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Objective:

Develop a suite of indicators of the condition of coastal wetlands that are based on physical and
biological criteria. Emphasisis on higher plant-based pigment indicators. Link these indicators to
remote sensing capabilities.

Progress Summary:

The ACE INC, Coastal Wetland Indicators component has been active since August
2001. Intheinitia months of the project most of the activity was organizational. Two
postdoctoral fellows have been hired, Helen Marshall, an expert on plant pigments and
biooptical modeling with a PhD from the University of Wales, and Vinton Valentine with
aPhD from the University of Delaware. Dr. Marshall isworking on amajor goa of our



project, which isto develop a suite of indicators of the condition of coastal wetlands that
are based on biophysical criteria. One set of indicators that we are developing are based
on measurements of plant pigments. These will be correlated with the optical properties
of single leaves and with whole canopies in order to develop algorithms that be used to
interpret remotely sensed data and to derive indices of wetland plant productivity, stress,
and change at the landscape-scale. Dr. Vaentine bringsto the project expertise in image
anaysis and geographic information systems. With the addition of Vinton, our effortsin
classification of marsh drainage networks will commence. Hypotheses that address the
responses of leaf pigments and their optical propertiesto nutrients and salt stresswill be
tested using samples collected from experimentally manipulated test plotsin the field. A
second indicator of coastal wetlands that can be derived from remotely-sensed datarelies
on interpreting the geomorphic pattern and fractal signature of coastal wetland drainage
networks. The pattern of existing channel networks is a consequence of the existing
geomorphic equilibrium and conveys information about the stability of coastal wetlands.
Proposed field work in CY 2001 was deferred until CY 2002 because of late arrival of
funds to initiate the project.

The structure of the program, its elements, and principal scientistsis diagrammed below
(Figure 1).
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Figure 1. Schematic of the structure, elements, and principal scientists of Coastal
Wetland Indicators.




Pigment Indicators
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treatment, in a spectral region that islargely determined by cell structure. Microscopic
anaysis showed that the bundle cells of P-treated plants were more lignified and also
differed in the dimensions of their bundle sheaths. The observed differences in spectral
reflectance should be great enough to be detectable by remote sensors and could provide

ameans of monitoring nutritional status.

We also have made progress in relating the density of
chlorophyll in the plant canopy to the reflectance data
in remote imagery, and we have successfully trained a
neural network to classify remote imagery. With
stunning success, the neural network was able to map
chlorophyll density as well as plant community
distributions and major landscape features. Thisisan
important step, because chlorophyll concentration
provides information about a plant’s condition. The
concentration of chlorophyll in plant tissues varies
with phenology and with nutrition. Moreover, since
photosynthetic rate and Chl-a concentration are

directly related (Bokari 1983), Chl-aisactualy a
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condition of plants. Further, since chlorophyll-ais




highly absorbent of radiation in the range of Landsat Thematic Mapper spectral band 3
(630-690 nm) and reflective in spectral band 4 (760-900 nm), it should be feasible to use
remote sensing techniques to monitor the condition of vegetation (Fig. 2) and the density
of pigmentsin the plant canopy (Fig. 3 and 4).

At North Inlet previous attempts to remotely sense pigments have met with some success
(Fig. 2 and 3) using spatially precise ADAR data, but our experience has shown that
hyperspectral datawill be needed to make significant advances in the remote sensing of
plant pigments. However, we have great successin training neural networks to interpret
remote data, and we expect that significant progress will be made using neural networks
to interpret hyperspectral data.

Figure4. A neurd

Figure 5. Relationship between the state of
the xanthophyl| cycle and delta reflectance in
Spartina alterniflora.

& network was trained
4 ; + * to interpret the 4
2 T y=0zraTx 0 9201 ADAR gda”dsd(ﬁ'ﬁg
19 : green, red an .
- s ) ’ * | | Theoutputof the
g v = ' :ﬂ/ neural net isthe
g 18 = B ‘.,_,’_;,,r" T chlorophyll density
£ 13 . o in the plant canopy.
s, RN Thefit using the NN
B =0 e . . is significantly better
' i % than can be obtained
0.7 using regression
05 . . ; ; : anaysisand
0 05 1 15 2 25 3 | traditional models.
Obs ChiConc (g/m2)
Our group isaso looking
Spartina alterniflora specifically at xanthophyll
pigments. These pigments
3 oo ] react rapidly to avariety of
g o e environmental stressorsin
z e o both micro algae and higher
% 38000 pl ants. The Xanthophyll
T o] pigments perform acyclic
2 so00 — inter-conversion (epoxidation
v )z:;thop;jil Cyclzslgpoxid():tsion StZte | Iei‘rgl(l:'l]td:r-]gpr]olj(tlr?g]lto;t?edsl;nng

which directly affectsthe rate
of carbon fixation and
therefore of primary
production, by competing
with the photosystem 2 light



harvesting

Spartina patens antenna. This
30000 - cycle causes
s 29000 - changesin the
2 8 28000 - proportion of
£8 different
8 8 zzzzz wavelengths of
5o light reflected by
~ 25000 A the photosynthetic
24000 apparatus and as

0.2 0.25 0.3 0.35 0.4 such can be used
Epoxidation state asaremote
sensing indicator

Figure 6. Relationship between the epoxidation state of the g\)/ail abi”tr;ugr:gn t

xanthophyll cycle and the delta reflectance in Spartina patens. the rate of

primary
productionin a
variety of ecosystems. Experiments have been performed at the Plum Island Estuary in
Massachusetts and North Inlet in South Carolina. These experiments used a series of
fertilized plots to assess how changes in nutrient stress affect xanthophyll cycling and
concurrent changes in leaf reflectance both at single leaf and community levels.
Reflectance was analyzed around 530nm wavelength and the change from a‘ no feature’
was cal culated and named delta reflectance. Delta reflectance correlated linearly with the
epoxidation state of the xanthophyll cycle at both single leaf (Fig.5) and plant canopy
levels (Fig. 6). Changesin the overall size of the xanthophyll pool affected the magnitude
of values of deltareflectance, and can be used to predict actual concentrations of each of
the xanthophyll pigments. In thisway the environmental stress that salt marsh plants are
under can be remotely sensed using the reflectance as an indicator. The work is currently
being developed to take into account larger scale community work such that the
reflectance data may be collected by airborne sensors. Common coastal pollutants and
their affects on xanthophyll cycling are also being examined. Xanthophyll cycling occurs
rapidly (10 minutes) and so can provide an environmental indicator with high spatial and
temporal resolution.

Primary Production Indicators

Long-term research at North Inlet has documented atrend of increasing primary
production in the salt marsh (Morris et al. 2002). Interannual variation that exists around
atrend of increasing production isrelated to anomaliesin mean sealevel. Severa lines
of information lead usto believe that the long-term trend is an indication that the
elevation of the salt marsh surface has not kept pace with sea-level rise during the last
decade. If thistrend continues, and if our interpretations are correct, then marsh
productivity will begin to decline as marsh elevation fallsto alevel that is suboptimal.
Then if the trend continued, the marsh would be replaced by intertidal mud flat and then
open water.



Geomor phological Indicators

Research on marsh stability in northern marshes continues on several fronts— 1)
establishment of sites for monitoring sedimentation and erosion, 2) marsh elevation
surveys, 3) geomorphic descriptions of marsh condition. Vinton Valentine joined the
effort in January 2003. Vinton isa postdoctoral scientist at MBL having graduated from
the University of Delaware in December 2002. He brings to the project his expertisein
image analysis and geographic information systems. With the addition of Vinton, our
effortsin classification of marsh drainage networks will commence.

Monitoring sedimentation and erosion
— SET (sedimentation-erosion tables) |
platforms have now been established
a 6 primary locations (Fig 7 and 8) g
that stretch across multiple gradients:

a) land-sea or riverine vs oceanic
sediment source, b) vegetation
communities (S. alterniflora, S. patens
and T. augustifolia), and c) distance
from creek waters (creekside vsinland
marshes). SET platforms and marker
horizons have been established along
300-m long transects extending away
from creekbanks. Five transects have
been established along the Rowley
River, which is one of therivers
discharging into Plum Island Sound.
Three additional SET sites have been
established at experimental siteswhere
marshes are fertilized with N and P.
Initial elevation was measured at each
SET platform in the fall of 2002. Sites
will be monitored with a 6-month
frequency.

Additional SET platformswill be
established once we have mapped and

classified the estuarine drainage creek Figure 7. Ingtallation of SET platformsin
network. Our hypothesisisthat Plum Island marshes during winter so asto
drainage network configuration will minimize disturbance to vegetation.

give an indication of whether amarshis
keeping up with sealevel rise or not.

We will establish SET platformsin each
major network type to test this hypothesis.




Marsh Elevation Surveys— High
precision GPS surveys of marsh
elevation have been conducted
throughout the Plum Island Sound
marshes, from the salt water marshes
surrounding Plum Island Sound to the
tidal freshwater marshes along the
upper Parker River. Kinematic
surveys were conducted following the
establishment of a series of high
precision benchmarks throughout the
Plum Island Sound region. This
benchmark network was tied into the
geoid by surveying up to the primary
elevation benchmark at Salisbury
Beach in New Hampshire. The
precision and accuracy of our
benchmark network is 2-3 mm and that
of the kinematic elevationsis better
than 1 cm. Our next goals are to
attempt to extrapol ate spot
measurements across the marsh platform. We will determineif we can do this by
coupling aeria imagery and elevation measures with aneural net analysis. Ultimately we
need much better elevation data for our study marshes, and the coast as awhole. High
precision lidar imagery isour first choice of elevation data. Thisis expensive datato
obtain and we seek assistance from the EPA national officein getting it.

Figure 8. Locations of SET platforms (triangles)
and elevation measurements (red circles) in the
Plum Island estuary.

Geomorphic Characterization -
Our effortsin thisareabegan in
earnest with the addition of Vinton
Valentine to the project. Thomas
Millette from Mt. Holyoke
Collegeis aso teaming up with us
in our effort to classify marsh
drainage networks. Our first
priority isto catalog the available
maps and imagery of our study
region. We are contacting
numerous state, federal and local
research groups for information on
theseitems. Our catalog will
indicate product type, scale, area
of coverage, date, quality, and
price. Once we have cataloged the
sources of information, we will
attempt to obtain those that should

Figure 9. An example of one of the 1 sq km
grids analyzed for geomorphic characteristics
along the Plum Island Sound marshes.




be most useful in 1) mapping drainage networks, 2) mapping plant community
composition and distribution and 3) illustrating change over time.

An undergraduate student in the

MBL Semester in Environmental 500
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documented the length and
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and 4™ order streams aswell as Figure 10. Drainage density (m per hectare)
mosquito ditches (Fig 9). Shealso along the Plum Island Sound marshes.
guantified total edge and the
relative extent of marsh, water and ponds along this gradient. Franklin observed some
very striking gradients along the length of the estuary, which may correlate with marsh
success in keeping up with sealevel rise. The low salinity, upper estuary marshes had the
greatest extent of marsh (85%), the greatest drainage density (Fig 10) , the greatest length
of mosquito ditches (347 m ha') and the least areal extent of ponding (0.02%). In
contrast, the saline marshes, closest to the ocean, had the least extent of marsh (11%), the
lowest drainage density, the least length of mosquito ditches (105 m ha') and the greatest
extent of ponding (6%). Whereas drainage creek divides were marked by high marsh in
the low salinity marshes, they were frequently marked with broad expanses of marsh
depressions and ponds in the saline marshes. We would conclude from this preliminary
survey of geomorphic characteristics that the upper estuary marshes, which are close to
their sediment supply (the Parker River) are maintaining their elevation relative to

sealevel while the high salinity marshes, which are the most removed from sediment
supply are not keeping up with sealevel rise.

Estuary Location

Geomorphic indicator research at the North Inlet, SC estuarine marsh isfocused on
assessment and trend analyses of 1-D, 2-D, and 3-D topographic datafrom the intertidal
zone, and intertidal channel network pattern. Karyn Novakowski (graduate student with
R. Torres) digitized ~7000 intertidal channel networks and quantified their main channel
length (L) and contributing area (A). Her analyses show that L and A arerelated by a
power function, and that most intertidal channel L-A data plot within the range of
terrestrial channel network values (Figure X). Hence, tidal channel networks with bi
directional flow and cohesive sediment are similar to terrestrial channel networks with
unidirectional flow and noncohesive sediment. These observations indicate that channel
evolution and channel optimization theories developed for terrestrial systems may apply
to intertidal systems. We are currently exploring this inference.



Although intertidal
marsh landscapes
seem flat and
featureless they
have very subtle 11
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resolution, high
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elevation model (DEM) for an entire, pristine intertidal marsh isand using RTK GPS.
The South Carolina Geodetic Survey is acollaborative partner in this effort. Together we
installed 2 class A (National Geodetic Survey standards) bench marks on Merry Island.
Their lateral positions are known to within 5 mm, and their vertical positions are known
to with 10 mm of the geoid. To date we have 9000 of an estimated 13000 xyz
coordinates needed to fully characterize the island surface; density of pointsis~5m? on
the marsh island platform and ~1m in and around the channels (Figure Y). These data
will serve as ground truth for a LiIDAR mission planned through the newly formed, NSF
sponsored Nationa Center for Airborne LIDAR Mapping (NCALM). Our DEM shows
that marsh platform has ~80 cm of vertical relief and channels have 200 cm (Figure Y).
When the DEM is completed we will perform spatial analyses of hydroperiod, and
hypsometric integrals. We hypothesize that these topographic indices, combined with
tidal prism estimates, can be used asindicators of estuarine stability.
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Training and Development:

An undergraduate student in the MBL Semester in Environmental Science, Jennifer
Franklin, conducted her semester research project on geomorphic characteristics of the
Plum Island marshes (Franklin 2002). The project currently supports two graduate
students. The North Inlet project supports two female PhD candidates, one Hispanic and
one Caucasian. A workshop is planned for the spring 2003 ACE Inc meeting to be held
in Charleston, SC.

Outreach Activities:

We made a presentation before the Science & Technology Advisory Comm., Chesapeake
Bay Program on the use of remote sensing technol ogies to assess the status and trends of
coastal wetlands. Karyn Novakowski (R. Torres grad student) presented her finding to
the "Friends of the Baruch Institute” in Feb., 2003.

Contributionsto State of Knowledge:

The indicators that we are developing will provide new tools for evaluating the condition
of coastal wetlands. The actual products will be indicators that are based on
measurements made in the field. However, al the indicators being developed have a
significant potential for being devel oped as applications that can be calibrated using
remotely sensed data. To date, a) progress has been made using pigments and reflected
light asindicators of the condition of vegetation, b) neural networks have proven to be
effective tools for classifying remote sensor data, ) significant trends in the productivity
of coastal wetlands have been observed, and d) we have documented that we are able to
discern interannual changesin the relative elevation of the marsh surface. Thereisa



paucity of detailed topographic information from intertidal marshes. Thisresultsfrom a
lack of studies designed to investigate interactions between process and form in intertidal
environment. Our effortswill help fill the gap in our understanding of the evolution and
stability of intertidal landscapes.

Future Activities:

Continue to explore the use of pigment and geomorphic indicators to a broader suite of
conditions and systems. Collaborations are underway with EaGLe GOM-CEER and
ASC scientists to compare and expand indicators being evaluated in this project. Future
activitieswill emphasize these collaborations in the context of the EaGL e and other (e.g.
NSF-LTER) research efforts aimed at long-term, cross-ecosystem indices of coastal
wetland condition and change. Our future activities are focused on investigating the
development of optimal channel patterns and form that facilitate water and nutrient
exchange between subtidal and intertidal environments.
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Products:
Databases:
All research results are posted on an annual basis on the Plum Island Ecosystems LTER

database (http:/ecosystems.mbl.edu/PIE). Each data file is fully documented in
separate metadatafiles.

Related Website:

A specific website for the Coastal Indicators project is under devel opment.
Supplemental Keywords:
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tidal ecosystems, regional indicators, LIDAR, nutrient status, physiology, sealevel rise,
neura network analysis, wetland management



