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f Outline

1. Importance of salt marshes and a historical
overview of anthropogenic marsh alterations
focused on ditching

2. Affects of hydrological alterations on marsh
surface elevation

3. Implications within a regime of accelerated
sea level rise and future marsh restoration
and management



Importance of Salt Marshes

Ecological functions and
productivity ﬁliﬁiydﬁw//éﬂ/&‘ﬂs/
Storm surge buffer i o cout ¥
stabilization of barrier islands ’

protect > $3 trillion in real estate
and infrastructure investments along
the Atlantic and Gulf coasts

Protect more than 155 million
people residing in coastal counties

(NOAA 2010)




Historical Overview of Marsh
Alterations

Salt marshes in New England have been anthropogenically
exploited since the beginning of the 17th century

Manipulated for a variety of purposes:
Development and road expansion
Agricultural expansion
Waterfowl management
Mosquito control
Navigation
Fisheries
Flood protection

Consequently, these manipulations have altered natural
hydrologic regime of the marsh



Ditching

e Beginning in the 1600’s the salt marsh was a source of
hay for the European settler’s livestock.

* Yields of hay increased In dryer areas of the marsh

« Marshes throughout the east coast were parallel ditched
to drain the tidal water.




Ditching

* Early 1900’s: extensive
networks of ditches were
dug to control mosquito
populations thought to
cause disease

o “without water,
mosquitoes can’t develop”

« By 1938 ~ 90% of coastal
marshes from Maine to
Virginia had been ditched




,‘ ¢
lmag‘e:MalS_. Comm

i ©2011/Google
4246:288:N_70:148 84T W eley




- Hf‘l
o
D
:
:
.
[
"
(.| ‘ P
( N ;
{ ] N
| ’
‘ v :
y
'
|
’




loss
Igh

(018

driving
f marsh

ISIM

surface elevat

D
-
e
e
e
c -
-
<

C
S
I
O
D
S

In an area o
platform with h
ditch density?




How do marshes grow vertically?

Elevation of the marsh surface is
maintained by vertical accretion

Accretion: net building of marsh soils,
accumulation of both IM and OM

IM accumulation: mineral sediment
Inputs from tides, rivers, redistribution

OM accumulation: balance between
primary production & decomposition

In marsh systems that are sediment-
starved (New England), accretion is
typically dominated by in situ
contributions of organic matter




Hydrological Functioning

Anthropogenic changes made to the hydrologic functioning of a
marsh are ultimately responsible for a change in surface
elevation.

Waterlogged Soils Reduction in hydroperiod
l !

Gas exchange is reduced Increased air entry into pores

l l

Anaerobic conditions aerobic conditions

l l

Slower OM decomposition accelerating OM decomposition

l l

Accumulation of OM reduction of OM

l l

Accretion subsidence




Study Site

« Parker River NWR, Newburyport, MA
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Elevation Difference

 Ground-truth LIDAR
— HOBO water level logger
— ~13m from creek in both ditched and non-ditched study area
— Equidistant from ditches on either side
— Deployed for about 10 days




surface water depth (m)

Surface Water Depth on Marsh Platform in Ditched vs. Non-Ditched
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Non-Ditched marsh on average 23.5 cm higher in elevation than Ditched marsh



Surface Water Drainage

Hypothesis: Man-made ditches allow for more efficient draining of the
marsh surface.

Surface Water Depth on Marsh Platform in Ditched vs. Non-Ditched
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Subsurface Drainage

Hypothesis: Ditches allow the marsh subsurface to

drain more efficiently, causing it to be saturated/
waterlogged for shorter durations, reduced hydroperiod.

Methods: water table wells with HOBO instruments
Wells placed ~1.5 m from creek and 16.5m from creek




Water Table Level below marsh surface (m)
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Subsurface Drainage

Water Table Levels in Non-Ditched Marsh vs Ditched Marsh
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Water Table Level below marsh surface (m)
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Subsurface Drainage

Water Table Levels in Non-Ditched Marsh vs Distance to Creek
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Ditching
!
Reduction in hydroperiod |Z[

l

Increased air entry into pores IZ[

l

aerobic conditions

l

accelerating OM decomposition

!
reduction of OM

|
subsidence IZ[




 Hypothesis: The non-
ditched marsh substrate will
have lower bulk density and
higher % organic content
compared to the ditched
portion.

* Methods: sampling of
auger cores taken to depths
of ~40cm, LOI

Reduction in
hydroperiod
l
Increased air entry into
pores

!

aerobic conditions
l
accelerating OM
decomposition

!
reduction of OM

l

subsidence




Bulk Density

Bulk Density over a Depth Profile for 2 Marsh locations
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Hypothesis: Dead belowground biomass in the ditched marsh will
be less compared to the non-ditched if live biomass is relatively similar

In both sites.

Belowground Biomass over a Depth Profile for Non-Ditched Marsh vs Ditched Marsh at 2 months
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Ditching
!
Reduction in hydroperiod IZ[
l

Increased air entry into pores IZ[

l

aerobic conditions

l

accelerating OM decomposition

I}
reduction of OM IZ[

!
subsidence IZ[




Hypothesis: Rates of
decomposition are higher in the
ditched portion of marsh.

Methods: 10cm x 10cm mesh
packets were filled with ~ 4g dried
root matter and inserted into the
marsh at a depth of 30cm; removed
from marsh at 3,6,12 month
Intervals

Results: No significant difference
In rates of decomposition at 3
months




Ditching
!
Reduction in hydroperiod IZ[
l

Increased air entry into pores IZ[

!
aerobic conditions ?

o

l
accelerating OM decomposition ?

l o
reduction of OM IZ[

!
subsidence IZ[




Implications within a regime of
accelerated sea level rise

« Accelerated sea-level rise: 18-59 cm over the next century (pcc 2007)

If accretion rate < sea-level rise:

l
salt marshes excessively inundated
l
massive vegetation die-backs
l

In situ contributions of organic matter
from root production drop off
|
structural integrity of the marsh substrate
declines
|
increased susceptibility to erosion
marsh deterioration
conversion to open water

. . " ' (¥

1 3% K 1 b ' l Y ",- i #

) :r.‘ i “ﬂ f Y h -~

» _" \ A 1 l f ’1‘ 1 u 5 g
A (( N' ‘ ) ¥ 8




Implications for Marsh Restoration

and Management

« More research Is always needed

« Marshes are complex and multi-faceted, and In
restoring ditched marshes many characteristics,
properties, and functions of the marsh subsurface and
substrate must be addressed for a project to be

successful.

» Use restoration projects as an opportunity to also
further science.




Questions?

“There 1s no other case 1n nature, save in the coral
reefs, where the adjustment of organic relations
to physical conditions Is seen in such a beautiful

way as the balance between the growing marshes
and the tidal streams by which they are at once
nourished and worn away.”

(Shaler 1886)



