Georgia Coastal Ecosystems LTER Briefing Document
June 2015

The primary goal of the GCE-III project is to understand how variations in salinity and inundation, driven
by climate change and anthropogenic factors, affect biotic and ecosystem responses at different spatial
and temporal scales, and to predict the consequences of these changes for habitat provisioning and carbon
dynamics across the coastal landscape. In this briefing document, we describe our progress in meeting
the objectives described in the GCE-III proposal. We divide our research into 4 inter-related
programmatic areas (Fig. 1): Climate and Human Drivers of Change (Area 1, “external drivers”); Long-
term Patterns within the Domain (Area 2, “estuary variation”); Response of Marsh Habitats to Changes in
Salinity and Inundation (Area 3, "Spartina marsh", “fresh/brackish wetlands”, “high marsh”); and
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Integration and Forecasting (Area 4, “habitat distribution”, “carbon dynamics™).

This document has 4 sections. In

Part I we lay out the specific Areal Area 2 Area 3 Aread
objectives associated with each :

. Spartina
program area, along with a —
summary of our activities to date; Habitat
Part II highlights some of our key External Estuary Fresh/brackish distribution
outcomes and accomplishments; drivers \RAEtonY “ g wetlands Carbon
Part I1I provides a summary of Sy
our information management and High marsh

project communication activities;
and Part IV describes our
education and outreach programs. Fig. 1. Programmatic areas of GCE-III.

Part I. Tracking GCE III Objectives

The objectives listed below were taken from the GCE-III proposal, which provides additional details on
rationale and methodology. For each objective, we have indicated the years over the 6-year course of the
project during which it will be addressed, as well as the initials of the primary Pls involved: AB: Burd,
BS: Silliman, CA: Alexander, CC: Craft, CH: Hopkinson, CM: Meile, DD: Di lorio, JB: Byers, JH:
Hollibaugh, JS: Schalles, MA: Alber, MG: Garbey, ML: Leclerc, PM: Medeiros, RC: Castelao, RP:
Peterson, RV: Viso, SJ: Joye, SP: Pennings, VT: Thompson, WC: Cai, WS: Sheldon.

Area 1: Climate and Human Drivers of Change (External drivers)

Our overall goal for this area is to track long-term changes in climate (average conditions and extreme
events like storms) and human actions (in the watershed and adjacent uplands), and to evaluate the effects
of climate and human drivers on domain boundary conditions (riverine input, runoff and infiltration from
adjacent uplands, sea surface height). We collect long-term measurements of A) climate, water chemistry,
oceanic exchange, and B) human activities on the landscape.

Area 1A Objectives

1. Install and maintain an eddy covariance flux tower in the Duplin River (yr 1-6); DD, ML, WS
In summer of 2013 GCE installed boardwalks and photovoltaic cells in support of our eddy
covariance flux tower, which is a 30-foot-tall tower located in a salt marsh adjacent to Sapelo Island.
Instruments on the tower measure CO, and H,O fluxes along with atmospheric, soil and water
properties. It has an open path infrared gas analyzer for CO,/H,O, a sonic anemometer, sensors for air
temperature, humidity, PAR, total solar and long wave radiation, soil heat flux plates and soil
thermocouples, a rain gauge, and a camera for phenology studies. Since the wind patterns change
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Fig. 2. Ceilometer output from Sapelo Island, GA showing signal intensity at varying elevations over the
course of two days. Red indicates a large decrease in signal due to the presence of fog or precipitation;
black lines show boundary-layer height; white dots indicate cloud height. The area is much more dynamic
on 3/12 (top), which has implications for CO, flux measurements.

seasonally, we added a 2" CO, analyzer facing the opposite direction in 2014. We also added a
pressure transducer to measure water levels in the adjacent creek. Data from the flux tower are
transmitted wirelessly to a waterproof data server and relayed to UGA, where we have developed a
web-based, real-time dashboard application for monitoring the status of the tower sensors.

In 2014 we deployed a ceilometer (purchased with Supplemental equipment funds) and a
SODAR to evaluate boundary layer conditions as an aid to interpretation of flux tower data. Initial
results from the ceilometer show complicated patterns of atmospheric mixing and how the boundary
layer can be influenced by the presence of fog (Fig. 2).

2. Collect ongoing information on climate and oceanographic conditions, sea level, and river discharge (yr
1-6); WS, DD, MA
A series of meteorological stations are used to characterize the GCE domain (Fig. 3). The station
at Marsh Landing, which is operated in partnership with the Sapelo Island National Estuarine



Research Reserve (SINERR), serves as our . For Pulaski
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primary meteorological station. We also partner . gllennville NWS
with SINERR to operate an NADP station, and Baxiey NWS
with both SINERR and USGS to operate a &
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Sheldon and Burd (2014) examined variability 2 B orex st
in freshwater delivery (precipitation and 227 i )
discharge) to the Altamaha River estuary in e
relation to indices for several climate signals and
found complex, seasonally alternating patterns.
Understanding how climate patterns affect
precipitation and river discharge will help predict
how the estuarine ecosystem may respond to

climate changes. Fig. 3. Locations of observing stations used for
boundary conditions (ML is Marsh Landing;
3. Collect monthly samples of Altamaha River water UGAMI is UGA Marine Institute).

entering the GCE domain and analyze it for dissolved
inorganic nutrients, DIC, alkalinity and pH (yr 1-6);
MA, WC, SJ
We collect monthly samples of the river water entering the GCE domain via the Altamaha River
for analysis of dissolved inorganic nutrients, DIC, alkalinity and pH.
Schaefer (2014) evaluated N input and export in the 7 sub-watersheds of the Altamaha River and
found that cumulative upstream population density was an excellent predictor of both NO; and total N
concentrations and loads, and that there was little evidence for N processing during transit. Takagi et
al. (submitted) analyzed long-term GCE observations of nutrients in the main tributaries and also
found that dissolved inorganic N loads are driven by human population density. Together, these
results suggest that N derived from human wastewater in the upper portion of the watershed is the
primary contributor of in-stream N in the lower river.

4. Measure exchange between the estuaries and the coastal ocean (yr 2-4); DD, RC
We conducted 4 research cruises on the R/V Savannah in 2014 during which we deployed
moorings equipped with acoustic Doppler current profilers and CTD sensors. The data from these
moorings will be used to help understand water exchange with the coastal ocean and to inform our
hydrodynamic model of the region. We also sampled nutrients and C to characterize fluxes through
the system. Extensive hydrographic surveys of the shelf were also conducted to map the Altamaha
River plume during different seasons.

5. Measure exchange between the Duplin River and Doboy Sound (yr 1-6); DD
We have acquired an H-ADCP to deploy at the mouth of the Duplin River. However, we have
had difficulty identifying a location for deployment of a horizontal ADCP that does not conflict with
boat traffic. Our current plan is to survey the channel area near Marsh Landing to find an appropriate
place to drive a new piling for the ADCP, and then proceed with permitting and deployment.

Area 1B Objectives

1. Conduct structured interviews of McIntosh County residents about environmental change (yr 1); MA
We conducted in-depth interviews with 20 individuals who have resided in McIntosh County for
a minimum of 10 years as part of the cross-site “maps and locals” project, supported by Sea Grant and
the National Estuarine Research Reserve. The final report from this study “Listening to and learning
from local ecological knowledge: A social science pilot study in McIntosh County, GA” summarizes



information about the primary environmental concerns of interviewees. These included changes in
freshwater discharge, which many attributed to ditching and draining of swamplands and linked to
effects on the crab fishery. We also have an ongoing collaboration with N. Heynen, who runs the
Coweeta LTER Listening project, to use this work as the basis for a GCE Listening project.

2. Evaluate market and non-market values of natural resources in McIntosh County (yr 1); MA

We evaluated the potential effects of future development in McIntosh County by combining a
cost of community services analysis with an ecosystem service valuation approach. Schmidt et al.
(2014) found that 1) forested wetlands generate relatively little revenue to either private landowners
or in taxes to the county from extractive uses, but have very high value relative to other land cover
types in the provision of ecosystem services; 2) forest lands contribute much more in revenue than
they receive in services, whereas residential properties cost more in services than they generate in
revenue; and 3) significant gains in ecosystem service preservation, hazard reduction, and in lower
costs to the county in municipal services could be achieved by restricting new development from
within the 500 year floodplain. Funding for this study was split with Georgia Sea Grant.

3. Incorporate information on human activities into the GCE database (yr 1-6); CA, VT, WS
GCE took the lead on developing a cross-site database on the extent and types of coastal armoring
structures present at coastal LTER sites, which will be hosted on the GCE LTER website. We also
used newly available LiDAR data to develop a high-resolution hammock inventory for the state of
GA. In addition, data from an archeological survey documenting human occupation of hammocks
around Sapelo Island and data for the entire Georgia coast on radiocarbon ages of artifacts were both
uploaded to the GCE catalog.

4. Assess changes in Native American economic systems over time and their impact on the coastal Georgia
landscape (yr 1-4); VT
We continue to conduct archaeological investigations to evaluate both Native American and
historic EuroAmerican occupation of the domain in the context of ecological change. DePratter and
Thompson (2013) documented shifts in shoreline positions over the past 4000 years that account for
the timing of current landforms on the Georgia coast. In addition, we see a large-scale decline in the
radiocarbon record for specific types of human settlements at around 3800 BP. We are working on a
paper documenting this shift, which we believe relates to large-scale environmental change.

Area 2: Patterns within the Domain (Estuary variation)

Our overall goal for Area 2 is to describe temporal and spatial variability in physical (stratification
strength, salt intrusion, residence time), chemical (salinity, nutrient concentration and speciation, organic
matter lability), geological (accretion) and biological (organism abundance and productivity, microbial
processes) properties within the domain and to evaluate how they are affected by variations in river inflow
and other boundary conditions. We collect data documenting key ecosystem variables within the GCE
domain. Major activities in this area consist of A) field monitoring of water and marsh attributes at our
core monitoring sites, B) remote sensing of productivity and habitat shifts, and C) hydrodynamic
modeling of water and salt transport.

Area 2A Objectives

1. Continue the GCE core monitoring program in the water column, which consists of continuous
measurements of salinity, temperature and pressure at 9 sites, and quarterly or monthly CTD profiles and
measurements of nutrients, chlorophyll and suspended sediment at 11 sites (yr 1-6); WS, DD, MA, SJ
The core monitoring program has been augmented in several ways since 2012, including adding
measurements of pH, DIC and alkalinity to the water analyses, adding a CTD at the new sampling site
(GCE 11), and documenting salinity intrusion into the Altamaha. We also received supplemental
funding to purchase a state-of-the-art SeapHOx instrument to measure pH. The instrument, which



also has oxygen, temperature and salinity sensors, was
installed at the mouth of the Duplin River in 2015 and
has begun to provide continuous measurements. The
final addition to the core water quality monitoring
program (Secchi depth) will be added this coming
year.

Di lorio and Castelao (2013) compiled salinity,
wind, sea level and river discharge data from 2002 to
2012 and compared results to an idealized model of the
GCE domain. They found that system-wide freshening
is dominated by river forcing, and that wind forcing
causes a different salinity response in the Altamaha
River than in the Doboy or Sapelo Sounds. Model
results indicate that the Intracoastal Waterway and the
complex network of channels that connect the sounds
play a dominant role in water exchange between the
adjacent estuaries.

2. Continue the core monitoring program in the marsh,
which consists of annual measurements of soil accretion,
accumulation, compaction and decomposition; disturbance
to plant communities; and plant and animal biomass,
densities, and community composition in the marsh
associated with each core site (yr 1-6); SP,CC, BS

We monitor plant productivity and community
structure, invertebrate community structure and
sediment elevation at each core site. In 2013 we
expanded the monitoring to include additional plant
mixtures and barnacle recruitment. Wieski and
Pennings (2014) completed an analysis of the
influence of river discharge, local precipitation, sea
level and temperature on annual variation in the
biomass of Spartina alterniflora, the dominant plant in
the GCE domain, using data from 2000 to 2011 (Fig.
4). They found that increased river discharge reduced
water column and consequently porewater salinity, and
this was most likely the proximate driver of ANPP at
almost all GCE sites, especially in creekbank
vegetation.

We also continued monitoring recovery from a
disturbance experiment in which wrack was added to
experimental plots in each of 5 marsh vegetation
zones. We found that some effects on plant density
could be seen within 1-2 months, and if kept in place
for 8 months to a year the wrack killed essentially all
of the underlying vegetation. Recovery from the
effects of wrack disturbance is ongoing; recovery time
appears to depend on elevation.
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Fig. 4. Annual patterns of S. alterniflora
biomass and climate drivers in the GCE-LTER.
A. Standing aboveground biomass of S.
alterniflora; upper line creekbank zone, lower
line midmarsh zone; B. Altamaha River mean
discharge at Doctortown, GA; C. sea level
(MLLW); D. mean coastal precipitation; E.
coastal temperature: maximum (upper line) and
mean (lower line). Data for climate drivers are
yearly averages. From Wieski and Pennings
(2013).



3. Add a core monitoring site in tidal fresh
water (yr 1-2); CC

Over time, saltwater intrusion
converts tidal forest to brackish
marsh. A comparison of the GCE
tidal forest site with an area on the
Darien River where saltwater
intrusion is occurring showed a large
reduction in woody biomass and
species richness and a concomitant
increase in herbaceous species. In
2014 we established a new core
monitoring site (two 0.1-ha plots) in
a tidal forest area of the Altamaha
River (GCE 11). We are inventorying
tree species and have installed
dendrometer bands, litterfall traps
and a rod surface elevation table
(RSET). Initial collections (October
2014-May 2015) suggest that annual
litterfall is on the order of 100-200 g
m?y™", which is lower than published
measurements in other tidal forests of
the southeastern U.S.
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Fig. 5. Internal processes within the Duplin watershed on high (A)
and low (B) tide alter the chemical composition of creek water.
Diatoms growing in the creek bed export dissolved organic matter
(DOM) and are represented by green lines and arrows,
respectively. Particulates in the water column (brown dots) are
captured by the marsh on high tides (brown arrows). Groundwater
flow and discharge are displayed as orange arrows. (C)
Comparison of groundwater and surface water nutrient
concentrations. DIN = Dissolved inorganic nitrogen. DIP =
Dissolved inorganic phosphorus. From Schutte et al. (2013).

4. Characterize groundwater flow into the Duplin River (yr 1-3); RP, RV, CM

Schutte et al. (2013) found that groundwater discharge is a source of nutrients (DIN and POy,) to
surface waters in the Duplin River (Fig. 5). In addition, we conducted field excursions in March and
June 2013 during which geochemical tracers (radon) and geophysical surveys (subsurface resistivity)
were measured to assess groundwater input to the Duplin River. Based on these data, Carter (2013)
found that the highest groundwater input to the Duplin River occurs in the upper portion of the

system.

5. Assess seasonal dynamics of
ammonium-oxidizing archaea (yr 1-2);

JH

Hollibaugh et al. (2013)
documented a consistent summer
peak in ammonia-oxidizing archaea
that correlates with a peak in NO,
(Fig. 6), suggesting a temporary
uncoupling in the nitrogen cycle
with implications for N,O
emissions. Weekly water sampling
at Marsh Landing on Sapelo Island
over 6 years indicated that this is a
regular event at the site, with
significant interannual variation.
Hollibaugh received separate
funding from NSF in 2013 to
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Fig. 6. Average monthly concentrations of NOx in the GCE
domain. Peaks in August correspond to peaks in the abundance of
ammonia-oxidizing archaea. Data from GCE nutrient monitoring
program.



follow up on the geochemical consequences of these observations and to assess the spatial extent of
the phenomenon.

6. Assess seasonal dynamics of blue crabs (yr 3-6); SP, BS

We began weekly monitoring of blue crab abundance in two tidal creeks in 2014. We also
obtained data on crab catch from the GA Dept. of Natural Resources for the past 30 years. Analyses
of these data are ongoing but indicate that in years with intense drought, blue crab density in the
creeks surrounding Sapelo and other barrier island marshes decreases. In a separate study, Nifong and
Silliman (2013) found that alligators not only reduced blue crab abundance through predation, but
also influenced blue crab behavior, resulting in reduced foraging, which translated into increased
survival of periwinkles and ribbed mussels. This work suggests that apex predators may affect
densities of multiple species within the salt marsh food web.

7. Characterize DOM composition and predominant sources of estuarine water (yr 1-3); PM
Samples were collected from the Altamaha River and throughout the GCE estuaries over two
years, and the dissolved organic material was analyzed with ultra-high resolution mass spectrometry.
Preliminary results indicate that inter-annual variability in river discharge plays a dominant role in
controlling variability of DOM composition in the system. During drought conditions, the influence
of marsh-derived organic matter imprints a clear signature in the estuarine DOM.

Area 2B Objectives

1. Create high resolution maps of site bathymetry and habitat distribution (yr 1-6); CA, MA, RV, DD
Hladik et al (2013) developed both an accurate DEM and an improved habitat classification for
the marshes on the Duplin River

based on a combination of LIDAR e 7
and hyperspectral imagery. This P o
information was stitched together F €-7
with maps of the channel based on : /

multi-beam bathymetric surveys and
high-resolution echo sounding of
tidal creeks. A comparison of
bathymetric survey data collected in 4
2009 and 2013 revealed areas that ' ' !V
have gained or lost up to two meters

of sediment (Fig. 7). The largest o chanos ()
changes occurred near the y 7 — .
confluence of the main channel and y £ =
Barn creek and at the confluence of I’ o
the Duplin River and Doboy Sound. j‘ O 0 0 2o gt
Starting in 2012, we collected or

have access to annual high Fig. 7. Sediment accumulation (green) and erosion (red) in the
resolution imagery of a portion of Duplin River between 2009 and 2013. Data are from repeat

mapping with high-resolution multibeam swath bathymetry.
Bathymetric surfaces were gridded at 25 cm horizontal resolution,
referenced to NAV88 with ~5 cm vertical accuracy, and
subtracted to reveal areas of erosion and deposition.

the domain that we will use to
document changes in marsh area,
vegetation communities, and large
disturbances.

2. Assess patterns of marsh productivity using satellite imagery (yr 1-6); JS, SP, AB, MA, WS
We obtained Landsat 5 TM satellite images covering the GCE domain to evaluate vegetation
patterns. We developed filters for tidal stage and atmospheric conditions and a rigorous processing
scheme, and now have ~ 500 images that cover every 2 months from May 1984 to Nov 2011. These



are currently being ortho-rectified and atmospherically corrected in order to compare several
vegetation indices (e.g. NDVI, SAVI, MSAVI 2) against plot-based estimates of plant biomass. To
date, we have documented strong correlations between the Palmer Drought Index and scene-averaged
size classes of Spartina and Juncus (r* values above 0.6). This work will extend the plot-based
analysis of plant productivity (Weiski and Pennings 2013) back to 1985 (before GCE began), and will
develop a methodology that we can scale up to determine annual variation in marsh plant biomass
throughout the GCE domain and ultimately the entire South Atlantic Bight.

Area 2C Objectives

1. Implement the FVCOM hydrodynamic model in the Duplin River (yr 1-6); DD, RC

We conducted fine-scale surveys of tidal creeks to improve our DEM of the Duplin watershed,
and used this to create a modeling mesh of the Duplin watershed that ranges in resolution from 6 m in
the small tidal creeks to 100 m at the open boundary with Doboy Sound. The 3D hydrodynamic
model FVCOM2.7.1 for the Duplin River watershed is currently running for 300 days with a 0.5 s
time step, with observations of water level, temperature and salinity from GCE6 used as forcing on
the open boundary. Initial model runs show a significant difference in the flooding and ebbing
characteristics of the marsh (Fig. 8). The Duplin domain is strongly influenced by groundwater input
and diurnal heating/cooling, and we are currently working to add groundwater observations from the
upper Duplin and marsh heating observations from the flux tower into FVCOM3.2.2.
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Fig. 8. FVCOM outp

model run for 21 days with 5 tidal
constituents obtained from a tidal analysis of water depth at Marsh Landing that simulates spring/neap tides. The
results suggest a recirculation in the upper Duplin creek and marsh complex

2. Implement FVCOM in the larger GCE domain (yr 1-6); RC, DD

We have implemented FVCOM in the GCE domain, which involved merging NOAA bathymetry
with marsh topography obtained with LiDAR. Preliminary tests were conducted for different
boundary conditions for the model. The model is currently being validated using the salinity time
series from multiple sondes collected as part of the LTER program. Model runs for 2008 show the
effects of river discharge and wind forcing on surface salinity over the course of the year, with lower
salinities in the estuary during times of high discharge, which get transported either northward or
southward depending on the wind (Fig. 9).
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Fig. 9. Surface salinity in the GCE domain during a model run. Top panels show river discharge and alongshore
component of the wind forcing. Red lines show timing of salinity plots, below.

Area 3: Responses to Salinity and Inundation (Marsh habitats)

Our overall goal for Area 3 is to characterize the responses in each of the key marsh habitats in the
domain (Spartina marsh, fresh/brackish marsh, high marsh) to pulses and presses in salinity and
inundation that might be expected in the coming decades. A) In the Spartina marsh we assess marsh-
atmosphere and marsh-creek exchange; monitor and model Spartina alterniflora primary production;
assess interactions among organisms; and evaluate ecosystem metabolism. B) In the fresh/brackish marsh
our work involves long-term observations along the Altamaha River, and a large-scale field manipulation
to evaluate how pulses and presses of saline water affect a tidal freshwater marsh. C) In the high marsh
our work involves a field survey of high marsh areas, an experimental manipulation of runoff to the high
marsh, and modeling of plant communities.

Area 3A Objectives

1. Characterize temporal variability in marsh-atmosphere exchange of CO, (yr 2-6); ML, DD, CH, WS
We have developed routines to check and process the data stream from the flux tower so that we
can calculate CO, fluxes. We are now testing algorithms for footprint modeling, which will be linked
to vegetation characteristics.



Marsh zone

2. Evaluate Spartina plant phenology (yr 1-6); MA,
JS, WS and above- and below-ground production
(yr 1-4); SP
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We installed a Netcam on the GCE eddy
covariance flux tower in 2013. The camera
collects images every 30 min, which are relayed
to UGA and then uploaded to the PHENOCAM
network at UNH. We also began monitoring
above- and below-ground biomass of Spartina
alterniflora in three marsh zones on a monthly
basis near the tower so that aerial estimates of gas
flux can be linked to changes in plant biomass
and allocation. Analysis of PHENOCAM images
using the green chromatic index showed the
seasonal cycle of plant production and revealed
that dates of spring green-up and fall senescence
differ by marsh zone (Fig. 10).
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Fig. 10. A plot of a PhenoCam phenology index
(2G_RB4, i.e. (2*green channel digital number (DN)
- (red DN + blue DN) by marsh zone. A low
phenology index indicates reduced green vegetation
and inflection points correspond to dates of marsh
green-up and senescence (see Richardson et al.
2007).

3. Quantify lateral C exchange through a small tidal
creek (yr 1-3); CH, WC, DD, RC, MA
We conducted quarterly field campaigns in 2014 to measure total DIC in the creek that floods the

flux tower. We sampled water over the course of a tidal cycle for analysis of CO,, pH and total
alkalinity. We also measured sea surface elevation and deployed an ADCP to measure water flow to
generate hypsometric curves for the creek. We found that DIC concentrations in creek water are
higher on ebb than on flood tides, due to respiration by marsh flora and fauna and diffusion of DIC
from pore water while the marsh was flooded. Presumably CO, flux to the atmosphere was reduced
by an amount equivalent to that gained by the water column. Eddy correlation data from the flux
tower will be used to test this hypothesis.

4. Evaluate net ecosystem metabolism and quantify net C exchange in the Duplin River (yr 1-4); CH, WC,
MA, DD
As part of our quarterly field campaign we conducted rapid surveys along the length of the

Duplin River at dawn and dusk to evaluate diurnal changes in DIC and DO. These data were used to
estimate GPP, total system respiration, and NEP. We also collect DIC, pH and TA samples at 4
stations in the Duplin on a bimonthly basis. We see substantial diurnal changes in DO and DIC in the
Duplin River, signifying a high level of system metabolism. We also see deviation from DO and
pCO, saturation, which provides evidence for large air-sea exchanges as well as the overall
heterotrophic nature of the Duplin system. There are also large downstream gradients in DO, DIC,
chlorophyll and DOC, which suggest the export of materials to Doboy Sound and presumably the
coastal ocean. Lagrangian particle tracking from the FVCOM model are used to quantify tidal
excursion distances of water masses along the Duplin River.

5. Conduct a predator removal manipulation (yr 4-6); BS, SP — begins year 4

6. Monitor headward erosion in tidal creeks (yr 1-4); SP
In 2011 we began monitoring growth of 16 creeks that were exhibiting headward erosion. These
creeks are distinguished by an unvegetated basin at their head that supports high populations of
burrowing crabs. Creek growth rates vary substantially among years; we will monitor creeks annually
to document this phenomenon and evaluate the drivers of variation in growth rate.

10



7. Develop a Spartina physiological model (yr 1-3); AB
Tests of our initial model of Spartina production suggested that a more detailed below-ground
component was required. We have measured soluble carbohydrates in above- and below-ground
tissue in order to track allocation of resources. This information is being used to develop refinements
to the model, which will be coupled with the porewater salinity model.

8. Develop a model to predict porewater salinity (yr 1-3); CM
We are developing a marsh soil model to simulate water content and porewater salinity. To date,
we have incorporated precipitation, evapotranspiration, salt exchange, drainage, tidal inundation,
groundwater flow and seepage, using a mesh that matches that of the hydrodynamic model. We also
developed a critical-flooding algorithm to determine the water level at which the marsh floods. Our
analyses revealed that the marsh platform has many depressions (on the order of 10% of the domain
area) that do not flood until the tidal elevation is well above the depression elevation.

Area 3B Objectives

1. Assess changes in community composition along the salinity gradient of the Altamaha River (yr 1-6);
MA, CC
We found previously that the transition in bankside vegetation from S. cynosuroides to S.
alterniflora along the salinity gradient of the Altamaha River varies with freshwater inflow (White
and Alber 2009). In 2012 we began an annual survey to document changes in this transition over
time.

2. Conduct field manipulation of salt water intrusion in a low-salinity tidal marsh (yr 1-6); CC, SP, BS
The GCE long-term salinity addition experiment (SALTex) has been established in an area of
freshwater marsh. We installed an extensive boardwalk and plumbing system in the manipulated
marsh. We collected a year of baseline data in 2013
and began dosing experimental plots with brackish €
water in April 2014. We are monitoring porewater o = Poygonum . ° o
chemistry, vegetation biomass and composition, i S
herbivore abundance, soil surface elevation, and gas
exchange from plants and the ecosystem. Porewater
salinity in the press plots has increased from 0 to about
4. Some plant species, especially forbs, are visibly
stressed, and hydrogen sulfide emissions are evident.
In a companion greenhouse experiment, we
exposed mixtures of plants from tidal fresh and 0 4
brackish marshes to 7 different salinity regimes over a etz s 8 18
period of 3 months. Initial results indicated that Days per month of saline water addtion
sensitivity to saline conditions varied markedly among ~ Fig. 11. Aboveground biomass of Zizaniopsis
plant species. For example, Polygonum miliacea and Eolygonum 'hydropiperoide;
hydropiperoides aboveground biomass decreased exposed to 7 different sahplty treatments in the
sharply when exposed to saline conditions for 16 or 31 greenhouse. Polygonum blOI.naSS dec.r?ased
o T T . sharply when exposed to saline conditions for
days per month, while Zizaniopsis miliacea biomass 16 or 31 da th. while Zizanionsi
.. : ys per month, while Zizaniopsis
showed no response to salinity treatments (Fig. 11). biomass showed no response to salinity
Short pulses of saline water were tolerated better by all ~ (1eatments.
the plants than extended saline periods.

Aboveground biomass (Q)
8

3. Apply SLAMM to the GCE domain (yr 1-3); CC, CA, MA
We are collecting field measurements of elevation of different vegetation communities, including
tidal forest, to improve the modeling capabilities of the widely used Sea Level Affecting Marshes
Model (SLAMM). We are also working to link SLAMM to both the point-based MEM model of
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marsh accretion developed by J. Morris (USC) and to SqueezeBox, our estuarine salinity model. New
input variables were acquired for SLAMM in 2014, including updated LiDAR, bathymetry and
ground-truthed RTK elevation data in the Altamaha River. Modeling runs are underway using various
scenarios of sea level rise and river discharge to predict changes in marsh habitat at the landscape
level.

Area 3C Objectives

1. Continue to monitor groundwater salinity, temperature and pressure on instrumented hammocks
(yr 1-2); CA, CM, WS
We have an established series of groundwater wells that measure pressure (water surface

elevation) and salinity along a transect connecting the marsh and upland areas. The sensors in these
wells continue to fail under harsh coastal conditions and the manufacturer is working to design more
robust sensors that can be field-tested at the GCE site. However, Ledoux et al. (2013) used long-term
data from these wells to identify the drivers for groundwater flow. The primary forcing appears to be
tidal flushing, with precipitation events evident at the upland-marsh transition. Density-driven flow is
typically responsible for <10% of groundwater flow.

2. Survey high marsh characteristics in sites with different land-use categories (yr 1-2); MA, JB, CA, SP
We used geographic information systems to investigate the spatial distribution of armored
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Fig. 12. Impervious cover in A) Chatham and B) McIntosh County. Values are represented in grayscale (black =
maximum). Urbanization in C) Chatham and D) McIntosh County (urban = orange; non-urban = white).

I | ilometers
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structures in the state of Georgia with respect to land use and land cover. We found that upland
immediately adjacent to hardened shorelines was highly developed at the parcel scale (Fig. 12), and
the extent of armoring was tightly linked with indicators of urbanization at the county scale
(impervious surface coverage; r = 0.98). During the summer of 2013 we conducted field surveys of
the high marsh at 60 sites. The survey included residential sites both with and without bulkhead
structures as well as forested areas. Marsh surface elevations at bulkheaded, developed sites were
significantly lower than those at unarmored developed sites or forested areas, and had a higher %
cover of S. alterniflora. The biological communities associated with the different upland types were
different. GCE investigators also participated in a cross- site working group to evaluate the ecological
impacts of coastal armoring on soft sediment coastal ecosystems. A synthesis manuscript is now in
preparation.

3. Conduct upland manipulation of water flow to high marsh areas (yr 3-6); SP, MA, JB, CA
We are evaluating a potential site, and have begun to plan this experiment.

4. Develop a model of the growth of clonal plants to explore vegetation dynamics (yr 3-5); MG
We are collecting morphological data on the clonal architecture of common marsh plants to
parameterize an existing clonal plant model that we will use to explore the dynamics of marsh plant
communities under a variety of scenarios of disturbance and abiotic conditions.

Area 4: Integration and Forecasting (Habitat distribution and C dynamics)

Our overall goal in area 4 is to describe current patterns of habitat provisioning and C dynamics in the
GCE domain, and to evaluate how these might be affected by changes in salinity and inundation. We use
a combination of integrative modeling, empirical observations, and remote sensing to produce an
integrated picture of habitat provisioning and carbon dynamics across the landscape, and evaluate how
changes in salinity and inundation may change these services in the future. Major activities include A)
develop an integrative model that uses a hydrodynamic model (FVCOM), a soil model, and 3 different
semi-empirical plant models to predict salinity and inundation patterns, porewater salinities, and plant
responses over different time scales, and B) use combined model output to evaluate habitat provisioning
and C dynamics under different scenarios.

Area 4A Objectives

1. Run FVCOM to predict salinity and inundation (yr 3-4); DD, RC
We have been calibrating and validating runs of FVCOM at the domain scale. Preliminary
scenario runs for changes in inundation and sea level have begun and are being analyzed.

2. Run the soil model to predict porewater salinity (yr 4-5); CM
The soil model has been designed to use the same grid as FVCOM, making future integration of
the two models easier. The model is currently being validated in a “stand-alone” mode, concentrating
on evapotranspiration and water drainage components of the model.

3. Run the plant models to predict vegetation responses (yr 2-6); AB, MG
The Spartina model is currently being extended to incorporate above- and below-ground resource
allocation based on a year-long data set of soluble carbohydrates (See Obj. 3A7). The next step will
be to link the Spartina and soil models. As described above, we are conducting analyses with
SLAMM, and are beginning work with the clonal plant model.

Area 4B Objectives

1. Develop scenarios (yr 3); MA, AB, CA, VT (yr 3)
The modeling group has begun discussing scenarios in which drivers such as river discharge,
mean sea level, and storm frequency can be manipulated in model runs.
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2. Evaluate C dynamics (yr 3-6); WC, CH, ML, MA, CC (yr 3)
The flux tower group is comparing aerial and lateral transport of inorganic carbon and is also
developing annual estimates of NPP, NEP and GPP that can be scaled up.

3. Evaluate habitat provisioning (yr 3-6); MA, RC, DD, CA (yr 3)
This objective will begin once model integration is complete.

Part II Key Outcomes and Accomplishments

GCE scientists have published a total of 69 journal publications and 11 book chapters during this funding

cycle. Papers cover a broad range of topics, including
plant distribution (e.g., Li et al. 2013), biodiversity
and ecosystem function (e.g., Hensel and Silliman
2013), disturbance (e.g., Baas et al. 2014), consumer-
plant interactions (e.g., Atkins et al. 2013), and
decomposition (e.g., Treplin et al. 2013). Our research
program has examined a variety of estuarine processes
at spatial scales ranging from individual plots (e.g.,
Guo et al. 2013) to tidal creeks (e.g., Schutte et al.
2013) to the entire Atlantic coast (e.g., Ho et al.
2013). We also have publications in hydrodynamic
modeling (e.g., Di lorio and Castelao 2013),
geophysics (e.g., Peterson et al. 2013) and information
management (e.g., Campbell et al. 2013). A complete
list of publications can be found at http://gce-
Iter.marsci.uga.edu/public/app/biblio_query.asp.

Key accomplishments over these past two years
include research on the influence of climate drivers on
freshwater input to estuaries; legacy effects of humans
on the landscape; the implications of sea level rise for
tidal forests; the development of remote sensing tools
to map salt marshes; a focus on salt marsh as a model
system for the study of plant-herbivore interactions;
and syntheses of the sources and sinks of carbon in
the coastal ocean.

Climate drivers. Freshwater delivery, which is an
important factor that determines the characteristics of
an estuary, may be influenced by large-scale climate
oscillations. J. Sheldon and Burd (2014) investigated
the effects of seven climate signals on the
precipitation and river discharge patterns of the
Altamaha River watershed, which provides most of
the freshwater to the GCE site. They found statistical
linkages between three climate signals (the Bermuda
High, the ENSO cycle, and the Atlantic Multidecadal
Oscillation), precipitation and river discharge.
Additional analyses revealed that the complex,
seasonally alternating pattern of climate signals that
affects precipitation and river discharge in the
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Fig. 13. Correlations (lags not shown) between
Bermuda High Index (top) and Southern Oscillation
Index (bottom) and indicated months of precipitation
principal component (PC) and river discharge in the
Ogeechee, Altamaha, Satilla, and St. Marys
watersheds. Lighter colors: 1°<0.09, darker colors
1>>0.09; p<0.05. From Sheldon et al. (2015).
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Altamaha River watershed also extends to the
neighboring Ogeechee, Satilla, and St. Marys
watersheds (Fig. 13; Sheldon et al. 2015). Thus,
changes in large-scale climate signals as well as the
interplay among them have the potential to affect
the amount and seasonality of freshwater entering
these estuaries, which in turn will affect
downstream ecosystems. This connection was
borne out by Wieski and Pennings (2014) who
showed that river discharge was the most important
driver of S. alterniflora net primary production at
almost all GCE sites, with high primary production
in years following high river discharge.

Human effects on the landscape. Most research
into humans’ impact on the environment has
assumed that small scale economies are sustainable
and in harmony with nature. Thompson worked
with D.H. Thomas to edit “Life among the tides:
archaeology of the Georgia Bight (Amer. Museum
of Natural History, 2013), which brings together
work being done in the region and includes three
contributions from GCE: DePratter and Thompson
tracked shoreline change over the latter half of the
Holocene (Fig. 14); Turck and Alexander detailed
local geomorphology and the ways in which small
landforms were utilized by humans; and Thompson
et al. examined Native American response to the
Spanish. Thompson also edited a second volume,

Fig. 14. Paleoshorelines of the the St. Catherines and
Sapelo Islands section of the Georgia coast. From
DePratter and Thompson (2013).

“The Archaeology and Historical Ecology of Small Scale Economies” (Univ. of Florida Press, 2013),
with J.C. Waggoner, that includes case studies from around the world that reveal how human
communities have shaped their environments. The chapter by Thompson et al. describes cumulative
actions and the historical ecology of islands along the Georgia coast, whereas that by Pennings talks about

the challenges of forging collaborations between
ecology and historical ecology.

Sea level rise. As sea level rises, tidal freshwater
forests and their delivery of ecosystem services face a
tenuous future as they will be subject to increasing
inundation from salt water. In a paper in Global
Change Biology, Craft (2012) evaluated soil
accretion in tidal forests in coastal Georgia using
7Cs and *'°Pb. Soil accretion rates averaged 1.3 and
2.2 mm yr ', respectively, and were substantially
lower than the recent rate of SLR along the Georgia
coast (3.0 mm yr ') (Fig. 15). He concluded that
accelerated SLR is likely to lead to decline of tidal
forests and expansion of oligohaline and brackish
marshes. In a related study, Jun et al. (2013)
evaluated how increased inundation by either fresh or
salt water would affect N and P storage in tidal forest
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Fig. 15. Mean "*’Cs and *'°Pb soil accretion of tidal
forest and marshes along the Ogeechee, Altamaha
and Satilla rivers. Means separated by the same letter
are not significantly different (p< 0.05) according to
the Ryan-Einot-Gabriel-Welsch multiple range test.
From Craft (2012).
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soils. The results indicate that soils from areas that are not currently experiencing saltwater intrusion
removed significant amounts of inorganic N from the water column when inundated with freshwater, but
released it when inundated with salt water. This suggests that tidal forest soils, which normally sorb
nutrients, could release them as a consequence of saltwater intrusion, potentially contributing to estuarine
eutrophication downstream. A global synthesis of salinization in freshwater wetlands is currently in press
(Herbert et al., Ecosphere).

Habitat mapping. The production of accurate habitat and
elevation maps for low-lying coastal areas such as salt marshes is
critically important for flood inundation mapping, coastal hazard
assessments and modeling sea level rise. Hladik and Alber (2013)
used a combination of LiDAR and hyperspectral imagery to
produce both an accurate DEM and an improved habitat
classification for the Duplin River marshes. This served as the
basis for a detailed evaluation of the relationships among marsh
platform geomorphology, vegetation composition and biomass,
and invertebrate patterns that combined remote sensing
(hyperspectral imagery and LiDAR) and conventional field survey
methods (Fig. 16). They found that community structure was
largely related to hydrology, elevation, and soil properties. Both
abiotic drivers and community patterns varied among
subwatersheds and across the landscape at larger spatial scales
(Schalles et al. 2013).

Building on this effort, Hladik and Alber (2014) compared the
use of remote sensing-derived metrics for the prediction of salt

Littoraria

marsh vegetation type with classifications based on field-collected Littoraria
edaphic variables. Their results suggest that a combination of #/ m?)
elevation, slope, distance to mean high water, and distance to 0-5
upland, all of which can be obtained through remote sensing, can M s5-10
be used to predict vegetation types in a salt marsh, and that they W 10-25
are more effective than field-collected edaphic variables. This M 25-50

finding is exciting because remotely sensed data are less labor- Ml s0-75
intensive to collect over a large area than the edaphic parameters. Z;’(;[JIOO
Hence, this method will be useful to researchers and coastal o
managers interested in predicting ecosystem-wide characteristics
over space and time. This approach also has potential for
predicting the effects of sea level rise on salt marsh plant
distributions.

Fig. 16. Density estimates (individuals
per m®) of Littoraria irrorata within
the Duplin River watershed. From
Schalles et al. (2013).

Latitudinal variation in herbivory. GCE investigator Pennings

has been working for over a decade on the interactions between predators, herbivores and plants in salt
marsh sites distributed along the east coast (including study sites within the PIE, VCR and GCE
domains), in what represents the most extensive study of latitudinal variation in community ecology for
any system. Although herbivores are more abundant and do more damage to plants at low versus high
latitudes (Pennings et al. 2009), low latitude plants are tougher and less palatable (e.g. Pennings et al.
2001), perhaps as an evolutionary response. Differences in plant palatability affect the performance of
individual herbivores, which exhibit poorer growth on low-latitude plants (Ho and Pennings 2013).
However, latitudinal variation in plant quality is less important than latitudinal variation in top consumers
and competition in mediating variation in food web structure (Marczak et al. 2011, 2013). The most
recent paper on this topic (Wieski and Pennings 2014) examined herbivory, plant defenses and tolerance
to herbivory of the shrub Iva frutescens across the entire latitudinal gradient. Herbivory, and spatial and
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carbon budget (Cai 2011). Hopkinson Fig. 17. Latitudinal variation in herbivory patterns and plant defenses in marsh

et al. (2012) reviewed available elder (lva frutescens); a: both average herbivore leaf damage (black bar; error
’ bar = SE) and temporal variation in standard deviation (grey bar; error bar =

information on the amount of C SE) in leaf damage in I. frutescens are higher in low latitudes; b: in 2-choice
stored in coastal vegetated wetlands feeding assays P. aterrima beetles consumed more leaf area of |. frutescens
(marshes, mangroves, and sea grass from high over low latitqdes; c:P. aterrjma preferred leayes from ur.ldamage.d
be ds). Areal rates of C burial in these I. frutescens from both high and low latitudes; however, in lower latitudes this

. reference developed faster and lasted longer. From Wieski and Pennings
systems are extremely high and they 1(0201 4). P g g

are important C sinks on a global

scale. Hopkinson et al. (2012) warned that sea level rise and coastal armoring coupled with a rise in
global temperature will result in decreased C storage in these systems. Jiang et al. (2013) evaluated C
export to the South Atlantic Bight. They found that terrestrially derived CO, from rivers and intertidal
marshes was exported to the continental shelf, with highest inputs closest to shore (Fig. 18). GCE
investigators published a major review paper on the coastal ocean in Nature (Bauer et al. 2013) that attests
to the extremely high level of metabolism of wetland-dominated estuarine systems in the global ocean
and the overall importance of organic C burial in wetland sediments. This blue carbon burial represents a
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Fig. 18. Spatial distributions of ApCO?2 inputs (referenced to 23.11°C) from rivers (left), marshes
(middle) and shelf (right) during January (top) and May (bottom). From Jiang et al. (2013).
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significant portion of the net air-sea flux of CO, to the coastal ocean. Although there is still much
uncertainty in global estimates, they suggest that intertidal wetlands also act as a net source of C to
estuaries, which then export both organic and inorganic C to continental shelves. They point out that
changes in river discharge, the loss of coastal wetlands, and increasing atmospheric levels of CO, will all
alter shelf-atmosphere-open ocean C exchange in the future.

Part IIl. Information Management and Dissemination

The GCE has a strong information management program, which is highlighted below. In addition to
managing project data, we also disseminate information to multiple audiences ranging from other
scientists to the general public. Below we describe our approach for management and distribution of GCE
datasets; the software that we have developed to facilitate data processing and analysis; the ways in which
we enhance communication and data sharing through the GCE website; and our IM collaborations across
the LTER and other networks.

GCE Data

We operate an integrated information management system (GCE-IMS) based on relational database and
dynamic web application technology to manage, archive and distribute data, metadata and other research
products. We also operate a GIS database and maintain software to link the GIS to the GCE-IMS. As of
May 2015, all 406 public data sets in the GCE Data Catalog have been uploaded to the LTER Data Portal,
and over 100 new data sets will be added in the coming months. New and updated data sets are uploaded
semi-monthly as they reach their public access date (i.e. within 2 y of collection). Metadata and data set
summaries continue to be provided for all public and private GCE data sets through the GCE Data
Catalog. Data downloads increased dramatically starting in 2013 after synchronizing to the LTER Data
Portal; however, no information is currently captured about unauthenticated public visitors who download
data, so we cannot gauge the significance relative to GCE Data Catalog downloads.

Over the past three years we have completed several important upgrades to the GCE-IMS:

e Developed a training program on data and metadata submission, including interactive training
materials and example files (Fig. 19). Training occurs at the annual meeting and is required for all
new project participants.

e Developed support for generating complete EML metadata using the GCE Data Toolbox for
MATLAB software to enable direct archiving of synthetic data products in PASTA, KNB and other
EML-compatible data repositories.

Template — Sampling/Methods Template — Tabular Data
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Fig. 19. Example slides from the GCE data submission training course initiated in 2013, providing
general guidance and annotated step-by-step instructions for submitting data and metadata to the GCE
Information Management Office. (http://gce-lter.marsci.uga.edu/docs/535)
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e Revised the GCE Data Catalog to display LTER Data Portal DOIs and citations and interactive site

maps.

o Developed code to automate synchronization of data sets in the GCE Data Catalog with the LTER

Network Data Portal (PASTA) and began performing semi-monthly updates.

We have also developed several tools for automated harvesting of GCE data streams:

o Enhanced the data harvesting dashboard utility in the GCE Data Toolbox software to automatically
display and highlight variables that fail QA/QC checks.
e Developed a web-based, real-time dashboard application for monitoring the status of the GCE flux
tower sensors (Fig. 20).
e Developed code to capture both IR and RGB images from the flux tower camera and automatically
submit them to the PHENOCAM project at UNH (phenocam.sr.unh.edu/webcam/sites/gcesapelo/).
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Development of the GCE Data Toolbox for MATLAB was supported by the National Science Foundation under grant numbers
OCE-9982133 and OCE-0620959. Any opinions, findings, conclusions, or recommendations expressed in the material are

those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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Fig. 20. Real-time data dashboard webpage generated by the GCE Data Toolbox for MATLAB software. Data
statistics, QA/QC rules, number and percentage of missing and qualified values are summarized for each sensor
over multiple time intervals. Quality problems exceeding set QA/QC thresholds are automatically selected and
highlighted to alert monitoring technicians to problems more quickly.
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Software Development

The GCE Information Management program has developed several software products, database systems
and web applications that have been released as open source software. This includes the GCE Data
Toolbox for MATLAB, our Metabase Metadata Management System, our bibliographic database, our file
archive and our geospatial library. These tools are widely used across the LTER Network and in other
environmental informatics programs. The Metabase metadata management system was adopted by 3 other
LTER sites (CWT, MCR and SBC) and other sites are currently evaluating the system. The GCE Data
Toolbox software has been downloaded by over 3600 registered users (645 since 2012) and is actively
used at 8 other LTER sites for sensor data harvesting, data analysis or general data processing tasks.
Notably, both the CWT and AND LTER programs have standardized on the GCE Data Toolbox for all
environmental sensor data processing, and both HBR and NWT use this software for major sub-projects.

The GCE Data Toolbox was significantly enhanced in 2013 with supplemental funding from the LTER
Network and an NSF SI2 grant to Tony Fountain (UCSD), and was prominently featured in three training
workshops on sensor data management held in 2012-2013. As part of the SI2 project the software was
extended to support retrieving and managing data from Data Turbine streaming data servers, and
exporting data to a CUAHSI Observations Model Database (https://gce-
svn.marsci.uga.edu/trac/GCE_Toolbox/wiki/DataTurbine). Researchers at the NTL LTER site used these
new features to establish an automated data processing pipeline between real-time data buoys and a
CUAHSI Hydroserver, leveraging the GCE Data Toolbox for data integration, quality control, metadata
generation and data refactoring.

GCE Website

We maintain a GCE program website (gce-lter.marsci.uga.edu/) and public data portal (gce-
Iter.marsci.uga.edu/portal/) for disseminating publications, reports, research data, photographs and remote
sensing imagery. In Nov 2013 we also began providing open access to toolbox source code for the GCE
Data Toolbox for MATLAB (gce-svn.marsci.uga.edu/trac/GCE_Toolbox) to encourage broader adoption.
Additions include updated documentation, training videos, a FAQ page, and information about integrating
the GCE toolbox with other data management software. During GCE-III we have logged over 160,000
web visitors and 400,000 page views per year.

There is also a password-protected project e c4sc00 =
website, which provides GCE participants with ¥ J ””:Vg;k;;":,r;;:; R

role-based access to provisional data and -

private documents as well a s web forms for
submitting data, metadata, files,

announcements, calendar events and other ‘
content for sharing publicly or only within
GCE. News content is automatically harvested
on a weekly basis and distributed in a
newsletter that is used to inform GCE
participants, advisors and other interested
parties about upcoming events, new data and
file postings, field site news and research
highlights (Fig. 21). A recent enhancement was
linking our research request and permitting web
application to our project management database

GCE News and Highlights for the Week of Sunday, June 13, 2014

to support more efficient registration of new F ig._il. GCEWeekly Proj_ect Newsletter.
projects. Approved research applications are

shared with our partners on Sapelo Island (SINERR, UGAMI) to facilitate coordination.
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In 2013 we added a dedicated education program website (gce-schoolyard.uga.edu/) to provide
information on the GCE Schoolyard program, children's book ("And the Tide Comes In") and other GCE
education activities, with content geared towards K-12 educators and students. This website includes web
forms for viewing supplemental material and lessons from the children's book geared for specific ages,
subjects or book pages. These custom lesson pages are dynamically generated from XML content. The
GCE web server also hosts the Georgia Coastal Research Council website (www.gcrc.uga.edu), the CWT-
LTER Data Catalog (coweeta.uga.edu/dbpublic/data_catalog.asp) and other database applications, plus
several legacy web sites for LMER programs. We also host a searchable bibliographic database for the
UGA Marine Institute (www.uga.edu/ugami/research/searchlib.htm).

IM Collaborations

The GCE information management program has a strong presence in the LTER and other environmental
networks. Over the past three years, the GCE lead information manager (W. Sheldon) participated in the
following capacities:

¢ GCE continues to host the USGS Data Harvesting Service for HydroDB (see gce-
Iter.marsci.uga.edu/public/im/tools/usgs_harvester.htm). Data from 85 USGS stream flow gauging
stations are automatically harvested on a weekly basis for 12 LTER sites (AND, BES, CAP, CWT,
FCE, GCE, KBS, KNZ, LUQ, NTL, PIE, SBC) and one USFS site.

e We worked with J. Chamblee (CWT) to host a training workshop at UGA on using the GCE Data
Toolbox software for LTER data management, and contributed to the Open Source Data Turbine
(OSDT) web site. Sheldon also provided training on automating sensor data processing and Q/C at a
Sensor Networking workshop, participated in a CUAHSI virtual workshop on field data management
solutions, and led a workshop on developing workflows leveraging the LTER Network Information
System and PASTA.

o Sheldon provided database design and programming support to SBC, MCR, AND, NWT and HBR
sites, which are adopting GCE technology for their data management programs.

e GCE collaborated with other informatics professionals inside and outside LTER to found the ESIP
EnviroSensing Cluster, which included the GCE Data Toolbox application for sensor data as part of
the Best Practices Guide released in 2014 (http://wiki.esipfed.org/index.php/EnviroSensing Cluster).

e We began collaborating with other OCE-funded LTER sites and BCO-DMO personnel to develop a
strategy for cross-listing relevant LTER data sets in BCO-DMO to enhance discovery.

Part IV. Education and Outreach

The GCE provides training and professional opportunities to K-12 educators, undergraduate students,
graduate students and international collaborators. We reach schoolchildren through our children’s book;
we work with coastal managers through the Georgia Coastal Research Council; and we reach a broad
audience through various additional activities.

K-12 Educators: The GCE Schoolyard Program

The GCE Schoolyard program immerses science and math teachers (K-12) in hands-on research activities
alongside GCE scientists and graduate students. Each summer our Schoolyard Coordinator (V. Butler)
works with the UGA Marine Extension Service (J. Crawford) to host approximately 15 teachers at the
GCE field site on Sapelo Island. The teachers work on projects ranging from porewater sampling to insect
observations to measuring trace gases and then use this experience to develop activities for the classroom.
Feedback is always extremely positive: “I’ve... learned the importance of both quantitative and
qualitative data and how ecological data samples are collected.”; “Many workshops just tell you about the
research but actually collecting the data and speaking with the researchers about the ‘how’ and ‘why’ was
very helpful”; “Long term emphasis is great!”
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Undergraduate Education

GCE LTER scientists work with 10-15 undergraduates each year. Examples include:

o Every summer, several students are in residence at the field site on Sapelo Island. In 2014 a student
from Ball State Univ (IN) worked on saltwater intrusion studies with Craft; another from UGA
worked with Pennings on organismal responses to salinity increases; 4 students from Creighton Univ
(NE) worked with Schalles on remote sensing of primary producers.

o A team of 4 undergraduate interns, from UGA and U. Michigan worked with N. McLenaghan and A.
Gehman (grad students, UGA) on the high marsh project in the summer of 2013, helping to sample a
total of 60 marshes. The team split their time between the UGA Marine Institute on Sapelo Island
and the Skidaway Institute of Oceanography.

e Thompson regularly trains students on archaeological field and laboratory methods and analysis. In
summer 2014 he led 9 students in investigations related to Native American and European settlement
of the Georgia coast.

e A student from UGA is working in Hollibaugh’s lab as part of our partnership with the Peach State
Louis Stokes Alliance for Minority Participation (LSAMP), evaluating microbial samples for
ammonia oxidizers. In 2015 he was honored as one of the top 100 student workers from UGA by the
UGA Career Center.

In addition, several investigators use GCE data in their undergraduate courses and Schalles (Creighton)
regularly brings students to the site for a week of GCE-related marsh and coastal water studies in his
Coastal and Estuarine Ecology summer course.

Graduate Education

Graduate students are an integral part of the research at the GCE LTER. There are currently 31 students
from 8 institutions engaged in LTER activities. There have been 5 Ph.D. dissertations and 3 M.S. theses
based on GCE work completed since 2012, and graduate students have been authors on numerous
publications that have resulted from this work. Other graduate activities include:

o In the fall semester of 2013, Pennings worked with the other coastal LTER sites to organize a cross-
institution graduate course, “Linking biology and geomorphology in coastal habitats”, that included
~150 participants from ~40 institutions. Students were exposed to interdisciplinary research that
bridged biology and geomorphology, and heard lectures from some of the experts in the field. Course
materials are available at http://biogeomorph2013.wordpress.com/. A similar course focused on sea-
level rise is planned for the fall of 2015.

e Every summer, GCE LTER graduate students organize a weekly brown bag seminar series at the
UGA Marine Institute. Speakers include GCE investigators, visiting scientists, graduate and
undergraduate students. Topics over the past two years have ranged from plant interactions to
nitrification to remote sensing.

o Several investigators use GCE data in their graduate courses: Burd (Quantitative Methods in Marine
Science), Castelao (Estuarine and Coastal Oceanography), Craft (Wetlands Ecology), Medeiros
(Chemical Oceanography), Peterson (Application of Isotope Geochemistry), and Viso (Applied
Geophysical Field Methods).

International Collaborations

GCE investigators have graduate students and post-doctoral associates from a variety of countries,
including England, China, Vietnam, South Korea, and Poland. They also work with students and
scientists from international institutions. Examples include:

o [eClerc hosted a visiting scientist from India (Central Rice Research Inst.) as well as a Ph.D. student
from Malaysia (Putrajaya Univ.), both of whom worked on the flux tower. She is also working with
international colleagues who are funded by a Peer award from the National Academies to do an
analysis of historical forest carbon changes in Myanmar and Thailand.
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e In 2014 Di lorio sponsored 2 students from University of Toulon, France as summer undergraduate
research interns. They were marine engineering students who participated in a two-week research
cruise and helped process data.

o C. Angelini (UF) hosted 2 professors and 3 Ph.D. students from Radboud University, the
Netherlands, all of whom spent time at the UGA Marine Institute on Sapelo Island working on a
marsh experiment.

Children’s Book

The GCE children’s book “And the Tide Comes In“ was published by Taylor Trade in Nov. 2012. It is
part of the LTER book series, and is aimed at children in grades 3-5. The book is used in outreach
programs conducted by UGA Marine Extension
Service, the Georgia Aquarium, and several other
groups on the Georgia coast (Fig. 22). The GCE
Schoolyard Program developed lesson plans and
activities for the book that are tied to educational
standards, as well as a vocabulary list, all of which
is available on our website. To date, more than 1400
books have been distributed through our partners at
4H, Sapelo Island National Research Reserve,
Georgia Sea Grant, and others. Although the
majority of the books were provided to grade
school teachers, some were distributed to
environmental educators from nature centers, state
parks, and the like. The book was also recently

adopted by Athens-Clarke County, GA as a read- Fig. 22. Oatland Wildlife Center, Savannah uses the
aloud text to integrate the science curriculum and GCE children’s book as the theme for a week-long
will be used in all second grade classrooms in the summer camp focused on salt marshes.

district.

Georgia Coastal Research Council

The GCE continues to provide outreach to coastal managers in Georgia through partial support of the
Georgia Coastal Research Council (GCRC). The GCRC currently has 159 affiliates who represent
academic units and state and federal agencies working in coastal Georgia, with whom we communicate
on a regular basis. The GCRC website (www.gcrc.uga.edu) has more than 1100 pages and documents
(including member biographies, project summaries, and research needs) and serves an important role as a
conduit of coastal research information: over the past year the website averaged 72 visitors and 171 views
per day, and 39 different documents were downloaded more than 50 times. In Oct 2013 the GCRC
convened its 5™ biennial Coastal Georgia Colloquium in Savannah, GA, which provides opportunities for
information exchange between coastal researchers and managers, and in March 2015 we organized the
first GCRC Coastal Symposium for the general public. There were approximately 80 people in attendance
representing federal and state agencies, academia, NGO’s, city and county government, community
groups, and citizens.

Over the past several years the GCRC completed several technical synthesis documents at the request of
Georgia DNR, including a report on climate signals in the watersheds of GA coastal rivers and a white
paper that reviewed scientific research on buffers adjacent to coastal wetlands. This report was passed to
members of the Senate Natural Resources Committee as they considered a bill that would reinstate the
state’s buffer requirement (the bill passed). GCRC personnel also attend regular meetings of Georgia
DNR’s Coastal Advisory Council and sit on the GA EPD’s Technical Advisory Group.
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Additional Activities

GCE scientists regularly give seminars and public presentations, contribute articles to newsletters and
other popular publications, and talk to the media about coastal issues. Some highlights from the past few
years include:

e U.S. Sen. Sheldon Whitehouse of Rhode Island visited the GCE LTER project in April 2014 as part
of his “Climate Change Road Trip”, a multi-state tour along the southeastern coast to learn about
research being done to evaluate rising sea levels and other climate-related issues. Whitehouse toured
GCE field sites along Sapelo Island’s salt marshes and tidal creeks and then met with scientists,
coastal managers and community leaders (Fig. 23). Whitehouse, who also co-Chairs the Senate
Climate Action Task Force, specifically mentioned the visit as part of a speech the following week
on the Senate floor, “Down the
coast, | visited the University of
Georgia’s Marine Institute at
Sapelo Island...Here I learned how
they are measuring ““blue
carbon,” the amount of carbon
stored in the salt marsh, as part of
National Science Foundation’s
Long Term Ecological Research
Program. Salt marshes are huge
carbon sinks, but the carbon stored
there may be returned to the
atmosphere if salt marshes succumb
to sea-level rise with nowhere to

migrate. We also discussed how the ) ) S
intruding saltwater is changing Fig. 23. Senator Sheldon Whitehouse (D-RI) during his visit to

local marsh ecosystems and the GCE-LTER site. (The Senator is third from the right.) Photo

jeopardizing fresh water supply.” credit: Amy Ware

e Alber served as a guest editor for the September 2013 issue of Oceanography, which featured 27
articles focused on coastal LTERs, including 3 from GCE scientists.

o Several newspapers and magazines have featured stories on GCE projects over the past two years,
including the Savannah Morning News, which did an article on the SALTex experiment (June 2014);
the UGA Research Magazine, which featured the flux tower (Fall 2013); and the Brunswick News,
which did an article on the effects of sea level rise on marshes (January 2013). Alber was also
interviewed by the New York Times for a reaction to a paper regarding changes in salt marsh food
webs (May 2014).
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