects 
Juncus (more upland, more 
Juncus). Driven by lower salinity 
deep in soil?
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Landscape influences

More Spartina, Juncus and 
meadow to the east.  Larger 
vertical range of marsh (salt 
spray?).
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* nonlinear pathways

Landscape influences

Soil water affected by north-
south (wettest near major 
rivers). Hyporheic zone?

Upland form strongly affects 
Juncus (more upland, more 
Juncus). Driven by lower salinity 
deep in soil?

More Spartina to the east. More 
Spartina, Juncus and meadow 
to the east.  Larger vertical 
range of marsh (salt spray?).

Soil salinity affected by east-
west (lower salinities to east, not 
sure why) and north-south 
(saltier farther from rivers).

Upland more peninsula-like to 
the east.
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Conclude: Comparison of multiple sites is 
consistent with model, also identifies landscape-
level factors (upland, NS, EW) that affect edaphic
variation or affect plants directly through un-
measured variables.  Suggests new avenues for 
research. 
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Conclusions 1

• Centrifugal model is necessary to 
understand vegetation patterns in low-
latitude marshes.  Also applies to high-
latitude marshes after disturbances.

• Model is consistent with vegetation 
pattern, transplant experiments, watering 
experiments, and variation among sites.  
Multiple lines of evidence.
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Conclusions 2

• Study of variation among sites identifies 
poorly-understood landscape-level 
processes worthy of attention.
– How does geographic location and shape of 

the marsh-upland interface affect edaphic
variables that drive vegetation pattern?


