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ABSTRACT

Coasal wetlandsare dynamic landscapes shaped by nfaotors.However there is
growing concern that sea level rise brought on by climate changatis associated physical
pressurege.g.saltwater intrusion, increased flooding, accelerated erosrahincreased storm
frequency and severity), will amountsgnificanthabitat change and logs these systems
The Nature Conservancy (TNC) has initiated their Climate Change AdepEabject iran
effort to study and help mitigate for the effects of climate change on the AliBater National
Wildlife Refuge , si tuated i n No-PamlcoeStaarirelsystedsas Al be mar
component of their project,NC would like toidentify areas of the refuge that have undergone
significant changem habitat typeso they carbetter focus theiadaptation strategies. Through
the examination and classification of historicali@ephotography, this studpforms TNC of the
overall changem habitatthat have occurred on the refuden overlay analysisn data from
1932to 20® wascompletedusing GISto calculate the total changed rates of change of the
vegetative communities on the refugadto identify areas of the refuge thiaavebeen changing
more rapidly This study alseakes a closer look at some firgcale changethat occurred at two
study sites near the shoreline of the refugeletermine if rising sea levels play a significant role
in the dynamics of these coastal wetlariResults from CARTClassification and Regression
Tree)models indicate thagea level rise might indeed be one offhreesdriving habitatchange

on the refuge.
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INTRODUCTION

Coasal wetland landscapes, such as those found in the Coastal Plains of North Carolina,
are dynamic landscapes shaped by many fadtissorically, the coastal wetlanad$ North
Carolinahave been influenced by the occurrentére (Bailey 2007). Theyavebeen subjected
to changes in fire regimes through fire suppression and more resigid towards prescribed
burning.Humans have also shaped this landscape through past forestry and agricultural
practices, as well as continued developmental pres@ingsnt 2008) Of more recent concern
are the effects that climate chargga have owroastal wetland landscapes. In particular, there is
growing concern that sea level rise and its associated physical pressgusat(vater intrusion,
increased flooding,c@elerated erosig@ndincreased storm frequency and seveémiil amount
to significanthabitat change and losscoastal wetland ecosysteli@orbett 2008)Sea level
rise, in combination with the aforementioned human pressures and natural distexsarseis
likely to lead to changes in wetland vegetation over time in what is already a fragile and
vulnerable ecosystem (Shirley 2008hus, t is important for land managers to examine the
historicalhabitatchanges occurring on our coastal wetlasdsthey careffectively implement
adaptation strategies for protectitgm This project addresses the overall changes that have
occurred ortheAlligator River National Wildlife Refuge in North Carolina, and also takes a
closer look at some finescalechanges to determine if rising sea levels play a significant role in
the dynamics of these coastal wetland landscapes.

One of the most imminent threats to the continued conservation of coettalds is sea
level risebrought on by climate change. Acerlted rates cfea level ris¢hreaten coastal areas
worldwide with the advent of increased shoreline erosion, more frequent and severe storm

systems, and unprecedented rates of habitat loss. Within the US, the coastal region of North



Carolina is particdrly vulnerable tsea level riselue to its lowlying elevation and lowelief
topography (Thieler and HammHKiose 1999)National Ocean and Atmospheric Administration
tide gage measurements indicated that the measured rate of istatiesel risen North
Carolina ranges from 0.07 to 0.17 inches per year (Corbett 20@8ands bordering the South
Atlantic coastal region are expected to decrease in acreage due to pressure from both human
growth and increased ratess#fa level riséMoorhead and Brison 1995)Worldwide, t has
been estimated that with the worst case scenario of a 1 meter rise in sea level by 2080, 46% of
the worl ddés wetlands will be I ost (Nicholls
the Atlantic coast of the US wane of a handful of regions globally that is most vulnerable to
coastal wetland loss. That vulnerability is due in part to the low tidal rarthe r@gion While
these results show that should be concerned about the future of coastal wetlandsfaceef
sea level riseheyhave some amount of uncertainty. Thus, driscialfor there to be continued
research of wetland response to sea levebmndecal, regional, and globadcales

The processes that govern the elevation of coastal wetlands, such as sediment accretion,
can interact with changes in sea level to affect their overall productivity (Morris et al. 2002). For
instance, the relative mean sea level determines both the fiplvelquency and salinity content
of soils.An optimal elevatiorat the appropriate flood level and salinity gradient eXests
coastal wetlands such as salt marshes, and the vegetation will constantly modify its elevation to
keep equilibrium with the cuent sea level. It can be expected then, that as sea levels continue to

rise, marsh habitat will migrate inland to seek higher elevations and keep up productivity.

e



Background
Alligator River National Wildlife Refuge
The AlbemarlePamlico peninsula, part of Dare and Hydenties in easterNorth

Carolina, ishome tothe Alligator River National Wildlife Refug€Figure 1)
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Figure 1: The Albemarle-Pamlico peninsula, which is home to thdlligator River National Wildlife Refuge.



The refuge was established in 1984 by the U.S. Fish and Wildlife Service (USFWS)
mostly through donated lands (Bryant 2008js i peninsulaurroundedy three bodies of
water- Alligator River to the west, Akmarle Sound to the north, and Pamlico Sound to the east.
The refuge is situated in thdbemarlePamlico estuarine syem whichis comprised of
shallow, brackish waters and low tidal flux due to a lack of connection to the open ocean (Wells
and Kim 1989) The system is buffered by the Outer Banks barrier island chain, ahiigihas
four permanent inlets.

Today, the refuge totals 154,000 acres of vastly uninhabited wetland and wildlife habitat.
It also surrounds the Dare County Bombing Range used byaingand Air Force. Because of
its unique environment, the refuge is of high conservation importance. Coastal wetlands, such as
those found on the refuge, are also among the most biologically productive ecosystems that exist
(Michener 1997)T h e r ewnktlangl eodnmunities includingpocosins, hardwood swamps,
Atlantic White Cedar(Chamaecyparis thyoidgswamps, antirackishmarshe§ house many
rare and endangered species (Bryant 2008). For instance, the refuge is one of theitasgrema
strongholddor the East Gast black begUrsus americanygpopulation, and it is one of the first
successful sites for the reintroduction of the red \{©@#nis rufu$. Also, many birds make their
homes on the refuge, includingetendangered rezmbckaded woodpeckéPicoides borealis
andthe manymigratoryspecieghat frequent it on a seasonal basis.

The refuge,ike other lands throughout the coastal plains of North Cardi@msbeen
shaped byoth natural and artificidlre regimeshuman disturbance, and degel rise
Additionally, the refuge has an extensive network of ditches and drainage canals, remnants of
past agricultural and forestry practi¢g@yant 2008) Thesdalitches andanals serve as inlets for

saltwater intrusiongspecialy during severe st eventsSaltwater intrusion, which is the



movement of saline water into naturally occurring freshwéages,the potentiab alter the
composition of the wetland communitipgesent on the refugé a study on the effects of
saltwater intrusion on wethd forests in the Gulf of Mexico, it was found that inundation of
saltwater caused tree mortality in bottomland hardwood swanmgpsther coastal forests.
(Pezeshki 1990

The refuge sits at an extremely low elevatonl has little topological relieft is also
almost completely surrounded by water. Thereflust,a slight increase in sea level Viikely
have somémpact on vegetative communities throughioutch of therefuge In fact, a rise in sea
level accompanied by changes in the frequency and severity of tropical stormscehes
could have significant effects on coastal wetland processes (Michener [h9@8ponse to the
practical management needs of the regom® of the goals of this study is to determine the

patterns ohabitatchangeon the refugén response to sea level rise.

Climate Change Adaptation Project

The Nature Conservancy (TNG) North Carolinain partnership with USFWS, is
conducting ongoingesearch for theiClimate Change Adaptation Projethe project is located
on the AligatorRiver National Wildlife Refugeand its goal is to mitigate for the effects of
climate change by helping the natural communities on the refuge adapt to risiegeteand
other negative consequences of climate chahgese effects can include, but are not limited to,
a retreating forest boundary, eback of forest, saltwater intrusion, salt and brackish marsh
migration inland, changes in the soil biogeochemjstnd an overall loss in diversity of habitat
TNC plans to implement several adaptation strategies, which include (1) buffering shorelines

from storm surge and erosion, (2) reforestation with tree species that can tolerate inuvithation



salt water (3) protecting upland habitat to facilitaiee movement of plant species, (4) and
establishing a baseline for soil carbon and monitoring carbon sequestration in response to
different management strategies (The Nature Conservancy 03 strategies aita

jumpstart adaptation or succession that would naturally take place, and give the vegetation a
chance to keep pace with rising seas.

It has been recognized that a major concern ofteng coastal planning is to assess and
predict the change in habitdtely to occur from accelerated ratessefa level riselue to climate
change (Thieler and HammHKitose 1999). While it is difficult to separate other environmental
variables fronsea level ris¢hat could potentially alter habitat, an assessment of thetéwng
habitattrends will allow coastal and marine managers to effectively make informed decisions on
how to protect the most sensitive and ecologically important coastal @heasesults fom the
analyses that follow will infornTNC of those trends, and allow themfezus their efforts on
areas of the refuge undergoing rapid chaagecompared to areas that are relatively statde,
an analysis of the finscale changes along the shorelvill help discern if any of the effects of
sea level risare visible By identifying areasparticularly along the shorelinehere thenabitat
patterns have significantly changed, TM@l be able toreflect those dynamics in their plans to

restore he hydrology and natural habitats on the refuge.

Study Objectives
Thestudy objectivesor this project are as follows:
1. Discern vhat shifts have occurred over time in the habitat compositiathe refuge,

and what type of habitat has changed the most.



2. Determine wher¢he greatest amounts of charage happening-or instance, are
there certain areas of the refuge that have been particularly unstable over the time
period for this study?

3. Gain a better understanding of thebitatpatterns on the shoreline test the
hypothesis thagea level rise is contributing to change on the refDges the rate of

change vary as a function of distance from shigéf?ere evidence of forest retreat?

STUDY SITES

This project aims to study both the largmale changes that have occurred oretitere
refuge in recent years, and the fineale changes that have been happening on the shoreline
since the 1930s. In order to observe these changes, multiple studhasedseen selected. The
first study #te, theAlbemarlePamlico Peninsula, jgrimarily composed of the Alligatdriver
National Wildlife RefuggFigure 1) It also contains some USFWS administrative areas, the
Dare County Bombing Range, and the Manns Hiadmd Stumpy Point residential arelass
lies mostly within mainland Dar€ o u n boyndlagies, and small portion of Hyde Counbys
boundaries to the southest The AlbemarlePamlico Peninsula study site will be used in the
analysis to quantifiarge scalehabitatchanges that have occurred on the entire peninsula over
time.

Theothertwo study sitesvere chosen in order t@aptue fine-scale change near the
shordine of thepeninsulgFigure 2) These sites were selected based on a previous doctoral
thesis work conducted yr. Benjamin Poulterin whichhabitatwas classified and analyzed for
change over tim@oulter 200% By choosing the same sites tRatulterused, thigroject

effectivelyexpand on work that has already beeonductedBoth sites are located on the



AlbemarlePamlico Peninsuld he first sitel ong ShoaMarshesis in the southern portion of
the refugen Dare County. The dominahabitatfound there is pond pine forestdibrackish
marsh The second sitdvlanns Harbor, is in the norast section of the refugand is named
for theresidential are¢hat it encompassek is also in Dare County. Likkong Shoal Marshes
it is characterized by pond pine forest and brackigrshhabitat All of the sites on the

peninsula have been heavily fragmented by drainage canals in the past, and are composed of

deep peat soils.

Y
Miranda Hodgkiss, March 2011
Projection: NAD83, UTM Zone 18N

Figure 2: Long Shoal Marshes and ManndHarbor study sites, which are located on the Albemarld®amlico peninsula.
Imagery depicted isfrom 2005.



METHODS
Aerial Photography Data Collection and Processing

This research project examines Habitatchanges that have occurred on Alligator River
National Wildlife Refuge fron1932to 2009 The method used fauantifying the rates of
habitat change happening on the refugsto analyzeand classifya series of historical aerial
photography usingrcGIS 9.3 (ESRI 2008)Aerial images, such as those captured by satellite
remote sensing, have been proven useful in tracking changes in vegetation at multiple scales
(Stow2004)These types of i mages al | ohamtatygebver cl as si
several years to see how the communities have shifted over a long period of time.

Several sources of data were used to compiledhection ofnecessary aerial photos.
Digital Orthophotographic Quarter Quads (DOQ@s)e obtained asfrared color, black and
white, and true color imagerlpOQQ imagery is at eelativelyhigh resolubn (i.e. 1 meter), but
the relativequality of data varies from year to yeAiso, sets of imagery from the National
Agricultural Imagery Program (NAIRyere obtained for the study siteastly, historical aerial
photosfor 1947were obtained from the GIS office of Dare Couniriye Dare County data
conprises about 95% of the refuge. These historical aerial paotosefulfor the historical
component of this projetiecause they aggior to the time period when the refuge was ditched
and drained for agriculture and forestry, and only a small amount of roads were present. Thus,
theygive a good idea of what the refuge lookeelundemore6 nat ur al 6 condi ti ons

In addition to the aerial photography, previously classifiebitatshapefiles were
obtained from two sources. FiratJayer ofhabitat typegor the AlbemarlePamlico Peninsula
study site for 1998 was obtained fronfSEWS. Second, Poulter provided layers for the two other

study sites Long Shoal Marsheand Manns Harborfor the years 1932, 1969, and 19%8e



data inventory below shows all of thiassifiedhabitat shapefileandimageryused for this

project,alongwith their sourcegTablel).

Table 1: Data inventory of classified habitat and imagery used in the study.

Year Description Source

ClassifiedHabitat Shapefiles
Long Shoal Marshes and Manns

1932 Benjamin Poulter
Harbor only

1969 Long Shoal Marshes and Manns Benjamin Poulter
Harbor only

1998 Long Shoal Marshes and Manns Benjamin Poulter
Harbor only

1998 Dare Co. and Hyde Co. USFWS

Aerial Photography
1947 Aerial photos of Dare Co. only Dare CountyGIS Office

http://www.ncdot.gov/it/gis/Date

1 meter orthophotography aerial

1993 images of Dare Co. and Hyde Co. E;;t/r(ljzlg&?ﬁ t?]ial?,AerialPhotogre
1998 ;)uia ngJf I:t)a?e ICo. :nrd It—lyrclieo Co.C ¢ http://datagateway.nrcs.usda.ge
2000 ;)uia ngJf I:t)a?e ICo. gnrd It—lyrclieo Co.C ¢ http://datagateway.nrcs.usda.ge
2005 (N:Q.IP Mosaicof Dare Co. and Hyde http://datagateway.nrcs.usda.gc
2009 EI:QIP Mosaicof Dare Co. and Hyde http://datagateway.nrcs.usda.ge

Habitat Classification

Classification for the AlbemardPamlico Peninsula

The years 1993, 1998, 2000, and 2005 were classified féditeenarlePamlico
peninsulachange analysig.he data prior to 1993 was of too poor quality to classify vegetation

for the entire peninsul&@here were two main reasons for the exclusion of data prior to 1993.
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The first reason was that the data was obtained una@eoreferenced format. The 1947 alat

was particularly troublesome because it came in tiles, some of which had no recognizable
featurestouse@asr ound contrspl Bpeociantse OGCPde di fficuldt
manyof the tiles on the 1947 datidhe reliability of the qualitpf the data was uncertaialso,

the data that could be georeferenced did not cover the entire studjleescond reason is

simply that historical aerial photos prior to modern photo and satellite capturing technology (ca.
1990s) is not of high enoughksolution to distinguish all of the necesshaypitatcategories.

In classifying the datahe habitatsweregroupednto broad wetland communitiggesent
on the Albemarld®>amlico peninsularhe classification wasiodeled after thaabitatshapefile
thatwasobtained from USFWSThe USFWSshapefile, whicliepresents a compilation of aerial
images from 19989, was usedboth in the analysifor the year 1998nd as a guide for
classifying the other years of daba other wordsthe 1998habitatshapefilewas useds a guide
for classifying the 1993, 2000, and 2005 data to checkhbatterpretation agreed with that of
USFWS. This insured th#éte classification was consistent. Also, because the USRa¥8at
classification for 19989 was groundruthed and checked by professionalsd managergery
familiar with the refuge, it is an accurate representation g¢heigroundhabitat types

Thehabitatcategories werdigitized agpolygon shapefiles using ArcGE3 (ESRI
2008) The classification doneydJSFWS forthe 199899 aerial photography produced 1
habitat communitie@n addition to the open water, administrative, residential, cropland, and
managed wetland categorieGyoupings similar to those of USFWfere usedor this project.
However, since some of the datasof lesser quality in terms of resolutiahyas necessary to
classifymore general categorieBased on the previous minimum mapping unit used for the

199899 map and a similar classification done for the EvergladesliBy 20@), a minimum

11



mapping unit of 5M? was used for this classificatioDigitizing was conducted between 1:1,000
and 1:6,000 scaleBelow is a table with thbabitatcategorieshatwereultimately classified

(Table 2)

Table 2: Albemarle-Pamlico peninsula habitat classification categories.

HabitatCategories Class ID
Open Water 1
Administrative 2
Residential 3
Cropland 4
Managed Wetlands 5
Brackish Marsh 6
Shrub/Marsh Transition 7
Shrub Pocosin 8
Pond Pine Pocosin 9
Mixed Forest 10
Hardwood Swamp 11
Atlantic White Cedar Forest 12
Loblolly Pine Forest 13
Bay Forest 14

Nonalluvial Hardwood Forest 15

The open watecategory includes both freshwater creeks and ponds as well as brackish
and sakwater from the bordering Albemarle and Pamlico sounds. Administrative lands include
areas of land owned by the USFWS for their offices and administration, as Welzwe
County Bombing Range lands. The residential areas are comprised mostly of the land around
Manns Harbor, in the northeast section of the refuge, and Stumpy Point, on the eastern shore of
the refuge. There are some areas of the refuge still being useddqroductiorthat are
classified as croplandn addition, some areas of cropland are being actively maraged
wetlands, and are flooded for part of the y&de level of water is managed to encourage the
growth of watetloving plants that provide a fo@burce for waterfowhatcome to the refuge

on a seasonal basis.
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All of the marsh on the refuge was classified as brackish marsh, although it is likely that
some of the marsh areas have relatively less or more salinity depending on whether they are
further inland or not, respectivelgrackish marsh is generally founbag sounds and estuaries
in areas that arendt regularly influenced by
black needlerushl(incus romerianyssaltmeadow gras$partina patens salt grass
((Distichlis spicata giant cordgrassSpartina gnosuroidel and the invasive ree@liragmites
australig. Shrub/marsh transitiors generallythe area of transition between marsh and pocosin.

It is a combination of marsh vegetation and live shrubs. Shrub pocosin is characterized by a
dominant understy of shrubs with stunted or dead trees. Pond pine pocosin has taller vegetation
than shrub pocosin, and is dominated by pond pine, bay, and red maple trees with either a shrub
or cane understory. Several types of forest were distinguishableaeribgphotos, such as

those dominated by Atlantic white ced@h@maecyparishyoide$, loblolly pine Pinus taeda)

and bay (aurus nobilis)Al | ot her forested | ands that weren
mixed forest. Atlantic white cedar foresire typicallymixed in with other habitats such as pond

pine pocosin, cypresgum, and nofalluvial hardwood communitief\lso, while the dominant

species is white cedar, black gum is commonly found there asHaetlwood swamps are
characterized by a xture of larger to mediursized hardwood tree species such as bald cypress
(Taxodium distichumand black gumNyssa sylvaticaNon-alluvial hardwood forestsave

similar vegetation as hardwood swanapsl contain many species of oak; however, trey

found on poorly drained mineral soils at the margins of pocosin, cypress gum, or Atlantic white
cedar habitatsThe final classified maps for all four years can be found in the appendix (Figures

1A - 4A).
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Classificationfor Long Shoal Marshes and MasHarbor

Thehabitatclassificationthatwas conducted fdrong Shoal Marshes and Manns Harbor
was model ed habitatckagsific&ionurbnt hepredicusstudies The years 1947,
1993, 2000, 2005, and 2009 were classified folLtihrey Shoal Marshes artde years 993,
2000, 2005, and 2009 were classified forMenns Harbostudy site The 1947 data was not
classified for Manns Harbor because the aerial photos for that year did not cover the entire study
areaThese were compi | e dhabitattdatdor he yedrs1832,d%69, anda s s i f i
1998 to perform the analysiBhe 1947photography that wasbtained from Dare Counttame
in tiles inan ungeoreferenddormat, so t was georeferencagsingthe geoeferencing tool in
ArcGIS. An average of 45 C P @wese used to georeference each tile

The samaligitizing methodologyas in theAlbemarlePamlico peninsulalassification
was used, but the digitizing resolution and minimum mapping unit were changed to capture more
fine-scale changes. The digitizing was conducted between 1:500 and 1:3,000 scales to stay
consistent with Poulterds met Pwa osedilgelabitatA mi ni
classification for this part of the analysis contained the following categories, whislgatéy

different than the vegetative categories used in the ksoalé analysiéTable 3)
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Table 3: Long Shoal Marshes and Manns Harbor habitat classification categories.

HabitatCategories Class ID
Residential
Open Water
Dense Forest
Ditch
Brackish Marsh
Road
Sand
Shrub Pocosin
Sparse Forest

=

© 00 NO Ul WDN

This classification include®ads andlitchesbutdoe s wistinguish forest types
Instead, the forest is classified as simply dense or sparse. Dense forest consiges a#raor
more canopy closure, while sparse forest consists of less thmr@hicanopy closure.
Residentl landsareonly in theManns Harbostudy site Some areas of sand, between marsh
and open water, were visible when classifying at a smaller scale. The remaining categories
open water, brackish marsh, and shrub pocoasmedefinedthe same as in thlbemarle
Pamlico peninsulalassificationThe final classified maps for all years taysng Shoal Marshes

andManns Harborcan be found in the appendix (Figures 5F0A).

GeospatialAnalysis
Each of the classifiedabitatlayers for all of the study siteghe entire peninsuld,ong
Shoal MarshesaandManns Harbor were analyzed in ArcGI8.3 (ESRI 2008jor changes in
total area of each vegetative claags well as the rates of those changes over time. In addition, an

overlay anlysis was completed to finchange over timér all of the study sites
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Change over TimeAlbemarlePamlico peninsula

The rates of gains and losses of habitat types demonstrate the underlying pattern among
habitats on the refuge, and help discern what shiftalnitathave occurred with the onset of
climate change and human settlem@&iis portion of the project was agd at understanding the
broad scale changes that have occurred oartheerefuge over the past 12 yealtsuseshe
habitatdatasetérom 1993, 19982000, and 2005.

To assess areas of the refuge that had ordess relative amounts of chang®ython
script written using version 2.5.8Rython Software Foundation 2008as createtb complete
an overlay analysigsingArcGIS 9.3 (ESRI 2008. The overall purpose of this analysis was to
highlight areas of most rapid change versus areas of higaédity between four time periods
spanning 12 years. To do thikgtscript compardsabitatdata over timdy overlayingall four
habitatdataset&ind evaluating the number of times a particplael has changed from one
habitatclass to anothetn this way, the output only gives the total number of times a point has
changed, not the types of transitions that occurred.

The analysis steps for the overlay analysis were as follsMvgolygon feature classes
and raster datasets were in heM, Zone 18 NAD 1983projected coordinate systefrst,
eachhabitatclass was given a uniqetassiD code. Then, the polygon feature classes for each
year were converted to raster datasets with 30 meter cells. Next, the change was detected
between each year sequentially. To do this, conditional statements were used to reclassify each
pixel based on whether ik@bitatclassification changed from year year. For instance, if a
pixel changed from pond pine pocosin to brackish marsh between 1993 and 1998, it was given a
val ue of 61 6edinthd samelhabitapciadssra dbne ywear #o yhe next, it was given a

v al ue These stép8 were regtedthreetimes- once from 1993 to 1998, once from 1998 to
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2000, and once from 2000 to 2005. This create
for change or 606 for no change. The three ra
raste. This raster contained values for the total number of times each pixel changed. Thus, a

pi xel that stayed the same for all three tran
changed once would have a valbwédofhad®tbdba aapiux

and a pixel that changed all three times woul

Change wer Time Long Shoal Marshes and Manns Harbor

To assess whether or not changes in shoreline have an effeadbitat a similar analysis
to that abwe was conducted for theng Shoal Marshes aManns Harbostudy sites. The
analysis was conducted babitatfeature classes for 1932, 194ng Shoal Marsheasnly),
1969, 1993, 1998, 2000, 2005, and 2009, foratotdlof year s 0 woadhdangpeatof meas:
seven transition stefier Long Shoal Marshes&nd six transition steps fbtanns Harbar

A Python scriptwritten using version version 2.5Bython Software Foundation 2006
was createtb complete an overlay analysisingArcGIS version 9.3ESRI 2008. The overall
purpose of this script was to capture the changes between each transition period, as well as the
overall change for all 77 yeaull polygon feature classes and raster datasets were wiTthk
Zone 18, NAD 198%rojected coordiate system. First, eatlabitatclass was given a unique
classID code. Then, the polygon feature classes for each year were converted to raster datasets
Because the classification was conducted at finer,lévelpolygon feature classes were
converteda rasters wittonemeter cell resolutiomstead of 30 meter cell resolutioks in the

AlbemarlePamlico peninsulaverlay analysisgonditional statements were used to reclassify
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each pixel based on whetherlhisbitatclass changed from year to yeAdding the rasters then
gave the total number of changes for the entire study period.
In addition to getting th&otal number of changekat occurred between all of the
transition periodsthe goal of this analysis was to gain a better understanding of the types of
transitions that occurred from year to yegatotal of seven transition rasters were produced for
Long Shoal Marshes (193047, 19471969, 19691993, 19931998, 1998000, 200-2005,
and 20052009), and a total of six transition rasters (323889, 19691993, 19931998, 1998
2000, 200€r005, and 2002009) were produced for Manns Harbor. Also, a total transition
raster was produced for both study sites, spanning from2032A 6 zi pcoded approac
used with the Single Output Map Algebra tool in Arc@IS (ESRI 2008jo add the rastefsr
each transition period. This gaseinique transition code for eagtpe of transition that occurred
over the entire time span. Foriash ce, dense forest was given a ¢c
was given a code of 656. So, for a pixel that
of 63506 wo uThi wiseonais Singlg @uegadt Map Algebra with the following
formula
[1932 codd*10 + [2009_code] =3*10+5 =35
The output of this part of the analysis gave a value for each one meter pixel of the type of
transition that occurred from the beginning to the end of the study period. This result was then

used to determindaé type of change as a function of the distance from shore.

Determining Change as a Function of Distance from Shore
To determine the effect of distance from shoreline on vegetative creasgistical

analysis was conducted for theng Shoal Marshesnd Manns Harbostudy sitesA CART
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(Classification and Regression Tree) moslak created usingtiier par t 8 package fro
StatisticalSoftwareversion 2.9.2R Core Development Team 200Jhe response variabier
the modelwas thel9322009transitionraster created from the previous geospatial analysis.
Three predictor variables were usedhe CART modelFirst,a Euclidian distance from
shoreline grid was creatddsed on the 1932 shoreline, which was extracted from the classified
habitatdata Thesecond predictor was a Euclidian distance from ditch grid that was created from
the most recent ditch data from 2009. Lastly, LIDAR elevation data at 20 foot resolution was
used(obtained from the North Carolina Floodplain Mapping Prograrmgse predictorariables
were chosen based on Poulterdés previous wor k,
(such as slope, aspect, and soil type) were generally homogenous within a study site (Poulter
2005).
Next, using ArcGIS 10.0 (ESRI 201(set of 1,000andompoints was sampled through
all three predictor variablesnd the response variable for both ltloeg Shoal Marsheasnd
Manns Harbor study site$his gave a value of distance from shorelgtistance from a ditch,
elevation, and transition tyger each random point.hese sample points were used in R to run
the CART analysis. Only some of the transition types were of interest to the study, while the rest
were excluded from the CART mode&he transition types used in the CART model were forest
to forest, forest to marsh, marsh to marsh, and marsh to openkatboth models, a Hold
crossval i dation was run to see if the output tre

reduce thepredictiveerror.
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RESULTS
AlbemarlePamlico Peninsila

Habitat Change over Time

The results from th&lbemarlePamlico peninsulahange over time analysis are
designed to givdNC an idea ofelativechange betweethe fourhabitatdatasets (1993, 1998,
2000, and 2005)heyhighlight areas that are undergoing rapid change in contrast to areas that
are not undergoing much change. Thus, the change is a comparison between the available data,
S0 it may or may not actually be a significant amount of chaffgeresults from thianalysis
should be used only as guidelines for the management of critical habitat. While the rapidly
changing areas are certainly good starting points for management and research, they provide no
information as to the actuehuseof the change. Lastlyhe analysisgloes not account for
digitizing errors. Slight changes in the boundaries of polygons from year to year show up as
areas that have changed rapidly. This could be because of digitizing errors, or because those
boundaries have actually change@otime.In the interest of not leaving out potentially
valuable informationongradud y s hi f t i n g slivetbpotygbaswere rot,rembviece s e
from the final dataset.

The areas of eadimbitatclassbroken down byearfor the AlbemarlePamlico painsula

study sitearedetailed in the following tabl€Table 4.
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Table 4: Habitat changes for AlbemarlePamlico peninsula.

Area (km?)
HabitatCategory 1993 1998 2000 2005
Administrative 19.22 19.22 19.22 19.20
Atlantic White Cedar Forest 38.38 37.01 35,58 24.42
Bay Forest 6.16 5.86 5.72 4.12
Brackish Marsh 51.38 55.89 54.80 55.88
Cropland 16.57 16.58 16.57 16.58
Hardwood Swamp 70.37 6890 7353 73.35
Loblolly Pine Forest 21.02 19.47 19.89 17.78
Managed Wetlands 4.23 4.23 4.23 4.23
Mixed Forest 110.40 111.86 105.69 102.25
Nonalluvial Hardwood Forest  36.73 37.71  37.93 42.48
Open Water 7.57 8.09 7.51 7.62
Pond Pine Pocosin 289.59 286.99 279.74 309.59
Residential 19.35 19.12 19.15 19.24
Shrub Pocosin 112.93 111.47 119.68 89.37
ShruldMarsh Transition 30.75 2998 33.03 45.17
TOTAL 834.64 832.37 832.26 831.28

The total area of the peninsula has decreased from 1993 to 2005 by 3.3&&makes for an
overall0.28km? per year loss of land for the 12 year time sgdre most likely explanation for

this loss of lands the process afhoreline erosion around the periphery of the refuge at the land
water interfaceThe rates of change for edehbitatclass and time paxd are summarized in the

following table (Table 5).
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Table 5: Rates of habitat changes for AlbemarléPamlico peninsula.

Rate of change (km?/year)

HabitatCategory 19931998 19982000 20002005 19932005
Administrative 0.00 0.00 0.00 0.00
Atlantic White Cedar Forest -0.27 -0.71 -2.23 -1.16
Bay Forest -0.06 -0.07 -0.32 -0.17
Brackish Marsh 0.90 -0.54 0.22 0.37
Cropland 0.00 0.00 0.00 0.00
Hardwood Swamp -0.29 2.32 -0.04 0.25
Loblolly Pine Forest -0.31 0.21 -0.42 -0.27
Managed Wetlands 0.00 0.00 0.00 0.00
Mixed Forest 0.29 -3.09 -0.69 -0.68
Non-alluvial Hardwood Forest 0.20 0.11 0.91 0.48
Open Water 0.10 -0.29 0.02 0.00
Pond Pine Pocosin -0.52 -3.63 5.97 1.67
Residential -0.05 0.01 0.02 -0.01
Shrub Pocosin -0.29 4,11 -6.06 -1.96
Shrub/Marsh Transition -0.15 1.53 2.43 1.20
TOTAL -0.46 -0.05 -0.20 -0.28

The vegetation categories that haeereased in total areaer the 12 year time period include
Atlantic white cedar forest, bay forest, loblolly pine forest, mixed forest, and shrub pocosin. The
vegetation categories that have gaiaeghinclude brackish marsh, hardwood swamp,-non
alluvial hardwood forest, pond pine pocosin, and shrub/marsh transitidmtWiexception of
shrub pocosin, all of thieabitatcategories that have increased in area over time are wetland
habitats that experience some amount of increased soil moisture and/or flooding throughout the
year. This is indicative that the peninsulédoising upland and dryer forested habitat to wetland
habitat.

These results are also demonstrated by the following time series figures, showing the

total area of eachabitatcategory versus the yeadfigures3 -7).
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Figure 3: Changes in the area of brackish marsh over time for the Albemark®amlico peninsula.
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Figure 4: Changes in the area of shrub/marsh transition over time for the Albemarld®amlico peninsula.
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Figure 5: Changes in the area of shrub pocosin over time for the AlbemarBamlico peninsula.
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Figure 6: Changes in the area of pond pine pocosin over time for the Albemarigamlico peninsula.
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Figure 7: Changes n the area of total forested land over time for the Albemarle®amlico peninsula.

Rapidly Changing Areas

To get a better idea of the distribution of change happening on the refotpd,Ghange
mapof the AlbemarlePamlico peninsulanalysisvascreatedFigure8). The total change map
indicates the total number of times a pixel has chahgedattypes,A val ue of 636
amount of relative change that could occur
that no habitat changecurred.The amount of change is fairly well distributed. There appears

to be much change of varying degrees occurring on the western portion of the peninsula. This

side of the refuge has been heavily impacted by ditches, roads, and canals in the past, and

i s

ov

likely that these structures have fragmented the landscape and caused the hydrology (and thus the

habita) to change over time. The largest patches of change occur along the shoreline in the
northern section of the peninsula and in the southeriopat the refuge near theng Shoal

Marshesstudy site, as well as an inland section of the northeastern side of the refuge.
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Figure 8: Map of total change for the AlbemarlePamlico peninsula.
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Long Shoal Marshes
Habitat Change over Time

The areas of each habitat class broken down by year for the Long Shoal Marshes study
site are detailed in the following table (Table 6). The total area for all of the time periods
remained the same because the extent of each habitatilshape clipped to the extent of the
Long Shoal Marshes study area when conducting the overlay analysis. The areas of brackish
marsh, dense forest, and shrub pocosin have all increased from 1932 to 2009. Sparse forest was
the only habitat that decreasedijte significantly, over time. In addition, the total area of open

water increasedyhich indicates that total land area is being lost to open water.

Table 6: Habitat changes for Long Shoal Marshes.

Area (km?)

HabitatCategory 1932 1947 1969 1993 1998 2000 2005 2009
Brackish Marsh 279 311 241 283 293 3.09 349 357
Dense Forest 146 146 547 235 248 231 240 233
Ditch 0.00 000 003 004 004 005 004 o0.03
Open Water 260 250 265 275 278 277 282 282
Road 0.00 000 002 002 002 002 001 o0.01
ShrubPocosin 151 122 041 310 327 333 283 284
Sparse Forest 403 410 140 129 088 081 080 0.78
TOTAL 12.4

To get an idea of the pace of change, tates of change for each habitat class and time
periodwere also calculate@able 7).Overall, from 1932009, shrub pocosin had the highest
positive rate of change of 0.0kimh?/year followed by dense forest and then brackish marsh.
Sparse forest haalfairly high negative rate of change-6f042kmz/year These same results are
also demonstratdaly thefollowing time series figure, showing the total area of each habitat

category versus the year (Figure 9)
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Table 7: Rates ofhabitat changes for Long Shoal Marshes.

Rate of change (km?/year)

1932 194+ 1969 1993 1998 2000 2005 1932

HabitatCategory 19,7 1959 1993 1998 2000 2005 2009 2009
Brackish Marsh 0021 -0.032 0018 0019 0081 0080 0.018 0.010
Dense Forest 0.000 0.182 -0.130 0.025 -0.084 0.018 -0.017 0.011
Ditch 0.000 0.002 0.000 -0.001 0.008 -0.004 -0.002 0.000
Open Water .0.007 0.007 0.004 0.006 -0.004 0.011 0.000 0.003
Road 0.000 0.001 0.000 0.000 0.000 -0.001 0.000 0.000
ShrubPocosin .0.019 -0.037 0.112 0.033 0032 -0.101 0004 0.017
Sparse Forest 0.005 -0.123 -0.004 -0.083 -0.032 -0.003 -0.003 -0.042
TOTAL 0.000
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Figure 9: Changes in the area of selected habitat types over time for Long Shoal Marshes.
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Figure 10: Map of total change for Long Shoal Marshes.

As in the analysis for the entire AlbemaRamlico Peninsula, the total number of times a
particular pixel of habitat changed over time was detemfimeLong Shoal Marshe$igure
10). There were relatively few areas that changed more than five or six times. Areas of change
seem to be concentrated mostly directly around the shoreline, or further inland. The changes

inland can possibly be attributedtte formation of roads and ditches sometime between 1947
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and 1969. The fragmentation of the landscape by roads and ditches is likely a large contributor to
habitat change.

In addition to evaluating the total number of changes, the typesbdahtransitions were
evaluated for both Long Shoal Marshes and Manns Harbor. The figure below depicts a time
series of transition maps for Long Shoal Marshes, for the set of transition types selected because
of their relevance to this study (Figure 1Bjom 19321947, there were some small patches of
change from sparse forest to brackish marsh, sparse forest to dense forest, and dense forest to
sparse forest. However, there was little change along the shoreline for that timeRyeriod.
19471969, a lage amount of sparse to dense forest conversion ocdartee northern inland
section of the study area. Also, fair amounts of brackish marsh to shrub pocosin and brackish
marsh to sparse forest occurred. There was also a good amount of brackish w@eshaater
conversion concentrated all along the shoreline. From-1963, there was a large amount of
dense forest to shrub pocosin transition, and sparse forest to shrub pocosin transition. There was
little change from 1993998 and from 1992000. Fran 20062005, there were a fair amount of
shrub pocosin to brackish marsh transition. And, little change occurred fror20050verall,
the most noticeable differences from 1932 to 2009 were a significant amount of sparse forest to
dense forest transitip sparse forest to shrub forest transitemmg dense forest to shrub pocosin.

Also, there was a notable shift from brackish marsh to open water along the coastline. The
following tables give the total area of the habitat change from year to year, aatetbéchange

for each habitat transition fino year to year (Tables 8 and 9).
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1932-1947,

O Study Area

Habitat Transition Types

- Dense forest to open water

. Dense forest to shrub pocosin
D Dense forest to sparse forest

. Brackish marsh to open water . Sparse forest to open water
- Brackish marsh to dense forest D Sparse forest to dense forest
D Brackish marsh to shrub pocosin - Sparse forest to brackish marsh

@ Dense forest to brackish marsh () Brackish marsh to sparse forest [} Sparse forest to shrub pocosin

- Shrub pocosin to brackish marsh *All background imagery is from 2005.

2000-2005 » : 2005-2009

1993-1998

¢
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Miranda Hodgkiss, March 2011
Projection: NAD83, UTM Zone 18N

1932-2009

Figure 11 Selected vegetation transitions for Long Shoal Marshes.
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Table 8: Areas of each habitat transitiontype per time period for Long Shoal Marshes.

Habitat Transition Type Area (m?)

Year 1 Year 2 1932 1947 1969 1993 1998 2000 2005 1932

1947 1969 1993 1998 2000 2005 2009 2009
Dense Forest Open Water 0 0 977 1 813 0 0 0
Dense Forest  Brackish Marsh 25,487 11186 293,454 19,532 51,657 9,685 27,778 199,106
Dense Forest  Shrub Pocosin 2,188 22489 2,050,706 186,397 153,861 102,169 21,856 752,943
Dense Forest  Sparse Forest 96,803 83572 769,135 5,856 39,885 100,384 62,976 213,907
Brackish Marsh OpenWater 39,674 182690 106,055 45,984 14,509 92,168 9,091 246,113
Brackish Marsh Dense Forest 3,401 17714 1,594 17,385 161 53,079 3,813 0
Brackish Marsh Shrub Pocosin 17,337 270329 136,407 20,054 24,402 9,201 13,155 90,287
Brackish Marsh Sparse Forest 69,390 426946 126,906 33,319 27,672 16,993 10,292 22,333
Shrub Pocosin  Brackish Marsh 49,226 22488 327,028 97,450 121,987 364,890 43,074 517,022
Sparse Forest Open Water 0 0 0 3 0 0 0 2,040
Sparse Forest Dense Forest 117,666 3459067 17,054 283,575 16,647 35,354 19,386 1,769,394
Sparse Forest  Brackish Marsh 228,260 143515 154,892 82,413 33,757 159,393 29,979 393,306
Sparse Forest  Shrub Pocosin 61,333 36813 911,743 144,815 121,929 134,676 63,623 1,370,946
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Table 9: Rates of change for each habitat transition type per time period for Long Shoal Marshes.

Habitat Transition Type

Rate of change (m?/year)

Year 1 Year 2 1932 1969 1993 1998 2000 2005 1932

1947 19471969 1993 1998 2000 2005 2009 2009
Dense Forest OpenWater 0.00 0.00 40.71 0.20 406.50 0.00 0.00 0.00
Dense Forest  Brackish Marsh 1,699.13 508.45 12,227.25 3,906.40 25,828.50 1,937.00 6,944.50 2,585.79
Dense Forest ~ Shrub Pocosin 145.87 1,022.23 85,446.08 37,279.40 76,930.50 20,433.80 5,464.00 9,778.48
Dense Forest  Sparse Forest 6,459.53 3,798.73 32,047.29 1,171.20 19,942.50 20,076.80 15,744.00 2,778.01
Brackish Marsh Open Water 2,644.93 8,304.09 4,418.96 9,196.80 7,254.50 18,433.60 2,272.75 3,196.27
Brackish Marsh Dense Forest 226.73 805.18 66.42 3,477.00 80.50 10,615.80 953.25 0.00
Brackish Marsh Shrub Pocosin 1,155.80 12,287.68 5,683.63 4,010.80 12,201.00 1,840.20 3,288.75 1,172.56
Brackish Marsh Sparse Forest 4,626.00 19,406.64 5,287.75 6,663.80 13,836.00 3,398.60 2,573.00 290.04
ShrubPocosin  Brackish Marsh 3,281.73 1,022.18 13,626.17 19,490.00 60,993.50 72,978.00 10,768.50 6,714.57
Sparse Forest  Open Water 0.00 0.00 0.00 0.60 0.00 0.00 0.00 26.49
Sparse Forest Dense Forest 7,844.40 157,230.32 710.58 56,715.00 8,323.50 7,070.80 4,846.50 22,979.14
Sparse Forest  Brackish Marsh 15,217.33 6,523.41 6,453.83 16,482.60 16,878.50 31,878.60 7,494.75 5,107.87
Sparse Forest  Shrub Pocosin 4,088.87 1,673.32 37,989.29 28,963.00 60,964.50 26,935.20 15,905.75 17,804.49
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CART Model Results

CART models use recursive partitioning, where the goal is to split the data at each
Apartitiond in order to divide the two outcom
branchin the output treendicates the relative amouaf difference it explains. At each split, the
value chosen for the environmental predictor is the onextitaunts fothe maximum amount
of deviance in the response varialbf@r both Long Shoal Marshes and Manns Harbor,-&[tD
cross validatiorfwhere 10 ancillary trees are created to test the error rate of the predicted model)
was completed to determine if trpeuning was necessary. CART models are inherently-over
fitted, as they try to explain all of the differences in the data by ultimspéilying the final ends
of the tree into homogenous groups. Since this is not a predictive model, however, and rather an
explanatory model fitted to a particular study location, it was determined that pruning the trees
would be unnecessary.

Below is the @RT modeltreeoutput for Long Shoal Marshes, which describes the
behavior of the response variable (transition type), based on the predictor variable inputs (Figure
12).Because the modattemptgo explain all of the data, some of the transition types a

repeated in multiple parts of the model.
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shore dist. shore dist.
>375m <375 m
forest to forest shore dist. shore dist.
>45m <45 m
shore dist. shore dist. shore dist. shore dist.
>211 m <21lm <05m >0.5m
ditch dist. ditch dist. | marsh to marsh forest to forest | elevation elevation
<403 m =403 m >0.15m <0.15m
forest to marsh | ditch dist. ditch dist. marsh to marsh | giich dist. ditch dist.
>1029 m <1029 m <409 m >409 m
forest to forest marsh to marsh marsh to marsh marsh to
open water

Figure 122 CART model tree output for Long Shoal Marshes.
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Themost explanatory predictor in tiEART Model for Long Shoal Marshés distance
from shore whichsplits the datat either greater than/equal 3@5 metersor less than 375
meters Below are descriptions @fhere each habitat transition type is predicted to occur for this
study site.

Forest to forest:

Thistransitionis found in three branches of tlree. It is likely to be found at 375 meters

or more from shore. It is also likely to be found between 211 and 375 meters from shore

if it is also greater than 1,029 meters from a ditch. And, it is likely to be fiousmime

places at less than 0.5 met&mn shore, which indicates that there are some areas of
forested | and on the shore of the Long Sho
converted to any other habitat type.

Forest to marsh:

Thistransition is found in only one branch of the tnebere it is predicted to occur
between 211 and 375 meters from shore and less than 403 meters from a ditch.

Marsh to marsh:

Thistransition is found in four branches of the tréiest, it is predicted to occur between
211 and 375 meters from shore ifsitalso between 403 and 1,029 meters from a ditch.
Second, it is likely to occur between 45 and 211 meters from shore. Third, it is likely to
occur between 0.5 and 45 meters from shore and greater than 0.15 meters in elevation.
And last, it is likely to ocur between 0.5 and 45 meters from shore, less than 0.1%meter

in elevation, and less than 46tters from a ditch.
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Marsh to open water

This transition is found in only one branch of the tree. It is predicted to occur béheen
and 45 meters from shy less than 0.15 meters in elevation, and 409 meters or greater
from a ditch.
The followingdiagramillustrates the CART model results, but only for the most explanatory
branches of the trae show where one would be most likely to find a particulaositeon type
for Long Shoal Marshe@igure 13) In other words, the section of the tree which is
schematically represented below contained the highest number of sampling points for its
particular transition type overall. All of the transitions are predidty distance from shqrand
each transition group fits into exhaustive but mutually exclusive ranges of distance from shore.
The forest to marsh and marsh to open water transitions are also both predicted by distance from

ditch, and the marsh to openteatransition is additionally predicted by elevation.
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Figure 13: Schematic diagram of CART model results for Long Shoal Marshes. Only the most explanatory branches of
the CART tree are represented.

Manns Harbor
Habitat Change over Time

The areas of each habitat class broken down by year for the Manns Harbor study site are
detailed in the following table (Table 10). The total area for all of the time periods remained the
same because the extent of each habitat shapefielipped to the extent of the Manns Harbor
study area when conducting the overlay analysis. The overall area of brackish marsh and shrub
pocosin increased, while the area of dense forest and sparse forest decreased. Also, the area of
open water increasl, indicating that the total amount of land area has decreased for the entire
time period. However, there were some decreases in the amount of open water fré2@QM98
and again from 200@005. The rates of change in habitat types for each time perredalge
calculated (Table 11). The largest positive rate of change occurred in brackish marsh with a rate

of 0.056km?/year The largest negative rate of change occurred in dense forest with a rate of
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-0.108km?/year These same results are atkmonstrated by the following time series figure,

showing the total area of each habitat category versus the year (Myure 1

Table 10: Habitat changes for Manns Harbor.

Area km?)

HabitatCategory 1932 1969 1993 1998 2000 2005 2009
Brackish Marsh 8.64 9.38 10.28 1042 1094 12.86 12.93
Dense Forest 16.83 18.88 9.20 9.20 885 9.17 853
Ditch 0.10 015 0.12 0.17 0.24 0.13 0.13
Open Water 745 785 836 857 852 837 873
Residential 084 080 156 156 161 1.70 1.73
Road 019 018 020 0.22 023 029 0.24
Sand 0.10 0.08 0.02 0.02 002 0.00 0.00
ShrubPocosin 000 023 394 386 428 312 312
Sparse Forest 407 067 453 420 363 257 279
TOTAL 38.2

Table 11: Rates of habitat changes foManns Harbor.

Rate of change (km?/year)
1932 1969 1993 1998 2000 2005 1932

HabitatCategory  “jge9 1993 1998 2000 2005 2009 2009
Brackish Marsh 0020 0037 0029 0258 0385 0016 0.056
Dense Forest 0.055 -0403 -0.001 -0.174 0.065 -0.161 -0.108
Ditch 0.001 -0.001 0010 -0.013 -0.003 0.001 0.000
Open Water 0011 0021 0042 -0.027 -0.029 0.090 0.017
Residential .0.001 0032 0001 0023 0019 0.007 0.012
Road 0000 0001 0003 0007 0012 -0.011 0.001
Sand .0.001 -0.002 0.001 -0.003 -0.002 0.000 -0.001
ShrubPocosin 0006 0154 -0015 0211 -0.234 0.002 0.041
Sparse Forest -0.092 0.161 -0.067 -0.284 -0.212 0.056 -0.017
TOTAL 0
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Figure 14: Changes in the area of selected habitat types over time for Long Shddarshes.

Below is a figure showing the total number of times a particular pixel of habitat changed
over the study time period for Manhsrbor (Figure 1p There were few areas that changed
more than five times. The most amount of change seems to be happening in the southernmost

portion of the study area.
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Figure 15: Map of total change for Manns Harbor.

The figure below depicts a time series of transition maps for Manns Harbor, for the set of
transition types selected because of théavance to this study (Figure 1®/1ost of the large
patches of change occurred from 1943569, and from 1969993. Froml19321969, there was a
large amount of sparse forest to dense forest transition. Then frorl2989there was a large

amount of dense forest transition to brackish marsh, shrub pocosin, and sparse forest. The most
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change along the shoreline where bralcknarsh was converted to open water ajgmearedo
happen between 1932 and 199Be following tables give the total area of the habitat change
from year to year, and the rate of change for each habitat transition from year to yearlZables

andl13).
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Figure 16: Selected vegetation transitions for Manns Harbor.
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Table 12: Areas of each habitat transition type per time period for Manns Harbor.

Habitat Transition Type Area (m?)
vear 1 Year 2 1932 1969 1993 1998 2000 2005 1932
1969 1993 1998 2000 2005 2009 2009
Dense Forest  Open Water 81,117 100,429 31,112 20,994 19,777 34,009 292,153
Dense Forest Brackish Marsh 713,795 1,637,928 128,472 144,718 381,657 332,037 3,984,798
Dense Forest  Shrub Pocosin 231,496 3,774,144 23,115 202,203 91,663 158,007 1,721,971
Dense Forest  Sparse Forest 463,114 3,930,945 422,244 537,292 279,063 540,035 2,405,992
Brackish Marsh Open Water 445,545 539,860 317,259 192,720 190,290 430,420 1,002,500
Brackish Marsh Dense Forest 382,812 142,962 78,078 142,761 183,449 201,991 138,547
Brackish Marsh Shrub Pocosin 0 158,217 304,013 384,323 144,562 120,853 27,345
Brackish Marsh Sparse Forest 13,838 43,036 84,201 35,417 38,797 144,557 6,773
Shrub Pocosin  Brackish Marsh 0 0 609,280 282,010 1,150,620 459,794 0
Sparse Forest  Open Water 121 309 3,526 2,152 787 5,936 21,005
Sparse Forest Dense Forest 3,220,452 45,126 475,837 379,896 723,635 177,710 697,289
Sparse Forest  Brackish Marsh 667,561 65,687 57,465 606,733 605,789 53,493 1,608,840
Sparse Forest  Shrub Pocosin 0 863 416,122 336,038 235,358 364,420 1,372,767
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Table 13: Rates of change for each habitat transition type per time period for Long Shodflarshes.

Habitat Transition Type

Rate of change (m2/year)

Year 1 Year 2 1932 1969 1993 1998 2000 2005 1932

1969 1993 1998 2000 2005 2009 2009
Dense Forest Open Water 2,192 4,185 6,222 10,497 3,955 8,502 3,794
Dense Forest  Brackish Marsh 19,292 68,247 25,694 72,359 76,331 83,009 51,751
Dense Forest ~ Shrub Pocosin 6,257 157,256 4,623 101,102 18,333 39,502 22,363
Dense Forest  Sparse Forest 12,517 163,789 84,449 268,646 55,813 135,009 31,247
Brackish Marsh Open Water 12,042 22,494 63,452 96,360 38,058 107,605 13,019
Brackish Marsh Dense Forest 10,346 5,957 15,616 71,381 36,690 50,498 1,799
Brackish Marsh Shrub Pocosin 0 6,592 60,803 192,162 28,912 30,213 355
Brackish Marsh Sparse Forest 374 1,793 16,840 17,709 7,759 36,139 88
ShrubPocosin  Brackish Marsh 0 0 121,856 141,005 230,124 114,949 0
Sparse Forest  Open Water 3 13 705 1,076 157 1,484 273
Sparse Forest Dense Forest 87,039 1,880 95,167 189,948 144,727 44,428 9,056
Sparse Forest  Brackish Marsh 18,042 2,737 11,493 303,367 121,158 13,373 20,894
Sparse Forest  Shrub Pocosin 0 36 83,224 168,019 47,072 91,105 17,828
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CART Model Results

Below is the CART otput for Manns Harbor (Figure },#ollowed by the schematic
diagram of the most explanaydoranches of theee (Figure 18 The most explanatory predictor
in the CART Model for Long Shoal Marshes is distance from shaneh splits the datat
either greatethanequal to 276 meters, or less tl#&#6 meters. Below are descriptions of where
each habitat traitson type is predicted to occur for this study site.

Forest to forest:

This transition type occurred in three branches of the tree. It is predicted to occur at 785
meters or more from shore. It is also predicted to occur between 276 and 785 meters from
shore if it is also less than 1,063 meters from a ditch. And, it isikédg o occur less

than 0.5 meters from shore. Again, as for the Long Shoal Marshes site, this indicates that
there are some areas of forested land on the shtarofs Harbot hat havenodt vye
converted to any other habitat type.

Forest to marsh:

This transition type is described by two branches of the tree, iFisspredicted to occur
between 276 and 785 meters from shore and 1,063 meters or more from a ditch. Also, it
is predicted to occur between 184 and 276 meters from shore and less thast€&@3

from a ditch.

Marsh to marsh:

This transition type is also described by two branches of the tree. First, it is predicted to
occur between 184 and 276 meters from shore, and also 803 or more meters from a ditch.

Second, it is predicted to occur between 0.5 and 184 meters from shore.
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Marsh to open water

This transition type is not accounted for in the final CART model for Manns Harbor. This

is likely due to the fact that it had a small sample si8esémple poinjs making it

difficult for the model to predict gndifferences in thislata.
In the schematic diagram, all of the transitions are predicted by distance from shore. However,
unlike for Long Shoal Marshes, each transition group does not fit into either exhaustive or
mutually exclusive ranges of distance from shdtee forest® forest and forest to marsh
transitions overlap in their distance fronost, and there is a gap from 184 meters tor@éters
where none of the transition types are predicted to occur. Part of the reason for these less clear
distinctions is because thea¥ins Harbor CART model did not perform as weltrieating
response variable groups that were completely homogenous. For instance, one branch of the tree
had forest to marsh as the predominant transition response with 121 samples, but it also included
110forest to forest samples in that same branch. Another reason for the less consistent
relationships for this study site may be because there were other factors (suctaas
developmenand occurrence of fire) that mdctoendt acc

variables.
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Figure 17: CART model tree output for Manns Harbor.

48




276-785m <1063m | B
————————————————————— < > € | = forest to forest

276-785m > 1063m e
—————————————————————— € >€ g forest to marsh

shoreline

<184m
marsh to marsh

Figure 18: Schematic diagram of CART model results for MannsHarbor. Only the most explanatory branches of the
CART tree are represented.

DISCUSSION
Implications of Climate Change and Sea Level Rise

Theresultsaboveindicate that sea level rise likely one @ the variablesdriving habitat
changes on the refugespecially at the Long Shoal Marshes study sitehat site, theypesof
habitat transitions were clearly predicted by distance from shore. Also, the breakdown of habitat
transitions by distance from shore falls in line with what is expected undareveérise
scenarioOne study of vegetation dynamics of Upper Coastal Plain depression wetlands found
that the hydrologic regime was the strongest correlate of vegetation type (De Steven and Toner
2004). Thus,fichanges in sea level do affect vegetatiben the types of transitions one would
expect to see happen close to shore would be those most influenced by hydrology and salinity

gradientsThis was seen by the fact that the marsh to open water and the forest to marsh
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transitions occurred closer shore than areas that remained forest at the Long Shoal Marshes
site.

Overall, both sitebave beetosing forest and gaining marsh over tiriis natural
succession process has been obsarvadal freshwater forests in the Gulf of Mexico and South
Atlantic coastge.g. Doyle 2010, Desantis 200When sea level rises, the marsh will respond by
migrating inland and seeking higher elevations. Additional pressures from increased salinity and
wetter soils cause a die back of the forest to occur. Inyefleerarea like the refuge, small
increases in sea level can haverfaching consequences, causing significant lbssrested
land.On the refuge, as well as other coastal areas of North Caroknlasthof forest coupled
with increasednarshhabitathas become problematic mostly because the invasive species,
Juncus romerianu@r black needlerughhas a tendency mutcompetall of the other native
marsh plant species. This leaves an overall ecosystem reduced in biodiversity and unable to
suypport native habitat.

Lastly, this study has founevidence of shoreline erosianboth study sites. In looking
at the overall habitat areas over tirttesrewasa loss of marsh to open watespeciallyalong
the shorelineThis is indicative that the sheline is being eroded over time as the sea level

becomes too high for marsh vegetatioptoduce enough sediment to keep pacesamdgve.

Management of the North Carolina Coastal Plains

Results show that for even the same study, #neaAlligatorRiver National Wildlife
Refuge the range of conditions can vary wideltyis important to consider thisriability in
climate change planning and managemé&NC and USFWSwho have already begun working

together to implement some climate change anddtadwaptation projects, must remain
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cautious of the differences found throughout the refuge. A strategy that works in one area may
not be as effective in another. Thus, when implementing climate change adaptation projects,
managers of the refuge shoulthsider what mechanisms (e.g. sea level rise, human pressure
and development, or fire) are drivicganges imabitat before devisingplutions to help thse
communities adapt.

As land on the refuge disappears due to sea level rise, there is even reotigarto
preserve and restore wetlands that might help to slow the effectsle¥skase. For instance,
wetlands are known for their ability to stabilize shorelines and protect coastal communities
(Gedan 2011)Wetland vegetation can interact with tlwater and sediment along the coast to
slow the flow of water, facilitate deposition of sediment (and development of pealjelprid

make the shoreline more salid

Recommendations

This project began with the idefguiding TNC on additional areas that they should
focuson fortheir habitat adaptation strategiésevaluating the results of this project, it is
imperative to keep in mind that the results from the lsiggde change portion of this project
only give an idea of theslative amounts of change for the entire refuge. Howevengsults
from the smalscale analysigdicate that the best study site forglemening additional climate
change adaptation projeat®uld be at Long Shoal Marshésis recommended that TNi@egin
by focusing on that site, and that theynductfurther research into what mechanismight be
driving thevegetative changes at Manns Harlbefore expending too many resources there.
Additionally, TNC should validate the results of this studychysschecking the most recen

vegetation classificatiowith field data. Although it is not possible to check the historical
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vegetation classification, the accuracy obtained from field verification on recent data would give
an indication of theccuracy bthe other years that were classified.

Theresults from thigroject provide a good basis fanderstanding thiistorical habitat
changes on the refuge from the early 1930s until 20@8easingly better quality aerial photos
are becoming more widelyailable.Also, data is now being collected on a more frequent basis.
In order to assess more recent trends occurring on the refuge, it is recommended that TNC
continue with this studin the futureby re-evaluating the results with additional analyass
more data becomes availabMso, the smallscale analysis only takes into account two study
sites. here may be other study si@s the refugghawer endét consi dered for
that could be investigated in the future depending on the biiylaf data.

With the inevitability of sea level rise, managers of coastal @edsas the Alligator
River National Wildlife Refuge have been forwahdnking in planning for climate change
adaptation. With the rich amount of natural resources and conservation potential that these
wetland communities provide it is important to pfanthe future, but in a way that accurgtel

reflects historical factors driving habitat change
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Figure 1A: 1993 habitat classification for the AlbemarlePamlico peninsula.
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Figure 2A: 1998 habitat classification for the Albemarle-Pamlico peninsula.
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Figure 3A: 2000 habitatclassification for the Albemarle-Pamlico peninsula.
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Figure 4A: 2000 habitat classification for the AlbemarlePamlico peninsula.
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Figure 5A: 1932 habitat classification forLong Shoal Marshes
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Figure 6A: 1947 habitat classification forLong Shoal Marshes
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Figure 7A: 1969 habitat classification forLong Shoal Marshes
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Figure 8A: 1993 habitat classification forLong Shoal Marshes
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Figure 9A: 1998 habitat classification forLong Shoal Marshes
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Figure 10A: 2000habitat classification for Long ShoalMarshes
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Figure 11A: 2005 habitat classification forLong Shoal Marshes
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Figure 12A: 2009 habitat classification forLong Shoal Marshes
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Figure 13A: 1932 habitat classification forManns Harbor.
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Figure 14A: 1969 habitat classification forManns Harbor .
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Figure 15A: 1993 habitat classification forManns Harbor.
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