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Coastal Plain Wetlands are 
Vulnerable Wetlands

Low land: 1,730 square miles are <1 m 
above sea level

• Extensively ditched/connected

• Rising sea levels

• Increased storm intensity

• Saltwater intrusion, increased 
inundation ---> ghost forests, plant 
community shifts

Albemarle Sound

Albemarle-Pamlico Peninsula Sound

Outer Banks

Cape Fear River

Presenter Notes
Presentation Notes
In the outer Coastal Plain of North Carolina, shown in darker red here, a large portion is at or below 1 m above sea level (click). Low elevation, extensive ditching, and rising seas leave this region vulnerable to saltwater intrusion and its ramifications. Our project goals here were to return to places with historical data, to look for changes, especially in “leading edge” freshwater coastal wetlands, to describe the rate of change, and possibly determine early warning indicators for conversion of freshwater to salinity impacted wetlands.




(Re-)Sampling Sites - NCDWR

Site Selection 

(Carolina Vegetation Survey 
and EPA’s NWCA locations)

• Historically freshwater (or 
transitional salinity) 

• Proximity to open 
brackish/salt water 

• Sampled between 5 and 34 
yrs prior; median 12 years

• 33 sites total

Presenter Notes
Presentation Notes
We sifted through historical Carolina Vegetation Survey plots and the EPA’s National Wetland Condition Assessment plots for wetland sites that were historically freshwater or transitional salinity, and that were within about 2 miles of open brackish or salt water. We then returned to and resampled 33 wetland sites scattered across the outer Coastal Plain of North Carolina, the median interval between sampling being 12 years with a range of 5 to 34 years.




Parameters Sampled 
 (using protocols of original sampling)

VEGETATION: (plots) plant species identity, percent cover, woody 
basal area, woody stem counts

SOILS: (1 m pit, each horizon) - soil pH, ammonium (NH4), sulfate 
(HSO4), Ca, Cl, K, Na, Mg, electrical conductivity (EC), and 
total cation exchange capacity (total CEC)

WATER: (surface water + shallow groundwater) - salinity, pH, 
specific conductivity, ammonia, sulfate, Br, Ca, Cl, K, Na, Mg

Presenter Notes
Presentation Notes
Data collection was focused primarily on vegetation, using the original sampling protocol, but we also dug 1 m pits and collected soil from each horizon, and when it was present, we collected water samples from surface water and the bottom of the soil pits (calling this shallow groundwater).



This is Very Difficult Work

Field Team Lead: Greg Rubino
Botanists: Eric Ungberg, Tracy Feldman
Technicians: Skadi Kylander, Robert Ramsey

Presenter Notes
Presentation Notes
I do want to acknowledge my knowledgeable and intrepid field team – still smiling after the rigors of this difficult field work.



Sites

92% sites 
vulnerable to 
Category 1 
hurricane storm 
surge

78 sites

Other resample data 
from: 
Duke Univ.
NC State Univ.
Nutrien Phosphate
USFWS
EPA’s NWCA

Presenter Notes
Presentation Notes
In addition to our internally resampled sites, we were fortunate to obtain data from partners who had also resampled another 45 wetlands in a similar manner for their own projects. All partners used vegetation plot data collection, many of them used the CVS protocol. Overall, I compiled vegetation resample from 78 sites, which are shown here overlain on a 2050 sea level rise/high tide flooding map from NOAA. 
We had soils data from 65 of those sites and at least some water data from 31 sites.



Sites with Most Change in Woody Community/Cover

Change in woody species (presence/absence)

Presenter Notes
Presentation Notes
Jumping right into the results for forested and shrub wetlands – Here is a map of the extent of shifts in woody communities per year since first sampling. I used distance between site points at original sampling and resampling in NMDS ordination space to calculate the extent of the woody community shifts. The larger dots represent the least similarity in species composition between original and resampling, or the biggest changes in composition. 
Here are some example photos from sites with the biggest changes. It turns out that at the bottom site, the previous observations (about 20 years prior) noted that the pines were dying and they felt the site would be underwater in the near future.




Sites with Most Change in Woody Community/Cover

Change in woody species (presence/absence)

Presenter Notes
Presentation Notes
There still were a fair number of sites that did not show these large changes (smaller dots on the map); here are some examples of those.



Sites with Most Change in Woody Community/Cover

Change in woody species (presence/absence) Loss/gain in cover by tree taxa

Presenter Notes
Presentation Notes
Mapping the sites with the fastest and greatest loss (or gain) in tree taxa cover (shown on the right), the patterns is similar but not identical, because some sites retained the same tree species over time but lost cover. The red dots or ovals show the sites that lost 50% to over 90% cover by woody species. A few sites gained cover by tree species. 

(Note for questions: Didn’t have full community cover data for the PCS/Nutrien sites, just understory)



Threshold Analysis

TITAN (Threshold 
Indicator Taxa 

ANalysis) 

Baker and King 
2010

understory community changepoint  
 265 µg/g soil sodium (Anderson et al. 2022)

whole community changepoint (fw spp. drop out)  
 383 µg/g soil sodium
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Presenter Notes
Presentation Notes
One exciting product of this work has been the ability to do a threshold analysis using TITAN or Threshold Indicator Taxa Analysis, which associates plant species occurrence with soil sodium along a spectrum, and generates sodium thresholds or “tipping points” by species and community. When we have enough occurrence data, species can be placed on a graphic like this, which shows the spectrum of top horizon soil sodium on the x axis and the y axes show the sensitive or “decreaser” species on the left and the tolerant or “increaser” species on the right. The dots are placed where the species tends to decrease or increase, so the most sodium sensitive species are at the top. Interestingly, even though red maple can apparently tolerate higher levels of sodium, it still is a decreaser species, occurring less frequently as sodium increases.

In addition to the by-species thresholds, the analysis produces a community wide threshold. Anderson et al. did this analysis for understory species in 34 wetlands in the APP, and then we reran it for the entire plant community using the 65 wetlands we had these data for. The result was an understory community changepoint of 265 ug/g soil sodium and a whole community changepoint of 383 ug/g soil sodium. 



Threshold Analysis

Understory Community Changepoint
265 µg/g top horizon soil sodium
or
0.54 ppt shallow groundwater (1 m) salinity
or
1022 µS/cm shallow groundwater specific conductivity

Whole Community Changepoint
383 µg/g top horizon soil sodium
or
0.93 ppt shallow groundwater (1 m) 
salinity
or
1666 µS/cm shallow groundwater specific 
conductivity

Groundwater Salinity at 1 meter depth (PSU)
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Need more data on 
these relationships

Presenter Notes
Presentation Notes
I then used the correlations between soil sodium and shallow groundwater salinity to calculate comparable values for those based on the changepoints from the TITAN analysis for understory community and whole community. Corresponding salinities of 0.5 to 0.9 ppt (in shallow groundwater) are lower than the general consensus in the literature that chronic exposure around 2 ppt is the limit of what forested freshwater or transitional salinity communities can handle before species start to die out. That said, in terms of relating soil sodium to groundwater salinity in this area, I would love to have more data to tighten up this relationship. 

I will note that surface water salinity was not well correlated with soil sodium levels in our study, so that is not recommended as an indicator. 



Take Aways

Variation in amount 
and direction of 
change

“Tipping point” may 
be chronic exposure 
to salinities as low 
as 0.5ppt, or soil 
sodium of 265 ug/g, 
in freshwater 
forested wetlands.

Presenter Notes
Presentation Notes
Here is an example of previously freshwater forest wetland that experienced a change in soil sodium from 234 µg/g (just under the understory community threshold) to 804 µg/g (above the threshold) over 13 years.  (Smith Creek N 2009-2022)

The take-aways here are that there is a fair amount of variation in the extent and rate of woody community change that’s occurred across the study area, and that the “tipping point” for these systems may be chronic exposure to salinities as low as 0.5 ppt. 
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