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September 2008 

Context 
The central paradigm of GCE-II is that variability in estuarine ecosystem processes is primarily 
mediated by the mixture of fresh and salt water flows across the coastal landscape.  The project 
is focused on 5 main, inter-related questions:  

Q1: What are the long-term patterns of environmental forcing to the coastal zone?   
Q2: How do the spatial and temporal patterns of biogeochemical processes, primary production, 

community dynamics, decomposition, and disturbance vary across the estuarine 
landscape, and how do they relate to environmental gradients?   

Q3: What are the underlying mechanisms by which the freshwater-saltwater gradient drives 
ecosystem change along the longitudinal axis of an estuary? 

Q4: What are the underlying mechanisms by which proximity of marshes to upland habitat 
drives ecosystem change along lateral gradients in the intertidal zone?   

Q5: What is the relative importance of larval transport versus the conditions of the adult 
environment in determining community and genetic structure across both the longitudinal 
and lateral gradients of the estuarine landscape?   

Q1: What are the long-term patterns of environmental forcing to the coastal 
zone?   

Climate signals 
We continue to collaborate with the Sapelo Island National Estuarine Research Reserve and 
USGS National Water Information System to maintain comprehensive climate and hydrographic 
monitoring stations on Sapelo Island (Marsh Landing) and the Georgia mainland (Hudson Creek 
at Meridian Landing), with near-real-time data telemetry. Data are acquired directly from NOAA 
(via GOES satellite uplink) and USGS (via microwave transmission) using the fully automated 
climate data harvesting system developed by W. Sheldon (UGA) with supplemental NSF 
funding for ClimDB/HydroDB participants. Weather plots for the past week and daily tide 
predictions for Sapelo are automatically posted on the GCE public web site to provide current 
information about site conditions. Both near-real-time and historic data and plots from these and 
other relevant climate stations are also publicly accessible on the GCE Data Portal website 
(http://gcelter.marsci.uga.edu/portal/). Newly acquired weather and hydrographic data are 
finalized monthly, resampled to daily values and submitted to the LTER climate and 
hydrological databases (ClimDB/HydroDB), along with data from the manually operated 
National Weather Service climate station on Sapelo Island and USGS Altamaha River 
streamflow gauge. Through these ongoing collaborations, long-term climate and hydrographic 
data for the GCE study area are available to the research community and public through GCE, 
LTER, NOAA/NWS and USGS information systems. 
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M. Alber (UGA) participated in an 
effort led by C. Hopkinson (UGA) to 
evaluate how two aspects of climate 
change, sea level rise and 
intensification of windstorms, will 
influence the structure, functioning, 
and capacity of coastal and inland 
forest ecosystems to deliver services 
(e.g., carbon sequestration, storm 
protection, pollution control, habitat 
support, and food) (Figure 1).  We 
proposed the establishment of a 
continental-scale network of coastal 
wetland and inland forest sites across 
the U.S that would provide real-time 
measurements of the characteristics of 
sea level rise and windstorm events 
across gradients in sediment 

availability, tidal range, precipitation, temperature, and salinity.  This work, which was published 
in Frontiers in Ecology (Hopkinson et al. 2008), has generated interest from NOAA and we hope 
to make progress towards a monitoring network in the coming year. 

In another recent paper in Frontiers in Ecology (Craft et al. 2008), several GCE researchers (C. 
Craft, IU; S. Pennings, UH; S. Joye, UGA) describe the results of a leveraged study funded by 
the US EPA in which they employed field and laboratory measurements and simulation 
modeling to predict how tidal marsh area and delivery of ecosystem services will be affected by 
accelerated sea level rise in the coming century.  Model simulations based on the 
Intergovernmental Panel on Climate Change Special Report on Emissions Scenarios A1B mean 
and maximum estimates of sea level rise suggest that tidal marsh area along the Georgia coast 
will decline by 12% and 33%, respectively, by 2100.  Under the mean scenario, salt marsh area 
is predicted to decline by 20% as these marshes convert to open water.  Tidal fresh marsh area is 
unchanged (+1%), and brackish marsh area is predicted to increase by 10% as the marshes 
migrate inland and replace former freshwater habitats.  The paper describes the implications of 
these results in terms of delivery of ecosystem services (primary production, N retention in soil, 
and potential denitrification), which vary across marsh type. 

Finally, A. Burd (UGA) and J. Sheldon (UGA) continue to examine the possible effects of long-
term climate drivers on precipitation and river discharge in the GCE study area and the Altamaha 
River watershed. Previous results have shown the importance of the Bermuda High Index that 
describes the east-west oscillation of the southern pole of the more familiar North Atlantic 
Oscillation. These results were based on a small number of long-term precipitation records at 
sites within the relevant watersheds. They are in the process of updating these results using 
archived data provided by the Georgia State Climatologist (D. Stooksbury). The additional data, 
which have increased spatial and temporal coverage, are not expected to alter previous results 
but will make them more robust.  
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Figure 1. Conceptual model of factors influencing the persistence 
of coastal wetlands, the ecosystem services they provide, and their 
link to inland forests.  
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Watershed inputs   
S. Schaefer (PhD student, UGA), M. Alber, and J.T. Hollibaugh (UGA) continued to work on the 
relationship between watershed nutrient loading and riverine export.  Previous research, using 
data from the east coast of the U.S., has shown that increased input of new N results in a 
predictable increase in export to downstream receiving waters.  In order to expand this 
relationship, Schaefer calculated input of new N to 22 watersheds on the U.S. west coast for 
1992 and 2002 and compared it to riverine N export, calculated based on measurements taken at 
the most downstream USGS water quality gauging station. Downstream riverine N export was 
correlated with variations in streamflow (export=1.06*streamflow-36.33, R2=0.64), with N 
inputs explaining an additional 15% of the variance (export=1.17*streamflow+0.07*input–
257.18, R2=0.79). When Oregon Coast Range systems with high runoff were excluded this 
relationship improved further (export=0.74*streamflow+0.06*input–139.79, R2=0.86). The 
correlations with streamflow on the west coast are likely a result of its large dynamic range in 
these systems. These results have been written up for publication (Schaefer et al., submitted).   

River delivery of dissolved and suspended material 
The State of Georgia continues to experience a significant drought, which is reflected in low 

flows in the Altamaha River 
(Figure 2).  Although it still 
displays its typical seasonal 
pattern, the magnitudes of the 
spring runoff are much 
reduced compared to non-
drought years.  The maximum 
discharge in 2008 was 900 m3 
s-1 compared to spring 2005 
when the discharge was over 
2500 m3 s-1.  There were also 
no tropical storm events in 
the southeast during the 
months of Aug/Sept, which 
usually cause an increase in 
discharge.   

We continue to work with J. 
Sandow (Altamaha 
Riverkeeper) to monitor 
nutrients in the river water 
entering our domain via the 

Altamaha River and its tributaries.  The Joye lab (under the guidance of K. Hunter, UGA) 
receives approximately 5 samples per month and has analyzed about 555 samples to-date.  
Samples are analyzed to determine concentrations of dissolved inorganic nutrients (DIN, DIP, 
and DSi species), dissolved organic nutrients (DOC, DON, and DOP) and total suspended solids.  
Results of the water quality analyses from August 2007 through May 2008 are shown below. 

Figure 2. Discharge and precipitation at the USGS gauge at Doctortown, GA.
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Nitrate is the predominate component 
of dissolved inorganic nitrogen entering 
the estuary; concentrations of nitrite 
and ammonium are much lower.  
Concentrations of nitrate and silicate 
varied in response to discharge, with 
low concentrations during months 
when discharge was high.  Phosphate 
concentrations were low and showed 
little seasonal change (except for a peak 
in May) (Figure 3).  The molar ratio of 
DIN:DIP exceeded the Redfield ratio 
during most of the year, rising above 80 
during early winter.   

Concentrations of DOC were generally 
high and peaked during periods of low 
discharge.  Concentrations of DON 
were lowest during fall and highest 
during spring (Figure 4).  DON was 
comparable to DIN during most of the 
year.  The DOC:DON ratio was 
elevated between September and 
January, peaking at an extreme high of 
almost 350 in November. 

Groundwater inputs 
The groundwater wells within the 
LTER network (Moses Hammock and 
Visitor Center) continue to be sampled 
quarterly by the Joye lab (Oct. 2007, 
Jan. 2008, Apr 2008 and July 2008).  
Over this past year, M. Joye, C. Meile 
(UGA), and W. Porubsky (PhD student, 
UGA) completed a collaborative 
project that used a combination of field 
measurements, laboratory experiments 
and model simulations to characterize 
the groundwater biogeochemical 
dynamics at Moses Hammock.  
Groundwater samples were collected at 
low tide during four spring tides and six 
neap tides from a well transect at 
Moses Hammock site.  Field 
observations documented a switch in 
the redox status of the dissolved 

Figure 3. Concentrations of dissolved inorganic nutrients entering 
the Altamaha River estuary. 

Figure 4. Concentrations of organic nutrients entering the 
Altamaha River estuary.. 
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inorganic nitrogen (DIN) pool in the well located at the upland/saltmarsh interface during the 
spring-neap tidal transition: the DIN pool was dominated by NOx (NO2

- + NO3
-) during spring 

tide and by ammonium (NH4
+) during neap tide.   

In a paper that was submitted to Limnology and Oceanography, Porubsky et al. used a density-
dependent reaction-transport model to evaluate the observed N redox switch with regard to the 
relative roles of nitrification, denitrification, dissimilatory nitrate reduction to ammonium, 
ammonium adsorption, and variations in inflowing water geochemistry between spring and neap 
tides. The latter was found to most significantly affect the observed pattern in DIN dynamics.  
They also evaluated the fate of dissolved organic matter and DIN originating from a septic 
system, which would mimic increased anthropogenic pressure in upland areas adjacent to 
marshes. Simulation results indicated that while denitrification increased ~15 fold, higher N 
removal rates could not keep pace with the increase in DIN loading, resulting in higher export of 
DIN to coastal waters.   

Q2: How do the spatial and temporal patterns of biogeochemical 
processes, primary production, community dynamics, decomposition, and 
disturbance vary across the estuarine landscape, and how do they relate to 
environmental gradients?   

Salinity structure 
Long-term measurements of conductivity, temperature, and sub-surface pressure are collected 
every 30 minutes at 8 moorings distributed across the GCE-LTER domain (see http://gce-
lter.marsci.uga.edu/public/research/mon/sounds_creeks.htm).  MicroCAT sondes are cleaned and 
inspected biweekly to minimize data loss due to fouling, and logged data are manually 
downloaded on a bimonthly to quarterly basis by GCE field technicians (J. Shalack, D. Saucedo, 
UGA Marine Institute).  Data are processed by W. Sheldon and D. Di Iorio (UGA). 

The salinity measurements from three selected GCE stations are shown below (Figure 5). GCE 3, 
which is close to the mouth of Sapelo Sound, is the most oceanic site in the domain whereas 
GCE 7 in the Altamaha River is the freshest site.  Intermediate to these extremes is GCE 9, in 
Altamaha Sound.  The gap in the data shown for GCE 9 (and a similar gap exists for GCE 8) 

Figure 5. Trends in surface salinity at selected stations in the GCE domain.
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corresponds to the loss of instrumentation due to the loss of the navigation buoys in the 
Altamaha River.   

The salinity signals are correlated with river discharge, although this response shows time lags 
that span 1-7 days depending on the distance from the river. This seasonality in salinity is easiest 
to see at GCE 9, whereas it is more attenuated at GCE 3.  Although GCE 7 is generally always 
fresh, it currently shows increases in salinity during the weakest discharge periods as a 
consequence of the ongoing drought.  The GCE 9 salinity also shows subtidal variability that 
may be correlated with wind events.  For example, peaks in salinity at the end of September and 
beginning of October 2007 corresponded to peaks in northeasterly downwelling events that tend 
to drive oceanic waters into the estuary.   

Patterns of dissolved and suspended material 
The GCE Sound surface water quality monitoring program transitioned from quarterly cruise 
sampling (during GCE-I) to monthly sampling during 2006-2007 (GCE-II).  Since January 2007, 
water samples have been collected monthly at the ten GCE monitoring stations (D. Saucedo, J. 
Shalack).  An additional monitoring station was added in summer 2008 at the mouth of Altamaha 
Sound (AL-02) to better capture the near-shore end member for that system.  During the past 
year, the Joye lab (K. Hunter) processed a total of 6,720 samples from the monitoring cruises: 
480 samples for determination of concentrations of dissolved inorganic nutrients (NO2

-, NO3
-, 

NH4
+, HPO4

2-, and H2SiO4
2-) and dissolved organics (DOC, TDN, DON, TDP, and DOP); 480 

chlorophyll a samples; 480 total suspended sediment and particulate CN samples. Analyses are 
completed through last spring’s samples; other analyses are in progress. 

Table 1 shows the averages and standard deviations for nutrient and DOC concentrations during 
the past year.  As observed in previous years, spatial and temporal variations among the study 
sites were apparent.  The highest NH4 concentrations were observed in Sapelo Sound (GCE 1); 
the average concentrations in the Altahama (GCE 8 and 9) were half those at GCE 1.  However, 
differences among the stations were not significant because of high variability in NH4 
concentration.  The highest NOx concentrations were present in Altamaha Sound (GCE 7 and 8).  
NOx concentrations in Sapelo and Doboy Sounds were significantly lower than those in 
Altamaha Sound.  In Altamaha Sound NOx concentrations usually exceeded NH4 concentration 
whereas in Doboy and Sapelo Sounds, concentrations of NH4 usually exceeded NOx.  DON 

Table 1. Dissolved inorganic and organic nutrients along the three sounds. 

Site NH4 µM NOx µM PO4 µM DOC µM DON µM DOP µM Si µM 
Sapelo        

GCE 1 4.0 ± 4.5  1.4 ± 1.6 4.1 ± 2.1 2296 ± 1210 52.7 ± 17.9 1.1 ± 0.4 226 ± 90 
GCE 2 1.1 ± 1.1  0.3 ± 0.3 1.6 ± 0.5 1288 ± 1066 25.4 ±  5.1 0.6 ± 0.2  89 ± 25 
GCE 3 1.1 ± 1.3  0.4 ± 0.6 1.1 ± 0.4 1252 ± 1027 19.4 ±  3.8 0.6 ± 0.1  54 ± 24 

Doboy        
GCE 4 1.1 ± 1.1  0.3 ± 0.3 1.3 ± 0.4 1369 ± 1059 26.5 ±  7.5 0.6 ± 0.2  95 ± 33 
GCE 5 1.7 ± 1.4  0.9 ± 0.7 1.1 ± 0.3 1261 ±  999 22.2 ±  4.1 0.6 ± 0.2  78 ± 26 
GCE 6 1.4 ± 1.4  1.0 ± 0.9 0.9 ± 0.3 1228 ±  983 19.1 ±  4.1 0.5 ± 0.2  61 ± 18 

Altamaha        
GCE 7 1.8 ± 1.5 18.3 ± 8.5 1.1 ± 0.4 1232 ±  536 21.8 ±  7.9 0.9 ± 0.3 188 ± 26 
GCE 8 2.2 ± 1.5 15.3 ± 7.0 1.1 ± 0.4 1257 ±  587 23.9 ±  6.5 0.7 ± 0.2 180 ± 26 
GCE 9 2.0 ± 1.5 10.8 ± 5.3 1.2 ± 0.4 1290 ±  717 23.3 ±  4.9 0.5 ± 0.3 155 ± 27 
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concentrations were highest in Sapelo Sound (GCE 1).  Inorganic (PO4) and organic (DOP) 
phosphorus concentrations were highest in Sapelo Sound (GCE 1).  Phosphorus concentration 
tended to decrease along the salinity gradient (higher at lower salinity) in Sapelo and Altamaha 
Sounds.  DOC concentrations were highest in Sapelo Sound, followed by Doboy and Altamaha 
Sounds (which were not different from one another).  Silicate concentrations were also highest in 
Sapelo Sound (GCE 1).   

The molar ratio of DIN:DIP was significantly below 
the Redfield Ratio (16:1) in Sapelo and Doboy 
Sounds, suggesting N limitation of primary 
production (Table 2).  In Altamaha Sound, the 
DIN:DIP ratio was not significantly different from 
Redfield at GCE 7 and 8 but was slightly below 
Redfield at GCE 9.  The ratio of DIN:DSi was 
significantly below Redfield (1:1) at all sites, 
providing further support for N limitation in these 
three estuarine systems.  The DON:DOP ratio, in 
contrast, exceeded Redfield at all sites.  The high 
concentrations of DON and DOP in this system 
suggest that organic N and P fuel a good portion of 
biological production.   

Chlorophyll concentrations were highest at 
GCE 1 in Sapelo Sound, and decreased 
along the salinity gradient (Table 3).  In 
contrast, chlorophyll concentrations 
increased with salinity in Doboy and 
Altamaha Sounds.  The pattern of TSS 
concentration followed that of chlorophyll, 
with highest concentrations at the 
freshwater end of Sapelo Sound (GCE 1) 
and at the seaward stations in the other 
two Sounds (GCE 6 and 9).  Overall 
concentrations of particulate organic 
carbon and nitrogen were highest in 
Altamaha Sound but the maximum 
concentrations were observed at GCE 1.  

All of these results are being written up for publication. 

Soil processes 
We continue to measure vertical accretion and sedimentation using sedimentation-erosion tables 
(SETs) and feldspar marker layers to evaluate the effects of freshwater pulsing on long-term 
stability of tidal marshes.  Under the direction of C. Craft, we measure changes in marsh surface 
elevation and sediment deposition every six months at the ten GCE study domain sites and at 
three sites of a directed study on Dean Creek.  Results from 5+ years of data collection indicate 

Table 2. Molar ratios of inorganic and organic 
nutrients along the three sounds. 

Site DIN:DIP DIN:DSi DON:DOP 
Sapelo    

GCE 1  1.4 ± 1.4 0.02 ± 0.02 56.9 ± 30.8 
GCE 2  0.9 ± 1.0 0.02 ± 0.01 59.3 ± 47.0 
GCE 3  1.3 ± 1.3 0.03 ± 0.03 37.8 ± 12.5 

Doboy    
GCE 4  1.0 ± 0.7 0.02 ± 0.02 44.6 ± 15.5 
GCE 5  2.5 ± 1.3 0.04 ± 0.03 41.2 ± 12.6 
GCE 6  2.5 ± 1.4 0.04 ± 0.03 38.8 ± 15.8 

Altamaha    
GCE 7 18.3 ± 6.2 0.11 ± 0.06 27.3 ± 12.2 
GCE 8 15.9 ± 6.8 0.10 ± 0.05 35.0 ±  8.1 
GCE 9 11.3 ± 6.1 0.09 ± 0.04 57.0 ± 25.0 

Table 3. Chlorophyll and particulates along the three 
sounds. 

Site Chl a µg/L TSS mg/L PN mg/L PC mg/L 
Sapelo     

GCE 1 56 ± 50 99 ± 46 0.54 ± 0.20 4.6 ± 1.3 
GCE 2 25 ± 12 89 ± 21 0.21 ± 0.07 1.7 ± 0.4 
GCE 3 18 ± 10 85 ± 34 0.19 ± 0.11 1.3 ± 0.4 

Doboy     
GCE 4 28 ± 18 62 ± 15 0.20 ± 0.09 1.6 ± 0.7 
GCE 5 29 ± 24 66 ± 15 0.20 ± 0.08 1.6 ± 0.6 
GCE 6 38 ± 13 85 ± 24 0.20 ± 0.07 1.9 ± 0.7 

Altamaha     
GCE 7 25 ± 27 34 ± 15 0.27 ± 0.17 3.0 ± 1.5 
GCE 8 30 ± 22 69 ± 31 0.33 ± 0.13 3.6 ± 1.2 
GCE 9 44 ± 34 99 ± 58 0.36 ± 0.20 3.9 ± 1.8 
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no clear trends in marsh surface elevation across the ten core sites of the GCE LTER study 
domain. 

At one site, Dean Creek, we had the opportunity to investigate the impact of marsh dieback on 
change in surface elevation.  In 2004 and 2005, a dieback zone formed and moved through the 
SET plot, resulting in a 20 mm decline in surface elevation.  In 2006 and 2007, S. alterniflora re-
colonized the site and, by 2008, the marsh surface regained its lost elevation, increasing 25 mm 
from 2006 to 2008.  Findings from this and other LTER supported research will be presented at 
the Restore America’s Estuaries conference, Oct. 12-15 2008, in Providence, RI. 

With new funding from the U.S. Department of Energy’s National Institute of Climatic Change 
Research, Craft is investigating soil processes in tidal freshwater floodplain forests of the 
Georgia coast.  This three-year study will extend our study domain into the floodplains of the 
Altamaha, Ogeechee and Satilla Rivers to investigate water quality improvement functions 
(sediment deposition, N and P retention in soil, denitrification, carbon sequestration) and the 
effects of climate change, increased inundation and salt water intrusion, on these processes. 

Plant dynamics 
S. Pennings and his lab continue to monitor plant biomass to test the hypothesis that end-of-year 
biomass varies as a function of 1) freshwater discharge from the Altamaha (especially in low-
marsh plots), 2) local rainfall (especially in high-marsh plots), and 3) average sea level.  In 2000 
they set up permanent plots at all 10 LTER monitoring sites.  Plots were established at creek-
bank and mid-marsh zones (8 plots/zone/site).  An additional zone (high marsh Juncus) was 
established at site 10 in 2005 to increase replication of sites with Juncus.  Plants have been non-
destructively monitored (stem counts, heights, flowering status) in October of every year from 
2000 to the present, with data submitted to the GCE database.  Plots are also proving useful in 
documenting spatial and temporal variation in disturbance from physical (wrack) and biotic 
(grazing) sources. 

In a separate set of plots Pennings is testing the hypothesis that annual variation in high-marsh 
plant species composition is driven by variation in rainfall.  Salt marsh vegetation often consists 
of discrete stands with abrupt borders between different species or associations.  Pennings has 
monitored mid-summer plant composition at permanent plots located on 3 types of vegetation 
borders (Spartina alterniflora-Juncus roemerianus, S. alterniflora-meadow, meadow-Juncus 
roemerianus), at two sites each, since 1996.  Vegetation composition in these plots is dynamic, 
and appears to be related to variation in rainfall, although more years of data will be needed to 
test this hypothesis rigorously. 

Pennings is also conducting parallel experiments in GA and AL to examine 1) how rapidly 
marsh vegetation can recover from disturbance, and 2) the role of competition in secondary 
succession.  In 3 vegetation zones (Spartina alterniflora-meadow border, meadow-Juncus 
roemerianus border, J. roemerianus zone) at each of 2 marshes in each state, replicate 3 x 3 m 
plots were cleared using herbicide and clipping and maintained free of vegetation for 2 years.  
Control plots were marked but unmanipulated.  In 2000, individual plots were divided into two 
or four quadrants, depending on the diversity of the vegetation in each zone, with one quadrant 
allowed to recover without further manipulation and the other quadrant(s) treated by periodically 
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removing 1 or 2 dominant plant species occurring in each zone.  To date, succession has been 
fastest in plots on the Spartina alterniflora-meadow border, which have already converged on 
control plot values, and slowest in the J. roemerianus plots, which are still early in the 
successional trajectory.  Removal treatments indicate that competition plays a strong role in 
mediating the composition of the vegetation in each zone. 

A. Kunza (MS student, UH) and Pennings compared marsh plant diversity in replicate marshes 
in GA and TX.  Results indicated that TX marshes are more diverse at the scale of individual 
plots and individual sites; however, the marsh plant species pool of TX is not greater than that of 
GA.  Thus, the nature of the interactions among plants, or between plants and the abiotic 
environment, must differ in these two geographic regions.  Kunza graduated in 2006, and a 
manuscript based on this work was published in Estuaries and Coasts in 2008. 

Microbial Dynamics 
M. First (PhD student, UGA) completed his studies of the distributions of benthic protists and 
their interactions with bacteria in 2008.  His studies sampled sediments from 3 environments 
around Sapelo Island: a sandy beach on the open coast (Nannygoat Beach), a tidal creek mudflat 
(Dean Creek, GCE 6) and a marsh site (Marsh Landing), with most of the effort directed at GCE 
6.  One study compared the seasonal distribution of benthic protists at all 3 sites, and estimated 
their grazing impact and contribution to benthic foodweb dynamics.  A second focused on 
diurnal variation in the distribution of protists in sediments relative to bacteria and physical-
chemical gradients.  This study used a high resolution sampling technique based on resin-
embedded cores that were sectioned at 20 micron intervals.  A third study explored the potential 
contribution of dissolved organic carbon to protistan carbon demand using a model substrate, 
dextran, to probe the dynamics of uptake and digestion.  These studies are described in four 
papers that are published or in review. 

Animal Dynamics 
Our annual monitoring of mollusk, crab, and infaunal populations at all ten GCE sites continued 
in 2007 under the direction of D. Bishop (UGA), while S. Pennings continues to monitor 
grasshopper abundance.  All of these ongoing data sets have been submitted to the GCE 
database.   

Bishop also continues his work on invasive species, including studies of the population dynamics 
of the green porcelain crab (Petrolisthes armatus).  Several other crab species have been added 
to the growing list of non-native species within the Georgia domain: both the spotted mangrove 
crab (Goniopsis cruentata) and the Caribbean mud fiddler (Uca thayeri thayeri) were collected 
from the Duplin River.  These new collections were made in collaboration with C. Montague 
(UF), R. Kneib (UGA) and J. Shalack.  Research is now being proposed to fund a survey to 
determine the distribution of these species throughout the Georgia Coast. 

Pennings and C. Ho (PhD student, UH) tested the hypothesis that an omnivorous crab would 
have strong top-down control on an arthropod food web on the shrub Iva frutescens.  It is 
generally believed that the diverse and reticulate interactions promoted by omnivory will tend to 
reduce strong trophic cascades.  In both laboratory and field experiments, however, crabs 
suppressed both predator and herbivore populations, releasing plants from herbivore pressure and 
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promoting plant performance.  Ho graduated in 2008, and a manuscript based on this work was 
published in Ecology in 2008. 

B. Silliman (UF) and J. 
Nifong (MS student, UF) 
have worked to assess 
population densities of the 
American alligator on Sapelo 
Island.  They have taken 
tissue samples from over 80 
individuals to assess the level 
of connectivity between 
these predator populations 
and marine food sources.  
Their initial results show a 
change in diet with age: adult 
alligators are at higher 
trophic levels, as 
demonstrated by their 
enriched 15N signal, and their 
13C signal indicates increased 
reliance on marsh-derived 
material (Figure 6).  

 

Duplin River estuary 
We continue our focus on the Duplin River estuary and our analysis of the results of the 
DUPLEX experiment conducted during GCE-I.   

D. Di Iorio and P. McKay (PhD student, UGA) have used their observations of physical 
parameters in the Duplin to quantify the tidal salt fluxes in the upper portion of the river.  An 
unusual pattern exists in that the along-channel salinity gradient reverses in sign on a spring/neap 
cycle (Figure 7). On early spring tide, flood tide brings in higher salinity water while ebb tide 
brings in lower salinity water and thus gives a positive along-channel salinity gradient. On neap 
tide this pattern is reversed and the salinity gradient is negative. The reversal in the upper Duplin 
is a consequence of the interactions that occur over a fortnightly cycle between tidal energy 
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pushing salty Doboy Sound water up from the lower Duplin, and presumably fresh groundwater 
entering and diluting water in the middle Duplin. 

Di Iorio and McKay created a simple box model of subtidal processes to allow a better 
understanding of the salinity structure in the Duplin River. The model implements both water 
volume and salt budgets in order to derive an estimate of the unmeasured groundwater input and 
the unmeasured salt input due to interactions with the intertidal marsh, which can include salt 
storage in and release from the marsh, transport due to tidal trapping, and other unmeasured 
processes.  The model was evaluated over a 14 day period at the start of the DUPLEX 
experiment, from 23 Aug to 5 Sep 2003 (YD 235 to YD 248).  This period was selected to cover 
an entire neap-spring-neap cycle when the Duplin was densely instrumented and when there was 
little storage volume change due to offshore forcing, which could mask the groundwater and 
salinity signals. They concluded that groundwater input is fairly constant in the upper Duplin, at 
around 4 m3 s-1 (Figure 8), and that this input is the driver of the net water export, which reaches 
as high as 3 cm s-1 in this region.  

Cross-site comparisons 
S. Pennings is involved in several efforts to evaluate plant-herbivore interactions across 
latitudinal gradients.  The work involves multiple sites along the Atlantic Coast of the U.S., 
including 3 LTER sites and numerous NERR sites.  He found that herbivore pressure is greater at 
low latitudes, and that this could be one selective pressure on plant palatability (Pennings et al., 
in press).  In growth experiments in the greenhouse, Pennings and C. Ho tested whether high-
latitude plants are better food for herbivores than low-latitude plants.  Preliminary results support 
this hypothesis, but suggest that the results may vary among feeding guilds.  Finally, Pennings 
and L. Marczak (postdoc, UMD) are evaluating whether latitudinal variation in plant quality 
interacts with predator pressure to mediate the structure and function of arthropod food webs.  In 
2007 they sampled arthropod food webs on the salt marsh shrub Iva frutescens at multiple sites 
from Maine to Florida, and in 2008 they conducted a mesocosm experiment at Sapelo Island that 
looked for interactions between plant origin (high or low latitude) and the presence of top 
omnivores in mediating herbivore population densities.  Data from these efforts are currently 
being analyzed. 

J. Wares (UGA) has examined genetic diversity at marsh sites in Florida, Virginia, and 
Massachusetts.  He and his co-workers have a paper in preparation that describes the relative 

 
Figure 8. Estimated groundwater discharge into the upper Duplin River during a 
neap-spring-neap transition during August of 2003. 
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contributions of these other sites to the larval load at GCE; although it would be predicted that in 
general the proximal Florida and Virginia sites are more similar genetically (across 6 species), 
they found a surprising amount of genetic dissimilarity in the Massachusetts populations.  This 
result is interesting and may lead to important insights into the assembly of coastal marsh 
communities at a biogeographic scale. 

M. Alber and S. Joye continue their EPA-funded research in collaboration with M. Hester (ULL) 
and I. Mendelssohn (LSU) to compare salt marsh processes in Georgia and Louisiana.  The goal 
of the project is to determine how changes in plant density associated with increased drought 
severity alter ecosystem services in salt marshes.  Related to this project, M. Alber completed a 
review of recent dieback events that was published as an Invited Feature in Estuarine, Coastal 
and Shelf Sciences (Alber et al. 2008).  The paper included an analysis of the weather patterns 
associated with marsh dieback events that have been observed along the east and gulf coasts of 
the U.S. over the past decade, and the potential linkage of dieback with drought (as characterized 
by the Palmer Drought Severity Index).  They found evidence for an association in the southeast 
(GA and SC) and the Gulf (LA), but not in the mid-Atlantic (DE, VA) or northeast (ME, RI, 
CT).  

J. Lyons (PhD student, UGA) completed a study with M. Alber and J.T. Hollibaugh to compare 
fungal communities in decomposing Spartina from several species on the west coast with those 
from the east coast.  They used fingerprint (T-RFLP) and phylogenetic analyses of the 18S-to-
28S internal transcribed spacer (ITS) region to compare the composition of the ascomycete 
fungal communities on early decay blades of Spartina species (S. alterniflora, S. densiflora, S. 
foliosa, and a hybrid (S. alterniflora x S. foliosa) collected from three salt marshes in San 
Franciso Bay and one in Tomales Bay, California, U.S.A.  A previously described fungal 
species, Phaeosphaeria spartinicola, which is common on the east coast, was often dominant 
and was found on all samples collected. Two other ascomycetes that have been observed on the 
east coast, Phaeosphaeria halima and Mycosphaerella sp. strain 2, were also common.  This 
study has been submitted for publication. 

J.T. Hollibaugh and GCE Advisory Committee member J. Caffrey (UWF) are interested in 
environmental controls, particularly the effects of recurrent hypoxia-anoxia, on ammonia 
oxidation.  In a study funded by the Chemical Oceanography program at NSF, they have 
compared ammonia oxidation rates and assemblages of ammonia-oxidizing bacteria and archaea 
at GCE 10 with those at NERR sites along the Gulf and West Coasts that represent a range of 
water column oxygenation conditions (Caffrey et al. 2007, submitted).  They have also 
performed perturbation experiments (hypoxic, anoxic and sulfidic conditions) to assess the 
response and recovery of various ammonia-oxidizing assemblages to these challenges. 

Q3: What are the underlying mechanisms by which the freshwater-
saltwater gradient drives ecosystem change along the longitudinal axis of 
an estuary?   

S. Pennings and H. Guo (PhD student, UH), in collaboration with C. Craft and S. Joye, are 
examining how ecosystem services vary among tidal fresh, brackish and marine marshes as part 
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of a separately funded grant from EPA.  Pennings and Guo 
are examining the factors creating plant community 
structure along the estuarine salinity gradient.  They 
sampled plant biomass and diversity at replicate fresh, 
brackish and marine tidal marshes on the Satilla, Altamaha 
and Ogeechee Rivers.  A total of 109 plant species were 
found, but 11 species dominated the plant communties.  
Site-level species richness decreased across the salinity 
gradient (Figure 9) and did not differ among rivers 
(Sa=11.3, A=13.0, O= 12.2).  Plot-level richness showed a 
similar pattern. 

Vegetation was tallest at fresh sites dominated by 
Zizaniopsis and shortest at salt marsh sites dominated by 
Spartina. Standing biomass was greatest at brackish sites 
and tended to decrease away from the creekbank in both 
brackish and fresh sites, whereas in the salt marsh sites 
biomass was greatest in the midmarsh zones dominated by 
Juncus roemerianus.   Standing stocks of C, N and P were 
estimated based on total biomass, the relative abundance of 

different plant species, and the elemental composition of each plant species.  Total carbon stocks 
paralleled patterns of biomass in that they were greatest at the brackish sites and lowest at the 
salt marsh sites.  Nitrogen stocks decreased across sites as salinity increased and were greatest in 
the creekbank zone. Phosphorus stocks did not differ between fresh and brackish sites, but were 
lower at salty sites.  An overview of the results of this collaborative project have been published 
in Frontiers in Ecology and the Environment, and a more detailed manuscript describing 
vegetation patterns will be submitted in 2008. 

Pennings and Guo are currently conducting a series of transplant experiments to explain the 
patterns of composition, diversity and productivity that they have documented.  In 2007 they 
transplanted Spartina alterniflora, Juncus roemerianus and Zizaniopsis milacea to replicate 
fresh, brackish and saline sites, with and without competition.  Results indicated that the 
freshwater plants were excluded from saltier sites by physical stress, and that the intensity of 
competition increased at less-saline sites, excluding salt marsh species.  A second set of 
transplants in 2008 (Batis maritima, Scirpus americanus, Pontederia cordata) are currently 
underway and appear to show patterns consistent with the 2007 transplants. 

Q4: What are the underlying mechanisms by which proximity of marshes to 
upland habitat drives ecosystem change along lateral gradients in the 
intertidal zone?   

This portion of the project is under the direction of M. Alber and C. Alexander (SkIO), with 
involvement from co-PIs S. Pennings, S. Joye, A. Burd, C. Meile, B. Moore (USC), and V. 
Thompson (UWF).  Our approach to this question involves taking advantage of marsh 
hammocks as a natural laboratory for evaluating the influence of landscape structure and 

 
Figure 9. Plant diversity at both the site 
and plot level along the salinity gradient 
in the Altamaha River Estuary. 
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freshwater input on marsh processes.  The hammock research includes basic characterization of 
groundwater flow as well as physical and biological characteristics at selected sites, experiments 
designed to understand the effects of manipulating water flow on marsh processes, and 
modeling.  Our activities this past year included processing samples from the broad survey 
conducted in 2007; continuing archeological studies; and instrumenting selected hammocks for 
intensive study. 

2007 Survey 
The 2007 survey involved sampling 55 hammocks of varying sizes and origin.  The work 
included intensive characterization of each site in terms of its geomorphology, stratigraphy, 
water table characteristics, and flora and fauna.  Our analyses to-date suggests that there are 
differences in grain size, pore water salinity, and plant community in hammocks of different 
origin and/or size.   

Grain size analysis (C. Alexander) shows 
clear differences in the sediment 
associated with hammocks of different 
origin: the average grain size of 
hammocks created by dredge spoil is 
coarser than that of hammocks of 
Holocene origin, which is in turn coarser 
than those of Pleistocene origin.  As 
expected, the percent sand in Holocene 
hammocks is greater than that in those of 
Pleistocene origin. An example 
comparing the grain size distributions of 
the sediments from three hammocks is 
shown in Figure 10.  Hammocks created 
by ballast stone are comprised of large 
rocks and do not have soil suitable for 
grain size analysis. 

Although there was variability in pore 
water salinity of the different hammocks 
sampled, there is an indication that 

salinities were lower on larger hammocks.  This is consistent with our predictions, based on the 
fact that these hammocks have larger water tables.  Nutrient data are still being evaluated but no 
statistical differences were observed in our initial analysis of pore water DOC and TDN 
concentrations. 

Data on the characteristics of the plant community in the high marsh adjacent to the upland area 
of the hammocks were collected by A. Lynes (MS student, UH) and analyzed by C. Hladik (PhD 
student, UGA) (Figure 11).   

Figure 10. Grain size distribution in hammocks of Holocene 
(black), Pleistocene (green), and dredge spoil (red) origin.  
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Borrichea frutescens was most often the dominant plant in quadrats sampled in the high marsh 
bordering hammocks of ballast stone, Holocene, and Pleistocene origin.  Spartina cynosuroides 
was frequently the dominant plant on dredge spoil hammocks.  Ballast stone and dredge spoil 
hammocks tended to have fewer species appearing as dominant, while there were more species 
appearing as dominant on Holocene and Pleistocene hammocks.  Notably, Juncus roemerianus 
was never dominant on ballast and dredge hammocks.  

There were also differences in the plant communities of hammocks of different size classes.  
Species diversity was greater on smaller hammocks and decreased with increasing hammock 
size, for both Holocene and Pleistocene hammocks.   B. frutescens had the highest frequency of 
dominance on smaller hammocks; J. roemerianus was most dominant on hammocks of 
intermediate size; and S. patens had the greatest frequency of dominance on larger hammocks.  
NMDS analysis of plant community structure to evaluate differences in both hammock size and 
origin is ongoing. 

The data collected from this effort are now being input into both GIS and Access to develop a 
synchronized database.  The data will be used to characterize hammocks and explore 
relationships among a series of independent (i.e. upland physical characteristics) and dependent 
(i.e. marsh biodiversity, plant and animal distributions) variables. 

Archeological studies  
We are particularly interested in the distribution of shell deposits left by the Native American 
occupants, because such deposits affect soil chemistry and landform exposure, and therefore may 
mediate high-marsh ecosystem processes by affecting the quality and quantity of water reaching 
the high marsh.  Other legacy effects on current ecosystems might be mediated by changes in 
soil nutrient structure and permeability associated with fire, latrines, and seafood processing.  V. 
Thompson and his students and colleagues have performed archeological surveys of four 
hammocks to date.  Surveying these areas involves shovel test probes at 20 meter intervals. All 

Figure 11. Dominant plants observed in quadrats sampled in the high marsh of hammocks of different 
origin.  Plant species: Juncus romerianus (JR), Spartina alterniflora (SA), Spartina patens (SP), 
Salicornia virginica (SV), Distichlis spicata (DIST), Batis maritima (BM), Borrichea frutescens (BF), 
Spartina cynosuroides (SC). 
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sites are mapped and drawn according to standard archaeological procedures using GPS and a 
total station.  All observable human modification to the landscape such as existing historic 
structures, canals, fences indicating livestock, etc. are also included.  Thompson is also currently 
working on a database that includes reconnaissance information on over 100 islands.  Thompson, 
J. Turck (PhD student, UGA), and C. DePratter (USC) will deliver papers based on the hammock 
work in symposiums at the Southeastern Archaeological Conference and the Society for 
American Archaeology meeting in Atlanta this spring. 

Intensive hammock research 
The marsh/upland surveys described above are designed to evaluate how high marsh habitats are 
related to a range of upland characteristics, but they will not provide detailed measurements of 
water flow paths or biogeochemical processes, both of which we hypothesize serve to mediate 
the observed distributions of plants and animals.  We therefore plan intensive studies designed to 
characterize freshwater inflow to high marsh communities in more detail, to relate it to upland 
characteristics, and to determine how it affects marsh community structure.   

This past year we selected two hammocks for more detailed study: HN_I_1 is of Holocene origin 
and is located adjacent to Blackbeard Island to the north of Sapelo; PC_I_29 is of Pleistocene 
origin and is located adjacent to the south end of Sapelo Island.  These are of similar size, with 
similar vegetation zones in the high marsh.  We set up transects in each hammock that run from 
the nearby upland (Blackbeard and Sapelo Islands, respectively), through the marsh, and up and 
over each hammock to the marsh adjacent to the Sound (Sapelo and Doboy, respectively) (Figure 
12).   

C. Alexander led a field team that took vibracore samples along the transects to get detailed 
information about 
stratigraphy.  These 
cores show that the 
sedimentology of 
these features 
argues for distinctly 
different physical 
and stratigraphic 
processes 
dominating their 
formation.  The 
morphology of the 
Holocene and 
Pleistocene marsh 
islands differs 
significantly, with 
the former being 
long and linear, and 
the latter more 
equidimensional. 
Stratigraphically, 

  
Figure 12. Locations of wells (yellow) and vibracore samples (white) on a Holocene 
(HNI1) and Pleistocene (PCI29) hammock.  Tables show the dominant vegetation at each 
location. 
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Holocene marsh islands consist of fine sand beds resting unconformably on older marsh muds, 
which grade downward into interbedded tidal channel deposits.  Pleistocene hammock 
stratigraphy is more varied, exhibiting fine to medium sandy beds to marsh muds, is dominated 
by interbedded channel deposits, and represents a longer time over which formation and 
modification has occurred (Figure 13).  Pleistocene hammocks also frequently exhibit an 
overprint of Native American habitation and usage during the past 4,000 years, in the form of 
shell middens.  AMS C-14 and Optically Stimulated Luminescence dating are being used to 
constrain the times over which these features formed, and grain size and x-radiography illustrate 
the differences in sedimentary processes important in the genesis of each. 

The vibracore results were used to guide the placement of wells.  Wells were placed in sand 
layers in order to prevent clogging and to allow sampling of a continuously connected 
groundwater source along the entire distance of both transects.  The stratigraphy is very 
complicated at the Pleistocene site, however, and it is unlikely that every well is located in the 
same groundwater source.  In addition to the vibracore stations, two additional lateral wells were 
installed at HN_I_1 approximately 5 meters to either side of the main transect near well #4 in 
order to get data on lateral inflow of groundwater.  An additional upland well will be installed at 
this site in order to obtain a true zero salinity end member.  The wells range in depth from 41 to 
110 cm below a constant zero datum (99 to 232 cm below the surface).  At PC_I_29, the two 
lateral wells are located near well #6.  Well depths at this site range between 75 and 168 cm 
below a zero datum (130 to 247 cm below the surface). 

Pressure, salinity, and temperature loggers were placed into the select wells at both sites to 
collect data at 10-minute intervals; these data will be used in the groundwater modeling efforts.  
Groundwater biogeochemistry and radium samples were collected in August and September 
2008.  Sample collection will continue on monthly intervals, with additional samples planned to 
capture spring/neap tide and storm event signals.   
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HNi1 Vibracore Transect Generalized 

PCi29 Vibracore Transect Generalized 

Figure 13. Stratigraphic profiles obtained from vibracore samples taken at HNI1 and PCI29.  
Figures show relative surface elevation along the transect. 
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Q5: What is the relative importance of larval transport versus the conditions 
of the adult environment in determining community and genetic structure 
across both the longitudinal and lateral gradients of the estuarine 
landscape?   

One of the goals of this portion of the project is to determine whether invertebrate species 
distributions seen within the GCE domain are the result of recruitment dynamics or post-
recruitment responses to habitat suitability (i.e., abiotic or biotic constraints).  S. Pennings, D. 
Bishop and B. Silliman are currently conducting recruitment studies using a variety of 
recruitment samplers, and plan to conduct transplant studies in coming years.   

D. Bishop deployed recruitment samplers at all ten GCE sites on a monthly basis (starting June 
2008) to document spatial patterns of larvae (spat) of Crassostrea virginica.  Early results 
indicate lower than normal recruitment for the period of June-July.  This has been confirmed by 
other researchers examining oyster recruitment (Dr. Randal Walker, Marine Extension, pers. 
com.).  One surprising outcome was that the greatest spat recruitment was at GCE 8, which is 
well within the freshwater influence of the Altamaha River and far from any oyster reefs.  This 
observation is being evaluated in light of transport dynamics and larval retention times. 

Bishop also worked with participants in the GCE 
Schoolyard Program to characterize the adult 
distribution of the barnacle Chthamalus fragilis in the 
GCE domain.  They found that areas with extended 
low salinity periods (GCE 1, 1A, 7, 7A, and 8) had 
few or no C. fragilis present, although other barnacle 
species were found there.  As with many marsh 
species, densities generally increased toward the outer 
estuary sites where salinities are higher.  The Doboy 
Sound sites (GCE 4, 4A, 5, 5A, and 6) show a more 
uniform distribution of C. fragilis abundance.  
Salinities there are more stable and do not represent a 
strong gradient along the estuary (Figure 14).  
Barnacle recruitment rates from samplers deployed 
throughout the domain are still being processed at this 
time.   

B. Silliman and his students are deploying potted Spartina plants, bundles of oyster shell, and 
two other recruitment sampler devices in the mid-marsh to document spatial patterns of 
recruitment of marsh snails (Littoraria), bivalves (Geukensia) and other marsh invertebrates.  
Silliman has expanded the basic 10-site design of the study to 64 sites in order to look at 1) 
onshore-offshore patterns caused by recruitment shadows, 2) high- versus low-flow conditions, 
and 3) high- versus low-stream order conditions.  Work by Bishop and Silliman on the spatial 
distribution of marine invertebrates is complemented by parallel studies by Pennings on the 
spatial distribution of marsh plants and grasshoppers, described in earlier sections. 
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Work to date on genetic structure of organisms in the GCE domain by J. Wares has shown no 
signal of differentiation among sites, suggesting that processes involving local adaptation to 
environmental gradients are minimal.  However, genetic diversity (across 8 species) tends to be 
highest at sites on the ocean side of the array (GCE 3, 6, 9, 10) relative to genetic diversity at 
mainland or estuary sites (GCE 1, 4, 7, 2, 5, 8).  This may reflect a larval shadow effect, in which 
the propagule pressure to sites proximal to the ocean is much higher and that translates to a 
larger number of retained alleles per population regardless of species considered.  A manuscript 
describing these results is in preparation. 
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Project Management 

GCE administration 
Day-to-day project administration is shared by Alber and Pennings, with support from the GCE 
Executive Committee (Hollibaugh, Joye, W. Sheldon, Burd).  Project management involves 
submitting supplementary proposals, overseeing the core budget (including setting up 
subcontracts, approving purchase orders, travel, etc.), taking care of routine reporting, 
supervising core project personnel, and writing letters of support for collaborative projects.  We 
also continue to provide GCE support for leveraged projects.   

We conducted our annual GCE-LTER meeting in March, 2008, in Athens, GA, during which we 
provided an overview of recent research results and discussed new research planned for the 
GCE-II grant. The meeting was attended by the following members of our scientific advisory 
committee: Iris Anderson (VIMS/VCR), Jane Caffrey (UWF), Wim Kimmerer (SFSU), Cathy 
Pringle (UGA) and Mark Hay (Georgia Tech).  George Jackson (TAMU) was unable to attend 
the meeting but continues to serve on the committee.  

Pennings continued administrative duties related to field efforts, including supervising field 
technicians at Sapelo Island and overseeing repair and maintenance of boats and field 
instruments.  He also oversees the GCE Schoolyard LTER, which provided an opportunity for 
teachers to participate in field research during the summer of 2008. The actual teacher training 
effort is led by Dr. Trisha Hembree (Hull Middle School, GA).    

Network interactions 
GCE scientists are active at the network level: 

• S. Pennings continues his term on the LTER Executive Board 
• A. Burd is serving on the organizing committee for the LTER All Scientists Meeting for 

2009   
• M. Alber and S. Pennings attended the LTER Science Council Meeting in Baltimore, MD 

(May 2008) 
• M. Alber, S. Joye and W. Sheldon contributed interpretive graphs for the Trends book 

project depicting long-term increases in sea-level on the Georgia Coast and NOx 
concentration in the Altamaha River Estuary.  We also contributed long-term data sets on 
sea-level, climate (air temperature and precipitation), and river discharge to represent 
long-term trends observed in the GCE domain.  These data sets were also added to the 
GCE Data Catalog (at daily, monthly and annual aggregations) to provide comprehensive 
EML metadata, which is necessary for the dynamic Trends database that is under 
development.  

• S. Pennings is a member of an LTER cross-site synthesis group examining whether the 
traits of plant species can predict different responses by different taxa in fertilization 
experiments.  This work will enhance our ability to predict the impacts of anthropogenic 
inputs of nitrogen into natural systems. The group has published three manuscripts based 
on this work, one in PNAS, and have two additional manuscripts submitted for 
publication.   
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• J.T. Hollibaugh is serving on the LTER Network's Microbial Sciences Working Group 
• C. Craft contributed soil samples from GCE for a cross-site comparison of the Q10 of soil 

organic matter decomposition.  The study is funded by NSF and is being conducted by J. 
Craine (UMN), K. McLauchlan (KSU) and N. Fierer (CU). 

• M. Booth (UGA Marine Institute) contributed samples from GCE for a cross-site 
microbial inventory of all aquatic LTER sites.  The study is funded by NSF and is being 
conducted by L. Amaral Zettler (Marine Biological Laboratory).   

We also have a strong network presence in terms of information management, through the 
activities of W. Sheldon.  Over the past year he has served the network in the following 
capacities: 

• Served on the mid-term review panel for the MCR LTER site   
• Served as co-chair of the LTER Network Information System Advisory Committee, 

which is currently developing a strategy to enhance network-level cyber infrastructure to 
support the LTER Network Decadal Plan 

• Chaired a working group on CI implementation at the 2008 LTER IM committee meeting 
• Presented a peer-reviewed paper on quality control of high volume sensor network data 

using the GCE Data Toolbox software at the 2008 Environmental Information 
Management conference 

• Collaborated with Inigo San Gil and others at the LTER Network Office on a paper 
summarizing LTER efforts to provide environmental metadata for genetic sequence data 

• Continues to host the USGS Data Harvesting Service for HydroDB (see 
http://gce-lter.marsci.uga.edu/lter/research/tools/usgs_harvester.htm).  Data from 57 
USGS stream flow gauging stations are automatically harvested on a weekly basis for 11 
LTER sites (AND, BES, CWT, FCE, GCE, KBS, KNZ, LUQ, NTL, PIE, SBC) and one 
USFS site.  Recent provisional and finalized data are automatically acquired, 
standardized, quality-checked, formatted, and uploaded to HydroDB to provide the LTER 
community with the best available stream flow and precipitation data for synthetic 
research at no cost to individual site research programs. 
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Information Management 

Overview 
Information Management at the GCE site is led by W. Sheldon (UGA); J. Carpenter (UGA) 
assists Sheldon and serves as our GIS specialist.  A major focus of Information Management 
effort during the past year has been updating and expanding the GCE information system and IT 
infrastructure to support new research initiatives and improve overall functionality, capacity and 
security. We acquired a new web server and database server for GCE this year, both equipped 
with quad-core processors, hardware RAID arrays and other fault-tolerant features. We also 
finished deploying a completely redesigned GCE website (http://gce-lter.marsci.uga.edu/), which 
brings together the content from the original public GCE web site, private project web site and 
GCE data portal site within a single framework and navigation system.  We also developed new 
web-accessible databases to provide access to GCE project news and announcements as well as a 
searchable archive of documents, GIS data products, imagery (e.g. maps, organism photos, site 
photos), and other resources.  The new website and web applications fully support the latest web 
standards (e.g. XML, XHTML) and technologies (e.g. Ajax). 

Spatial Data Management and GIS 
GIS effort in 2008 has included providing geo-spatial analysis and logistical support for the 
marsh hammock study, updating metadata for existing GIS resources, designing new content for 
the GCE website describing available GIS resources and protocols, and creating reference maps 
of study sites for publications.  Marsh hammock survey GIS data sets created in 2007 have been 
updated and are now available to GCE personnel through our ESRI ArcSDE Geodatabase server. 
Analyses will continue with an emphasis on influence of marsh proximity to hammock size and 
shape, which we plan to integrate with high resolution LiDAR elevation data made available 
either through the Georgia Coastal Elevation Project or a pending research proposal. 

We have expanded our general-purpose ArcSDE Geodatabases to include a more comprehensive 
collection of baseline data (e.g. digital imagery and coastal NOAA LiDAR elevation data). These 
databases provide centralized access to a diverse set of raster and vector data relevant to the GCE 
study area and research activities. Select data sets are now available via direct download from 
our new web-based file archive (http://gce-lter.marsci.uga.edu/public/app/resource_search.asp), 
via automated request forms, and through direct Geodatabase connections for authorized GCE 
personnel (i.e. using  ESRI ArcMap and ArcCatalog). In addition to ESRI GIS formats, we are 
also now providing many of our data sets in Keyhole Markup Language (KML) format for use in 
publicly available geographic information viewers such as Google Earth. Using KML allows us 
to disseminate geographic information to web visitors who do not use ESRI software, broadening 
access. 

New GIS data sets added to our database this year include: 

• Digitized hammock marsh and upland forest boundaries, 
• 1983 Color Infrared (CIR) National High Altitude Photography (NHAP) unrectified 

aerial photography (GCE domain), 
• 1983 CIR NHAP 4 m rectified aerial photography (southern Sapelo Island), 
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• 1993 B&W National Aerial Photography Program (NAPP) unrectified aerial photography 
(eastern Sapelo Island), 

• 1999 USGS DOQQ 1 m aerial photography (GCE domain), 
• 2000/2001 Landsat TM satellite orthorectified imagery (GCE domain), 
• 2003 CIR 0.5 m orthorectified imagery (Sapelo Island), 
• 2005 NAIP 2 m orthorectified imagery (McIntosh County), 
• 2005/2006 NOAA LiDAR elevation data, 
• 2006 USGS DOQQ 0.5 m aerial photography (Sapelo Island), 
• 2006 NAIP DOQQ 2 m aerial photography (majority of GCE domain), 
• 2007 NAIP DOQQ 1 m aerial photography (McIntosh County), 
• 1988 (CIR), 1993 (B&W), and 1999 (CIR) orthoimagery in KML (GCE domain, 
• National Geographic Society topographic images in KML (southeast US) 

We also continue to support the GIS lab we established on Sapelo Island in June 2006, in 
collaboration with the Sapelo Island NERR and UGA Marine Institute. This lab provides access 
to spatial data resources for both GCE scientists and other investigators working on Sapelo. The 
lab currently includes an advanced multi-processor workstation, large-format document and 
transparency scanner, high capacity network-attached file server (RAID-5 array), and 50-seat 
ESRI ArcGIS 9.2 license server.  SINERR research staff provide baseline GIS data and support 
to researchers and students on Sapelo, and GCE IM staff provide hardware, software and 
network support for the facility.  We are currently working with SINERR to establish an 
Internet-accessible clearinghouse for Sapelo-related GIS data and imagery. 

Website Development 
We finished the planned redesign of all GCE web sites and web-based database applications this 
year. The new web site has an improved overall appearance and functionality, and supports the 
latest web standards (e.g XML, XHTML) and technologies (e.g. AJAX). The new site brings 
together information from the original public GCE web site as well as the private project web 
site and GCE Data Portal to provide more uniform access to all web-accessible resources from a 
common framework and navigation structure.  Legacy pages were redesigned using Adobe 
DreamWeaver templates to provide consistent layout and navigation.  Newer pages are being 
implemented directly as XML files, using client-side XSLT style sheets and Javascript (i.e. 
AJAX) to generate the web page layout and navigation.  These XSLT style sheets also allow us 
to generate fully-functional web pages from XML data streamed directly from our database, 
greatly reducing the effort required to bring new dynamic web pages online. 

As part of the redesign, we developed a new web-accessible database for managing project news 
and announcements that allows GCE participants to directly post news items with automatic 
content expiration and archiving.  We also developed a generalized file archive database to 
improve management of all GCE documents (e.g. reports, protocols, governance), general raster 
and vector GIS data files, imagery (e.g. maps, organism photos, site photos), and other static 
files.  The database supports file versioning and thumbnail images, and is dynamically linked to 
the taxonomic database and GCE bibliography to support comprehensive searching for online 
files and imagery.  A search form and dynamic browse interface are available on the new web 
site to search for files by type, category, theme, contents and author (http://gce-
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lter.marsci.uga.edu/public/app/resource_search.asp).  In addition, we developed a new dynamic 
news page that automatically draws information from several web-accessible databases to 
display current calendar events, announcements, and recent data catalog and file archive 
additions on the web site (http://gce-lter.marsci.uga.edu/public/app/news.asp). Support for 
accessing project news via a RSS feed is also planned. 

We also recently developed a new dynamic web application for updating the GCE bibliographic 
database.  GCE participants can now directly add new citations to the database and upload 
reprints or publisher links using dynamic web forms, and both the original contributor and their 
supervisor or IM staff can revise existing entries.  New and updated citations are automatically 
synchronized with the LTER Network all-site bibliography monthly via Endnote export files 
dynamically generated from the database. 

Software Development 
We have continued to enhance the GCE Data Toolbox for MATLAB software and offer a 
compiled version of this toolbox for public download on our web site (see http://gce-
lter.marsci.uga.edu/public/im/tools/data_toolbox.htm).  This software can be used to search and 
download data from the GCE Data Catalog and GCE Data Portal as well as import data from 
various sources, and then perform metadata-based analysis, transformation, integration and 
visualization.  Users can also retrieve data from any USGS or ClimDB/HydroDB station directly 
over the Internet, using either command-line functions or graphical dialogs, and then integrate 
these data with GCE data sets or their own data in real time.  Over 200 web visitors downloaded 
the toolbox package over the past year, with 2798 total downloads since the initial release in July 
2002. 

Support for EML Metadata 
We continue to comprehensively support the XML-based EML 2.0 metadata standard adopted 
by LTER in all GCE databases, allowing us to dynamically generate EML for all data sets in our 
catalog, as well as species lists, personnel entries and bibliographic citations.  GCE was the first 
LTER site to fully support EML 2, and our rapid implementation has facilitated adoption of this 
standard across LTER and aided in development of EML-based applications at LNO, NCEAS 
and NBII.  Our EML implementation is still among the most comprehensive in LTER, 
supporting metadata-mediated data access and integration (Level 5 in the EML Best Practices 
guidelines, a document created by a working group chaired by W. Sheldon in 2004). 

We also continue to collaborate with LNO, NCEAS and NBII on development and testing of 
specifications for automatically harvesting EML documents from LTER sites for inclusion in the 
LNO Metacat repository (and therefore the distributed Metacat and Ecogrid networks).  GCE 
EML documents are automatically added or updated in the LNO Metacat server on a weekly 
basis, and then synchronized to other Metacat servers across the world.  GCE EML is also 
harvested weekly for inclusion in the NBII metadata clearinghouse.  As a result, GCE metadata 
can be searched using the NCEAS Morpho application, the LNO Data Catalog 
(http://metacat.lternet.edu/query/), the NBII Mercury search engine 
(http://mercury.ornl.gov/nbii/), and the Ecogrid network being developed by the SEEK project. 
Corresponding data tables can also be automatically retrieved by these external systems using 
connection information in the metadata, with data access logged by the GCE database.  In 
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addition, the comprehensive EML implementation and support for automated data streaming 
developed at GCE continues to enable NCEAS and the SEEK project to prototype, test and 
demonstrate EML-based data analysis and workflow tools, such as Kepler 
(http://seek.ecoinformatics.org), using realistic ecological data sets, significantly aiding their 
development work. 

Data from the LTER Trends project were added to the GCE Data Catalog (at daily, monthly and 
annual aggregations) to provide comprehensive EML metadata, which is necessary for the 
dynamic Trends database that is under development.  We will update these data sets regularly as 
new observations become available.  We are also planning to provide complete EML for new 
spatial data sets as they are added to the GCE catalog.  We are collaborating with other GIS 
experts across LTER to adapt existing XSLT style-sheets for converting ESRI XML metadata to 
EML for GCE use, and we are developing extensions to our existing relational databases to 
support management, online distribution, and access logging for GIS data products just as for 
tabular data products. 

Web Site and Data Access Statistics 
Public downloads of GCE data sets from Fall 2001 to Fall 2008 are listed below, broken down 
by data set theme and user affiliation.  Downloads by GCE participants are not currently tracked, 
due to open data access policies within the project.  The majority of public data requests in 2007-
2008 were brokered through external metadata catalogs, such as the LNO Metacat server.  
NCEAS and the SEEK project frequently use GCE data to test and demonstrate metadata-
mediated applications such as Kepler, due in part to our early adoption and comprehensive 
implementation of the EML 2 metadata standard; this provides a very broad audience for GCE 
research products.  Individual data requests this year were primarily from other LTER sites, post-
secondary educational institutions and academic researchers 

Web site activity was difficult to track for 2007-2008, due to multiple server migrations, web 
page request redirections to new URLs (i.e. due to web site directory changes), and a major 
increase in malicious web-based SQL injection attempts during summer 2008.  Attacks were 
logged from over 60,000 distinct IP addresses in July 2008 alone, which nearly outpaced 
legitimate page requests and web-indexing spiders.  Although no GCE web pages or databases 
have been compromised from web-based attacks to date, web application security remains a high 
priority as we develop more dynamic content and web-enabled databases.  We recently installed 
an advanced URL filter application on our outfacing web server to help thwart future attacks, 
which complements our host-based firewall and campus intrusion prevention system. This filter 
blocks malformed web requests and web queries containing SQL code before they can reach the 
web server to minimize our “attack surface”.   Despite this malicious traffic, approximately 
5000-7000 visitors continue to access the public GCE web site each month. 



27 

 

Annual Data Downloads by Theme 
Theme 2001 2002 2003 2004 2005 2006 2007 2008 All 
Various (custom file) 0 0 0 0 1 5 12 6 24 
Insect Ecology 4 7 3 12 15 27 29 29 126 
Real-time Climate 0 0 0 4 78 29 54 38 203 
Pore-water Chemistry 0 0 0 2 8 4 5 2 21 
Plant Ecology 0 13 9 19 97 28 29 58 253 
Phytoplankton 0 0 1 17 42 20 5 16 101 
Oceanography 0 2 2 54 312 128 83 180 761 
Organic Matter 0 5 1 13 17 12 27 23 98 
Meteorology 12 27 8 20 22 13 31 33 166 
Hydrography 0 0 0 0 4 6 5 4 19 
Geology 0 0 0 0 0 2 18 3 23 
Nutrient Chemistry 0 7 5 8 31 11 8 7 77 
Fungal Productivity 0 2 1 1 13 1 3 4 25 
Chemistry 0 0 0 0 6 2 8 3 19 
Bacterial Productivity 0 0 4 15 36 16 39 29 139 
Invertebrate Ecology 0 0 12 137 110 94 101 105 559 
Algal Productivity 0 0 0 0 1 13 9 5 28 
All Themes 16 63 46 302 793 411 466 545 2642 

Annual Data Downloads by Affiliation 
Affiliation 2001 2002 2003 2004 2005 2006 2007 2008 All 
Other/Unspecified 0 15 10 28 76 36 50 38 253 
Other LTER Site 1 12 16 10 29 29 5 41 143 
LTER Metacat 0 0 2 148 166 131 115 341 903 
I-LTER Site 0 0 0 2 1 1 4 0 8 
Government Agency 6 1 0 19 210 26 10 2 274 
Advocacy Group 0 1 0 0 0 3 1 0 5 
Educational (College) 4 12 1 50 129 76 114 45 431 
Educational (K-12) 0 7 2 0 36 5 3 12 65 
Academic Research 5 15 15 45 146 104 164 66 560 
All Affiliations 16 63 46 302 793 411 466 545 2642 
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Heat and Salt in the Duplin River, Georgia. Ph.D. Dissertation. University of Georgia, 
Athens GA. 217 pages. 

 
Lyons, J.I. 2007. Molecular description of ascomycete fungal communities on Spartina spp. in 

the U.S. Ph.D. Dissertation. University of Georgia, Athens, Georgia. 
 



Kunza, A.E. 2006. Patterns of plant diversity in two salt marsh regions. M.S. Thesis. University 
of Houston, Houston, Texas. 70 pages. 

 
Mou, X. 2006. Culture-independent Characterization Of DOC-Transforming Bacterioplankton in 

Coastal Seawater. Ph.D. Dissertation. University of Georgia, Athens, Georgia. 182 pages. 
 
Schaefer, S.C. 2006 Nutrient budgets for watersheds on the southeastern Atlantic coast of the 

United States: temporal and spatial variation.  M.S. Thesis, University of Georgia, Athens, 
Georgia, 105 pp. 

 
 
Conference Proceedings (Published Papers and Abstracts) 
 
Sheldon, W.M. Jr. 2008. Dynamic, Rule-based Quality Control Framework for Real-time Sensor 

Data. Pages 145-150 in: Gries, C. and Jones, M.B. (editors). Proceedings of the 
Environmental Information Management Conference 2008 (EIM 2008): Sensor Networks. 
Albuquerque, New Mexico. 

 
Henshaw, D.L., Sheldon, W.M., Remillard, S.M. and Kotwica, K. 2006. ClimDB/HydroDB: A 

web harvester and data warehouse approach to building a cross-site climate and hydrology 
database. Proceedings of the 7th International Conference on Hydroscience and Engineering 
(ICHE 2006). Michael Piasecki and College of Engineering, Drexel University, 
Philadelphia, USA. 

 
 
Conference Posters and Presentations 
 
Alber, M. 2008. Presentation: How scientists can become involved in education and public 

outreach. American Society of Limnology and Oceanography, 3/08, Orlando, FL. 
 
Alber, M. 2008. Presentation: The Earth has one big ocean with many features. National Marine 

Educators Association, 7/08, Savannah, GA. 
 
Alber, M., Schaefer, S.C., Pomeroy, L.R., Sheldon, J.E. and Joye, S.B. 2008. Presentation: 

Nitrogen inputs to the Altamaha River estuary (Georgia, USA): a historic analysis. 
American Society of Limnology and Oceanography, 3/08, Orlando, FL. 

 
Guo, H., Pennings, S.C. and Wieski, K. 2008. Poster: Physical stress, plant productivity, 

competition, and diversity in Georgia tidal marshes. Coastal Habitats. 93rd Annual Meeting 
of the Ecological Society of America, August 3-8, 2008, Milwaukee, Wisconsin. 

 
Sheldon, J.E. and Burd, A.B. 2008. Poster: Seasonal effects of the Southern Oscillation and 

Bermuda High on freshwater delivery to the central Georgia coast. GCE-LTER 2008 
Annual Meeting, March 14-15, 2008, Athens, Georgia. 

 



Sheldon, W.M. Jr. 2008. Presentation: Dynamic, Rule-based Quality Control Framework for 
Real-time Sensor Data. Quality Assurance Systems. Environmental Information 
Management 2008, September 10-11, 2008, University of New Mexico, Albuquerque, New 
Mexico. 

 
Wieski, K., Guo, H. and Pennings, S.C. 2008. Poster: Ecosystem functions of tidal fresh, 

brackish, and salt marshes. Estuarine, Coastal and Intertidal Systems. 93rd Annual Meeting 
of the Ecological Society of America, August 3-8, 2008, Milwaukee, Wisconsin. 

 
Alber, M. 2007. Presentation: The Earth has one big ocean with many features. Georgia 

Association of Marine Educators, 10/07, Tybee Island, GA. 
 
Alber, M., Mackinnon, J., Hurley, D. and Curran, M.C. 2007. Presentation: Salt Marsh Dieback 

in Georgia. Estuarine Research Federations 2007 Annual Meeting, 4-8 November 2007, 
Providence, Rhode Island. 

 
Collins, S.L., Suding, K.N., Cleland, E.E., Batty, M., Pennings, S.C., Gross, K.L., Grace, J.S., 

Gough, L., Fargione, J.E., Clark, C.M. Presentation: Rank clocks and plant community 
dynamics. Joint Ecological Society of America / Society for Ecological Restoration 2007 
Meeting, August 5-10, 2007, San Jose, CA. 

 
Craft, C., Clough, J., Ehman, J. and Park, R. 2007. Presentation: Effects of accelerated sea level 

rise on biogeochemical cycles of tidal marshes of the southeast U.S. coast: a landscape 
simulation. 10th International Symposium on Wetland Biogeochemistry, April 1-4 2007, 
Annapolis, Maryland. 

 
Craft, C., Clough, J., Ehman, J. and Park, R. 2007. Presentation: Effects of accelerated sea level 

rise on C, N and P retention by tidal marshes: a landscape simulation. 2nd International 
Symposium on Wetland Pollution Dynamics and Control (WETPOL), September 16-20 
2007, University of Tartu, Tartu, Estonia. 

 
Craft, C.B. 2007. Keynote presentation: Tidal marshes and climate change. 2nd International 

Symposium on Wetland Pollution Dynamics and Control (WETPOL), September 16-20 
2007, University of Tartu, Tartu, Estonia. 

 
First, M.R. and Hollibaugh, J.T. 2007. Presentation: Direct uptake of high molecular weight 

dissolved organic carbon by benthic ciliates. ASLO Aquatic Sciences Meeting, February 
2007, Santa Fe, New Mexico. 

 
Hester, M.W., Mendelssohn, I.A., Alber, M. and Joye, S.B. 2007. Presentation: Climate-Linked 

Alteration of Ecosystem Services in Tidal Salt Marshes of Georgia and Louisiana: 
Preliminary Findings. Estuarine Research Federations 2007 Annual Meeting, 4-8 November 
2007, Providence, Rhode Island. 

 



Ho, C.-K. and Pennings, S.C. 2007. Presentation: Bergmann¡'s Rule and latitudinal variation in 
herbivore body size. Joint Ecological Society of America / Society for Ecological 
Restoration 2007 Meeting, August 5-10, 2007, San Jose, California, USA. 

 
Hollibaugh, J.T. and Ransom, B. 2007. Poster: Comparison of fish species reveals major 

differences in the composition of gut microflora. ERF 2007, 4-8 November 2007, 
Providence, Rhode Island. 

 
Johnson, H.E. 2007. Poster: Screening of Fosmid Library of Environmental Genomic DNA from 

Sapelo Island. Center for Undergraduate Research Opportunities Symposium, April 9, 2007, 
University of Georgia, Athens, Georgia. 

 
Joye, S.B., Hunter, K.S., Bernier, M., Craft, C. 2007. Presentation: Salinity-driven patterns in 

sediment biogeochemistry and microbial activity in Georgia coastal estuaries. 10th 
International Symposium on the Biogeochemistry of Wetlands, 1-4 April 2007, Annapolis, 
Maryland. 

 
McFarlin, C.R., Kenemer, B., Alber, M., Hester, M.W. and Bishop, T.D. 2007. Poster: A 

Comparison of Dieback Effects on Salt Marsh Invertebrates in Georgia and Louisiana. 
Estuarine Research Federations 2007 Annual Meeting, 4-8 November 2007, Providence, 
Rhode Island. 

 
Pennings, S.C., Ho, C.-K., Salgado, C., Wieski, K., Dave, N., Kunza, A.E., Wason, E.L. 2007. 

Presentation: Latitudinal variation in herbivore pressure in Atlantic Coast salt marshes. Joint 
Ecological Society of America / Society for Ecological Restoration 2007 Meeting, August 
5-10, 2007, San Jose, CA. 

 
Porubsky, W.P., Meile, C. and Joye, S.B. 2007. Poster: Variations in groundwater 

biogeochemistry and flow on Moses Hammock (Sapelo Island, GA): Field measurements, 
laboratory assays, and modeling. American Society of Limnology and Oceanography 2007 
Aquatic Sciences Meeting, 4-9 February 2007, Santa Fe, New Mexico. 

 
Porubsky, W.P., Meile, C. and Joye, S.B. 2007. Presentation: Using field measurements, 

laboratory assays and modeling to examine flow conditions and variations in groundwater 
biogeochemistry. Estuarine Research Federation 2007 Annual Meeting, 4-8 November 
2007, Providence, Rhode Island. 

 
Robinson, J.D., Cozad, M. and Wares, J.P. 2007.  Presentation: Population structure of salt 

marsh invertebrates from the GCE-LTER. Benthic Ecology Meeting, March 21-25 2007, 
Atlanta, Georgia, USA. 

 
Schaefer, S.C. and Alber, M. 2007. Presentation: Temperature as a Control on Proportional 

Nitrogen Export to Coastal Ecosystems: An application of the SCOPE nitrogen budgeting 
method. Estuarine Research Federations 2007 Annual Meeting, 4-8 November 2007, 
Providence, Rhode Island. 

 



Schalles, J.F., Hladik, C.M., Volkmer, M. and Saucedo, D.F. 2007. Presentation: Geospatial 
Mapping of Species and Biomass in Georgia Salt Marshes using AISA Airborne 
Hyperspectral Imagery. Estuarine Research Federation 2007 Annual Meeting, 4-8 
November 2007, Providence, Rhode Island. 

 
Segarra, K., Samarkin, V. and Joye, S.B. 2007. Presentation: Temperature driven variations in 

terminal metabolism in methanogenic freshwater sedments. Estuarine Research Federation 
2007 Annual Meeting, 4-8 November 2007, Providence, Rhode Island. 

 
Sheldon, J.E. and Burd, A.B. 2007. Poster: Detecting climate signals in river discharge and 

precipitation data for the central Georgia coast. 2007 AERS/SEERS Meeting, March 15-17, 
2007, Pine Knoll Shores, NC. 

 
Sheldon, J.E. and Burd, A.B. 2007. Presentation: Seasonal Effects of the Southern Oscillation 

and Bermuda High on Freshwater Delivery to Coastal Georgia, U.S.A. Estuarine Research 
Federation 2007 Annual Meeting, 4-8 November 2007, Providence, Rhode Island. 

 
Sheldon, W.M. 2007. Presentation: Synthesis of incomplete and qualified data using the GCE 

Data Toolbox. Workshop to define quality management standards for data completeness in 
derived data products, January 31-February 1, 2007, Jornada Experimental Range, Las 
Cruces, New Mexico. 

 
Wason, E.L. and Pennings, S.C. 2007. Poster: Gradients of grasshopper species composition and 

size in Atlantic Coast salt marshes. Joint Ecological Society of America / Society for 
Ecological Restoration 2007 Meeting, August 5-10, 2007, San Jose, CA. 

 
Weston, N.B., Vile, M.A., Velinksy, D.J., Joye, S.B. and Neubauer, S.C. 2007. Presentation: 

Shifting pathways and magnitude of organic matter mineralization in tidal freshwater 
marshes following sea-level rise. Estuarine Research Federation 2007 Annual Meeting, 4-8 
November 2007, Providence, Rhode Island. 

 
Whigham, D.F., Barendregt, A., Craft, C. and Neubauer, S. 2007. Climate change consequences 

for tidal freshwater wetlands at the east and west coast of the Atlantic. International 
Association of Landscape Ecology, July 8-12 2007, World Congress, Wageningen, The 
Netherlands. 

 
Alber, M. 2006. Presentation: CSI Ecology: Salt marsh dieback in Georgia. University of 

Georgia Department of Geology, Athens, Georgia. 
 
Alber, M. 2006. Presentation: Losses of foundation species and the consequences for ecosystem 

structure and function. Working group at the LTER All Scientists Meeting, September 20-
24, 2006. Estes Park, Colorado. 

 
Alber, M. 2006. Presentation: Salt marsh dieback in Georgia. Sudden wetland dieback meeting, 

May 24, 2006, Wellfleet, Massachussetts. 
 



Alber, M. 2006. Presentation: The Georgia Coastal Research Council - Project overview. Coastal 
Incentive Grant Colloquium, October 2006, Savannah, Georgia. 

 
Alber, M. and Sheldon, J.E. 2006. Calculating estuary turnover times during non-steady-state 

conditions using freshwater fraction techniques. Southeastern Estuarine Research Society 
meeting, Ponte Vedra Beach, Florida. 

 
Alber, M. and Sheldon, J.E. 2006. Presentation: Simple tools for assessing coastal systems: can 

we get there from here?  Coastal Observing Systems Workshop, LTER All Scientists 
Meeting, September 20-24, 2006, Estes Park Colorado. 

 
Craft, C.B. and Krull, K. 2006. Presentation: Ecosystem development of a newly emerged tidal 

marsh. 6th International Workshop on Nutrient Cycling and retention in Natural and 
Constructed Wetlands, May 31-June 4, 2006, Trebon, Czech Republic. 

 
Craft, C.B. and Krull, K. 2007. Presentation: Ecosystem development of a newly emerged tidal 

marsh: a model for evaluating "success" of created and restored marshes. Society of 
Wetland Scientists 27th International Conference, July 9-14, 2006, Cairnes, Australia. 

 
First, M. and Hollibaugh, J.T. 2006. Presentation: Temporal and spatial patterns of benthic 

microbial communities in a subtropical salt marsh (Sapelo Island, GA). Long Term 
Ecological Research Network All-Scientists Meeting, September 20-24, 2006, Estes Park, 
Colorado. 

 
First, M.R. 2006. Presentation: Benthic microbial food webs: daily and yearly variations and 

short cuts in the microbial loop. University of Georgia Marine Science Graduate Student 
Seminar Series, August, 2006, University of Georgia, Athens, Georgia. 

 
First, M.R. and Hollibaugh, J.T. 2006. Diel monitoring of sediment bacteria and protists in a 

subtropical tidal creek, Sapelo Island, Georgia. ASLO Summer Meeting, June 2006, 
Victoria, British Colombia. 

 
Ho, C.-K. and Pennings, S. C. Presentation: Preference and performance in plant-herbivore 

interactions across latitude. 91st Annual Meeting of the Ecological Society of America. 
August 6-11, 2006, Memphis, Tennessee, USA. 

 
Hollibaugh, J.T. and Alber, M. 2006. Presentation: Georgia's Coast - Past, present, and future. 

Georgia Certified Court Reporters Class, September 2006, St. Simons, Georgia. 
 
Kenemer, B., McFarlin, C. and Alber, M. 2006. Poster: Fiddler Crabs Dig It:  A Study of Burrow 

Dynamics in a Salt Marsh. Fall 2006 Meeting of the Southeastern Estuarine Research 
Society, October 19-21, 2006, Savannah, Georgia. 

 
Kunza, A.E. and Pennings, S.C. 2006. Poster: Patterns of plant diversity in two salt marsh 

regions. Long Term Ecological Research Network All-Scientists Meeting, September 20-
24, 2006, Estes Park, Colorado. 



 
Lyons, J., Alber, M. and Hollibaugh, J.T. 2006. Poster: Molecular comparison of ascomycete 

fungal communities on Spartina species found along the east, west, and Gulf coasts of the 
U.S. LTER All Scientists Meeting, September 20-24, 2006, Estes Park, Colorado. 

 
Lyons, J.I., Alber, M. and Hollibaugh, J.T. 2006. Poster: Molecular comparison of ascomycete 

fungal communities on Spartina species found along the east, west, and Gulf coasts of the 
U.S. Southeastern Estuarine Research Society. March 30-April 1, 2006, St. Augustine, 
Florida. 

 
McFarlin, C.R., Ogburn, M.B. and Alber, M. 2006. Poster: The recent status and trends of two 

Georgia marsh dieback sites. Spring 2006 Meeting of the Southeastern Estuarine Research 
Society, March 30-April 1, 2006, St. Augustine, Florida. 

 
McKay, P. and Di Iorio, D. 2006. Presentation: Salt and heat fluxes in a sinuous, macrotidal salt 

channel in the south Atlantic Bight. AGU Ocean Sciences Meeting, February 2006, 
Honolulu, Hawaii. 

 
Pennings, S.C. 2006. Presentation: Plant community response to nitrogen enrichment: results 

from a cross-site synthesis. Long Term Ecological Research Network All-Scientists 
Meeting, September 20-24, 2006, Estes Park, Colorado. 

 
Pennings, S.C. 2006. Presentation: Sea-level rise and ecosystem services of tidal marshes. Sea-

level rise, hurricanes, and the future of our coasts. Sigma Xi Meeting,Texas A&M 
University, March 30, 2006. 

 
Porubsky, W.P., Meile, C. and Joye, S.B. 2006. Poster: Nutrient dynamics in the hammock 

subsurface: The impact of flow and reactions on coastal groundwater biogeochemistry. 
Academy of the Environment Meeting, October 2006, Athens, Georgia. 

 
Schaefer, S.C. and Alber, M. 2006. Nutrient inputs to the Altamaha River Watershed, 1954-

2002. Southeastern Estuarine Research Society, Savannah, Georgia. 
 
Schaefer, S.C. and Alber, M. 2006. Poster: Temperature response of denitrification drives a 

latitudinal gradient in coastal export. LTER All Scientists Meeting, September 20-24, 2006, 
Estes Park, Colorado. 

 
Schaefer, S.C. and Alber, M. 2006. Presentation: A latitudinal gradient in the percentage of net 

anthropogenic nitrogen input exported to Atlantic coast rivers. Estuaries session. Semi-
annual meeting of the Southeastern Estuarine Research Societ, March 31-April 1, 2006, St. 
Augustine, Florida. 

 
Schalles, J., Hladik, C., Whitehurst, L. and Merani, P. 2006. Poster: Hyperspectral imaging of 

wetlands and estuarine waters of National Estuarine Research Reserves in the Southeastern 
and Mid-Atlantic Regions of the United States. Shallow Water Optics. Ocean Optics XVIII, 
The Oceanographic Society, October 9-13, 2006, Montreal, Quebec, Canada. 



 
Seay, J.E., Bishop, T.D. and Tilburg, C.E. 2006. Poster: Spatial and temporal variations of 

fiddler crab (Uca spp.) larval abundance in a Georgia estuary. Southeastern Estuarine 
Research Society Spring 2007 Meeting, 30 March - 1 April 2006, St. Augustine, Florida. 

 
Seay, J.E., Bishop, T.D. and Tilburg, C.E. 2006. Poster: Spatial and temporal variations of 

Porcelain Crab larval abundance in a Georgia Estuary. Southeastern Estuarine Research 
Society Fall 2006 Meeting, 19 October - 21 October 2006, Savannah, Georgia. 

 
Sheldon, W.M. and Remillard, S. 2006. Poster: Software tools for automated synthesis of LTER, 

USGS and NOAA climate and hydrologic data. Long Term Ecological Research Network 
All-Scientists Meeting, September 20-24, 2006, Estes Park, Colorado. 

 
First, M. 2005. Georgia Coastal Ecosystems Long-Term Ecological Research (GCE-LTER) Site 

Review. LTER Graduate Student Collaborative Research Symposium. Andrews 
Experimental Research Forest, April 2005, Blue River, Oregon. 

 
 
Newsletter and Newspaper Articles 
 
Sheldon, W.M. 2008. Developing a Searchable Document and Imagery Archive for the GCE-

LTER Web Site. DataBits: An electronic newsletter for Information Managers. Long Term 
Ecological Research Network, Albuquerque, NM. Spring 2008 Issue, p. 5-8. 

 
Georgia Coastal Research Council. 2007. Research Summary: On the shoulders of giant plants. 

Georgia Sound Newsletter. 13(3):1. 
 
Sheldon, W.M. Jr. 2007. Practical Distributed Computing Approach for Web Enabling 

Processor-intensive Programs. DataBits: An electronic newsletter for Information 
Managers, Spring 2007 issue. Long Term Ecological Research Network, Albuquerque, NM. 

 
Sheldon, W.M. 2006. Mining and Integrating Data from ClimDB and USGS using the GCE Data 

Toolbox. DataBits: An electronic newsletter for Information Managers, Spring 2006 issue. 
Long Term Ecological Research Network, Albuquerque, NM. 
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