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ABSTRACT 

The shorelines of Albemarle and Pamlico Sounds are dominated 
by wetlands. Three large reaches of these shorelines were exam
ined on National Wetlands Inventory maps in order to document the 
~etland type, zonation of vegetation, and geomorphic characteris
tics of ~he shoreline. The southern shoreline of Albemarle Sound 
~s 72 percent wetland and 28 percent upland. Only l percent of 
the shoreline of Alligator River is upland, the remainder being 
wetland. The shoreline of Croatan Sound and northern Pamlico 

· Sound is 87 percent wetland and 13 percent upland. Vegetation 
s~ructure in these geographic regions varies with salinity of the 
estuaries: wetlands in Albemarle Sound and the Alligator River 
are mostly forested, while wetlands in Croatan Sound and northern 
?amlico Sound are marshes. The large coverage of forested wet
lands hydrologically affected by sea level in North Carolina is 
~~ique in estuaries of eastern United States. Consequently, they 
are among the least studied and most poorly understood wetland 
ecosystems. 

In freshwater areas where forested fringe wetlands dominate, 
some sites develop a gradient in species composition, vegetation 
structure, and hydrology that distinguishes shoreline forest 
stands from interior wetland sites. At one representative site, 
red maple and red bay increased in importance and bald cypress 
cecreased in importance with distance from the shoreline. The 
surface of nearshore sediments is elevated slightly above the 
wetland interior. Microrelief also becomes greater toward the 
wetland interior. In brackish water areas zonation of vegetation 
tends to be determined by salinity, with marsh vegetation near 
the edge grading into shrubs and trees with increasing distance 
from the shoreline. These ''fringe" wetlands are influenced 
hydrologically by flushing from wind-influenced water level 
f l uctuations in the sounds, local wave activity, and globally 
rising sea level. The position of fringe wetlands at the inter
face between aquatic ecosystems and interior wetlands makes them 
ecologically important habitats. Their position also requires 
that they be assessed for the linear e xtent of the resource, 
rather than the small surface area that they occupy relative to 
other wetland types . Forested fringe wetlands provide complex 
habitat features that are dependent on continuous shoreline 
erosion . 

The hydrology of these wetlands is still poorly understood. 
Wind direction and force control flooding. Cons equently, 
hydroperiod varies accor ding to the geographic position of the 
wetland in relation to the estuar y. The hydrologic data analyzed 
from the floodplain of the Chowan River illustrated that the site 
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was too far upstream to have fringe characteristics. Flooding 
was due to headwater flooding from the drainage basin rather than 
shoreline flooding from "setup" of the Chowan River by wind. 
Consequently, hydrologic characteristics of fringe wetlands in 
Albemarle Sound remain undetermined. 

Because of the distinct geomorphic setting of fringe and 
interior wetlands with respect to uplands in North Carolina's 
sounds, commonly used approaches for predicti ng effects of rising 
sea level on the coastal plain are inappropriate and misleading. 
One approach assumes that fringe wetlands gently rise in eleva
tion from the shoreline to uplands, and sea level rise will 
result in the overland migration of these wetlands. For most of 
the shoreline of the Pamlico and Albemarle Sounds, this condition 
is absent because wetlands already occupy much of the area that 
was upland under conditions of lower sea level stage. In many 
areas fringe wetlands gently grade into interior swamp forests 
and pocosins with no meaningful change in elevation and no tran
sition to uplands within distances that would be relevant to the 
notion of migrating wetlands. Another approach uses contour 
lines on topographic maps to predict future shoreline positions 
as sea level rises. This approach ignores the dominant role that 
wetlands have played in the landscape development in the coastal 
plain. The interaction of rising sea level and coastal wetlands 
is complex and varies from one geographic area to another. 
Alternative approaches to predicting the effects of rising sea 
level need to be developed for the situation as it exists in 
North Carolina. An important uncertainty is whether wetlands can 
sustain themselves when exposed to accelerated rates of rising 
sea level . 

Clearly more information is needed on the sea- level con
trolled, nontidal fringe wetlands that are so prevalent in the 
Albemarle and Pamlico Sound regions. The present study is pre
liminary and has served as an initial characterization from which 
more indepth research efforts may be developed. 
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SUMMARY AND CONCLUSIONS 

Backoround and Problem 

Coastal wetlands have received a great deal of attentio~ 
because of the many biologic, geomorphic, and hydrologic values 
t he y provi de for society. The extensive coastal wetlands of 
Xorth Carolina are unique because of the preponderance of wet
lands that have fresh water or l ack lunar tides in spite of being 
under the influence of sea l evel rise. Two wetland types, i=reg
ularly f l ooded brackish marshes and irregularly flooded fores~ed 
wet l ands, are dominant shoreline features in the Albemarl e a~d 
?amlico Sound region. They have been little studied and are 
900rly understood ecologically relat i ve to tidal brackish marshes 
and tidal freshwat er marshes. 

Because of the sharp transition that fringe 1 wetlands 
~ormally represent between a l arge body of open water and ei t~er 
~?land or additional wetland on the landward side, they are 
?Otentia l ly very important areas ecologically, geologically, and 
hydrol ogically. Fringe wetlands are considered to be essential 
f i sh habi tat in brackish portions of estuaries, both in tidal and 
~rregu l arly flooded wet land types. These wetlands constitute an 
: mport .ant component of primary and secondary nursery areas fo= 
commerciaj, __ an~t.spqrt~.fi.sher.ies. The. v:al.ue __ of_ t r esh!later· fri.flge -~
f-erest~f~r--s·upf)'or-t=i'f.ig rTsrrerf es is "'"l~-c-e-rtain, i1oi;re~ "i:uni"·- -~· ---"---~ 
=ema i ns to be explored. 

One of the major concerns is whether fringe wetlands can be 
sustained under projected acceleration in sea-level rise as a 
=esult of global warming. To compound this problem is the fact 
~hat many of the wetland- upland transition zones are no longer 
available for migration because they have been occupied by human 
structures and activit i es i ncompatible with overland migration of 
wetlands. Pr~jected increases in economi c development and 

1Fringe wetlands are distinguished from riverine and basin 
(depression) wetlands by hydroperiodJ direction of water flow, 
and zonation of vegetation. Fringe wetlands occur.-.in estuar~ 
where-t ida l forces dominate or in lakes where wafer moves in ana 

,out ~the wet l and due to w~nd, waves, and s~iches. In contrast, 
riverine wetlands tend to be dominated by unidirectional flow, 
shorter hydroperiod, and higher sediment loads . . Basin wetlands 

· (peat bogs, pocosins) receive most of their water from precipita
tion, have strong seasonal fluctuations in water table, and have 
weak lateral flow, often limited to sheet flow. 
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settlement in the coastal zone of North Carolina sugges~ this 
issue will become more difficult to resolve in the future. 
Because of the sparsity of information on fringe wetlands of the 
cype thac occur in the Albemarle and Pamlico Sounds, management 
and protection of these areas have had to rely on management 
policies developed for wetlands that differ hydrol ogically and 
geomorphologically. This places the resource in a potentially 
vulnerable position if inappropriate management techniques are 
applied. 

Purpose and Approach 

The objectives of this project are to: (a) provide a partial 
description of the distribution and abundance of fringe wetlands 
along several segments of the shoreline of Albemarle and Pamlico 
Sounds, (b) describe the species composition and structure of the 
vegetation for several sites of forested wetland in the Albemarle 
Sound region, and (c) assemble recommendations on research and 
management of these wetlands so that action can be taken toward 
understanding how they function and protecting them for t he 
natural attributes that they provide. 

Information on the distribution and abundance of fringe 
wetlands was derived from National Wetlands Inventory maps. Data 
on vegetation type, zonation, exposure, and proximity to uplands 
were summarized from these maps for three geographic areas: 
southern shore of Albemarle Sound the Alligator River, and 

p 

protection of shoreline wetlands . At a f iner scale of resolu 
cion, site - specific data on forested fringe wetlands were collected 
for three sites, one on the Chowan River and two in the Alligator 
River. (The Chowan River site was chosen principally because 
~ydrologic daca were available from a previous study. Upon 
analysis, it was discovered that the site had hydrologic 
attributes more similar to a riverine wetland than a fringe 
wetland. Hydrologic studies on fringe forests in Albemarle Sound 
remain to be done.) Data on these sites will allow comparison 
with other forested wetlands and assist in the development of 
more detailed studies on the dynamics and structure of these 
ecosystems. Finally, a workshop was held in which managers and 
researchers developed recommendations for (a) protecting the 
resource, (b) improving the understanding of how these ecosystems 
function within an estuarine setting, and (c) anticipating 
research and management needs under--conditions of accelerated ·r ise 
ln sea level. 
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Results 

The shorelines of Albemarle and Pamlico Sounds are dominated 
by wetlands. The southern shoreline of Albemarle Sound is 72 
percent wet l and and 28 percent upland. Only 1 percent of the 
shoreline of Alligator River is upland, the remainder being 
wetland . The shoreline of Croatan and northern Pamlico Sound is 
87 percent wetland and 13 percent upland. Vegetation structure 
in these geographic regions varies with salinity of the estu
aries: wetlands in Albemarle Sound and the Alligator River are 
mostly forested, while wetlands in northern Pamlico Sound are 
marshes. 

In freshwater areas where f orested fringe wetlands dominate, 
some sites develop a gradient in species composition, vegetation 
structure, and hydrology that distinguishes shoreline forest 
stands from interior wetland sites. At one representative site, 

_ red map).~ _?.£!<:!. re_d~~l:?§l_¥_ i_l)..~as_Et_d~_!"l. im_port_a_n_ce ._and · baJ,.g. cypress--- _ , _ 
decreased in importance with distance from the shoreline. The 
elevation of the nearshore sediment surface is slightly higher 
than the wetland interior. Microrelief, however, increases 
toward the forest .interior . The outer eroding portion of fringe 
swamps have a great deal of habitat complexity as revealed by 
fal l en logs, exposed roots, and sheltered areas. Beds of aquatic 
macrophytes may occur in the shallow waters protected by trees. 
Erosion, and possibly sea level rise, is likely a necessary 
condition to maintain this complex habitat structure. Hence, the 
process of shoreline recession may be thought of as the cost of 
maintaining thi_s ::ha'b'i tat:'"'Yom')::>l-e-l(ity .-· - In brack'ish_watef areas,-= -~
zonat'ron of vegetat:Ton structure .lsc6ntrolled by -salirifty:- -
Marsh vegetation intergrades with shr ubs and trees with increas-
ing distance from the estuary. The position and linear configura-
tion of both forested fringe and marsh fringe require that they 
be assessed for the linear extent of the resour ce, rather than 
the surface area that they occupy, which is small, relative to 
other wetland types. 

Hydrology of these forested fringe wetlands has not been 
resolved and is still poorly understood . Flooding is apparently 
controlled by wind direction and force as well as seasonal fluc 
tuations in sea level. Consequently, hydroper iod varies accord
ing to the geographic position of the wetland in relation to the 
estuary. From a related study on a nontidal marsh in the south
western portion of Pamlico Sound, annual cycles of sea level 

~---f~ge, wind- dr_iven,.floods_, and_ evapot ranw~Q!l....~~nf.aJ._;....._. __ _ 
control Slte water balance and hence flooding. 

Conclusions of Study 

Because of the distinct geomorphic setting of fringe and 
interior wetlands with respect to uplands in North Carol ina's 

xii 



sounds, commonly used approaches for predicting effects of rising 
sea level on the coast al plain are inappropriate and misl eading . 
In Pamlico a nd Albemarle sounds, s ituations where fringe wetlands 
gent ly rise in elevation fr om the shoreline to uplands are uncom
mon, represent ing an important departure from normal coastal 
conditions elsewhere. Hence, sea level rise will not resul t i n 
che overland migration by these wet l ands as is assumed for other 
areas of the Atlantic coast. Instead, fringe wetlands often 
gently grade into interior swamp forests and pocosins with no 
mean ingfu l change in elevation and with no transition to uplands 
within distances that would be relevant to the notion of migrat
ing wetlands. Projection of future shoreline position through 
the use of contour lines on topographic maps ignores che dominant 
historic role that wet l ands have played in the landscape develop
me nt in the coastal p l ain. Alternative approaches need to be 
developed for the situation as it exists in North Carolina. An 
important uncertainty, however, is whether wetlands can sustain 
.themselves when exposes! ,!_~_accelerated Fates of rising _se.11 level. 

-"""""';;;.;...-. .. ~.fffhods . nee a cu=ne ae oe l"Ope-d eo· prett±ft-'how acceret,;.-r"iifg sed 
l evel rise will infl uence fringe wetlands, interior wetlands, and 
low- elevation uplands in the region of coastal North Carolina. 

What has become apparent from this prelimi nary analysis is 
che extent to which entire landscapes in the coastal plain, 
rather than just shorelines, are currently under the influence of 
rising sea level . The wetlands that are responding to rising sea 
l e ve l are a mong the least understood ecologically. The lack of 
appropriate models ·for predicting the effects of sea l evel rise, 

- ·--=-= 

-·-- especiaJ.l y.~mode 1-s ';t.~-t..;;can...::cie<iommoda-t.e-the-;dominant·· landsca-pe ~·=="--' .:.:.. ..-· 
role that wetlands have -played historically, has hindered- · - ---
progress in developing strategies for the management and protec-
tion of natural attributes of estuarine shorelines in Nor th 
Carolina . Concepts developed for coastal wetlands elsewhere may 
be misleading when appl i ed to North Carolina's estuaries. If 
wet lands are to be protected for their natural ecological 
attributes, then much of the shorel ine surveyed is inappropriate 
for alternative uses (e . g ., agricultural, resident ial, 
commercial, and urban development) because wetlands dominate the 
s horeline. 

Recommendations 

Panels consisting of managers and researchers met on March 
1, 1989 to offer their recommendations on the response of fri nge 
wetlands in the state to sea level rise. Emphasis was placed on 

............ . - - ·:t:lie-se-a-Tevet ccrtit:r'ti'llE!d, . but lar'ge-r9- noni:faa1 wet.Thneis-o!"""ffie • 
. Albemarle and Pamlico Sounds. A summary of the recommendations 
appears in Appendix E of this report. 
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INTRODUCTION 

Coastal wet:ands under the influence of sea - level rise have 
received a great dea l of attention because of the many biologic, 
geomorphic, and ~ydrologic values they provide f or society 
(Chapman 1976, Cdum et al. 1974). Both salt water and daily 

· tidal cycles are normal characteristics of coastal wetlands. The 
extensive coasta: wetlands of North Carolina are unique because 
of the preponderance of wetlands that have fresh water and lack 
tidal influence. Two wetland types, irregularly flooded brackish 
marshes and irregularly flooded forested wetlands, are dominant 
in the Albemarle and Paml ico Sound region (Wilson 1962 ) . They 
have been little studied and are poorly understood ecologically 
relative to tidal brackish marshes (Pomeroy and Wiegert 1981, 

·""'"==--~ ~eal.· ~~8·6-7·- and t :-dal =fresh,.ater·'marshes' '-ts'rffipson et- ·crf":" ''T9~-~ 
Odum et al. 1984). 

The hydroloqic and geographic setting of Albemarle and 
Pamlico Sounds (?igure 1 ) departs sharply from the remainder of 
the Atlantic coast . The presence of the barrier islands restricts 
the exchange of ~ater with the ocean, resulting in lower 
salinities and lcwer ampl itude tides than elsewhere (Copeland et 
al . 1983 and 1984, Gies_e et al . 1985). Tides and salinity are 
the two most imp:rtanc controls on vegetation in these sea - level 

.· . controlled, .... coa-stal-- wet:l-a.nds (Figure 2) . ~-·T-he -presenc::e- or- ·absence --- ~·-~
of the semidiurnal astronomic tides separates wetlands into tidal 
and nontidal. W~ere sa l~ water is present, swamp forest is 
absent because n: woody species at this latitude are tolerant to 
high salinity. ~alophytic species such as black needlerush 
(Juncus roemeria~us Scheele) dominate under saline conditions 
along with an assemblage that may include salt grass (Distichlis 
soicata Greene ) , saltmeadow cordgrass (Spartina patens (Aiton) 
Muhl.), and big cordgrass (~ cynosuroides (L . ) Roth) (Cooper and 
Waits 1973) . Th:s ecosystem type has widespread occurrence in 
the Pamlico So~nd region. In such situations, water level fluc -
tuations caused by wind direction and force become dominant. I n 
Albemar le Sound, the normally fresh or oligohaline conditions 
favor the development of forested wetlands rather than marshes . 

•Well over 100 kilometers of shoreline are occupied by forested 
wetlands in this region. Litt l e inf ormation has been developed 

· for this wetland type because it is so scarce in areas outside of 
""'"'"""~~6'i'"tl1~car6'l"ffia . t 'n""tutr'it ucR ~ound.";"sa ITn'i 'l:y-'o~at e r'""'a~e~c?i· rioie~a~s"'e~s-·~· ~--.--...... ,___ 

.frPm it-s ---jur-tG:~-u1C"e with Albemarl e Sound · t-o -fresh water i-n the 
northern part of the sound . Infrequent episodes of overwash of 
sea water create br ackish conditions (Currituck Sound Task Com-
mittee 1980) . 
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Figure 1. Map of Albemarle-Pamlico estuarine study area (adapted 
from a map produced by N.C. Land Resources Information Service, 
April 1989) . Work reported in this report is restricted to 
Albemarl e Sound and northern Pamlico Sound. 
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NONTIDAL REGION 

FRINGE 
SWAMP 
FOREST 

(gum, cypress) _ 

(transitional) 
NONTIDAL 

SEA- LEVEL CONTROLLED 

COASTAL WETLANDS 

no yes 

TIDAL REGION 

yes 

TIDAL 
SALT 
MARSH 

COMPLEX _ 

NONTIDAL 
BRACKISH 

MARSH 
.~(black ... 

-·needJ.erush) 

/~ 

FRESHWATER 
TIDAL MARSH OR 

TIDAL SWAMP 

Irregularly 
Floode<i 

Upper Intertidal Mu<i Flats 
Zone 

FRESHWATER ~-------' 
MARSH 

Zone (Low marsh with 
(High marsh with saltmarsh cor<igrass) 
black neeQlerush) 

·Figure 2. Factors controlling the expression of plant community 
~-··-~~=phys-w~d~"Spe~s-cempO'SitiO'fT-O'f~~e1:'J:a-n·ds· ~f_N\rl:t""E.;_Ifrl-=~=~~ 

·- :._ . ·.:::r:ar.Oliii.a:::_.::-so.th .tidaL.an.ct..:nont·idal regimes .support marshe-s-bec-ause 
. .:.t ·he vegetation i s controlled principally by · salinity rather · than · 

hydrology. Forested wetlands occur where sal t is lacking. Nontidal 
freshwater marsh is a transitional type between fringe swamp forest 
and nontidal brackish marsh. 
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Within the tidal category (Figure 2), tidal freshwater 
marshes and swamps may develoP, but these communities are virtu-.' . ally absent from the Albemarle- Pamlico region because of the lack 
of tides in the low salinity portions of our estuaries. Tidal 
freshwater marshes occur in Virginia (Odum e~ al. 1984, Odum 
1988) and further south in North Carolina (Rozas and Hackney 
1984). Where salt water and semidiurnal tides co-occur (Figure 
2), as in areas in close proximity to the inl ets, saltmarsh 
cordgrass (Spar~ina alterniflora Loisel.) communities develop in 
the upper intertidal zone (Adams 1962, McKee and Patrick 1989). 
Associated with these tidal marshes is a landward zone that 
receives most of its flooding from spring tides, wind-generated 
floods during s~orms, and precipitation. These irregularly 
flooded brackish marshes, or ''high marshes'', are usually present 
wherever tidal salt marshes are found. Their vegetation resem
bles that of the nontidal marshes described above. The principal 
difference is landscape position. In Pamlico Sound, nontidal 
brackish marshes border the open waters of tje estuary with no 
intervening zone of h alterniflora as found in tidal marshes -· 
(Brinson, in press). 

A classification as simple as Figure 2 is not without excep
tions . Most of ~hese exceptions occur in transitional areas 
be~ween tidal and nontidal, and between brackish and fresh water. 
~he extent to which diminution of the tidal influence affects 
species composition has not been well resolved for this region. 
Parallel changes in salinity make difficult ~he separation of 
salinity and tides as controls of species composition. Plant 
community type has an im~erfect correspondence with salinity. l~ 
Currituck Sound, for example, t he low salinity o f the water would 
suggest that more forested wetlands should be present. Marshes 
of saw grass (Cladium jamaicense Crantz ) and ~ roemerianus in 
that region and other ''freshwater" localities in Albemarle Sound 
may be explained by episodes of salinity intrusion. In Currituck 
Sound barrier island overwash during severe storms cause elevate~ 
salinities (Currituck Sound Task Committee 1980). Consequently, 
marshes may be simply remnants of former, more brackish condi
tions. Also, disturbance by fire would tend to sustain marshes 
rather than forests. 

Because of the sharp transition that fringe wetlands* nor
mal ly represent between a large body of open water and either 
upland or additional wetland on the landward side, they are 
potentially very important areas ecologically, geologically, and 
hydrologically. Fringe wetlands are considered to be essential 

~·· ·-~---t>i'sh-'habi"'t'at--±xr brcttkisli pur ei·~sto<U :t•:!"S, -oue:h·-u'f tt'tli:if 
. (Kneib 1984, Rozas and Odum 1987, Hettler 1989) and nontidal 
wetland types (Marraro et al. in press). Shallow regions at the 
interface between wetlands and open water may be especially 
important habitat. Mcivor and Odum (1988) demonstrated that the 
shallow margins of freshwater tidal marshes provide greater 
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abundance of invertebrate prey and more protectio~ from predators 
than steeper sloped eros ional banks. From the te=restrial side 
of the transition, access to open water areas by ~any terrestri a l 
animal species is provided by fringe wetlands. Fringe wetlands 
are also buffer zones between uplands and waters of the est uaries 
which may h ave important local effects on nonpoin~ sources of 
pollution (Phillips 1989a, b). 

Fringe wet lands experience hydrologic flushi~g during water 
level flucc uations, whether the source is lunar or wi nd
generated. Tidal salt marshes and mangroves are some of the most 
hydr odynamical ly active ecosystems that support the growth of 
h igher p l a nts. Wher e astronomic tides are lacking and flooding 
is irregu lar, flushing dimin ishes in proportion t o the frequency 
and amplitude _of water level fluctuations . Hence, ecosystem 
characteristics that typify fringe wetlands would tend to be 
ameliorated in low ener gy fringe wetlands. 

Un less sediment supplies are large, as they are in the 
f r inge wetlands of deltaic environments, shoreline erosion due to 
local wave activity may have profound effects on che structure of 
these ecosystems. In Pamlico and Albemarle Sounds, most of the 
sediments derived from con tinental sources is deposited subtidally 
(Pickett a nd Ingram 1969) leaving little available for marsh 
building processes. Supplies are insufficient a nd distribution 
is inadequat e to compensate for shore line losses due to wave
induced erosion . Becaqse of the large size of t he estuaries, 
fetch is usually adequate for strong wave activit y to devel op. 
Mean shoreline recession rates in North Carolina's sounds range 
from negligible to as high as 6 m per year (Stirewalt a nd Ingram 
1974, USDA Soil Conservation Service 1975, Bellis et al. 1975). 

Rising sea level has been important in the development of 
fringe wet lands . Most estimates of rates of rising sea level f or 
east coast o f the United States fall in the range of 1 to 5 mm/yr 
(Stevenson et al. 1986). The effects of sea- level rise, however, 
are often c onfused with shoreline erosion. Although most woul d 

* Fringe wet lands are distinguished from riverine and basin 
(depression) wetlands by hydroperiod, direction of water flow, 
and zonation of vegetation (Brinson 1988, Luge et al. 1988). The 
term refers to the geomorphic position and hydrology of the 

, wetland rather than its vegetation. Fringe wetlands occur in 
.estuaries where t idal forces dominate or in lakes where water 

~-- _ -· .m~ov e_§__ in . and out of t)?.e Swetland dlli!._t2._.wipd~ . .Ji.aves_, ~n~<L-l?~ i...Q:l.ru;,_=-~-~ 
· - ·- rn contrast, ~river1ne wetlands tend to be dominated by unidirec

-tional flow, shorter hydroperiod, and higher sedime nt loads. 
Basin wetlands (peat bogs, pocosins) receive most of their water 
from precipitation, have strong seasonal fluctuations in water 
table, and have weak lateral flow, often limited to minor sheet 
flow. 
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agree that long-te rm sea-level rise has been responsible for 
marine transgression as illustrated by changing positions of 
barrier islands-and coastlines (Kraft et al. 1987), bo~h shorter 
term sea- level fluctua tions and storm activity alone can explain 
most of the shoreline erosion that takes place (Komar and Enfield 
1987). Shoreline erosion occurs when local sediment export 
exceeds import, processes which are relatively independent of 
sea-level rise but closely tied t o fetch and exposure. In 
contrast, sea-level rise under certain conditions compensates fo~ 
wetland losses due t o shoreline erosion by causing wetlands to 
migrate landward . Consequently, it is possible for shoreline 
erosion to result in no net loss of wet land area if an equivalent 
amount of wetland encroachment occurs in uplands. This paradigm 
of wetland migration has been developed for many of our coastal 
marshes (Titus 1988bl. Several circumstances could lead to net 
loss of fringe wetlands, however. First, a steeper slope 
landward from the wetland would l ead to a narrower zone occupied 
by the wetland once migration occurred. Second, there is 
uncertainty of whether wetlands will be able to maintain a 
favorable position with respect to sea level with the accelerate~ 
rates projected during global warming. To compound this problem 
is the fact that many of the wetland- upland transition zones are 
no longer available for migration because they have been occupied 
by human structures and activities incompatible with overland 
migration of wetlands. Projected increases in economic 
development and settlement in the coastal zone of North Carolina 
suggest this issue will become more difficult to resolve in the 
future as options become more limited (Day and Templet 1989) . 
Finally, the mechanisms of wetland loss do not occur only by 
shoreline erosion, but more often are the result of deterioration 
from the interior. Within-marsh deterioration has been 
documented as a major mode of wetland loss in the Mississippi 
delta region (Browder et al. 1985) and for marshes in Chesapeake 
Bay (Stevenson et al. 1985, 1986) . 

Because of the sparsity of information on fringe wetlands of 
the type that occur in the Albemarle and Pamlico Sounds, manage 
ment and protection of these areas have had to rely on management 
policies developed for wetlands that differ hydrologically and 
geomorphologically. This places the resource in a potentially 
vulnerable position if inappropriate management techniques are 
applied. This report is a preliminary description of fringe 
wetland types that occur in this geographic area. The report 
will: (a) provide a partial description of the distribution and 
abundance of fringe wetlands in sections of the Albemarle and 
PaiJI.l)..co Sounds_ an.d .(b) d$s~_rj,l;>e,t.he....speci~s .. c.o.nwosiJ;ion and . 
structure of tne vegetat~on for several sites of forested wetland 
in the Albemarle Sound region. The geographic information was 
derived from National Wetlands Inventory maps. They were ana
lyzed to develop a geographic descri ption of fringe wetland, such 
as the proport ion of shoreline occupied by uplands and by wet-
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lands of various types. The intention was to provide information 
that might lead to strategies for management and protection o f 
shoreline wetlands. At a finer scale of resolution, site- specific 
data on forested fringe wetlands were collected for three 
sites, one on the Chowan River and two in ~he Alligator River. 
The Chowan River site was chosen principally because hydrologic 
data were available from a previous study. (As it turned out, 
the site had hydrologic attributes more similar to a riverine 
wetland than a fringe wetland.) Data on these sites will allow 

· comparison with other forested wetlands and assist in the devel
opment of more detailed studies on the dynamics and structure of 
these ecosystems. 

"'-~--..... --=~- ·-----~ -----. =--- =-- - - -· - ···-
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STUDY AREA 

Previous Studies 

Very lictle information was available on the fringe swamps 
t~at border Albemarle Sound. The three most relevanc sources are 
a master's thesis by Blanck (1980), a Sea Grant publication by 
Bellis et al. (1975) with associaced maps (Riggs et al. 1978), 
and a forested wetland study in the South Cree k area of the 
Pamlico River by Brinson et al . (1985) . The thesis deals mostly 
with the photosynthetic response of bald cypress (Taxodium disti 
c~um (L . ) Richard) and water tupelo (Nyssa aouatica L. l to light 
ir.tensity a nd conditions most favo rable for seed germination for 
tte two species. Both sets of experiments were conducted under 
cc~trolled environmental conditions . In addition, ages of cypress 
trees were determined at a field site which was described as a 
"cypress fringe", a nearshore strand of cypress trees in 
Albemarle Sound. It was suggested that these trees act as natural 
bu lkheads to deter erosion of the shoreline just to the landward 
side of the fringe where water tupelo is dominant. Observat ions 
1-1e::e confined to this outer strand and no quantitative informa
t~Jn was included on forest structure and species composit i on 
la~dward of the cypress fringe. 

Bellis et al. (1975) conducted an extensive shoreline surve y 
tt:t inc luded both Albemarle and ?amlico Sounds. Its purpose was 
tc classify shorelines by their morphology and vegetation as a 
basis for predicting shoreline recession by erosion. Major 
classes of shoreline were swamp forest, grass marsh, and sand and 
clay banks. Separate maps were deve loped for the Albemarle 
Sound, Pamlico River and northern Pamli co Sound, Neuse River 
estuary, and the Core- Bogue Sound systems (Riggs et al. 1978). 
The distribution of shoreline categories, as percent of total 
shoreline, was very similar for the Pamlico, Neuse, and Core
Bogue areas (Table 1 ) . The Albemarle region differed by having 
nearly one-fourth (163 km) of its shoreline in swamp forest, a 
category that was either lacking completely or trivial for the 
other regions . Backbarrier marshes were not included in the 
survey . 

The sand and clay bank shore line class was further subdivided 
. into low (1-5 f eet tall), high (5-20 f eet) and bluff (>20 feet ) . 
Shoreline recession waUudged negligible in .. ~he SW<!!ll:e .... rorest -~~ 

-~ ·----class-rega-rdless of-exposure to"wave action and vari ed bet ween 1 
and 20 f eet per year for other classes dependi ng on bank height 
and shoreline exposure . Eros ion rates were a c quired from a study 

·by the USDA Soil Cons ervation Se rvic e (1975 ) which we re e s timated 
by comparison of aerial photogr aphs over intervals ranging from 
22 to 32 years. 
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The study by Brinson et al. (1 985 ) exami ned litterfall and 
vegetat i on str~cture of fo u r sites that encompassed a range of 
hydroperiods and salinities. The study sites were located at ~he 
head of estuarine creeks where vegetation changed from brackish 
marsh to forested wetland. Rising sea l evel and intrusions of 
brackish water during drought years were suggested as forces that 
caused brackish marsh to migrate U?stream and invade the forested 
wetland. Rather than migration occurring grad~ally year-by- year, 
it was suggested that trees are killed and marsh invades during 
drought years when salinities are high because of lack of fresh
water runoff. This process of ups~ream migration is an early 
phase of estuarine development and landscape evolution, and is 
c o nsistent wit h the drowned river valley origin of North 

. Carolina's estuaries . 

Table 1. Distribution of five 5horeline categories by geographic region. 
From Riggs et al. {1918) . 

Shoreline 
category 

Low bank 
High bank 
Bluff 
Swamp forest 
Marsh 
Tocal km 

Low bank 
High bank 
Bluff 
Swamp forest 
Marsh 

Albemarle 

256 
95 

6 
163 
182 
702 

36 
14 

1 
23 
26 

G h . . 1 eograp >C reg,on 

?amlico Neuse Core- Bogue 

Distance in kilome ters 
180 2 0 0 122 

31 39 14 
8 19 0 

11 3 0 
547 467 220 
777 727 357 

Percent of ectal shoreline 
23 27 34 

4 5 4 
1 3 0 
1 0 0 

70 64 62 

Totals 

758 
179 

34 
177 

1416 
2563 

30 
7 
l 
7 

55 

1 Of the total shoreline length in Albemarle Sound, Da r e co. cont r ibuted 
23 . 9% and eight counties {Bertie, Camden, Chowan, Currituck, Pasquotank, 
Perquimans, Tyrrell, Washington) contributed <15% each. Pamlico 
distribution was 51.7\ in Hyde, 40.0' in Beaufort, and 8.3\ in Pamlico 
Counties. Neuse distribution was 49.1% in Pamlico, 25.9\ in Carteret, and 
25.0% in Craven Counties. Core- Bogue was all in Ca rteret County. 

Specific information is available for the Chowan River 
' region as a result of several studies initiated in the 1970s in 
response to blue-green algal blooms on the lowe r river. The 
hydrologic data in this r eport wer e collected during the study by 
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Daniel (1977). Data on biomass production and nutrient t urnover 
of aquatic macrophytes communities in t he littoral of the l ower 
Chowan River are r eported in Twilley et al. (1985) . Spatter-dock 
(Nuphar luteum (L.) Sibthorp & Smith) and J usticia americana (L.) 
Vah l. are dominant species. These stands are interspe rsed among 
cypress snags along protected regions of shoreline . Plants and 
associated invertebrate communities may represent an important 
source of food and cover for fish and food for terrestrial ani
mal s occupying the most exposed portion of the fringe wetland. 

A s tudy of the sedimentology of the lower Chowan River 
floodpl a in (Witner 1984) r eported that accumulation of c l ast ic 
and organic sediments began 4 , 600 y B.P. in channels cut by 
tributaries of the river o n the pre-swamp surface. Sediments 
were c l ass ified according to their organic matter COM) content as 
peat (>75% OM) , very peaty (50 -7 5% OM) , peaty (25-50% OM), and 
clast ics (<25% OM) . Only one profile 7 m in depth contained a 
cont i nuous accumulation of very peaty sediment . Depos its of peat 
and very peaty sediments occurred in as many as five individual 
layers separated by clas tics and peat . This layering inc r eased 
toward the upper reaches of the lower Chowan, apparently in 
response to greater fluvial influence . 

In f o r mation on nontidal brackish mar shes is much mor e abun
dant. Marshes dominat ed by Juncus r oemerianus , Spartina cynosu
ro ides, and other freshwat er to brack ish tolerant species were 
described in the South Creek area and aboveground biomass accumu
l ation f or several community types was est imated (Bellis and 
Gaither 19851. Marshes that occur in the protected margins of 
these tributaries vary in species compos i t ion over short dis
tances . The marshes appear to be migra ting upstream into forested 
wetla nds of the tidally influenced floodplains of the tributaries 
(Brinson et al. 19851 . 

I nformation is becoming available on broader expanses of 
ma rsh that occur on former interfluves and islands i n Pamlico 
Sound (Brinson in press; A. Anderson , personal communication, 
1988; w. Kirby- Smith , personal communication, 1988) . These 
large ma rshes are dominated by ~ roemerianus with Soartina 
patens , ~ cynosuroides, Distichlis spicata, and Cladium jamai
cense e ither being loca lly dominant or mixed with ~ roe merianus 
(Knowles 1989). Where the shoreline of these marshes is exposed 

"to high wave energy, wetland is lost to erosion at the same time 
' that a storm levee develop~ along the retre~ting margin (Brinson 
et al., in prass a ) . Because the elevation of this l evee -is 
higher than interior portions of the mar sh, drainage of rainfal l 
and estuarine flood waters from the marshes is impeded. Salinity 

·of the inter stitial water of the surficial sediments decreases 
from marsh edge to interior (Brinson et al., in press b) where 
low sa linities allow salt intolerant species to persist, most 
notably trees and shrubs. This transition from dominance by 
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marsh grasses, through a mixture of marsh and shrubs, and finally 
to a forested plant community is common in the fringe wetlands of 
Pamlico s~und. The effects of hydroperiod and salinity are hard 
to separa~e because they both tend to decrease parallel to one 
another from marsh edge to interior (Hook 1988). 

If Cedar Island marsh is representative of the brackish 
marshes of Pamlico Sound, fish are more widely distributed than 
previously thought. Fish have been collected and observed over 2 
km from t~e shoreline in the Cedar Island marsh (Marraro et al. 
in press ) . The long distance, lack of current for orientation, 
and the h:gh density of the vegetation argue that these fish are 
members o: marsh resident populations rather than a migratory 
assemblage that moves between the estuary and the marsh interior. 
The prese~ce of these fish is likely to have a strong influence 
on aquatic food webs of the marsh. Gambusia affinis, Cyprinodon 
variegatus, and three species of Fundulus were the dominant 
species found on Cedar Island marsh. Diets range from aquatic 
insects to detritus. Several species of rails nest on the marsh 
and overw:nter there (Davis et al . in press) . 

Reconnaissance 

Beca~se so little was known about forested wetlands of the 
region in comparison with the brackish marshes, we established 
three study sites to provide descriptive information on species 
cornpositi~n of the forests, qualitative information on sediments, 
and eleva~ion of the forest floor (at two sites only ) . In the 
process o: choosing these sites, we visited a number of fringe 
swamps during fall 1987 along the northern side of the Albemarle 
Sound including the Chowan, North, Pasquotank, and Little Rivers, 
and Big Flatty Creek as well as several sites a l ong the Alligator 
River. Observations were made on species composition of the 
forest at the edge and along transects ranging from several tens 
of meters to approximately 1 km . A number of samples were taken 
with a Macauley peat sampler to determine the depth and texture 
of sedimer.ts . One of the primary purposes of these surveys was 
to gain a qualitative impression of the vegetation and geomor 
phology of fr~nge swamps in the region. This aided in choosing 
representative sites for mere intensive study. The rationale for 
choosing these sites is given below. Ideal ly, r andom sampl ing or 
sampling stratified among physiographic features should be used, 
but time and resources did not permit a such an approach for 
choosing study sites. 

Choice of Representative Forested Wetland Sites 

The original objective was to choose three representative 
sites for vegetation analysis along transects that sloped gently 
upward from the shoreline, through the wetland, and ending at the 
wetland-upland transition. It soon became apparent during the 
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field visits that thi s type of geomorphology was rare and unrep
resentative of .fringe wetlands in the regi on, and the criteria 
were abandoned:·, As described later , there are many sites where 
wetlands continue more than 2 km inland with no apparent rise in 
elevation and no upland. Even where the zone of wetland is 
~arrower, as along some of the tributaries on the north side of 
Al bemarle Sound, the soft sediments of the wetland do not change 
in texture or become sha l low enough to have an influence on 
vegetation until the wetland abruptly ends at the transition to 
upland. 

A common and representative example of transition of vegeta
t ion was a sequence of: (1) dead or dying cypress trees under 
permanently flooded conditions near the shoreline, (2) fairly 
well stocked forest on a slightly elevated levee near the shore
line, and (3) a subtle change in species composition as well as 
diminished height of trees toward the swamp interior. There were 
many variations on this basic theme, however, some likely due to 
t i mber harvests and others unexplained . Other criteria for site 
selection, besides being representative, were access by land and 
water and pe r mission t o work on the sites. 

One of the reasons for choosing Rayes Beach on the Chowan 
River was the availability of hydrol ogic information from the mid 
1970s . As it turned out, the site was under more riverine influ
ence than representative of most fringe swamps, but the hydrolog
ic information made this site attractive f or acquiring more 
information . The Grapevine Landing and Poplar Ridge Point 
(henceforth cal led Poplar Point) sites were clearly remote from 
significant a l luvial sources and both met other criteria. The 
close proximity of the sites normally would have eliminated one 
o f them from consideration had the sediment textures not differed 
so greatly. Grapevine Landing has predominately clayey inorganic 
sediments that quickly grade into a dense clay, while the Poplar 
Point sediments are a thick layer of highly organic sediments. 

Map Survey 

Initially, aerial photographs from the Agriculture Stabili
zation and Conservation Service, and 7 .5 minute quadrangle maps 
from u.s. Geological Survey were to.be examined for shoreline 
characteristics and the nature of the forested wetlands in the 
Albemarle Sound region. However, National Wet lands Inventory 
(NWI) maps had recently become available for the southern shore
line of Albemarle Sound including the Alligator River, as well as 
shorelines of the Croatan and -Pamlico Sounds. Because the remote 
sensing technology and expertise used to develop these maps was 
much greater than that available for our initial approach, the 
NWI maps were used in conjunction with the 7.5 minute quadrangles 
to supply information on shoreline characteristics and vegetation 
cover of fringe swamps. NWI maps for the northern Albemarle 
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Sound were being developed while our work was in progress and are 
projected to be available in draft form in mid 1989 . 

' 

' 
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METHODS 

Analysis of National Wet l ands I nventory Maps 

Data on the shore line and fringe wetlands were made a long a 
continuous section of the estuarine coast :rom near the mouth of 
the Roanoke River in Albemarle Sound (Westover quadra~gle), east 
to Roanoke Sound including part of Roanoke Island, in the Alliga
tor River, and south a nd southwest approaching the village of 
Swanqua rter (Bluff Point quadrangle) (Figu re 3) . National Wet
lands I nventory maps and U. S. Geological Survey topographic maps 
were the source of most of the information on shorelines (Appen
dix A) . Points for sampling were established by systematical ly 
marking the shoreline at 0.5 km intervals by using a divider 
(Figure 4). No points were established in streams or within 
embayments ~hich had openings less than 0 . 5 km wide. Consequently, 
the sum of the 0.5 km segments would grossly underestimates 
shoreline length . Shoreline lengths in this report should be 
regarded relative only to one another . 

I nformation collected at each point i ncluded fetch, distance 
to the 6 foot depth contour, width of the ''foul '' zone , shortest 
distance to upland whether along the shoreline or toward the 
interior without an inter vening body of wate r , compass orienta
tion toward which shoreline is exposed, and the National Wetlands 
Inventory vegetation cover classifications . From each poi nt a 
line was projected perpendicular to the s horeline to measur e 
distance across water to the next shoreli ne or to 20 km, 
whichever was smaller . Additional distances of unobstr ucted 
water s ur face were measur ed at 45 degree angles on either s ide of 
the perpendicular, and the three values were averaged as an index 
of fetch, or exposure of uninterrupted distance of water surface. 
Simi l arly , distances to the 6 foot water depth contour and dis
tance to the ''foul area'' boundary were measured to the nearest 10 
m along the perpendicular l ine . Where no 6 foot contour was 
encountered, such as in shallow embayments, values were omitted 
from s ummary statistic s. Foul area r efers to shallow water along 
the shoreline that contains stumps, logs, and other debris that 
hinder navigation . Distance to upland was measured from each 
point on the shoreline, up to a maximum of 2000 m. The shortest 
distance to upland, rather than the distance perpendicular to the 
shoreline was used . The rationale for-these upper limits was 
that shoreline and wetland processes would be insensitive to 
distances above these values. A consequence was that averages 
for geographic regions derived from these dat a sets are reduced 
and differences among regional averages would be diminished. The 
expos ure of the shoreline, as determined from the compass 
direction of a line per pendicular to the s hore, was determined to 
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Figure 3. Map of study area showing geographic areas (within 
dashed envelopes) used for summarizing shoreline characteristics 
from NWI maps. Filled circles show location of three sites for 
more detailed descriptions. 
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Figure 4. Par~ of a NWI map illustrating sampling points and 
-··· ·- -other features of th·e-- s-horeline. - Sampling points ar~ repr esented ·-

by dots nominally spaced at 0.5 km intervals along shoreline. 
~-~TCh""''wcrsca.-rc·dl'a-t'ed=as "'Elle'mean-of-tfiree~disances~f'rom a po~nt =~ --==~ 

on the shoreline t o the opposite shore a s illustrated by the 
length of the three lines drawn across the Alligator River (one 
_perpendicular to shoreline and the othe r two at 45 degree angles 
from perpendicular) . Zonation of NWI cover types was designated 

·as those NWI types within 200 m of the shoreline as shown in the 
inset . The example shows that the fi r st wetland type encountered 
was PF06F and the second was PF04/6Bg. No more than three cover 
types were encountered at each point . NWI wetl and types were 

·aggr egated into the community types lis ted in Appendix B. 
Distance to the 6 foot contour (- - - - - ) and foul bounda ry 
( .......... ) were measured from each point per pendicular to the 
shoreline. 
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the nearest 5 degrees compass direction . These data are summa 
rized in a ratio o f north-fac ing to south-facing points (e .g. , 
all points less than 90° and greater than 270° were designated as 
north-facing. A ratio of N:S of 1. 0 indicates equal numbers of 

--·"'-"'-~-Po.-int.-s-expose<d=predom~ly-fter1=ftwa"l"ds-Ci's-s'Out-hwa-rd-±~ge-o- -
graphic region . 

NWI cover type s and upland within a 200 m zone of the shore-
· line were recorded in sequence from shoreline to interior. The 
200 m zone was anticipated to b e the r egion most strongly influ 
enced by estuarine hydrology based on field reconnaissance. No 
more than three wetlands were encountered within this zone. All 
data were transcribed to a data book and the values were inde
pendently verified at a later d at e by a second observer . After 
verification and correction, i f necessary, data were entered into 
Lotus 1-2-3 f i les for analysis. The printouts were proofread for 
transcription errors. NWI wet land types were simplified by 
aggregating them into fewer a nd mo re easily r ecognizabl e communi
ty categories : brackish mars h, marsh - s hrub trans ition, bottom
land hardwoods , maple - gum- cypress, cypress- water tupelo, pocosin 
and bay for est, miscel laneous, and upland . The vegetation types 
used and their corresponding NWI types are listed i n Appendix B. 
This is a modification of a recommendation of the Fish and Wild
life Service for aggregating NWI types in South Carolina (John 
Hefner , FWS Atlant a, personal communication, 1988 ) . 

Ve q etat ion.-Analysis and Site Descri ptions 

At each of the three sites (Figure 3 ), transects were estab
lished perpendicular t o the shoreline and extended from the 
shoreline toward the wetland interior. Quadrats of 2 0 m x 20 m 
s i ze were s take d at t hree locations along the t ran sect: at the 
shoreline (0 - 20 m) , a t a n intermedi ate distance (100 - 120 mat 
Chowan ; 120-140 m at Grapevine Landing ; 140- 160 m at Poplar 
Po int), and at the interior site (200- 220 m at Chowan ; 220 - 240 m 
at Grapevine Landing; 280 - 300 m at Poplar Point) . The shoreline 
~9cat,ion ,a._t -. each~site_beg.an _ at_what. .coul.d ~best be judged .as the·- -
tra n s i t ion. b etween intermitte nt and permanent flooding . The 

2i ~~ ;:i::t:t:t : J a_e'~Joaos uhoseit~~ refi¥'1SSe1it&trve· V£-1!1It:f La=r€Bt :eype -* 7 ' 

of the larger area landward of the fringe zone. The interme diate 
site was established between the shoreline and interior sites t o 
describe vegetation in the transition . Coordinates were 
36°22'40''N, 76°50 '25"W for the Chowan River site at Rayes Beach, 
35°30' 45''N, 76°02'4 2''N at Grapevine Landing, and 35°44'48"N, 
76°00 '11"W "for Poplar Point . 

Within each of the quadrats, woody vegetation >2.5 em diame
t er at breast height (1 .5 m) was measured a nd identified. Taxo
nomic names follow those of Radford et a 1 . (1 968) and are listed 
with vernacular names in Appendix C. Diameters of dead trees 
were measured and they were counted, but species were not identi-
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fied. At the Chowan River site, the shoreline quadrat was subdi
vided into feu~ 10 m x 10 m quadrats to aid in revealing the 
amount of variation in community structure within a quadrat . At 
each of the sites, some vegetation extended toward the water 
beyond the shoreline quadrat either because of irregularities in 
~he shoreline boundary or because trees were isolated from Lhe 
shoreline community by erosion of surrounding sediments. In 
Lhese cases measurements were made as described above. However, 
areal coverage for calculating density was estimated by the 
irregular area occupied by the trees. Absolute density and 
dominance data of the smaller plots would not warrant comparison 
with the larger plots because of the increased edge effect created 
by the smaller size of quadrats and the arbitrary manner in which 
boundaries were established . 

Profiles of sediment were examined at 1 foot (0 .3 m) depth 
intervals a long each of the three transects with a Macauley peat 
sampler. Samples were taken and described at 20 m intervals 
along the Chowan River and Poplar Point transects, but less 
frequently along the Grapevine Landing transect because of shal
lowness of sediment deposits did not lend themselves to detailed 
profile descriptions. Levels of the forest floor surface at 
Grapevine Landing and Poplar Point were taken at 20 m intervals 
or more frequently . An optical automatic level (Topcon Model AT
F2 with 40-powe r scope) was checked for collimation adjustment 
before use. A telescoping staff, graduated in 5 mm increments, 
was read to the nearest 1 mm . Intervals of leveling were not 
predetermined, and depended on how homogeneous the forest floor 
appeared. Generally more frequent levels were determined for 
uneven topography . Because no absolute elevations were accessible 
for the sites, data are reported relative to the water level in 
the Alligator River at the time of measurement. The rise and 
fall method was used to calculate levels and corrections for 
closing error were made by allocating error among turning points 
on backruns and foreruns (Whyte 1976). 

Treatment of Hydrologic Data 

= _ -~--=:Dw=ing.d~]!L-~..,.LSJ~, the-l;!;S·.;{;eol.ogic~u-r.v;ey-conduc~e~--=-~~
hydrologic study of the Chowan River (Daniel 1977). The study 
assessed groundwater discharge from the fringing swamp as a 
possible source of water to the river . Three water level record-
ers were installed in the swamp at Rayes Beach as part of the 
larger hydrologic study. The recorders were placed on the flood-
plain 45 m, 235m, and 810 m from the river's shoreline and · 
nominal elevations of the forest floor were determined by second 
order leveling from second order bench marks. The records begin 
in July 1974 and terminate in January 1976 with intermittent 
periods of instrument malfunction. Records of precipitation and 
stage of the Chowan River channel were also available and were 
used to determine the source of flooding in the fringe swamp . 
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Daily precipitation records were averaged for Lewiston, Edenton, 
Elizabeth City,,_ and Murfreesboro to approximate the amount 
received in the region. River stage data were taken from 
recorders at Harrellsville 12 . 8 km downstream from Rayes Beach 
and at Winton, 8.8 km upstream from Rayes Beach. These data were 
made available by Charles Danie l , III of U.S.G . S. on magnetic and 
printed media for analysis. Flood events were extracted from the 
data set and graphed. Precipitation and river stage records 
prior to and during these events were examined, and were used to 
reconstruct the nature of the flooding event. 

-# - ---~· = --: . 
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RESULTS 

Shoreline Evaluation 

Data were aggregated into three geographical areas shown in 
Figure 3: Al bemarle South, Alligator River, and Pamlico North. 
The rationale for choosing these groups was to establish land
scape units on the order of tens of kilometers that would be 
somewhat homogeneous in wetland vegetation type and possibly 
other shoreline characteristics. Exact boundaries of the a 
priori choice of geographic areas were refined to correspond to 
relatively sharp transitions between marsh and forested wetlands 
along the shoreline. The three regions represented different 
salinity regimes and had different amounts of exposure to wave 
activity. For example, shorel ines along Albemarle South are in a 
low salinity part of the estuary, but the reach has direct expo
sure to long fetch . Alligator River also has low salinity, but 
relatively short fetch. Pamlico North is generally exposed to 
long fetch and occurs in a higher salinity regime than the other 
regions. 

Wetlands occurred at a greater number of points than uplands 
along the shoreline of each of the three areas (Table 2) . Albe
marle South had the greatest percentage of upland (28%) while the 
shoreline of Alligator River was almost entirely wetland (99% ) . 
Interspersion between upland and wetland within 20 0 m of the 
shore was most frequent at Albemarle South where 10% of the 
points had uplands at the shoreline and wetlands toward the 
interior. The opposite arrangement was found at 13% of the 
sites. Interspersion was lower by comparison in Pamlico North 
and nearly lacking in the Alligator River because of the infre
quency of uplands . 

The nuwber of NWI wetland types encountered within the 200 m 
fringe zone was used to determine zonation and expressed as 

__ -_:-- • ~-;q;>e.E.e.el'l~c.,.t-c.ta:l: :cenGOunt~s~·able-·2-t--.--- P ~nE>-~i'F-e:i-~tle·r-'Elne=O'r--==-= .;;. ~ 
two wetland types within this zone were similar in number and 
dominated over points with three wetland types. Between 38% and 
51% of the points had one or two wetland types, while only between 
~% and 14% had three. Pamlico North ranked lowest in this regard 
which may be due to the prevalence of marshes which have fewer 
species assemblages recognized by NWI categories than wetland 
forest cover types. Average number of categor ies per point, 
including uplands, was 1 . 7 for Albemarle South and Alligator 
River, and 1.6 for Pamlico North. 

Geomorphic feat ures that were measured included exposure, 
fetch, distance to the 6 foot water depth contour, and distance 

20 



Table 2 . Summary of shoreline characteristics for portions of Albemarle 
and Parr~ico Sounds. 

Characteristic 

LENGTH AND DISTRIBUTION 

Nominal shoreline le'ngth (km) 

Percent of shoreline as: 
Upland 
Wetland 

Albemarle 
South 

94 

28 
72 

INIERSPERSION OF UPLAND AND WETLAND IN 200 M ZONE 

Percentage of points as: 
Upland only (no interspersion) 
Wetland only (no interspersion) 
Upland to wetland transition 
Wetland to upland transition 

Percent wetland with transition 
to upland 

Percent upland with transition 
to wetland 

ZONATION OF WET~.ND TYPES 

Percentage of points with: 
Only one wetland type 
Only two wetland types 
Three wetland types 

Total number of NWI encounters 
within 200 m zone 

Average encounters per point sampled 

Exposure (N: S ratio) 
Average fetch (krn) 

Width of nfoul 11 zone, m (% of ~oints) 1 

Width of 6 foot contour, m (%) 
Distance to upland (m) 

17 
60 
10 
13 

18 

37 

43 
47 
10 

314 
1. 67 

5.9 
9.9 
101 (100) 
677 (100) 
658 

(Continued) 
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Alligator 
River 

169 

1 
99 

0 
98 

1 
1 

l 

100 

38 
48 
14 

596 
1. 76 

l.l 
4.4 
85(100) 

482 (93) 
1776 

Pamlico 
North 

209 

13 
87 

5 
85 

8 
2 

2 

60 

51 
43 

6 

646 
1 .'55 

0.87 
10.2 

26 (13) 
861 (87) 
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Table 2. Concluded. 
--------------------------------------------------------------------------

Characteristic 
Albemarle 

South 
Alligator 

River 
Pamlico 
North 

--------------------------------------------------------------------------
SHORELINE CATEGORIES AT SHORELINE (Percent of total points sampled) 

Brackish Marsh 1. 0% 6.5% 65 . 3% 
Marsh-Shrub Transition 4. 9% 14. 4t 
Bottomland Hardwoods 2.2% 2.2% 0.8% 
Maple-Gum-Cypress 20.1% 27.7\ 0.2% 
Cypress-Water Tupelo 37.6% l l.H 

Pocosin & Bay Forest 11 .8% 45.6% 3.6% 
Miscellaneous 2.9% 1.0% 5.9% 
Upland 24.5% 1. 0% 9.9% 

TOTAL 100.0% 100.0% 100 . 0% 

1 Foul zone and 6 foot contour not indicated on all maps. Percentage of 
total points where data are available is indicated in parentheses . 

to the nearest upland (Table 2) . Exposure of Albemarle South 
shorelines was strongly oriented toward the north (5 .9), while 
Alligator River was oriented only slightly north (1 .1) and 
Pamlico North slightly south (0.87). Average fetch was least for 
the Alligator River (4.4 km) due to its narrow width, and approx
imately 10 km for the other two areas . The most frequent fetch 
interval for Albemarle South was in the 8 - 12 km range, while 
Pamlico North had a number of fetches larger than 20 km (Figure 
5). Width of the zone between the shoreline and the 6 f oot water 
depth contour was least for Alligator River (482 m) and progres
sively greater for Albemarle South and Pamlico North (Figure 6) . 
Average distance to upl and was least for Albemarle South (658 m) 
and nearly twice that or greater for the other two sit:es. The _ ... - · 
frequency -distributions show that a majority of· the -uplands for
Albemarle South were less than 1 km (72%) from the shoreline 
while the majority of uplands were greater than 2 km from the 
shoreline for the other two sites (Figure 7) . 

Fringe wetland vegetation cover varied greatly among the 
three regions (Table 2) . Albemarle South was dominated by 
cypr ess-water tupelo forests with lesser amounts of maple- gum
cypress and pocosin and bay forest vegetation. Alligator River 
departed from the other areas by having a large proportion of 
pocosin and bay f orest (45.6%) , although maple-gum-cypress and 
cypress- water tupelo together comprised 38.8% of the wetland 
shoreline . In contrast, Pamlico North is mostly brackish marsh 
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(65 . 3%) and marsh shrub tra nsition (14.4%) . Forest e d wetlands as 
a fringe feature are rare along this reach . Appendix B lists the 
NWI types that were aggregated into these ca~egories of vegetation . 

Description of Frinqe Swamps 

Chowan River 

Nyssa sylvatica var. biflora (he nceforth reported as~ 
svlvatica) and Fraxinus sp. dominated the s hore line plot (Table 
3 ) . I n the intermediate plot Acer rubrum was codomina nt with the 
same two s pecies. At the interior plot Fraxinus sp. was absent, 
resul t ing in strong dominance by ~ sylvat i ca subdominance by 
Acer r ubrum . Density o f live trees at t h e shoreline (2 450/ha) 
was similar ~o the intermediate plot (2525/ha) and both were 
considerably h igher than the inte rior plot (1 475 /ha). Bas~l area 
of l ive trees progres~ively decreased from shoreline (60 m /ha) 
to the interior (26 m /hal . The transition from shoreline to 
intermediate to inte rior plots can be typified as ~ sylvat ica
Fraxinus sp. of high density and basa l area a t the s horeline, 
followed by ~ sylvatica-~ rubrum of high density a nd moderat e 
basal a r ea at the i nt ermediate site, and fi nally ~ sylvatica-~ 
rubrum of moderate density a nd basal area at the interior site 
(Figure 8) . The intermediate site differed from the others in 
havi ng a mor e even distribution of species (Figure 8) and f ewe r 
dead t r ees as indicated by the h igh live/dead rat io (51) in 
comparison with the other sites (only 4) (Table 3). The offshore 
fragment with permanent flooding had a disproportionately high 
basa l area f or such a low density, the result of a few ve ry large 
trees. The high DBH of individuals is a consequence of more 
rapid growth of the lower trunk associated with l ong hydr operiod. 
Nyssa aguatica and Taxodium dist ichum dominated this plot, two 
speci es that were of minor importance or lacking in the other 
plots . 

Spatial heterogeneity within the subplots of the 20 m x 20 m 
plot varied according to the measurement (Table 4) . Variation in 
density was relat ively low with the highest value being 47% 
higher than the lowest value. The highest basal area was 86% 
greater than the l owest. Dead tree density varied over a four 
fold range, wh ile dead tree basal area varied over an 1 1-fold 
range . The number of species ranged from a low of 5 to a high of 
8. Mo s t of these were represented by only one or two individuals 
which s uggest s that plot sizes were t oo s mall to draw conclusion s 
about speci es diversity. 

During our visits in May 1988, we noticed that many of the 
trees in the stand were defoliated. The caterpillar, Malacosoma 
disstria Hub., apparently was responsible. Specimens were sent 

26 



Table 3. vegetation structure of Chowan River site. ?lot sizes were 
0.04 ha unless o"herwise indi c a ted . Dead trees weren't identif i ed. 

---------------------------------------------------------------------------
:.ocation and 

Species 
Density 

n (n/ha ) 

Bas al 
a rea 
(m2 /ha) 

Relative 
density 

(%) 

Relative 
density 

(%) 

I mportance 
value 

(%) 

---------------------------------------------------------------------------
SHORELINE (0-20 m) 

Living Trees 
Nyssa sylvatica 26 650 37.53 26. 5 62.9 44.7 
Fraxinus sp. 45 1125 14.95 45 . 9 25.1 35 . 5 
N:iSSa asn;!atica 5 125 5.47 5.1 9.2 7. 1 

~ rub r um 8 200 1. 25 8 . 2 2 . 1 5.1 

~ verticillata 8 200 0.29 8.2 0 . 5 4.3 
Cornus st ricta 2 50 0.03 2 . 0 0.0 1 .0 
Liguidambar St:iraciflua 1 25 0 . 06 1.0 0 . 1 0. 6 
Ilex ooaca 1 25 0 . 04 1.0 0 . 1 0.5 
Azalea viscosa l 25 0 . 03 1 . 0 0.1 0 . 5 
Alnus serrulata 1 25 0.02 1 . 0 0 . 0 0.5 

TOTAL 98 2450 5 9.66 100.0 100 . 0 100.0 

:lead Trees 22 550 3.25 

~ive plus Dead 120 3000 62 . 91 

"-atio Live /Dead 4 . 5 

: NTE.RME.DI ATE (100-120 m) 
:.iving Trees 

Fraxinus sp. 10 250 2.39 9.9 6.5 8.2 
Nyssa s::z::lvatica 20 500 15.72 19 . 8 42.7 31 . 3 
Taxodium distichum 6 1 50 9.91 5 . 9 26.9 16.4 
Vacci nium coryrobosum 1 25 0.02 1.0 0.1 0.5 
I lex o.eaca 3 75 0.15 3.0 0.4 1.7 
~ verticillata 2 so 0 . 03 2.0 0.1 1.0 
Per sea borbonia 7 175 1. 65 6.9 4.5 5 . 7 
Acer rub rum 46 1150 4.44 45.5 12.1 28 . 8 
LiSJ:idambar stvraciflua 4 100 1.14 4.0 3 . 1 3. 5 
Nvssa aquatica 2 50 l. 32 2 . 0 3 . 6 2.8 

TOTAL 101 2525 36.78 1 00 . 0 100.0 100.0 

Dead Trees 2 50 0.18 

"Live plus Dead 103 2575 36 . 95 

Ratio Live/Dead 51 
(Continued) 
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Table 3. Chowan River, continued. 
-----------------.::---------------------------------------------------------
Location and 

Species 

INTERIOR (2 00-220 

Living Trees 
Nyssa sylvatica 

m) 

Taxodi~~ distichum 
Ilex opaca 
!lex verticillata 
Persea borbonia 
Acer rubrum 
Liguidambar styraciflua 

TOTAL 

Dead Trees 

Live plus Dead 

Ratio Live /Dead 

Density 
n (n/ha) 

28 700 
1 25 
4 100 
2 50 
3 75 

19 475 
2 50 

59 1475 

14 350 

73 1825 

4.21 

Basal 
are~ 

<m2 /ha) 

19.45 
2.18 
0.11 
0.04 
0.24 
4.36 
0.04 

26.40 

8.38 

34.79 

Relative 
density 

(%) 

47 . 5 
1.7 
6.8 
3 . 4 
0.5 

32.2 
3.4 

100.0 

OFFSHORE FRAGMENT, INTERMITTENT FLOODING (0.017 hal 

Living Trees 
Nvssa svlvatica 9 529 40 . 05 18 . 4 
Fraxinus sp. 23 1353 13.50 46.9 
Acer rub rum 6 353 3.69 12.2 
Nyssa acruatica 3 176 7.07 6. 1 
Taxodiurn distichum 1 59 7.47 2.0 
!lex ooaca 2 118 0.22 4.1 
Ilex verticillata 2 118 0.20 4.1 
vaccinium corvmbosum 2 118 0.06 4.1 
Liauidambar styraci flua 1 59 0.17 2.0 

Total 49 2882 72.42 100 . 0 

Dea d Tree s 5 294 8.90 

Live plus Dead 54 3176 81.32 

-· ·Ratio Live/Dead 9.8 

28 

Relative 
density 

(%) 

73.7 
8 . 2 
0.4 
0 . 1 
0.9 

16.5 
0.1 

100.0 

55.3 
18 . 6 

5 . 1 
9.8 

10 . 3 
0 . 3 
0.3 
0.1 
0.2 

100.0 

Importance 
value 

(%) 

60.6 
5 . 0 
3 . 6 
1.8 
3.0 

24.4 
1.8 

100.0 

36.8 
32 . 8 

8.7 
7.9 
6.2 
2.2 
2.2 
2.1 
1.1 

100 . 0 



Table 3. Chowan Ri ver, concluded . 

Location a nd 
Species n 

Density 
(n/ha) 

OFFSHORE FRAGMENT, PERMP.NENT FLOODING 

Living Trees 
Nyssa acuatic a 6 188 
Taxodium distichum 3 94 
N::£SSa s::t,lvatica 5 156 
Fraxinus sp. 3 94 
I lex verticillata 3 94 
Cyrilla racem.iflora 3 94 
Acer rub rum 2 63 

Total 2 5 781 

Dead Trees 8 250 

Live plus Dead 33 1031 

Rat io Live / Dead 3 . 1 

Basal 
area 
(m2 /ha) 

Relative 
density 

(%) 

(0 . 0 32 ha) 

21.65 24.0 
16 . 71 12. 0 
9. 86 20.0 
1. 07 12 . 0 
0.1 5 12.0 
0 . 06 12 .0 
0 . 17 8 . 0 

49 .68 100 . 0 

~.30 

53.99 

Relative 
density 

(%) 

4 3 .6 
33.6 
19.9 
2.2 
0 .3 
0 .1 
0 .3 

100 . 0 

Importance 
value 

( %) 

33. 8 
22.8 
19.9 
7.1 
6.2 
6.1 
4.2 

100.0 

Table 4. Comparison of 10 x 10m subplot s at Chowan River site . 

Density per 10m x 10 m plot Basal area (m2 /hectare ) 

0-10N 0 -105 10 -205 10 -20N 0- 10N 0- lOS 10- 205 10 -20N 

Fraxinus sp. 
Nyssa sylvatica 
Acer rubrum 
Nyssa aguatica 
Al nus serrula ta 
!lex opaca 
Ilex verticil l ata 
Cornus stricta 

14 
1 
2 
1 
1 
1 
1 
1 

13 
10 

2 
1 

4 

Azalea viscosa 1 
Liqui dambar styraciflua·=~--= 

Total live 22 31 

Dead 2 5 

13 
2 
1 

3 

2 

21 

8 

5 
13 

3 

1 
1 

1 

24 

7 

29 

24.57 14 . 96 
14.52 44 . 46 
2.46 0 .69 
1. 41 7 . 60 
0.07 
0.16 
0.44 0.31 
0.05 

0 .13 

43.69 68.14 

0.65 4.32 

16.74 
14.74 
1.02 

12.87 

0 .22 

3.54 
76.41 
0.82 

0.18 
0. 07 

0.22 

45.59 81.23 

7.23 0.82 
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Figure 8. Importance values of woody species at Chowan River 
site. Species codes are NYSY = Nyssa sylvatica var. biflora 
(swamp blackgum), ACRU = Acer rubrum (red maple), TADI = Taxodium 
distichlis (bald cypress), FRSP- Fraxinus sp. (ash), PEBO 
Persea borbonia (red bay), LIST= Liouidambar s tyraciflua 
( sweetgum), NYAQ =Nyssa aauatica (water tupelo), ILOP - Ilex 
opaca (American holly), ILVE = Ilex verticillata (black alder), 
VACO = Vaccinium corymbosum (highbush blueberry), QUNI =Quer cus 
niora (water oak), . MYCI =Myrica cerifera (wax myrtle), MAVI 
Magnolia virginia na (sweet bay), COST= Cornus stricta (swamp 
dogwood), PITA- Pinus taeda (loblolly pine). 
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to William Conner at the Center for Wetlands at Louisiana State 
University to confirm identification. The phenomenon in Nyssa 
aguatica forests in Louisiana is quite common (Rejmanek et al. 
1987). 

Grapevine La~ding 

Nyssa s v lvatica and A. rubrum dominated the shoreline site 
(Table 5), a nd Liguidamba~styraciflua ranked thi rd in impor
tance . In the intermediate plot ~ styraciflua and~ sylvatica 
were codominant while Quercus niora and ~ rubrum made lesser but 
significant contributions to the community composition. At the 
interior site, highest importance was ~ styraciflua, but four 
other species (Myrica cerifera, ~ rubrum, ~ sylvatica, Persea 
borbonia) contributed 57% of the total importance . Structural 
measurements were very similar in all three sites. Density 
r~nged between 2300 and 2975/ha, basal area between 31 and 36 
m / ha, and ratios of live to dead trees between 3 and 5. Over
al l , there were fairly minor changes in species composition, 
while shifts in dominance were responsible for most of the dif
ferences (Figure 9) . For example, ~ cerifera and ~ borbonia, 
wh ich norma ll y are minor understory species in well deve l oped 
forests, contributed proportionately more structurally to the 
interior s i te than the other two sites. The lack of clear domi 
nance of canopy species toward the interior may be indicative of 
recent disturbance by logging of the larger trees . The high 
density of the offshore fragment was due in part to the relative 
ly large number of ~ cerifera growing along the unshaded shore
l ine . 

Popl ar Point 

Although ~ rubrum contributed most to the shoreline site, 
~ cerifera, ?. borbonia, and ~ styraciflua also made important 
contributions to community structure (Table 6). Taxodium disti
chum was limited to this site and the 0.014 ha peninsula that 
projected from t h e shoreline. The intermediate site differed by 
a greater contribution from ~ sylvatica and lesser contribution 
from~ cerifera. The interior site departed markedly from the 
other plots by being dominated by ~ borbonia. Densities were 
relatively high (>2500/ha) at all sites, and especially high 
(4850/ha) at the intermediate site owing to a large number of ~ 
r~brum. Basal areas were moderate at 2he shoreline plot (27 
m /ha) and the intermed~ate plot (35m /ha), but much lower at 
the interior plot (19 m /ha) . Ratios of live to dead t rees 
showed no explainable pattern, and ranged between 4 and 10. The 
overal l pattern was one of ~ rubrum dominance at the shoreline 
and intermediate sites, while the interior site was dominated by 
~ borbonia and had much lowe r basal area (Figure 10) . 
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Table 5. Vegetati.on structure of Grapevine Landing site on the Alligator 
River. ~Plot sizes were 0.04 ha unless otherwise indicated . 

Location and 
Species 

SHORELI NE (0 - 20 

Living Trees 

m) 

Nyssa svlvatica 
Acer r ub r um 
Liguidambar s tvraciflua 
Quercus nigra 
Magnolia virginiana 
Persea borbonia 
Pinus taeda 
Myrica cerifera 

~~ 
Vacciniu.m corvrrbosum 

TOTAL 

Dead Trees 

Live plus Dead 

Ratio Live / Dead 

INTERMEDIATE (120-HO m) 

Living Trees 
Liauidarn.bar St:lraciflua 
Nyssa svlvatica 
Quercus nigra 
Acer r ub rum 
Myrica cerifera 
Persea borbonia 
Magnolia virginiana 
Taxodium distichum 

Total 

Dead Trees 

Live plus Dead 

Ratio Live /Dead 

n 

54 
26 

8 
7 
8 
6 
3 
1 
1 
1 

115 

29 

144 

4.0 

31 
40 

9 
23 

7 
5 
3 
1 

119 

27 

146 

4.4 

Basal 
Density area 

(n/ha ) (m2 / ha ) 

1350 14.18 
650 6. 71 
200 6.38 
175 2.23 
200 1.36 
150 0 .52 

75 0 .28 
25 0.13 
25 0.03 
25 0.02 

2875 31.84 

725 4.48 

3600 36.32 

775 17 . 01 
10 00 8.99 

225 6.24 
575 1. 95 
175 0 .4 8 
125 0 .49 

75 0 .18 
25 0.12 

2975 35.45 

675 3. 30 

3650 38.76 

(Continued) 
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Relative 
density 

(%) 

47.0 
22 . 6 
7.0 
6 .1 
7.0 
5.2 
2.6 
0 .9 
0 .9 
0.9 

100 . 0 

26 . 1 
33.6 
7.6 

19 .3 
5.9 
4.2 
2.5 
0.8 

100.0 

Relative Importance 
density 

(%) 

44.5 
21.1 
20.0 
7.0 
4.3 
1.6 
0.9 
0 . 4 
0 . 1 
0.1 

100.0 

48.0 
25 . 4 
17 . 6 
5.5 
1.3 
1.4 
0 .5 
0.3 

100.0 

value 
(%) 

45.7 
21.8 
13.5 

6.6 
5 .6 
3 . 4 
1. 7 
0.6 
0.5 
0. 5 

1 00 .0 

37 . 0 
29.5 
12.6 
12.4 

3.6 
2.8 
1.5 
0 .6 

100.0 



Table 5. Grapevipe Landing, concluded. 

Location and 
Species 

INTERIOR (220- 240 

Living Trees 

m) 

Lig!,!idambar stvraciflua 
M~rica cerifera 

~ rub rum 
Nyssa sylvatica 
Persea borbonia 
Quercus niara 
Pinus taeda 
!lex ooaca 
Vaccinium corvmbosum 

TOTAL 

Dead Trees 

Live plus Dead 

Ratio Live/Dead 

OFfSHORE FRAGMENT OF PLOT 

Living Trees 
Nyssa sylva~ica 
Taxodium distichum 
Myrica cerifera 
Pinus taeda 
Per sea borbonia 

TOTAL 

Dead Trees 

Live plus Dead 

Ratio Live/Dead 

n 

17 
29 
12 
11 
14 

6 
1 
1 
1 

92 

30 

122 

3.1 

Basal 
Density area 

(n/ha) (m2 /ha) 

425 13.59 
725 l. 47 
300 5. 72 
275 5 . 43 
350 2.48 
150 2.54 

25 4.19 
25 0.09 
25 0.02 

2300 35.52 

750 0.11 

3050 35.63 

(0.004 hal 

6 1500 18.24 
2 500 18 . 95 
5 1250 2.24 
3 750 0.82 
2 500 1.12 

18 4500 41.37 

12 3000 43.74 

30 7500 85.10 

1.5 

Relative Relative 
density 

(%) 

18.5 
31.5 
13.0 
12.0 
15 .2 
6.5 
1.1 
1.1 
1.1 

100 . 0 

33 . 3 
11.1 
27 . 8 
16.7 
11.1 

100.0 

density 
(%) 

38.3 
4.1 

16.1 
15.3 
7.0 
7.2 

11 . 8 
0.2 
0.0 

100 . 0 

44.1 
45.8 

5 . 4 
2.0 
2.7 

100.0 

Importance 
value 

( \) 

28.4 
17.8 
14.6 
13.6 
11.1 

6.8 
6.4 
0.7 
0.6 

100 . 0 

38 . 7 
28.5 
16.6 

9.3 
6.9 

100.0 

---------------------------------------------------------~-----------------
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Figure 9. Importance values of woody species at Grapevine 
Landing site. Species codes are given in legend of Figure 8. 
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Table 6. Vegetation str~cture of Poplar Point site on the Alligator River. 
Plot $izes were 0.04 ha unless otherwise indicated. 

Location a nd 
Species 

SHORELINE (0 - 20 

Acer rubrum 

m) 

M~rica cerifera 
Persea borbonia 
LiS!!:!idambar st~raciflua 
Taxodium distichum 
Nyssa sylvatica 
Pinus taeda 
Maonolia virginiana 

Total 

Dea d Trees 

Live plus Dead 

Ratio Live/Dead 

INTERMEDIATE 
(H0 - 160 m) 

Acer rub rum 
?ersea borbonia 
N:(SSa svlvatica 
LiS£!:!idambar St:(raciflua 
M~rica cerifera 
Pinus serotina 

Total 

Dead Trees 

Live plus Dead 

Ratio Live/Dead 

n 

43 
11 
24 
15 

3 
3 
2 
1 

102 

24 

126 

4.3 

128 
28 

5 
19 
l3 

l 

194 

19 

213 

10 

Basal 
Density area 

(n/ha) (m2/ha) 

107 5 8.37 
275 6 .12 
600 2.00 
375 2.83 

75 3. 46 
75 2.17 
50 2.22 
25 0.06 

2550 27.23 

600 6 . 12 

3150 33 . 36 

3200 9 . 04 
700 11.69 
125 8.47 
475 5.04 
325 0. 51 

25 0.09 

4850 34.84 

475 0.44 

5325 35.28 

(Continued) 
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Relative 
density 

(%) 

42.2 
1 0 .8 
23.5 
14 .7 
2.9 
2.9 
2.0 
1.0 

100 . 0 

66 . 0 
14 . 4 

2.6 
9.8 
6.7 
0.5 

100.0 

Relative 
density 

(%) 

30 . 7 
22.5 

7 .3 
10 .4 
12.7 

8 . 0 
8 .2 
0.2 

100.0 

25.9 
33.6 
24.3 
14.5 
1.5 
0.3 

100.0 

Importance 
value 

(\) 

36.4 
16.6 
15.4 
12.6 

7.8 
5.5 
5 .1 
0.6 

100.0 

46 . 0 
24.0 
13 .4 
12.1 
4.1 
0 .4 

100.0 



Table 6. Poplar Point, concluded. 

Location and 
Species 

INTERIOR (280-300 

Living Trees: 
Per sea borbonia 

~ rub rum 

m) 

~ verticillata 
Pinus taeda 
Nvssa svlvatica 
Magnolia virginiana 
Vaccinium corymbosum 
Myrica cerifera 
Ilex ooaca 

Tota l 

Dead Trees 

Live plus Dead 

Ratio Live /Dead 

PARTIAL PLOT ON P:::NINSULA 

Living Trees 
Taxodium distichum 
Pinus taeda 
M::trica cerifera 
Per sea borbonia 
Acer rub rum 
Nyssa sylvati ca 

Total 

Dead Trees 

Live plus Dead 

Ratio Live/ Dead 

n 

50 
26 
20 
12 

2 
3 
5 
2 
1 

121 

14 

135 

8.6 

Basal 
Density area 

(n/ha) (m2 /ha) 

1250 11 .145 
650 3 . 901 
500 0.375 
300 0.205 

50 l. 597 
75 1. 052 

125 0. 114 
50 0.140 
25 0.027 

3025 18.56 

350 3.57 

3375 22.12 

(0 .014 hal 

7 500 13.85 
4 286 8.70 
6 429 0.76 
4 286 l. 88 
3 214 1. 54 
1 7l 0.43 

25 1786 27.17 

21 1 500 3 . 50 

46 3286 30 . 67 

1.2 

36 

Relative 
density 

(%) 

41.3 
21.5 
16.5 
9.9 
1.7 
2.5 
4 . 1 
1.7 
0 .8 

100.0 

28. 0 
16 . 0 
24 . 0 
16.0 
12.0 
4.0 

100.0 

Relative 
density 

(%) 

60.1 
21.0 
2.0 
1.1 
8.6 
5.7 
0 . 6 
0.8 
0.1 

100.0 

51.0 
32.0 

2.8 
6.9 
5.7 
1.6 

100.0 

Importance 
value 

(%) 

50.7 
21.3 
9.3 
5 .5 
5.1 
4.1 
2 . 4 
1.2 
0.5 

100.0 

39.5 
24.0 
13.4 
11.5 

8 . 8 
2.8 

100.0 
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Figure 10. Importance val ues of woody species at Poplar Point 
sit e. Species codes are g i ven in legend of Figure 8. 
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Size Class Distribution 

Because of the small sample size, species were aggrega~ed 
for examining size class distribution. Both live and dead trees 
showed an expected decrease in frequency with increas~ng size at 
all sites (Figure 11). There were some noteworthy patterns, 
however. The Chowan River and Grapevine Landing star.ds have much 
fewer stems in the small size classes than the Poplar Point 
stand. The shoreline site of the Chowan River had a greater 
proportion in the 28 em to 32 em s ize class than more interior 
$ites . The virtual absence of dead trees at the intermediate 
site is distinct and is accompanied by a higher proportion of 
trees in the smaller size classes than at other sites. Grapevine 
Landing l acked distinctive features. Ratios of live to dead were 
nearly constant (Table 5); size classes of dead followed pat 
terns of live . The shore line stand at Poplar Point mimicked the 
curves of Grapevine Landing. However, the other s ites at Poplar 
Point had strong representation of sma ll size classes due to Acer 
rubrum at the intermediate site and Persea borbonia at the 
interior site <Table 6). 

Elevation and Sediments 

Elevations of the forest floor along transects at Grapevine 
Landing and Poplar Point are given relative to the water surface 
in the Alligator River at the time of measurement (Figure 12) . 
At Grapevine Landing, the highest elevations were within the 
first 5 m of the shoreline. From about 10 m to 120 m the forest 
floor was relatively flat with little microtopographic variation. 
Thereafter, elevations toward the interior showed greater among
site variation. Microtopographic relief was greater in spite of 
efforts to avoid measuring elevations of hummocky s ur:aces of 
root masses and trunks of uprooted trees and stumps. At Poplar 
Point, the near-shore sites were elevated approximately the same 
relative to the interior but the zone of higher elevation was 
much broader than that at Grapevine Landing (Figure 12b) . The 
interior portion of the Poplar Point transect was extremely 
uneven. 

Sediments at the Chowan River site consisted mostly of peaty 
c lays and clayey peats up to 3.2 m thick overlying a sandy base 
(Figure 13) . From the shoreline to 80 m, there was a more gradua l 
transition through a peaty sand layer between the clayey peat 
layers and basal sands below. The three most interior profiles 
had considerably deeper organic layers. At Grapevine Landing, 
profiles lacked textures indicative of high organic content. In 
fact, the relatively shallow layer (<1.2 m) of soft sediments 
overlaid dense sandy clay or clayey sand. Depths of clayey peat 
-at the Poplar Point transect were generally deeper and more 
uniform than they are at the Chowan River site. Fr om the shoreline 
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to 120m, there was a upper s~ratum of peaty clay o f 0 .3 to 0 . 6 m 
depth overlying a thicker, more organic layer . Whereas the Chowan 
River profiles ended in sand, the texture o f basal deposits at 
Poplar Point ranged from sand to peaty clay. The two most 
interior profiles at Poplar Point had 2.7 m of continuous clayey 
peat. 

Analysis of Flood Events 

The three water level recorders at Rayes Beach on the Chowan 
-~iver provide insight into the hydrologic characteristics of the 
swamp . They were located within the swamp at 45 m, 235 m, and 
)10 m from the shoreline. Water level fluctuations are poten
tially initiated by precipitation, overbank flooding from e ither 
headwater flooding or wind-induced flooding from the river, 
r unoff and subsurface drainage, and evapotranspiration. Six 
events were chosen to illustrate these characteristics. Strong 
evidence of headwater flooding was provided by analysis of the 
data suggesting that the wetland was strongly riverine in this 
area of the Chowan River; apparently it is too isolated from 
Albemarle Sound to be classified as a fringe swamp. Neverthe
less, results are reported in Appendix D. 
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DISCUSSION 

The ecology of fringe wetlands cannot be addressed without 
Laking into account issues of shoreline erosion, sea level rise, 
and society's response to these processes. Most of the emphasis 
in the past on shoreline processes has been oriented toward 
coastal beach erosion and management of the barrier islands 
(Godfrey 1976, Orford 1987, Br~~n 1988}, the importance of 
sediment sources and overwash processes in maintaining back
barrier marshes (Godfrey 1976, Hackney and Cleary 1987), and the 

· stability of inlets (Fisher 1962). North Carolina's extensive 
barrier island sysLem has provided the nation with a natural 
laboratory for understanding coastal processes (Dolan et al. 
1980, Leatherman 1979, Pi1key and Davis 1987). By comparison, 
the even more extensive shorelines of the sounds and estuaries 
have been neglected, receiving only local attention primarily 
from Lhe standpoint of shoreline erosion (Bellis et al . 1975, 
Stirewalt and Ingram 1974, USDA Soil Conservation Service 1975) . 

What has become apparent from this preliminary analysis is 
the extent to which entire landscapes in the coastal plain, 
rather than just shorelines, are currently under the influence of 
rising sea level. Wetlands have in the past and are currently 
playing a very important r ole in landscape level processes that 
affect hundreds of square kilometers of land . In contrast to 
other areas of the Atlantic coast where salt marshes are primarily 
affected by rising sea l evel, North Carolina is unique in the 
large amount of forested wetlands that fall into this category. 
The wetlands that are responding to rising sea level are among 
the least understood ecologically. The lack of appropriate 
models for predicting the effecLs of rising sea level, especially 
models that can accommodate the dominant l andscape role that 
wetlands have played historically, has hindered progress in 
deve loping strategies for the management and protection of natu
ral attributes of estuarine shorelines in North Carolina. 

Regional Shoreline Characteristics 

National Wetlands Inventory maps have been used to determine 
the amount of wetland surface area for a given geographic region 
such as by county, by state, or by drainage basin (e.g . , Tiner 
1986). The perspective used in this study was to selectively 
focus on the shoreline as an ecologically important landscape 
unit and sharp environmental transition. This entailed quantify
ing characteristics according to relative length of shoreline 
rather than by surface area, and was apparently a novel use of 
NWI maps (John Hefner, personal communication, Fish and Wildlife 
Service, Atlanta) . From these data it is possible to assess the 
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shorel ine resource in terms of proportion of wetland versus 
upland, degree of zonation within a 200 m zone, exposure and 
orient ation to wind and waves, and prevalence of vegetation types 
(Table 2) . 

What have we learned from this preliminary survey of estua
rine shoreli nes? First, it is apparent that emergent wetlands 
dominate large port ions of the shoreline. If wetlands are to be 
protected for their natural ecological attributes, then much of 
the shoreline surveyed is inappropriate for alternative uses 
' (e.g ., agricultural, residential, commercial, and urban develop
ment). Whi l e this is of no surprise to anyone familiar with the 
estuarine coast of Nort h Carolina, the prevalence of wetlands 
over uplands for all three geographic regions emphasizes the need 
for a better understanding of the ecological, hydrological, and 
geological processes occurring in this transition zone. In the 
Alligator River, for example, 99 percent of the points sampled 
were classified as wetland, most of which were f orested (Table 
2). This would seem to strengthen arguments for allocating more 
of the area for its natural values. Much of the shoreline is 
already part of the Al ligator River National Wildlife Refuge, and 
more of the surrounding shoreline falls within the acquisition 
plans of the Refuge (Robert Noffsinger, U.S. Fish and Wildlife 
Se rvice, personal communication, 1988). 

Second, we have learned that fringe wetlands of North 
Carolina's estuaries do not conform well to concepts developed 
for coastal wetlands elsewhere . In contrast to the mode l of a 
gradual elevational increase from marsh ·shoreline to upland, many 
of the fringe wetlands examined undergo no significant elevational 
change and do not undergo t ransition to uplands within a spatial 
scale that has any relevance to previous models . The spatial 
scale of the transition to upland (or lack of it) varies geo
graphically. For example, the area designated as Albemarle South 
has most of its uplands within less· than 500 m of the shoreline, 
while the other two geographic regions examined are dominated by 
a landscape in which upland is not encountered within 2 km dis
tance (Figure 7). For this reason, alternative paradigms of 
response of landscapes to sea level rise need to be developed and 
are di scussed below. 

Some precautions are in order on the manner in which these 
results can be used. The results expressed as percent of shore
line give the probability that a given shoreline type occurs 
within a region rather than the exact distance covered by partic
ular vegetation type. This is a subtle but important distinction 
because discrete points were used as the source of the informa
tion. Minimum mapping units for NWI maps are 1 . 0 acre (John 
Hefner, U.S. Fish and Wildlife Service, personal communication, 
Atlanta 1988) and thus they omit much of the environmental heter
ogeneity that would be r ecogn ized at a scale at which vegetation 
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surveys are conducted on the ground. Therefore it would be 
inappropriate to estimate the number of kilometers of shoreline 
represented by brackish marsh in the Alligator River by multiply
ing the percentage of points of that category (6.5%) by the 
nominal shoreline length (169 km) (cf. Table 2). The 11 km of 
brackish marsh resulting from this calculation would represent a 
mi suse of the data and could lead to erroneous interpretation. 
First, the points that had brackish marsh may a l so have had some 
other vegetation type as well within the 200 m distance, which is 
suggested in the average number of wet l and types per point of 
1 .76 (Table 2). Whi le it is ecologically more likely for brack-

-ish marsh to occur at the shoreline rather than landward of a 
forested wetland type, it would be necessary to consult the raw 
~ata for this information rather than the summary tabl e. Second, 
the length of shoreline for the Alligator River is largely a 
function of scale of measurement. The nominal shoreline length 
reported in Table 2 is shorter by some unknown proportion than 
would have been determined either by planimetry of a map of the 
same scale or by a similar approach using a map of smaller scal e 
(i .e., higher resolution). In summary, the analysis has provided 
insight into (1) differences in shorelines for large geographic 
areas and (2 ) information about the spatial relationships between 
wetlands and adjacent ecosystems. However, site - specific ques
tions cannot be answered with data developed and analyzed at this 
scale or with these methods. In addition, only about 10% of the 
area of NWI maps have received ground truth verification. 

Frinae Wetlands as Ecological and Hydroloaical Units 

Hydrologic studies are lacking to provide the data necessary 
to estimate the width and boundary conditions of fringe wetlands 
in North Carolina's sounds and estuaries. Choice of a width may 
be a function of the processes of interest. Hydrology and asso
ciated geochemical and geomorphic factors a r e generally regarded 
as major variables that control wetland ecosystem structure and 
function. As hydrologic energy diminishes from the shorel i ne to 
the wetland interior, one might expect a corresponding change in 
hydrologic flushing, sediment dynamics, and plant species compo
sition to a point that the wetland is indistinguishable from 
strictly interior wetlands (i.e . , basin or depression wetlands, 
sensu Brinson 1988, Lugo et a l . 1988) in which the hydrology is 
under predominately atmospheric controls of precipitation and 
evapotranspiration. In Cedar Island marsh where 2 years of 
continuous water table fluctuation were coll ected, precipitation 
and flooding from the estuary contributed about equally to water 
table fluctuations at a distance of 800 m from the shoreline 
(Brinson et al. in press b). 

For the forested wetlands examined in this study, transi
tions from edge to interior are very subtle . The eroded, perma
nently flooded region at the shoreline and the storm levee are 
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both good evidence of the hydrodynamic influence of the estuary. 
Where the fringe forest migrates into a short pocosin peatland, 
the boundary would be more evident because of contrasting vegeta
tion stature than if the migration were into a gum-maple swamp 
growing on inorganic sediment. The influence of shoreline proc 
esses and hence influence on the fringe zone appears to occur 
within the first 200 to 300 m. This does not mean, however, that 
all hydrologic influences of the larger body of water are absent 
further inland. More information than available in this prelimi
nary analysis will be required to refine the hydrologic proper 
ties of this zone. 

Even if it were possible to establish interior boundaries of 
~he fringe we~land zone for the purpose of calculating its sur
face area, the exercise might be missing an essential point of 
the function of ~his wetland type. First, emphasis on surface 
area is misplaced because it is the length of the ecosystem 
rather than its width or surface area that represents the ecolog
i cally i mport a nt dimension. Second, fringe wetlands would be 
expected to represent a small percentage of surface area relative 
~o other ecosystems. Because of their boundary position be~ween 
~we contrasting environments (aquatic versus terrestrial or basin 
wetland) , surface area would not be an ecologically meaningful 
parameter with which to judge their importance. By analogy, 
statistics given for beach surface area rather than length for 
North Carolina's Outer Banks would tend to minimize their impor
tance as a natural resource. 

The outer eroding portion of fringe swamps has a great deal 
of habitat complexity as revealed by fallen logs, exposed roots, 
and sheltered areas (Blanck 1980) . Beds of Nuphar luteum occur 
in ~he shallow waters protected by trees (Twilley et al . 1985 ) . 
Erosion, and possibly rising sea level, is likely a necessary 
condition to maintain this complexity . In other words, a 
perpetual state of change (i.e., erosion) is necessary to 
maintain the shoreline in its present condition. 

Table 7 compares structure and dominant species of the three 
sites in this study with two sites in South Cr eek (Brinson et al. 
1985) . (Two of the sites from South Creek that had been affected 
by salinity stress were omitted from the comparison.) The simi
lari ties are more striking than the differences. The site that 
departs most from the others in species composition and density 
is the JB-4 site at South Creek which is above ~he influence of 
rising sea level and is thus better drained. While all of these 
plots have likely been exposed to timber harvest and perhaps 
other disturbances, the size c l ass distributions that group all 
species do not provide great insight into whether the stands are 
ln either an extr eme senescent or youthful condition. The 
intermediate and interior sites at Poplar Point, however, have 
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Table 7. Comparison of communicy structure and dominant species of three 
sites in chis study wich those in South Creek (Brinson et al. 1985). 
Sites from this study represent che average of chree 20 m x 20 m plots. 

This study South Creek 

Chow an Grapevine Poplar Pt JK-3 JB- 4 

Density (n/ha l 
Living 2150 2717 3475 2450 1350 
Dead 317 717 475 430 220 
Ratio living to dead 6 . 8 3.8 7.3 5 . 7 6.1 

Basal area (m2 /ha) 
Living 40.9 34.3 26.9 48.1 31.9 
Dead 3 . 9 2.6 3.4 2.4 2.0 
Ratio living to dead 10.4 13 .2 8 20 16 

Highest Importance Values 

First Nyssa Nyssa Acer Nyssa Fraxinus 
svlvatica sylvatica rub rum svlvatica spp. 

Second Fraxinus Li!<!!idarnbar Per sea F'raxinus Acer 
spp . styraciflua borbonia spp. rub rum 

Third Acer Acer b.. styra- Acer Ulmus 
rubrum rub rum ciflua rubrurn spp. 

Fourth Nyssa Myrica ~ Car:2inus b.. stvra-
a9:Eatica cerifera svlvatica caroliniana ciflua 

--------------------------------------------------------------------------------

large numbers in the smallest size classes and very few dead 
stems, both of which could result from recent disturbance. Sizes 
of plots were considered too small to make generalizations about 
species richness of these f orest types. Greater replication, an 
unbiased approach toward site selection, and aging of trees would 
be needed to generalize results to larger geographic areas. 

Sea Level Rise , Fringe Wetlands, and Landscape Response 

The rate of sea-level rise is projected to increase within 
the next few decades (Titus 1988b) . Fringe wetlands as well as 
those located further inland in the study area have been under 
the influence of this rise in recent geologic history. Conse-
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quently, it is relevant to ask what insight the curre~t study 
mighc provide into questions about the effect of sea- level rise 
on wetlands of the region. 

Two existing "models" or approaches for predicting effects 
of sea-level rise on wetlands are commonly applied to coastal 
fringe marshes in North Carolina. The first predictive approach 
is to estimate the location of future shorelines based on to?o
graphic information. In this procedure, elevation concour lines 
on topographic maps are used to establish the boundary between 
water and land if sea level should rise to the same level as the 
contour. The approach can be made slightly more soph: sticated by 
invoking an estimate of shoreline recession rate. What seems 
like a s t raightforward approach unfortunately ignores the geolog
i c role that wetlands have played in landscape maintenance and 
development in the coastal plain during the Holocene. Dare 
County, where part of this study took place, provides a good 
example of the fallacy of the approach . If sea level rose by an 
additiona l 1 m, virtually the whole county would be s ubmerged. A 
similar conclusion would have been reached if the pro j ection had 
been made a thousand years ago when sea level was at l east 1 m 
below the present l evel (Gorn itz et al . 1982). The reason that 
Dare County did not disappear under water was that wet l ands, 
through the accumulation of organic and inorganic sedi~ents, have 
been able to maintain an emergent condition rather than being 
submerged by rising water levels in the estuary. Average dis
tance to up l and from shorelines in Alligator River a nd Pamlico 
North regions are 1.8 and 1.2 km, respectively (Table 2 ) . As 
both of these geographic regions are partly in Dare County, the 
long distances to upland underscore the extent to which wetlands 
dominate the landscape of Dare County. (The distances are actu
a l ly underestimates because distances greater than 2.0 km were 
incorporated in the averages as 2 . 0 km.) By the same token, if 
sea level should continue to rise another 1.0 mat present rates, 
we should not expect low-lying areas to become submerged. The 
transformation of land to open water occurs by shoreline erosion 
rather than through s ubmergence . 

The second model depicts marshes migrating upward and i n land 
in response to · sea- level rise. According to Titus (1988a): 

"The net change in total marsh acreage depends on the 
slopes of the marsh and upland areas. If the land has a 
constant slope throughout the marsh and upland, then the 
area lost to marsh drowning will be equal to the area 
gained by the landward encroachment of spring high tides. 
In most areas, however, the slope above the marsh is 
steeper than the marsh; so a rise in sea level causes a 

-, net loss of marsh acreage." 

• 
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During the initial reconnaissance we found that sloping wetlands 
and gradual transitions to uplands were uncharacteristic of the 
region. If there is a slope to these wetlands, it is probably 
more a function of large scale peat building processes similar to 
that which results in raised bogs rather than control by underly 
ing topography (Clymo 1984) . For example, Cedar Island marsh 
increases in elevation approximately 15 - 20 em f r om just inside 
the storm levee to the center of the marsh 1 . 6 km from the edge 
(Brinson et a1. in press a). The virtual absence of uplands at 

Ceda r Island marsh and the highly organic sediments throughout 
the marsh means that there are no uplands over which to migrate. 
In essence, the marsh cont inues to build upon preexisting uplands 

·after uplands are totally submerged . This could be considered 
the final stage of landscape evo l ution by coastal ecosystems. 

Figure 14 illustrates the model being applied to many tidal 
marshes in coastal areas of the United States (Armentano et al. 
1988, Kana et al . 1988a, b) and contrasts it with the situation 
as suggested for much of the nontidal wetlands i nfluenced by 
Albemarle and Pamlico Sounds. In bo~h cases there is concern 
over the extent to which wetlands will be able to maintain a 
favo rable elevation with respect to rising sea leve l . For many 
of the tidal marshes, vertical accretion i s supplied primarily by 
inorganic sediments. Unlike tidal marshes, many of the wetlands 
in North Carolina's sounds are relatively remote from strong 
al luvial sources of inorganic sediment . There is insufficient 
hydrologic energy to transport allochthonous materials in low 
energy systems , (Reed 1988) . Consequently, low energy -environments 
are dependent more on autochthonous deposits of peat than on 
external sediment sources. Little is known about the maximum 
sustained rates of peat accumulation in the face of an 
accelerating rate of sea- level rise. In contrast, tidal marshes 
in North Carolina appear to be depende nt on ocean - derived sands 
for wetland maintenance (Hackney and Cleary 1987). 

When wetlands experience increasing hydroperiod, changes in 
species composition can be expected . In swamp f orests in coastal 
Louisiana, apparent water l evel rises without compensating sedi
mentation are predicted to create continuously flooded conditions, 
thus preventing the forests from r eproducing themselves (Conner 
et al. 1986 , Conner and Day 1988) . Tidal marshes in Maryland are 
unde r going changes in species composition and transition from 
vegetated to open-water habitat as the result of sea-level rise, 
reduced sources of sediments, and marsh management pract ices that 
rely on burning (Stevenson et al . 1985, 1986). One of the ques
tions regarding fringe swamps is the effects of timber removal and 
whether the f orest will be able to successfully regenerate. This 
will be diffi cult to estimate without a much clear picture of the 
nature of the hydroperiod in these wetlands. More hydrologic data 
are n eeded on fringe swamps to determine the relative importance 
of the estuaries and rainfall in water table fluctuations. 
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Figure 14. Top: Cross section of current zonation in a tidal 
marsh and zones after a net rise in sea level of 40 em. Zones of 
high marsh, low marsh and tidal flat all become narrower after sea 
level rise because l andward migration occurs up a steeper slope 
than the migration that brought it up to its present position. 
Adapted from Armentano et al. (1988) and Kana et al. (1988a). 

Bottom: Conceptualized cross section of nontidal 
fringe swamp and interior wetlands in areas of the Pamlico and 
Albemarle Sounds of North Carolina. The lack of extensive 
uplands in close proximity to shorelines suggests that 
opportunities for overland migration are very limited and thus 
not presently an important feature of the region. 
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Limitations of Study 

The preliminary nature of this study ensures that much 
information remains to be developed for fringe wetlands of the 
Albemarle- Pamlico region. Hundreds of kilometers of shoreline 
that exist along mainland portions of the sounds are both a 
poorly documented and poorly understood natural wetland resource 
in North Carolina . Waters adjacent to many of these areas have 
been designated as either primary or secondary nursery areas for 
fish and shellfish. The position of many of these wetlands at 
the interface between human activity and nursery areas affords 
protection to critical habitat that otherwise might not receive 
protection. 

One of the valuable perspectives provided by this study is 
the lack of uplands in close proximity to the shoreline. Fringe 
wetlands are a shoreline manifestat ion of large expanses of swamp 
and marsh toward the interior. The contiguity between the fringe 
zone and interior wetlands means that there is no sharp boundary 
between the two. The transition is a cont inuum that is least 
well developed in freshwater areas that are protected from the 
effects of storm activity . In these areas the hydrologic signal 
is too weak to be expressed in strong zonation of vegetation. 
Forested wetlands near the edge appear to differ little from 
those toward the wetland interior in many cases. In brackish 
portions of the estuaries, both hydrodynamics and salinity exert 
strong control over the zonation of vegetation. The concept of 
fringe wetlands is quite poorly developed in the expression of 
vegetation because the area is largely nontidal. 

There is some danger of overselling the concept of fringe 
wetlands in a largely nontidal area. The frequent flushing and 
distinct zonation that occurs in a tidal salt marsh represents 
the archetype of a fringe wetland. Tidal amplitudes of 2 to 3 m 
in some of the salt marshes of the Georgia coast provide a strong 
signal to which plant community zonation responds. In the nonti 
dal regions of North Carolina's sounds, storm events transport 
water and sediment to fringe wetlands, shoreline erosion typifies 
the wetland- open water transition, and a constant supply of water 
provided by lateral subsurface water transport are probably the 
principal attributes that distinguish the fringe zone from inte
rior wetlands. Hence, the signal to which zonation responds is 
much weaker and zonation of vegetation is much less distinct than 
in tidal fringe wetlands. 

Two approaches are needed to better identify the structural 
and functional properties of fringe wetlands, especially in the 
forested regions of Albemarle Sound. First, hydrologic informa
tion is needed to identify the breadth of the zone that is influ
enced by water level fluctuations in the sound. This could be 
accomplished by installing water level recorders near the edge 
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and toward the ~etland interior similar to the arrangement on the 
Chowan River floodplain reported herein in Appendix D. This 
approach has been used in a brackish nontidal marsh on the Cedar 
Island National Wildlife Refuge to separate the influence of 
precipitation a~d estuarine flooding on hydroperiod along a 1.6 
km transect perpendicular to the shoreline (Brinson et al . in 
press b) . Second, more information on vegetation structure is 
needed to determine if the forest stands described are represen 
tative and to explore possible reasons for the large variation in 
species composiLion. Resources were not available to initiate a 
stratified sampling effort that would more fully illustrate the 
:variation among sites attributed to location in the sound and 
variation attributable to distance from shoreline. 

Finally, this study only begins to characterize the shore 
lines of Albemarle and Pamlico Sounds. NWI maps were not avail
able for the northern portion of Albemarle Sound at the time of 
this study. From examination of preliminary drafts of that area, 
it appears that the fringe swamps along the several tributaries 
will be much different from the ones characterized for the south
ern part of the sound. Only a relatively small portion of Pamli 
co Sound was characterized in this study. In addition to the 
vegetation zonaLion and geomorphic features used to characterize 
fringe wetlands (Table 2), the extent to which these wetlands 
have been altered should be documented . Mosquito ditching, 
waterfowl impoundments, and dredge-and-fill activities have 
altered fringe ~etlands, principally marshes. These activities 
may threaten the capacity of these wetlands to respond favorably 
to rising sea level. 

Availability of both the natural features of fringe wetlands 
and the extent to which they have been altered should allow 
assessment of the cumulative effects of these alterations and 
better prepare managers with information on which to make deci
sions . Figure 15 is a recommendation for aggregating shoreline 
information into units that might be appropriate for management. 
The scale is one that could be used for cumulative impact analy
sis. Site specific information would still have to be determined 
from field visits because NWI maps do not provide the resolution 
needed for small areas. The recommendations for management and 
research that resulted from the workshop on "Sea Level Rise and 
Fringe Wetlands in North Carolina" (Appendix E) can serve as an 
initial guide for action that will need further refinement as 
progress is made. 
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Roanoke River 

Figure 15. Proposed units of shoreline for aggregation of fringe 
·wetland data from NWI and USGS maps. Numbering is arbitrary . 
. Information in units l, 2, 3, and 4 are in this report. Base map 
from Epperly and Ross (1986). 
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Appendix A. National Wetlands Inventory maps used in de,ermining 
fringe wetland types and geomorphic shoreline 
characteristics. 

Map code 

Bluff Point 
· Buffalo Ci ty 

Colu.'TI.bia East 
Colu.'TI.bia West 
East Lake 
Engelhard Eas t 
Engelhard N.E. 
Fairfield N.E. 
Fort Landing 
;"rying Pan 

Map code 

Leonards Po int 
Long's Shoal 
Manns Harbor 
Manteo 
Middletown Anchorage 
Middletown 
Roper North 
Stumpy Poi nt 
wa nchese 
Westover 
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1\ppendi x B. Allocation of NWI wetland types into descriptive categories. 

Catego ry 

Brackish Marsh 

Marsh - shrub Transition 

Bottomland Hardwoods 

Maple-Gum-Cypress 

Cypress-Water Tupelo 

ALBEMARLE SOUTH 

E:2EMli? 
E2SS7 / EMlP 

?FOlA 
?F01 / 4A 

?FOlEI 
PFOlC 
PfOlCd 
Pf04 / lC 
l?F06B 
?f06C 
?F06/3B 
PF06/ 4B 

PF02F 
?F06F 
l?F06/4F 
PF06/0WT 

(Continued) 
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ALLIGATOR RIVER 

E2EM1P 
E2EM1?5 
E2EM1P6 

E2EM1/SS7P 
E2f06/SS3B 
E2SS7F 
E.2SS7/E.MlF 
E2SS7/EM1P 

PF01/4A 
PF01/4C 
PF04/lC 

PfOlB 
PFOlC 
Pf0l/2B 
PF01 / 2C 
PF01/7B 
PF02/lC 
!'F06B 
l?F06C 
PF06G 
l?F06/3B 
PF06/4B 
l?F06/7B 
l?F06/7Bg 
PF06/7c 

PFOlF 
PF06F 
PF06/4F 
PF06/EMlF 

PAMLICO NORTH 

E2EM1P 
E2EM1P5 
E2EM1P5h 
E2EM1?6 
E2EM1Pd 
E2EM1/AB5P5 

E2EM1/SS3P6 
E2EMl/SS7B 
E2EM1/SS7P 
E2EM1/SS7P6 
<;2SS1P 
E2SS6 
E2SS6P 
E2SS7P 
E2SS7/EM1P 

PFOl/4G 
PF04/1C 

?F06/7B 



Appendix B. Concluded. 

Category ALBEMARLE SOUTH l'.LLIGATOR RIVER PAMLICO NORTH 

Pocosin & Bay Forest PF01/553B PE!HB PF04B 
Pf01 /5S3F I?EMlf PF04/3B 
Pf03 / 1B PEMl/5548 PF04/6B 
PF03 / 6B PEMl/5578 PF04/SS3B 
PF04B Pf0l/4B PF07/EM1B 
PF04Bg Pf0l/4Bg PF07 /SS3B 
!'F04 / 1B PF04B !?553/EMlB 
PF04 /6B PF04C PSS4B 
Pt'O/SS6F PF04 / 1A PSS7/EM1B 

PF04/1B PSS7/EM1F 
Pf04/3B 
PF04/6B 
Pt04/SS33 
Pt06 / SS3B 
PF06/SS6B 
PF06 /SS6F 
PF06/SS6T 
PF07/lB 
PF07/63 
Pf07/63g 
Pf07/EM18 
Pf07/SS3B 
!?SS3/F07B 
PSS4B 
i?SS4C 
PSS4F 
?SS4/3B 
PSS4/EMl 
?SS4/EMlB 
?SS6/7C 
PSS7B 
PSS7/EMlB 
?SS7 / EM1C 
i?SS7/EM1F 

Miscellaneous E2BB2? ElAB6L ElOWL 
PEMlF ElOWL ElOWLx 
PF04/lA POWHx ElUBL 
RlOWV RlUBV ElUBLx 

E2AB2L 
E2US2P 
PEMlKLG 
PUBHx 

Upland u u u 
-------------------------------------------------------------------------------
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Appendix C. Tree and shrub species present in vegetation analysis. 
Nomenclature follows that of Radford et al. (:968) . 

Species 

Acer rubrum L. 
Alnus serru lata (A:ton) Willd. 
Cornus str~cta Lam. 
Cvrilla racemiflora L. 
Fraxinus sp. 

;Ilex opaca Aiton 
·Ilex verticillata (~.) Gray 
.Liguidambar stvraci : lua L. 
Magnolia virginiana L. 
Mvrica cerifera L. 
Nvssa aguatica L. 
Nvssa sylvatica var . 

biflora (Walter ) Sargent. 
Persea borbcnia (L . } Sprengel 
Pinus serotina Michaux 
Pinus ~aeda L. 
Quercus nicra L. 
Rhododendron viscosu~ (L . ) Torrey 
Taxodium distichum (~ .) Richard 
Vaccinium corymbosu~ L. 

Common name 

red maple 
tag alder 
swamp dogwood 
t.iti 
ash 
American holly 
black alder 
sweetgwn 
sweet bay 
wax myrtle 
water tupelo 

swamp black gum 
red bay 
pond pine 
loblolly pine 
water oak 
swamp azalea 
bald cypress 
highbush b lueberry 
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Appendix D 

Interpretation of Hydrooraphs QD Chowan River Floodolain 

I NTRODUCTION 

The origin of the hydrographic data from the mid 1970s a~d 
methods for analysis are explained in the methods section. 
Because the analysis concluded that the floodplain was 
principally under the influence of riverine rather than fringe 
wetland hydrology, the resu l ts and discussion are presented here 
rather than in the body of the report . 

RESULTS 

The s ource of the water table rise on 4-5 February 1975 ~as 
precipitat ion as indicated by the synchronous and similar magni
tude of increase among stations and the fact that river stage at 
t h e time remained below t he ~ater table (Appendix Figure 1). 
Regional rainfall was 2.6 e m, approximately equal to the rise in 
water tabl e at the 45 m site . The 235 m site rose 3 em and tte 
81 0 m site rose 4 em. According to the elevations of the ground 
surface (57 em at 45 m and 235m and 60 em at 810 m) , the water 
table remained below the surface a t all three stations. 

Appendix Figures lb and lc show events similar to each o~~er 
where a sharp f l ood peak at the 45 m site induced flooding toward 
the swamp interior after time lags ranging between several ho~rs 
and one day. For example, the event of 14-20 November had a lag 
of over 1 day between the rise in water table at 45 m and the 
rise at the other two sites. The position of the water table 
below the surface at all sites suggests considerable amount of 
subsurface lateral transport can occur . It is curious that the 
45 m stage recorder did not respond to what is presumed to be 
precipitation, i.e., synchronous increases at the 235m and 81 0 m 
sites on 18 November, but did on 20 November. The 15- 20 October 
period shows a mixed event of riverine flooding and precipitation 
(Appendix Figure lc) . After flooding from the river at the 45 m 
site, there were corresponding increases after several hours lag 
at the other two sites where water levels converged. However, 
rainfall received on 16 October caused a secondary peak at 45 m 
and steep rises at the other two sites. Even if the rainfall had 
not obscured water table fluctuations due to the initial flood 
peak, there was probably insufficient hydrostatic head across the 
swamp to cause lateral transpor t and drive subsurface flow to the 
interior sites as in the previous example (Appendix Figure 1b). 

65 



::; 
u 
z 
0 
c 
< 
G: 
-' 
UJ 

::; 
u 

z 
0 

! 

:: ,...l -~" ---=-, -(~ 
I "\ 45 m I 

i '- 235m _
1 

54 
i I --. ~ 810 m 

5~ • i 
52 l ~~- ' - """\- ""\ 1 :r - ~ . . ·. · d 

4 5 6 7 8 9 

FEBRUARY 1975 

45 m 

235m 
8 10 m 

10 1 1 

_ (b) 

I 

42~-=~~~~~--~----~----~--~----~ 

14 

:~ ~ 
48 [ 
46 . 

I· . 

~r 

15 16 17 18 19 

. I 
1-

NOVEMBER 1974 

45 m 
235m 
810m 

20 21 

~ t 
36c=~==~--~----~--~----~--~ 

1.5 16 17 18 19 20 21 

OCTOBER 1974 

Appendix Figure 1. Hydrographs of f lood events at Rayes Beach on 
the Chowan River. Water table elevations are for three stations 
located at increasing distances into the swamp from the shore
l ine. Legend at bottom of graphs gives distances from shorel ine 
(m) . Elevation of the forest floor is 57 em at the 45 m and 235 
m sites, and 60 em at the 810 m site. The digital nature 
of the data at a resolution of 0.01 foot (0.3 em) is the reason 
for the stairstep form of the curves. Note that scal es differ 
among graphs. 
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The period 11 - 17 June 1975 had river- induced flooding with 
l ags between 45 m and 235 m as well as between 235 and 810 m 
(Appendix Figure ld). Approximately 0 .9 em rainfall was received 
on June 12 which is likely reflected in one of the double peaks 
at 45 m and 235 m as well as the small shoulder at the bottom of 
the rising limb at 810 m. No precipitation occurred during 15- 17 
June. The water level fluctuations at 45 m and 810 m were due 
entirely to river stage. The lack of synchronized fluctuations 
at the interior site indicates weak coupling with the river when 
stages were below 60 em. Loose coupling is implied, however, 

:because of water level rises at 810 m on 16 and 17 June. 

The hydrograph for 30 May- 4 June 1975 apparently was respond
ing to overbank flooding from the river (Appendix Figure le) . 
About 2.5 em precipitation in the area before this period (28 
May) likely initiated this flood . The water level fluctuations 
in the swamp were a result of changes in river stage as confirmed 
from stage records . High river stage and abundant local rainfall 
during 8- 17 Jul y (Appendix Figure 1f) of the same period poten
~ially confound separation of river induced flooding and precipi 
tation events . (Records for the intermediate station are missing 
for this period.) However, the synchrony between the two sta
tions 765 m apart illustrates that they had strong hydrologic 
connections when stages were approximately 65 em or higher. The 
periodicity of the oscillations superimposed on the broad, week
long hydrograph suggests that they could be a result of semidiur 
nal tides. Wind-induced water level fluctuations and diurnal 
changes in runoff as a result of evapotranspiration could amplify 
or obscure the tidal signal depending on periodicity. The pre 
sumed tidal influence of up to 10 em obscures these potential 
sources of influence . 

In summary, several types of flood events can occur. First, 
rainfall alone can raise water tables to or above the surface 
with subsequent drainage or loss by evapotranspiration. Second, 
flooding from the river channel may also raise water tables to 
flood stage; the lag time between flooding near the channel and 
flooding of the swamp interior at 810 m from the channel ranges 
between a few pours to 1 day . When the water table is initially 
low, the hydraulic coupling among sites is weak and lag times are 
prolonged. When deep flooding occurs, regardless of source, 
water table fluctuations are closely coupled with the river, and 
fluctuations a r e synchronous with those in the river . Combina
tions of these types of events a r e common . No unambiguous wind
initiated events were elucidated, suggesting that the site is 
controlled by riverine hydrology. 
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DISCUSSION 

The swamp at Rayes Beach on the Chowan River has riverine 
characteristics based on both hydr ology and sediments. There
fore, it is not representative of fringe wetlands nearer the 
Albemarle Sound . Sources of flooding and water level fluctua 
tions appeared to be associated with runoff induced by precipita
tion in the basin rather than with flooding induced by wind or 
astronomic tides . The influence of wind tides this far up the on 
the Chowan River cannot be ruled out, however, and may have been 
obliterated by river induced flooding. A probable lunar tide 
signal far into the swamp during high stage of the river (Appen
dix Figure lf) indicates, however, that wind induced fluctuations 
could also influence the swamp interior. For the period of 
observation, it appears that headwater flooding is necessar y to 
cause the interior of the swamp to respond to water fluctuations 
at the edge. Although Daniel (1977) suggested that the seasonal 
patte=n of water levels in the lower Chowan was due to southerly 
winds causing higher levels in the summer and northerly winds 
causing lower levels in the winter, it is more likely that an 
adjustment is being made to the seasonality o f sea level. Pat
tullo et al. (1955) have demonstrated that temperature-induced 
steric effects in the ocean are responsible for a strong seasonal 
component to sea level i n our region. This has been confirmed 
for Pamlico Sound where seasonality of sea level, wind field, and 
evapotranspiration combine to control hydroper iod in brackish 
marshes (Brinson et al. in press). 

Wetlands bordering Albemarle Sound would be expected to 
receive flooding from wind tides independent of runoff from 
drainage basins. We would expect the headwater flooding signal 
to be weak and the wind tide influence to be str onger . Conse
quently, periodicity of flooding would correspond to wind direc
tion and force in relationship to the position in the Albemarle 
Sound . The riverine nature of the Rayes Beach site may mean that 
the modal stage of the river is lower in relationship to its 
riverine floodplain than the stage of Albemarle Sound in relation 
to its fringe wetlands. If this is the case, then less magnitude 
in fluctuation would be required for an equivalent hydrologic 
influence on the adjacent wetland of Albemarle Sound. 

Superficially, the nature of the vegetation and the topogra
phy of the forest floor f or the Rayes Beach site do not appear to 
differ greatly from the sites examined on the Alligator River. 
Chowan River surface sediments were more often clayey peats 
rather than the peaty clays found at the Poplar Point site. The 
greater clay content at the Chowan River site is likely the 
result of alluvial deposition (Witner 1984). The different 
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sediment textures among sites and could have an important influ
ence on lateral transport of water and vertical fluctuations :rom 
precipitation . Consequently, extrapolation from Rayes Beach to 
sites located nearer Albemarle Sound is not recommended. Hydro
logic studies on these fringe swamps remains to be done. 
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ABSTRACT: Estuarine shorelines in North Carolina are ext e nsive . The wetlands 
~hat occupy much of these shorelines are a resource worthy of sound management 
and protection. Acceleration in the rate of sea level rise caused by global 
warming will alter the location and perhaps the quality of fringe wetlands in 
the state. A workshop held on 1 March 1989 brought together professionals to 
make recorrme ndations for management and research to deal with fringe wet l ands 

' and sea level rise. 

Ma nagement recommendations fell into two catego r i es: those ~hat a re 
' possible with curre nt management frameworks and those that will requi re 
' changes in existing regulations. The first category can be implemented 
largely by creating an envi ronme nt of greater awareness among resource 
managers about the short and long term implications o f sea level r i se for 
coastal we t l ands and adjacent regions. The second category will require 
removal of incentives for wetland al teration and creation of disincentives for 
activities that interfere with shoreline processes important to wetland 
maintenance . 

Research is needed to reduce the many uncer t ainties tha t exist on ra t es 
and timing of sea level rise , s ite-specific changes in s horel i ne position and 
erosion rates , and the influence of l arger scale phenomena such as climatic 
patterns and oceanic circulation on wetland ecosystems. The attempc to 
predict futu re conditions is impeded by a lack of understanding of ecological 
and geological processes in coastal wetlands . Rates of accretion of wetland 
surfaces; effects of alterations such as ditches, impoundments, a nd 
altered hydrology; and the ecological role of wetlands on a landscape scale 
are but a few of the issues t ha t need to be addressed. 

INTRODUCTION 

Accelerated emissions of the so-called greenhouse gases to the 
atmosphere have unwittingly initiated one of the most daring global 
experiments in human history . While the debate continues among scientists 
about the strength of connection between sea level rise and the greenhouse 
effect (Peltier and Tushingham, 1989) , few doubt that global warming will 
ensue and the rate of sea level rise will accelerate (Devoy, 1987) . If we 
assume that each geographic region of earth will encounter a slightly 
different suite of climatic changes, successful adaptations of soci ety to 
these changes will require solutions that make allowance for the peculiarities 
of local culture and geography. In this regard, coastal North Carolina can be 
conceptualized as a sparsel y populated region being subjected to a retreat in 
shoreline position as a result of sea level rise . Such a characterization 
ignores the fact that not all coastal areas are sparsely populated nor are the 
shorelines homogeneous in their response to sea level rise. Further, 
~ccelerated rates of land development for housi ng and recreation on the coast 
intensifies the conflicts between shoreline dynamics and human activities. 
The status of planning for these conflicts is quite primitive. We are c learly 
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intensifies the conflicts between shoreline dynamics and human activities. 
T~e status of planning for these conflicts is quite primitive. We are clearly 
in the early stage of the learning curve for dealing with the complexity of 
issues that accelerated sea level rise will create. 

The importance of fisheries and the role that wetlands appear to play in 
p:oviding support for these fishe:ies raises the issue of the response of 
wetlands to accelerated rates of sea level rise. In North Carolina many of 
the fringe wetlands of the Albemarle and Pamlico Sounds are under the control 
of sea level rise, yet they lack the strong astronomic tides that are 
responsible for sediment transport in other coastal wetlands. Consequently, 
informat ion gained from other geographic regions may not be strictly 
applicable to North Carolina, a situation which warrants a close examination 
of the mechanisms that allow wetlands to respond to sea level rise. There are 
many poorly understood dimensions and facets on the effect of sea level rise 
on wetlands. Although additional work and planning remains to be done before 
a definitive strategy is developed for our state, several common-sense 
reco~~endations may be implemented at once. The purpose of the workshop was 
to develop ideas for coping with the problem as it relates to the extensive 
-.etland ecosystems that represent much of the important interface between our 
estuaries and the land. 

Panels consisting of researchers and managers from North Carolina met on 
Y.arch 1, 1989 at East Carolina University to offer their recommendations on 
the response of fringe wetlands in the state to sea level rise. Emphasis was 
placed on the sea l evel controlled, but largely nontidal wetlands of the 
Albemarle and Pamlico Sounds. This _report is a summary of their 
recommendations for management and research. 

Several speakers provided background information before the panel dis
cussion . Mr. Paul Wilms, Director of the Division of Environmental Management 
(NRCD), provided North Carolina's perspective on wetlands and sea level rise 
by discussing the regulatory and political climate of wetland and water 
quality protection. Dr. Mark Brinson, East Carolina University, defined 
fringe wetlands, b riefly outlined past research on these ecosystems, and 
questioned the utility of some models that predict the response of wetlands to 
sea level rise for North Carolina's nontidal wetlands. Dr. John w. Day, 
Louisiana State University, described the rapid apparent sea level rise in the 
Mississippi Delta, the massive losses of wetlands in the region, and the land 
uses in the region that exacerbate wetland losses (Conner and Day, 1988). Dr. 
J. Court Stevenson, University of Maryland, emphasized the dependence on 
sediment supplies of tidal wetlands in the Chesapeake Bay region and illus
trated how wetlands deteriorate when sediment sources are lacking (Stevenson 
et al., 1986) . 

The recommendations represent a giant step in drawing together the 
expertise of researchers and managers that have given much thought to the 
influence of sea level rise on coastal wetland resources. The list should be 

, further scrutinized with t ·he goal of not only adding, refining, and 
prioritizing recommendations, but also of implementing programs of action, 
especially within the context of new and emerging policies such as no net loss 
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of wetlands (The Conservation Foundation, 1988) . The task of developing 
needed information .. and implementing management strategies is urgent because 
lag times may be on the order of decades before the response of t he natural 
sys tem to rising sea level becomes evident. Action is needed to protect 
wetlands t hat are important to our nat ural heritage. The exac t direction of 
t his action will l i kely undergo several phases of self- correction. Although 
thought ful planning at this early stage will incur some cost to society, the 
costs are likely trivial compared to future costs that would be forced upon 
governments and individuals without planning (Titus 1987). Regardless of the 
uncertainty in direction and priorities at this time, two issues are cer t a in. 
First, wetlands are vital to t he life support of humans, plants, and animals 
of t he coastal region and, second, future landscape positions of fringe 
wetlands will change as sea level rises . 

MANAG~~ RECOMMENDATIONS 

Manageme nt recommendations fall into three major categori es: 

1. Those that can be applied without changes in existing regulations and 
laws. While some recommendations may conflict with the policy of some 
age ncies with responsibi lities over wetland and shore line resources, it is 
also true that these same agencies may not have the advantage of current 
information on the chang i ng conditions of sea-level controlled, fringe 
wetlands. 

2 . Those that may require changes beyond the administrat ive or pol icy level . 
These may require additional documentation in order to justify regulatory or 
legislative action. Docume ntation ma y be developed in the form of surveys or 
research . 

3 . Those that require additional i n formation before management choices 
can be made wisely. Some of this information could fall under the category of 
research recommendations. They are placed under the management section either 
because they represent fundamental impediments to management progress or t hey 
represent potentially productive areas in which researchers and managers could 
interact. 

Action Possible within Current Manaaement Framework 

l. Cos t -benefit analyses and other evaluations of coastal resource allocation 
are currentl y used to determine whether management decisions are in the best 
interest of society. The relationship between sea level rise and future 
wetland resources should become a routine and obligatory part of these revi ew 
processes. 

2. Conservative estimates of sea level rise can be used with confidence and 
£actored into short term planning needs on the order of 4 to 25 years. This 
time scale covers the approximate range between political cycles (elections) 
and economic speculation (mortgages) . 
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3. There is a need for adminis~rative flexibility that recognizes the 
changing dvnamics of the landscaoe for regulatory and management purposes. 
Explicit r~cognition of the infl~ence of sea level rise on wetlands should be 
made at all levels of decision making and enforcement of regulations . 

4. Maps of ''flood-prone areas" should be updated periodically, perhaps once 
every 5 to 10 years, to reflect revised sea level stands and shoreline 
positions . The relationship o! ! l ood-prone areas a nd t he potential effects o ! 
oil spills s hould be assessed. 

5. Strict approaches need t o be implemented to stopping construction in low
lying areas, unless buildings are designed to resist flood damage. 

6. Plans for relocation of human resources affected by wetland migration and 
changes in hydrology need to be developed. Although there is much debate on 
the future rate of sea level rise, the direction is seldom questioned . Hence, 
it is possible and desirable to develop plans for shifts in relocation 
separate !rom timing. The exact timing for relocation, therefore, can be 
Ceferred ~ntil more precise estimates become available on rates. 

7 . More creativity and imaginat~on are needed in management for increased 
waterfowl and wildlife abundance rather than relying on decades-old techniques 
that were developed without consideration for sea level rise. New and 
modified techniques should be examined so they do not interfere with the 
capaci ty of wetlands to maintain their integrity when subjected to sea level 
rise . For example, waterfowl impoundments built in sea- level controlled 
marshes impede natural hydrologic exchanges between estuaries and wetlands. 
As such, marsh impoundments are probably incapable of responding to rising sea 
l evel in the same way that natural marshes undergo accretion at the s~rface 
either th r ough accumulation of allochthonous sediments or by accumulation of 
organic matter. Alternatives may exist, such as opportunities for moist 
soils management for wintering waterfowl on agricultural or silvicultural land 
(Auble et al., 1988) that was abandoned due to increased flooding frequency 
and brackish water intrusion. 

8. Creativity and effort are also needed in managing fishe ries. We need to 
develop ways of sustaining good harvests of shrimp, oyster, crabs, and a nadro
mous fish . The extent to which management alternatives are influenced by sea 
level rise and associated changes in wetlands has not been assessed. 

9. There is a greater urgency to plan for sea level rise for silviculture 
than for agriculture because of longer rotation times of the forests. Forest 
management will have to intensify some practices and reduce the intensity of 

.others . Forms of more intensive management may include water control (pump
ing and tide gates), increasing bedding height, genetic manipulation, decreased 
rotat ion lengths, alternative harvest techniques, and use of agroforestry. 
Forms of decreased management i ntensity may include natural regeneration and 
aerial s eeding, harvest techniques to maintain transpiration rates (partial 
harvest or small clearcuts), and selecting species tolerant to wetter condi
tions. 
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Chanaes Reguired in Existing Regulations 

1. Risks of landward encroachment of wetlands and estuarine s horelines should 
be borne by individuals, not by society . This may require implementing disin
centives for activities that i nterfere with wetland response to sea leve l rise 
as well as further removal of incentives f o r wetland al teration (e. g . , Food 
Security Act) . 

. 2 . Ma nagement p ractices within or adjacent to wetlands should not interfere 
,with t he capacity of wetlands to respond to sea level rise . Unaltered wet
, lands should receive the highest protection level. Degraded wetlands s hould 
be restored to enhance their capacity to r espond to sea l evel rise. Marshes 
that were once ditched may be favorable targets for e nhancement . Little 
information is available on how re storation can be carried out effectively. 

3. The jurisdiction of the state's inland and marine fisheries s hould be 
coordinated in such a way that best s erves the total r esource . Designated 
nursery areas and monitoring efforts need to respond to changes associated 
with sea level rise. 

Info rmation ~ £2£ Managers 

1 . Accurate information on the rate of sea level rise is necessary for de
veloping appropriate regulations that apply to wetlands. Good communication 
with those affected should be established once the risks become known . 

2 . ·site specific information is needed on wetland response to sea level rise 
in sufficient detail to influence the decision- making of individual land 
owners, county and c i ty planners, and regula~ors. Examples include rates of 
erosion, areas amenable to wetland migration versus other potential uses, and 
better informat i on on elevations. Such information is dependent on developi ng 
topographic maps at finer scales of resolution, having a better understanding 
of the causes of shore line recession rates , and being able to p redict how 
fringe wetlands will encroach upon uplands and interior wetlands . 

3. With little increase in cost, minor alteration of existing monitoring and 
research programs may yield information that will improve our understanding of 
the environmental and biological changes associated with sea level rise a nd 
wetland processes. Researchers and managers should explore together possible 
opportunities in this regard. 

RESEARCH RECO~XNDATIONS 

Most research recommendations fall into two categories: (1) the need for 
better models that recognize the largely nontidal and parti ally forested 

· nature of North Carolina 's fringe wet l ands and (2) t he need to better under
: ~ stand how these ecosystems function ecologically and r espond to perturbations. 
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Models ~ Predictions 

1 . Predictive models on the influence of sea level rise on wetlands are 
needed at seve~al temporal and spatial scales of resolution. It is important 
to identify the boundary conditions of time and space for which predictions 
are being made a nd hypotheses are being tested. It should be recognized also 
that there is usually a trade-off between t he size of scale and the 
resolution or accuracy of predictions. 

2. The models developed for tidal wetlands are probably inappropriate for 
many of the wetlands on t he mainland of North Carolina in the Albemarle and 
Pamlico Sounds. For example, one ~PA model developed for calculating rates of 
overland migra~ion and zonation changes wichin marshes relies, in part, on the 
presence of two elevational gradients: one within tidal marshes and the other 
on elevational gradients in adjacent uplands (Titus , 1988). Nontidal or 
weakly tidal wetlands in the sounds either do not possess these slopes or an 
upland is not present for overland migration to occur. Another approach is 
the use of contour in~ervals on topographic maps to forecast shorelines with a 
given rise in sea level. This approach ignores the past a nd present role that 
wetlands have played in landscape development and maintenance. It also 
ignores current land ownership and responses to sea level rise by human 
society . Alternate approaches need to be developed for predicting the 
influence of sea level rise on wetlands. 

3. Models are needed to predict where erosion will take place and at what 
rate. Site specific infor-mation is needed on fringe wetland shoreline 
erosion, the boundary between fringe wetland and either upland or interior 
wetlands, and where migration will take place. These processes need to be 
integrated to determine whether wetland gain or loss will occur. 

4. There is a need for better predictions of t he large-scale changes that may 
take place with sea level rise. Loss of barrier islands, closing or opening 
of inlets, changes in oceanic circulation pa~terns, and alteration of wind 
fields may make research recommendations designed for present conditions 
obsolete. 

5. There are many other questions regarding fringe wetlands for which we have 
no answers. It is even difficult to determine which questions are most urgent 
and which are o: ma rginal utility. 

How will pco2 and higher temperatures affect survival, productivity and 
community succession? Will site water balance change to make the wet 
land better drained or more flooded? 

What is the maximum rate of sea level rise endurable by existing marsh 
and swamp ecosystems? If wetlands are lost, with what will they be 
replaced? 

Will the relationship between import/export processes and organic matter 
accret·ion change in wetlands? 
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What will be the impacts on quality of the water periodically floodin~ 
these wetlands? Can we expect changes in nutrient cycling, phytoplan:<
ton productivity, fisheries harvests, waterfowl production, and coastal 
recrea.tion? 

Understanding Present Conditions 

1 . A regional survey of accretion rates is needed to determine which wetlands 
are actively accreting and which are not. The survey should be designed to 
reveal why some are able to maintain a favorable elevation with respect t o sea 

,: level rise while others fail to do so. One of the goals would be to sort out 
the extrinsic and intrinsic controls on wetland accretion. This informatio~ 

~ could have strong management implications for providing additional protectio~ 
status to some wetlands and conducting restoration activities in others. 

2. we need to know the relative importance of the two principal sources of 
material for the vertical accretion of the wetland surface. These sources are 
(1) estuarine sediments that are resuspended and transported to the marsh 
surface during storm-induced flooding and (2) organic matter that has accumu
lated from in situ primary production. Organic matter accumulation not only 
contributes locally by allowing the surface elevation to increase with risinQ 
sea level, but also serves a global role as a carbon sink for carbon dioxide . 

3. Much needs to be learned about the response of wetlands to man- induced a~d 
natural disturbance. For marshes, common sources of disturbance are ditching, 
diking, and frequent burning. For forested wetlands, timber harvest and 
drainage are co~~on types of disturbance. In each of these cases, recovery 
from disturbance can be roughly predicted with current rates of sea level 
rise. However, data are lacking especially for forested wetlands of the 
region. The challenge is to gain insight into potential trajectories of pla~c 
community succession on one hand and the potential for vertical accreeion o: 
sediments on the other under accelerated rates of sea level rise. 

4. Many kilometers of ditches have been dug in coastal marshes for mosquito 
control, a practice that is highly restricted at this time. The capacity of 
these and other altered wetlands t o be self-sustaining needs to be assessed. 
It may be possible t o take corrective action to rehabilitate these and other 
altered wetlands. 

5. There is need for interdisciplinary research in wetlands such that 
geologists, ecologists, hydrologists, and fisheries and wildlife biologists 
cooperate in trying to understand wetland dynamics. 

6. Progress needs to be made on understanding the following questions and 
issues. What will limit the landward migration of coastal wetlands as sea 
level rises, geographic features or human intervention? What is the relative 
importance of sea level rise to shoreline erosion rates? Will total area of 
wetlands increase or decrease? Ownership patterns should be analyzed with 

' respect to the site-specific impacts of sea level rise and change. in position 
of wetlands. 
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7 . Little information is available on wetland hydrology, especially for 
fringe wetlands. Because hydrology has such a pro!ound influence on wetla~~ 
struccure and function, changes in land use praccices could have an influe~ce 
on the hydrology of adjacent wetlands (i.e ., recharge-discharge 
relationships). Information is needed on the degree of coupling between 
hydrologic controls and wetland functions. There is a whole set of questic~s 
related to the response of wetland ecosystems to global warming and climatic 
changes independent of sea level rise. Site water balance in wetlands may 
change with changes in precipitation and evapotranspiration. 

8 . An evaluation is needed on the transfer of management practices from tidal 
marshes to nontidal brackish marshes. Open marsh water management for 
mosquito control and impoundments for waterfowl habitat improvement repres€~t 
two common examples. 

9. There is a need for understanding the role of global warming, independe~t 

of sea level rise, on primary productivity, geographic redistribution of 
species (i .e . , northward migration of mangroves), and rainfall distribution. 
Insight can be gained on these processes through a better understanding of 
individual species' responses to altered climatic, edaphic, and hydrologic 
conditions. 

10. A better understanding of the ecological functions of fringe wetlands, 
both marsh and swamp, is needed. Few baseline data on primary productivity 
and nutrient removal, for example, are available for comparison with future 
conditions of higher sea level . Are fringe wetl ands important in the exchange 
of nutrients and detritus with estuaries? Contrariwise, as estuaries them
selves change, how will they affect the gradients, structure, and function 
within fringe wetlands? Sea level rise may be expected to result in changes 
in nutrient status, circulation patterns, stra~ification, wind fields, and 
salinity of estuaries. More information is needed on the rel ative tolerance 
of plant species to changes in hydroperiod and salinity. Significant nutrie~t 
and detritus exchanges between wetlands and the estua ry have direct influences 
on water quality (phytoplankton productivity, bottom- water hypoxia, etc.) and 
on potential fisheries harvests. 

11. Although most recommendations have addressed needs for nontidal fringe 
wetlands, many apply to tidal marshes. Tidal wetlands are a very important 
natural resource in North Carolina. Extensive tidal salt marshes are found in 
Pamlico Sound near ocean inlets and in backbarrier locations along the 
remainder of the state's shoreline to the south. Predictive models and other 
information being developed in North Carolina (Hackney and Cleary, 1987) and 
elsewhere should be applicable for these tidal wetlands. It is especially 
important to determine the relationship between the supply of marine sands and 
the integrity of back barrier tidal wetlands. 
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CONCLUSIONS 

This report su~rizes reco~~endations for management and research on 
coastal fringe wetlands that are under the influence of sea level rise. 
Although considerable research is needed to comprehend the effects of sea 
level rise on wetland resources, management issues regarding government and 
l andowner responsibilities to our coastal resources should receive immediate 
attention before problems intensify. Considerable savings in both wetland and 
economic resources can be realized by early planning. The recommendations 
listed in this report can serve as an initial effort toward strategic planning 
for both management and research opportunities in North Carolina . The 
diversity of expertise among panel members and the resulting recommendations 
suggest that cooperation between managers and researchers is essential for a 
comprehensive treatrne~t of the topic. Such cooperation should be thoroughly 
utilized to resolve landscape-level problems such as sea level rise. 
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