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I . BARR IER ISLANDS

The genesis of the barrier islands has been debated by
geologists for well over l00 years. No single theory, how-
ever, explains the complete evo1ution of the North Carolina
Outer Banks aad a multiple causality for barrier island for-
matioa seems likely from the evidence that currently exists
 Pierce aad Colquhoun 1970; Schwartz 1971! . Even though the
exact nature of the evolution of the Outer Banks is subject
to considerable speculation, the followiag simplified sequence
for their formation caa be proposed. The initial barrier is-
lands of North Carolina were probably formed ia place on the
continental shelf at a time of a low sea level stand several
thousand years ago  Pilkey et al. 1975; Pierce aad Colquhoun
1970!, Sediments brought down rivers were built up by wind
aad wave action to form a typical mainland beach. With the
onset of a worldwide warming tread, sea level began to rise
as me lti ng glaciers released hugh quanta ties of water into
the ocean. As sea level rose, the lower-lying areas behind
the beach were flooded, detachiag the shore ridge from the
mainland aad forming an ancestral barrier. The present Outer
Banks of North Carolina are most likely the result of 1! the
extensive modification and migration of a set of "primary bar-
riers" formed around 4000 years ago when sea level rise de-
celerated, and 2! the addition and extension of "secondary
barriers" through spit elongation and offshore bar emergence.
Such a sequence has been suggested  Pierce and Colquhoua
1970! aad approximately 6� of the outer banks from Virgiaia
to Cape Lookout are thought to be "secondary barriers." The
extent, direction and rate of barrier island modificatioa and
migration depend upon the response of the island to varying
hydraulic climates aad sediment inputs aad are critical proc-
esses ia the barrier island system as a whole.

I.A. The Beach aad Shoreface Dynamics

Val Klump and Johaana Smith

As suggested by Swift �978!, it is helpful to coasider
a barrier island system as a largemcale littoral sand body
consisting of a shoreface maintained by the prevailing hy-
draulic regime  wave, current aad sea level climate! and at-
tached washover fans whose surfaces are modified by storm,
eolian  wiad! aad biological  iacludiag human! activities.

The largest portion of the outer banks consists of
straight or gently curving coastliae dominated by nearshore
aad beach zone processes. These dynamic processes integrate
the coastline aad the other major barrier island eaviroameats
i at o a s i ng le complex system.



Z.A.1, The Beach in Profile

The profile of any given beach  Figure l! represents an
equilibrium between the amount of work required to remove
beach sand and the ability of the waves to do removal work
 Johnson 1919!. The shape of this profile is controlled pri-

' marily by grain size, wave climate and sediment input  Bascom

1964; Ingle 1966!. th5RQRL m FORESHuR= ~-. bagKSNCRE
ty/~/~P /

$ 'F R/v.

Figure l. Terminology associated with the beach environment
  f rom Ingle 1966! . M .L. L.%. mean lower low
water .

The effect of grain size is relatively simple: the
coarser the sediment, the steeper the beach. Shingle beaches
often attain slopes of nearly 40, while shores on muddy
coasts are essentially flat. Beaches of sand  as found in
N. C. ! are rarely steeper than about 10'  Swif t 1975! . The
process by which grains of different diameter adjust to a
given slope under the influence of the prevailing wave cli-
mate is termed sorting.

For a given wave climate there is an equilibrium pro-
filee at which a particular beach will not exhibit significant
changes  assuming no signif icant net sediment losses or
gains!. As wave energy varies, the beach profile will change
in response to the variation. The critical factor, the rate
of delivery of wave energy to a beach, is described in terms
of wave steepness, H/L, the ratio of the wave 's deepwater
height to its length. As low steepness waves  e,g,, normal
sea swells with low heights and relatively long distances be-
tween crests! move onto shore, sand grains are picked up and
moved landward a short distance. Drag against other sand
grains and non-turbulent flow in the near bottom region pre-
vent the grains from flowing back an equal distance seaward
with the reciprocal offshore motions associated with wave cir-
culation  Bascom 1964!. The result is a net movement of sand
on shore, steepening the nearshore profile and shifting the
subaerial portion of the beach  the berm! seaward. The ele-
vation of the berm is increased and widened as waves top it
and transport sand over its crest. On the shore winds can,
in turn, carry this sand into the dune zone.



As wave steepness and frequency increase, as is common
under winter storm conditions, increased turbulence in the
surf zone is encountered, keeping the sand in suspension.
lkaterial is eroded out of the beachface and berm and is trans-
ported offshore where it is deposited as an offshore sand bar
or series of bars. The shore profile is flattened, causing
waves to break further offshore dissipating their energy and
slowing beach erosion. Thus, the beach responds to high wave
stress by acting to relieve that stress. Summer waves being
generally longer and lower  except during storms! are less
steep and will transport the sand placed in the offshore bars
back to the shoreface. The berm acts as a temporary storage
area between the offshore bars and the dune field  Figure 2!
and provides the mechanism by which the beach zone can with-
stand high-energy wave regimes  Dean 1972!. lian-made struc-
tures frequently interfere with this equilibrium by attempt-
ing to maintain a constant profile. They may initiate harmful
conditions which neither man nor the natural system can cure.

In addition to grain size and wave climate a third fac-
tor, that of sediment ~in ut, is critical to the beach pro-
file. High rates of sediment input usually allow a beach to
prograde  i.e., build seaward!. Beaches which experience a
net loss of sediment, on the other hand, tend to erode and
retreat. Whether a particular section of coastline is under-
going a net gain or loss of sediment depends upon a large num-
ber af interrelated factors that vary in time and importance,
which are not accurately understood. The genera 1 trend along
the N. C. coast, however, is erosion, a signif icant portion
of which is produced by major, aperiodic storms  Langf elder
et al. 1968!.

Since grain size is essentially uniform along North Caro-
lina 's barrier islands, the maj or control ling factors on
changes in the shape and the integrity of the beach are wave
climate and sediment input. The manner in which the water
and sediments interact is described in the following section.

I.A.2 Water-Sediment Transport

f . A,2 . a. Norma 1 Pr ocess es o f S ed ime nt Trans or t --The
dominant sediment transport mechanism in the beach system is
the longshore  or littoral! transport of which there are
three basic modes: beach dr i f t, suspension and bedload.
Beach drift is the movement of sediments along the beach by
waves in the direction of the current. Suspended sediments
are carried directly by the water and the bedload is pushed
along the bottom. The direction and magnitude of wave energy
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been estimated at 500,000,000 foot-pounds per foot per day or
about 50,000 horsepower per 100 miles of coastline  Bascom
1964!. Since the wave front angle determines the direction
of transport, offshore topography and the location of wave-
generating ~cather systems are important. The effect of off-
shore topography may have a particularly important effect in
the capemhoal regions of North Carolina.

When waves break on a shallow underwater bar in rapid
succession, water may be built up inside the bar because its
return flow is hindered by following waves, a phenomenon
termed "wave setup." Seeking to return to sea level this
excess water will flow laterally along the beach until enough
water is added to it in order to force a flaw seaward, termed
"surf beat." The result  Figure 4! is complex horizontal and
vertica1 circulation patterns associated with the formation
of rip current  Bascom 1964; Swift 1969!. Beyond the breaker
zone the current dissipates into a rip head. Rip currents
may recycle beach sands offshore.

Figure 4. Nearshore circulation: plane view
 from Swift 1969!,

l.A.2.b. Sediment Trans ort Associated With Storms--
The heightened wave and sea eve cond tions associate with
storms, termed storm surge, are important mechanisms for sedi-
ment cycling and are certainly of critical concern to the
beach front dweller. Storm surge is the storm-induced rise
in water level above the normal tidal range. Fore-runner
swells associated with a storm several hundred miles offshore
may reach the beach well in advance of the storm and cause
unusually high surf. As the storm approaches, a low pressure
system may cause an additional sea rise, termed the "inverted



Table 1. Storm Stillwater Surge Levels and Breaking Depth of
Waves for One in a Twenty-Five, Fifty, and One
Hundred Years Storm Return Frequency, Respectively
 from Swift 1969!.

Surge level s!
+Ft. ihtSL

Breaking depth Hm!
-Ft. RSL

Location
5 1 0

743 820 8 80 706 7 79 8.36Virginia to
Cape Hatteras

7.10 7.63 8.00 6.75 7.25 7.60Cape Hatteras to
Cape Lookou t

7.63 9.33 10.95 7.25 8.86 10.40Cape Lookout to
New River Inlet

8.80 10.55 12.05 8.36 10.02 11.45New River Inlet to
Cape Fear

9.67 11.23 12.45 9.19 10.67 11.83Cape Fear to
South Carolina

I.A.2.c. Overall Sediment Bud et--The overall sediment
budget of a barrier island system is controlled by a large
array of factors and will vary greatly depending on the time
over which the observations are made. Pierce �968! studied
the section of the Outer Banks from Hatteras Inlet to Cape
Lookout and through the use of historical records over the
past lOG years estimated that accretion  net deposition of
sand! in this segment has exceeded erosion. Yet, about one-
half of this area is, eroding, even though there is a net gain

barometer wave." This component is absent in hurricanes,
however, since they are high pressure systems. %iind~enerated
wave setup is the most important and heightens the surge con-
siderably as wind velocities increase. Stillwater sea levels
commonly reach 3 to 4 meters above normal and wave heights
reach even higher  Swif t 1969; Table 1! . In 1970 hurricane
Camille produced an S~eter surge along coastal regions and
25~eter ~aves over the deep shelf . These storm surges can
have dramatic consequences, both onshore where they cause
flooding and erosion and offshore where they may effect sand
transport at depths and distances unaffected by normal cli-
mates.



of sediment over the entire sector. The major Losses from
this system occur through inlets, washovers, and onto Gape
Lookout and Lookout Shoals. The major inputs are longshore
transport from the northeast and a postulated continental
shelf sediment movement into the nearshore area. This of f-
shore sediment source is a matter of speculation and the ex-
act mechanism for its transport onshore is unknown. Under
erosional conditions, however, material may be transferred
from the lower shoreface to the adjacent shelf trangressive
sand sheet  i.e., offshore!. This occurs as a storm-induced
wind causes downwelling along the shoref ace, although this
process is also poorly understood  Swift et al. 1975! .

Figure 5 summarizes the major components of sediment and
water transport in a hypothetical coastline sector. The un-
known nature of these processes serves to point out that
geologists cannot yet fully describe the sediment budgets and
transport mechanisms for the barrier island systems even for
the re lat i ve ly long -term or gr oss changes .

LITTORAL ORIPTOLI IPVT 0
Ok

Figure 5. Unit volume of coastal water column and its sub-
strate  from Swif t 1975! . Arrows indicate com-
ponents of sediment and ~ater transport.

Underlying the seasonal and aperiodic variations in wave
climate and sediment transport is the phenomenon of sea level
rise. This rise, while very slight, may be affecting the bar-
rier islands in a very important way, resulting in long-term
changes in barrier island morphology. One possible effect is
discussed in the following section.



I .A. 3 . Barr i er Is land R igrat ion

A long-term behavior of an island during a marine trans-
gression  i.e., a sea level rise! depends upon the balance
between fairmeather accumulation and storm erosion  Swift
1975!. This net balance may depend largely on the net import
of sand into the system. With a relatively constant amount
of sediment being supplied by longshore transport, the island
can maintain itself in place as sea level rises by building
upward  Figure 6!, and may even translate seaward by the out-
ward growth of beach ridges  Curray 1969; Swift 1975!. This
sand must come from somewhere, however, and many sections of
the North Carolina coast are not receiving sediment inputs,
but are closed sand-sharing systems. Net littoral import is
negligible or negative. Sediments coming down the rivers no
longer reach the shore zone. Sea level rises have flooded
inland river valleys and sediments from rivers are trapped in
coastal estuaries. Under the circumstances of zero sediment
gain or net sediment loss, an island faced with rising sea
level must retreat back up the coastal plain to maintina a
constant elevation and prevent submergence. For a given rise
in sea leve 1, an is land may need to retreat a distance two or
three orders of magnitude greater than that rise. With the
current rate of marine transgression of about 1 foot per cen-
tury, this process obviously entails significant movement
 Pilkey et al. 1975!, on the order of 100 to 1000 feet per

century. AOATAA'VA ~ AV
OII ~ CAT'IVOTTAOIRIAI

'c 'C

. TAO 'll l
NOIIIT

COAI Ot ACACAOAAOCI

viCTOI ~ TTOIIIIIOA OtTAT IIIC TCAACIAROI

NACA OVCC C TCN
OI AACCA ~ I ~ AOT TACIT TITTOCAI AON

~ ITCITACOC
COT TAOTTOA

AA'VAACI ~ IOTACIT IAAO

Figure 6. A! Er osional shoreface retreat af ter Bruun 1962;
and 8! depos i t i ona 1 advance o f the shore f ace i n
response to an excess of coastwise sand i~ports
over exports  from Swif t 1975! .
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Storm surge washovers provide one mechanism by which
sediment is recycled landward allowing the island to roll
over on itself and crawl slowly up the coastal plain  Figure
6!, Some barriers, however, are x easonably stable, being
perhaps slightly more erosional than constructional. Pierce
and Colquhoun �970! sho~ed that 40% of the barrier still sit
on Pleistocene  old! soils indicating no overall retreat.
Washovers in these cases act as sand sinks. After a storm
the beach repairs itself, the dunes rebuild again, and the dy-
namic shoreface equilibrium is maintained.

I.A.4. Capes and Cuspate Forelands

Three prominent capes or cuspate forelands exist on the
North Carolina coastline: Capes Hatteras, Lookout, and Fear.
Associated with each is an extensive underwater shoal of
major proportions; Diamond Shoals, Lookout Shoals and Frying
Pan Shoals, respectively. The near right-angle bend in the
coastline at the capes distorts littoral transport so that it
loses sand-carrying capacity and the shoals prograde onto the
inner shelf. At the same time the barrier is responding to
transgressing sea levels by retreating landward; hence, these
shoals are called cape retreat massifs.

The real picture is not always quite so simple. Cape
Hatteras and its associated retreat massif are aggrading on
their south sides and eroding on their north sides  Fisher
1967!. It appears, therefore, that the Cape is moving south-
ward and rotating slightly. The presence of this vast ridge
of sand does indicate that the retreating Cape Hatteras has
been a net sink rather than a source for longshore transport
throughout recent geologic time  Swift 1975!. Frying Pan
Shoals has experienced an average annual accretion of approx-
imately 30,000 cubic yards  El-Ashry and Wanless 1968!. The
presence of these vast shoals certainly affects the wave cli-
mate impinging on the nearby coast. Wave fronts, especially
the larger ones, wi11 be refracted as they cross these shoals.
Should storm waves alter significantly the shape of these
shoals, nearby coastlines may experience new dominant wave
patterns and sediment transports may shift. While the dynam-
ics and hydraulic mechanisms active on these massifs have been
the subject of some investigation  Tanner 1961; Curray 1964;
El-Ashry and Wanless 1968!, they are, to date, largely unex-
plained.

I.A.5, Washovers

Although the beach, inlet and dune systems are discussed
separately, the washover is one major feature that cuts



across all three of these barrier island environments. A
washover connects beach with sound or lagoon, transects the
dune f ield in the process, and may become an inlet either per-
manently or temporarily. Washovers are easily recognizable
as low, usually broad, passes running across the island from
the ocean to the sound. These passes and the processes which
cause them are critical components in the dynamics of the bar-
rier island ecosystem.

Occasionally the wave climate associated with an excep-
tional storm exceeds the ability of the beach zone to absorb
it. %ave heights may carry over to the beach ridge or erode
the foredunes ta the point where they can be over-topped.
Water and sand is then carried down across the island by its
increased elevation above the still water level in the lagoon.
If this flow is constricted and fractional losses are minimal,
a channel may be cut . According to Pierce �970!, where the
barrier is wide, low and extensive adjacent barrier f lats are
present, the most likely result is the formation of a wash-
over fan  a delta-like feature spilling out into the lagoon!.
Because of the low prof i le and the distance required to cross
a. wide barrier, the water usually does not attain a very high
velocity, frictional losses dissipate most of the energy and
erosion is considerably lessened. As the water slows, en-
trained sediments dx op out onto the washover passes. Tidal
flats at the rear of the barrier build up and further reduce
the back barrier slope. A series of di~tributaries is formed
on the fans which distribute additional surges over a larger
area, lessening the chance of erosion below sti11 water lev-
els. %hen these washover fans overlap a wash..~ver te'race i~
i n "alt 8

washovei passes and fans support a sparse grassland of
smarting and a~elide o sem ervirens  Figure 7!. Tbe standing
crop is usually low, approximate y 0.05 kg/m  Godfrey and
Godfrey 1974!. Toward the back of the washover terraces a
more productive closed grassland, dominated by b. Fatens,

cies> is often present. Standing crop here may be up to 1.5
kg/m". At the back fringe of the island, washover deposits
often cover old marshes, new marshes then develop on top of
the old. Where the deposits are flooded by spring tides, a

2 � "'"'
ianus f orms.

Godfrey and Godfrey �974! point out the importance of
washover and inlet closing in the formation and maintenance '
of new and more productive marshes. Older marshes which have
built up peat over the years have grown vertically and are
of ten bnrdered 1» ayl erOSional scarp where waves are cutting
away at the substrate. Lateral growth in these marshes is
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effectively halted. The area is dominated by the short form
of ~S artina alterniflora and standing crop i.s only about 0,7
kilogram per square meter. Tidal flooding is less frequent
and less nutrient-rich detrifal organic material is able to
reach the estuary.

In contrast are the newer marshes farmed from oceanic
washover. Here the sediment grades into the lagoon allow-
ing lateral growth. The S. alterniflora grows in its tall
form and standing crop may reach 1.9 kilograms per square
meter. Regular tidal flooding carries nutrients into the es-
tuary and allows many organisms to inhabit the marsh. Dunes
px otect the marshes from excessive washovers, but do not halt
the process of barrier island retreat. The natural process
of washover, therefore, serves ta dissipate high storm wave
enex'gies and maintain the elevation of the island in face of
rising sea level. It also serves to assure the growth of
highly pxoductive marshes and maintain a link between the
barrier island and lagoon-estuary ecosystems.

I. B. In lets

Val Klump and Johanna Smith

Sections of the barrier island system are dominated by
inlets and their associated processes. Figure 8 shows these
areas along the North Carolina coast, the majority of which
lie in the southern half of the State. The inlet area is
highly unstable, giving rise to rapid and largemcale ero-
sional and depositional changes in response to long-shore and
tidal currents, waves and storms  Ti lley 1973! . Such changes
can result in the opening, c losing or migration of inlets.
These natural processes are many times in conflict with man' s
actions and desires. Thus, he often dredges and attempts to
stabilize inlets against the forces of nature. The dynamic
nature of inlets, however, must be considered in the frame-
work of the entire barrier island system and its gradual re-
treat shoreward in response ta rising sea level. Viewed in
this way, the cycle of inlet formation, migration and closure
plays an impartant part in widening the island  Godfrey and
God f rey 1973! .

I ~ B.l. Physical Characteristics

Physically, the tidal inlet consists of a channel, an
ebb-tidal delta, a flood-tidal delta, the barrier island
shoals and swash bars. Most of the depositional structures
are dynamic features, changing in response ta currents and
waves. The barrier island boundaries on either side of the
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inlet are constantly being modified by erosion and deposition.
Usually, one side is building up while the other is eroding,
causing an offset of the barrier  i,e., one side extending
farther downMrift over the inlet entrance!, The flood-tidal
delta is formed on the lagoon side by sediments carried in on
the flood tide. It is a very broadly lobed delta, transected
by channels and distributaries and often having areas ex-
posed to waves and is, therefore, variably modif ied by the
wave energy of the system  Bruun and Gerritsen 1959!. Both
deltas have certain channels which are def inite ebb-flow and
f Lood-flow channels  Bruun and Gerritsen 1959!. The various
offshore shoals are very important as storage areas for sedi-
ment crossing the inlet opening  U.S. Army 1966! . These
shoals and wash bars are formed in response to local curxent
conditions and waves  Hayes et al. 1973! .

I. 8.2. Dynamic Character is ties

The tidal inlet is in a state of dynamic equilibrium due
to the interaction between sediments and the processes moving
these sediments. Since inlets connect the open ocean with
the lagoon, they are subject to tidal currents. And because
they exist along the barrier island, they are subject to the
longshore currents. The processes of importance, then, are
erosion and deposition as inf luenced by tidal, longshore and
local currents.

I. B.2.a. Tidal Cuxrents � Tidal range along the North
Carolina coast is approximately 3 feet, Variations occur,
however, due to ~cather conditions and lunar cycles. The
tides are diurnal, having two tidal cycles a day. This cyclic
oscillation results in flood currents which enter the lagoon
through the inlet and ebb currents which return to the ocean.
The tidal current will define the tidal prism, or how much
~ater moves in and out through the channel. The width, depth
and length of the channel also directly control the amount
of f low and indirectly control the speed of flow  Oertel
1975!. Any changes of flow due to sedimentation will affect
subsequent f low and sedimentation. Thus, through ex'osion and
deposition, the inlet is constantly working toward an equi-
librium between the length, width and depth of the channel and
the tidal prism  Bruun and Gerritsen 1959! .

I.B.2.b. Lon shore Curx'eats and Trans ort--Longshore
cux rents are formed in response to wave energy directed
against the shore as previous Ly discussed.

important to remember that the system is always changing.
Therefore, although an offshore bar may remain in approxi-
mately the same position, it is not made of the same sand.
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Sevex'al types of depositional features are associated with
the inlet . These ax e tida1 Me ltas, recurved spits, of f set
barrier and shoals. Brfef mention has been made of some of
these, but a more detailed discussion of their formation, dy-
namic state and relation to currents and waves will be given.

As sand carried by the 1ongshore transport system ap-
proaches the inlet, various changes in currents and waves oc-
cur due to change in morphology  Hayes et al. 1973!. Changes fn
wave refraction and current patterns cause Gee updrift bar-
rier to grow as a recurved spit through sediment deposition.
At the same time, removal af sediment by the longshore trans-
part system causes the downdrift side to erode, resulting in
larger barrier updrift or updrift affset  Figure 9!.

Figure 9. Effect of longshore current on erosion and
deposition around an inlet.

Sediments carried to the mouth of the inlet will be moved
by the flood tide currents. At flood tide, waves and currents
are working together to produce optimum transpart conditions
 Hoyt and Henry 1965!. As the water moves up the inlet, it
loses much af its enex'gy and, therefore, drops its sediment.
The sand is deposited in relatively large floodtide deltas,
which essentially store the sediment  Oertel 1972!. Since
the lagoon is a low-energy area, the floodtide delta is not
as greatly affected by waves and currents and consequently
develops a mare intricate pattern of channels and shaals.

Most inlets are subject to shoaling. Anything that changes
the equilibrium between the tidal prism and the physical form of
the inlet will change the amount of water flowing in and



out. This change in the tidal prism wi ll cause further change
in the depositional patterns  Bruun and Gerritsen 1959! .

The general causes of shoaling are lengthening of the in-
let channel, deposition of sediment during storms and split-
ting of the main channel, All serve to modify the balance be-
tween the channel and the amount of water flowing through it .
Lengthening the inlet channel through deposition is an on-
going process while the other causes are associated with
s torms, therefore occurr ing less frequently . Obviously,
these shoals are a danger in navigation of the channels.

As the water moves out of the lagoon on the ebb-flow, an
ebb-tidal delta is formed. Hayes et al. �973! gave the fol-
lowing model:

The ebb-tidal delta consists of 5 major components; 1!
major ebb channel, 2! channel margin linear bars, 3!
terminal lobe, 4! marginal flood channels, and o! swash
bars. These features are maintained by a balance of
three hydrodynamic f orces; wave action, f lood currents,
and ebb currents  with the ebb currents being the domi-
nant factor!. The channel margin linear bars are ap-
parently built by the interaction of ebb currents and
waves; swash bars are the result of wave action; the
major ebb channel and terminal lobe are maintained by
ebb currents; and marginal flood channels are a re-
sponse to f lood currents.

Inlets tend to interrupt normal littoral transport of
sediment since the longshore current is affected by the tidal
current. Natural inlets, or those not modif ied by man, have
offshore bars by which sand moves across the inlet, through
a process called sand-bypassing  U.S. Army 1966! . This is
not simply a matter of sand moving directly from the long-
shore current to the of fshore bars and then to the other side.
Rather, it involves a reworking of the sediments influenced
by tidal currents over the entire area.

Several variables are involved as the sand moves across
the inlet; the most important to the downdrift side is the
supply of sediment. Since this supply is not constant, the
downdrift shore is not stable and is subject to erosion  V.S.
Army 1966!, Another factor involved in the smooth bypassing
of sediment is constancy of wave action  Brown 1928! . A
change in wave patterns due to storms or seasonal change will,
therefore, affect the sand bypassing system. If there is
more sediment than the ebb-tidal current can effectively flush
back into the longshore transport system, the inlet will even-
tually be closed off .
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X.B.3 . Temporal Characteristics

I.B.3 .a. lki ration and Stabilit --Two important char-
acteristics of in et eve opment are migration and stability.
Through processes previously discussed, an inlet will go
through a cycle of various morphological changes. Develop-
ment proceeds such that the channel begins to meander, may
eventually fill with sediment and close off completely  Laag-
felder et al. 1974! . ikeandering may proceed to such a point
as in RWa Inlet, where a long narrow channel runs almost paral-
lel to the beach  Ti lley 1973! . Those inlets that lie near the
mouth of a major river, such as Beaufort Inlet, will remain
open longer since a much stronger current continuously f lushes
the channel. Xf an inlet is maintained artificially, the en-
tire dredging process will have to move more sediment and so
become more expensive  Pi ikey 1972! . Since the tidal deltas
are growing, the channel must be maintained at greater and
greater lengths. The stabi lity of inlets is also subject to
seasonal reversals in winds and currents which will change
patterns of sand transport and deposition  Brown 1928! .

The process of migration also occurs in response to
wave forces, longshore currents and tidal currents, and tends
to occur in the direction of the dominant longshore cux'rent.
Xnlets in North Carolina, therefore, move from north to south
except where local currents cause variation. A shoreline
area up to 6-8 miles may be affected by an inlet  Hoyt and
Henry 1965! . Sediments are deposited on the updrift barrier
and erosion occurs downdrift  Figure 9! . The updrift barrier
may develop several recurved spits on the lagoon side  Figure
10!. The rate of migration depends on the magnitude of the
littoral drift and the velocity of tidal and longshore cur-
rents  Bruun and Gerritsen 1960!.

The movement of inlets up to 1948 has been studied and
documented in the "North Carolina Beach and hrosion Study,
1948." An extensive report coveri,ng inlets of North Carolina,
their description, migration tx ends and futuxe sedimentation
trends has also been wr itten by Langfelder et al, �974! .

I.B.3.b. Formation-E!ver a broad time scale, inlets
-. ~ ~ ~ . * ~

and closing. Xnlet areas and these processes are important
in widening the island and, thus, the overall maintenance of
the barrier island system.

The formation of inlets is caused by the tidal surge
associated with storms. Xt can occur in several ways depend-
ing on the configuration of the barrier, the depth of the
lagoon and the dixection of the storm surge  Pierce 1970!.
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DEPOSITIONAL PATTERNS OF A GRKRALIZED TIDAL INLET

FLOOD-T IDAL
/ DELTA

OSHORZ

-TIDAL

HQRE

Figure 10. ilajor depositional patteras and
eater-flow components.
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Inlets wi ll not be formed by normal wave action, since the
energy from these ~aves is not concentrated in a small enough
area and the system is adapted to the normal energy regime.
storm waves overtopping a barrier island will result in
either a washover fan or a tidal inlet, depending on how the
energy is concentrated. If the barr ier is wide with a rela-
tively flat slope into the lagoon, the energy will tend to
dissipate. This will result in formation of a washover fan
with many small distributaries to carry the water and, thus,
the energy. If, however, the storm surge is concentrated in
a small area, across a narrow barrier, frictional losses will
not be as great and an inlet can form. steeply sloping
lagoonal sides do not allow the dissipation of energy and the
water tends to cut through  Pierce 1970! .

During a storm, ~ater can pile up on the landward side
of the lagoon due to the force of the wind and the increased
runoff from rains. During tropical storms, which have a def-
inite reversal in wind direction, this initial build-up can
be rapidly reversed. As tides and storm energies ebb, the
water rushes back toward the barrier island. If the energy
is sufficiently concentrated, it may move sediments and cut
a channel as waters breach the island to escape the lagoon.
The length of time that an inlet remains open depends on the
frequency of storms, the rate of sediment transport by long-
shore currents, the tidal range and the prevailing winds
 Godfrey and Godfrey 1974!.

I.C. Dunes

Val Klump and Johanna Smith

Although the dunes are intimately associated with the
entire sand-sharing system over long time periods, several
other processes are of major importance to their maintenance.
These will be discussed below.

I.C.l. Physical Characteristics

Dunes and dune fields are formed by the eolian trans-
port  wind transport! of sands and the growth of dune vegeta-
tion. hand moves by saltation, a process whereby sand lifted
by wind energy bounces along a loose sand surface setting
other grains in motion by its impact. The wind velocity
necessary to initiate sand movement is known as the threshold
velocity. Under normal conditions the threshold velocity is
about 10 mph �.5 m/sec!  ganwe ll L972! . Threshold veloci-
tiess w i ll increase w i t h increas i ng grai n diam>eter, humid i ty,
surface slope and salt spray.
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The inatabi1ity, lack of nutrienta and lack of soil mois-
ture of the foreshore sand deposit washed by tides make colo-
nization by plant life practically impossible. Tidal litter,
left behind at the high ~ater max'k in atrandlines, provides
the niche for the initiation of plant growth necessary for
dune formation. Vegetation that establishes itself in a
strandline or on a dune begins to accumulate sand by reducing
the wind velocity at the surface well below the threshold
level. Plants, such as Uniola aniculata  sea oats! and

horizontal and vertical rhizome systems which act to captux.e
moistuxe fxom rainfall, and to bind sand and stabilize sand
surfaces. These plants flourish under conditions of moderate
burial and are, thus, superbly adapted to growing in the un-

themae1ves on the shore or dune particularly after periods of
heavy rainfall, which yield sufficient moisture and stability
for growth to begin. Rhizome fragments of f toppled clumps
from eroded areas are a major means of reestablishing new
embryo dunes. Shoot elongation and branching occur rapidly
in the spring, creating a cluster of shoots that is loose
and open in accreting areas and denser clumps in stable areas
 Ranwell 1972!. Embryo dunes may coalesce to form a band
which grows upward.

I. C.2. Dy namic Character ist f cs

Growth of a dune ia initial1y parallel with the strand-
line. If the coastline is prograding, a series of parallel
dune ridges may form as alternating ridges and hollows atabi-
lise in situ. If onshore winds are strong and persistent  or
if vegetation is destroyed!, a dune may grow to maximum height,
then erode, moving about with the winds. Maximum wind veloci-
ties over a dune are experienced at the dune crest, the height
of which is controlled by wind, rain and vegetation. Behind
the crest, in the lee of the dune, an air circulation vortex
 or eddy! creates an area of reduced velocity where the ef-
fect of gravity exceeds the transport capacity of the wind
and sand ia deposited. This sheltered area extends to the
leewax'd of the dune and allows the formation of a dune slack
where deposition is minimal, since the wind has lost most of
ita sand. Beyond this point, higher wind velocities x each
the surface and may carve the sand down to nonerodable damp
sand just above the water table  Ranwell 1972!.

Dunes migrate and shift their position frequently through
continuous windward erosion and leeward deposition and through
occasional dune "blowouta" and parabolic dune formation  Fig-
ure 11!. In doing so there is a constant alternation between



dune and slack. The "ghost fox ests" of dead trees and stumps
witnessed in the barrier island dunes attest to this fact, as
forests are covered and then uncovered by moving sands.

4, Deuelapmeht of OioW Out
ot dune crest

6. tfevelopment of Incipient
pa reboil c form

slack

6. RecfXonisatian of coast dune gap
by embryo dunes, Landward
mevement Of paraaOlic dune unit,

. exposing embryo siock surface

7, 9<tension of embryO slaCk fOrmed
In the wOke Of the paraboliC dune.
parObala now free fram Cadet dune
ond well to landward of it

Figuxe ll. The formation and development of a parabolic
dune unit  from Ranwell 1972!.

I.D. lkaritime Forest

Vincent Bellis and Edward Proffitt

A significant portion of North Carolina's tourist income
is derived from providing a ple6Laant beach experience for Tar
Heels and out-of~tate visitors alike. Poets and artists
find inspriation in the varied seashore landscapes which seem

The relative orientation, stability, distance inland and
topography are all factors that may affect the ecology of the
dune zone environment. Solar slopes, shade slopes, ~indward
slopes, leeward slopes, hollows, slacks and plateaus include
some af the topogx'aphic variations that can affect ecological
adaptations. Salt spray has been shown to be an important
factor in determining dominant dune species, as some plants
are well adapted to frequent spray and may receive certain
growth requirements in that f orm  Oosting 1954; Boyce 1954! .
The dunes are thus the result of fragile environmenta1 bal-
ances  many plants may be living at the extreme of environ-
mental tolerances and are easily disrupted!. The fact that
natural dune fie!ds are constantly shifting, burying and un-
covering attests to the transient nature of individual exis-
tence in this envix onment,
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to elicit a wide spectrum of emotional responses. The Mari-
time Forest is a major component of the barrier island sys-
tem and owes its existence and maintenance to sea forces.
Maritime Forest soils are relict ocean sediments. Most of
the mineral elements required for forest nutrition are derived
from salt spray. Even the finely detailed sculptured appear-
ance of the vegetation, which many visitors find aestheti-
cally pleasing, is a direct response to salt blown in from
the sea.

The Maritime Forest is thus directly important to the
North Carolina economy because it contributes to visitors'
enjoyment of the seashore. Other functions of the Maritime
Forest may seem less obvious; but, in fact may be vital in
holding the Outer Banks in equilibrium with erosive forces
of the sea. These functions include retention of rainfall as
subsurface groundwater, stabilization of loose sandy soils in
the face of frequent strong winds, and conservation of scarce
nutrients  potassium, calcium! from salt spray and rain.

The earliest settlements on the Outer Banks  Ocracoke,
Portsmouth, Old Nags Head, Diamond City, etc. ! were nest led
among the trees of the Maritime Forest because island natives
knew such places to be high, safe and not subject to the ex-
tremes of temperature found outside the forest. Recent real-
ization of this fact by development interests, together with
the scarcity of undeveloped front beach property, is causing
developers to cast covetous eyes on property considered to be
undevelopable thicket just a few years ago.

E.D.1. Definition and North Carolina Examples

Maritime Forest is a variant of the coastal evergreen
forest, from which many species have been removed by salt
stress and the surviving species exhibit an espalier or
trimmed appearance caused by salt damage to growing branch
tips. One arbitrary "~orking definition" considers the Mari-
time Forest to become coastal evergreen forest at that point
where loblolly pines reach mature stature. This definition
is probably too restrictive and oversimplified. For practi-
cal purposes one should consider all forested areas occurring
on relict sand dunes either on the Outer Banks or immediately
adjacent to permanently salty sounds to be Maritime Forest.
Characteristic vegetation includes many evergreen and aro-
matic trees and shrubs. Dominant tree species in relatively
undisturbed areas are usually live oak  Quercus vir inlana!,
laurel oak  Q. laurifolia! or youpon  Ilex vomitoria . Asso-

c  
'"  ~ ~!



American holly  I. o ca . Ground cover is usually partridge
berry  Siche lie teens . Vines are catbriar  Ssi lax spp. !
and poison ivy  Rhus toxicodendron!.

In North Carolina the Maritime Forest is quite rare. It
is virtually restricted to wider portions of the barrier is-
lands. Zxcellent expressions of this forest type exist today
in the Duck Woods, Nags Head Woods, Buxton Woods, Ocracoke
Island, Portsmouth, and parts of. Core Banks, Shacke lf ord
Bank, Bogue Island, Bear Island and Smith Island. With the
exception of a portion of Buxton Woods, managed by the Na-
tional Park Service, and Bear Island  Hammocks Beach State
Park! most of the existing Maritime Forest in North Carolina
is privateLy owned and subject to increasing development
pressure.

I,D,2. Environmental Description

I.D.2.a. Stress Factors � The Maritime Forest originated
f « ~

green Forest to stresses imposed by proximity to the sea.
The entire Outer Banks is geologically unstable and subject
to frequent high winds sweeping in from the ocean. Sandy
dune soils contain few mineral nutrients and such nutrients
as are available tend to be very mobile and are readily lost
from the root zone through leaching. Rainfall provides the
only source af fresh water.

I.D.2.1. Ada tations to Stress--Wind impact and, conse-
quently salt spray e ects, are most severe along the seaward
edge of tbe forest. Here the forest canopy is kept compact
and low because apical dominance of the branches is destroyed
whenever terminal buds are destroyed. This stimulates de-
velopment of lateral buds and leads to a dense canopy consist-
ing of many short branches arranged as a mosaic.

Such a canopy provides an effective wind barrier, but is
readily permeable to water. This seemingly delicate filigree
of small branches can resist even hurricane winds.

Leaves of salt-tolerant trees and shrubs are often
small, thick and leathery. Presumably, such leaf character-
istics represent adaptations to conditions of physiologica.l
drought  in this instance the waterWrawing capacity of salt
spray!. There is alsa evidence that excess chloride is trans-
parted within the plant ta terminal leaves or individual leaf
tips. Subsequent death and fall of these leaves may remove
excess salt from the plant.

Physiological drought may occasionally be accompanied by
physical drought, depending upon the availability of rainfall.
Much of the rainfall occurs during the late winter and spring,
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while water requirements are greatest during summer. Water
conservation is a prime function of the Maritime Forest and
we doubt that an "engineer" could appreciably improve the de-
sign employed by nature. Basically it consists of 1! aa
outer heat shield aad reflector  the tight forest canopy!,
2! a darkened dead air space  open shaded zone between canopy
and the ground!, 3! a layer of insulation  leaf litter and
humus! and 4! a fine~rained absorptive bed which retains
water by capillary adhesion  sandy soil of the relict dune!.
The freshwater Level is kept nearly constant because this
freshwater "reservoir" floats on deeper brackish ~ater. The
Maritime Forest, is thus well adapted for water trappiag and
storage.

Most of the mineral inputs are derived from salt spray.
Sodium, magnesium and chloride ions generally are present in
far greater amounts than are required for plant growth. Nitro-
gen, phosphorus, calcium and potassium tend to be present ia
amounts approaching minimums required aad often are tied up
ia the biomass. Once ioas become soluble, they tead to be
leached rapidly below the root zone if aot immediately taken
up or complexed out in the humus. The root zone of the
Maritime Forest thus acts as aa ion filter. Readily soluble
excess ions are transmitted but scarce ions are conserved aad
recycled. Nitrogen enters the system via symbiotic nitrogen-
fixing bacteria living within the roots of wax myrtle. This
fragrant evergreen shrub is abundant in iaterduae thickets,
as forest understory, and in swale ponds throughout the
coastal area. The water fern  kzolla!, with its nitrogen-
fixiag endocymbiont  Anabaena!, sometimes forms an extensive
red surface layer over swale ponds exposed to full sunlight.

''3"'*"'
the Maritime Forest does not appear to be highly productive.
Law biological productivity probably results from limited
primary production which in turn is a function of salt stress
and low mineral base, In any event, both flora and fauna lack
diversity as compared to other inland sites, First level con-
sumers include deer, rabbits, turtles  sliders! and various
Litter-inhabit ing beetles. Frogs, dragonflies and other pred-
atory iasects form the second level of consumption. Snakes
are often the top predators; black racers aad copperheads in-
habit drier sites  dune crests! while cane-brake rattlesnakes
may be found along the swale ponds. Birds are not abundant
in the forest, but myrtle warblers may be seasonally abundant
as may other migratory species. Ospreys and pileated wood-
peckers often nest in the Maritime Forest. To our knowledge,
careful studies of southern Maritime Forest productivity and
trophic structure have never been published. The Maritime
Forest seems to be primarily a producer-decomposer system
with rapid reentry of essential mineral autrieats back into
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the vegetation with excesses quickly leached out of the sys-
tem. Both import and export of organic mattex would seem to
be minimal.

I.D.3. Geographic Variations

Beaches north of Cape Hatteras face nox theast and bear
the brunt of "nor'casters" during winter and spring. The
zone of salt spray seems to carry much farther inla.nd past
the surf, producing a wide interdune in front of the Maritime
Forest. Loblolly pine, American holly, red bay and southern
red oak are conspicuous components of the vegetation. South
of Hatteras the beaches face south or southeast. Maritime
Forest begins just behind the primary dune, and live oak and
youpon become increasingly abundant. Palmetto  Sabal minor!
occurs frequently south of Hatteras, but is rare to the north.
Carolina pink  Silene carolinana! can be found in the Nags

Maritime Forest. Likewise, false heather  Hudsonia tomen-
tosa! reaches its southern limit in the same area. Along the
south coast cabbage palm  S. palmetto! reaches its northern
limit. Thus, the Maritime Forest varies in aspect as we11
as relative abundance of species.

I.D.4. Values of the Knvironment

The primary direct value of the Maritime Forest is that
it helps stabilize a geologically unstable system. Direct
benefits include 1! protection of loose sandy soils from wind
erosion, 2! accumulation and storage of freshwater, 3! minexa,l
ion filtration and 4! px oduction of soil by trapping blowing
sand and deposition of humus  island buildup is important
since sea level is rising!.

In the case of the Maritime Forest, aesthetic qualities
are of direct economic importance because of its role in en-
hancing the beach experience for tourists. Birdwatching,
fishing, hunting, hiking, nature photography and picknicking
are human activities frequently observed in Maritime Forests.
Although the Maritime Forest is a rare and interesting eco-
system, it has low ecological diversity and harbors few
xare or endangered species. On the other hand, the fact that
ecological interactions axe relatively simple and exchange
with other systems minimal makes the Maritime Forest an ex-
cellent system for scientific study . In fact it might be
argued that further destruction of Maritime Forests along
North Carolina's Outer Banks should be prevented until we
have documentation concerning their role in barrier island
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formation and maintenance, and until we have a better idea of
the long-term ef fects of forest removal on soil stability and
groundwater quality.

I.D.5. Man's Impact on the Environment

Construction of tall buildings along the duneline en-
hances development of vegetation on their lee side, while
leveling of dunes for parking lots or trailer parks extends
the zone of sa lt impact back into the forest. The saf est
place for man to occupy on the Outer Banks is the very area
most critical for maintenance of system stability.

I . D . 6 . Manageme nt Imp 1 i cat i ons

The stabilizing vegetative cover may be los through
fire, salt damage or land-forming operations during develop-
ment. Once exposed to wind erosion, deforested relict dunes
may become active again and migrate over the remaining Mari-
time Forest. Effects of dune migration are especially evi-
dent in the Nags Head Woods. Along Bogue Banks it has been
common practice to establish trailer parks by pushing the toe
of parallel dune ridges into the intervening swale ponds.
Destruction of the forest canopy during this process results
in increased evaporative water loss from the soil, while
subsequent removal of the litter layer by lot owners further
increases evaporation. Fi lling of the swale ponds results
in loss of water-holding capacity. Human population demands
upon the freshwater supply increase even as man's activities
function to reduce water trapping and holding capacity of
the natural system.

Old, established villages all
test to the fact that man can live
Maritime Forest ~ithout destroying
use involves allowing roadways and

along the Outer Banks at-
comf or tab ly within the
i t . Basica l ly compat ib le
public service lines to

The impact of human disturbance is likely to be cumu la-
tive and largely irreversible. Groundwater pollution by
septic tanks may actually have a beneficial effect on the
Maritime Forest; ~hereas, excessive human demands on the
f reshwater lens could result in lowering the freshwater table.
Certainly, clearing of the forest interferes with its basic
functions of nitrogen-fixation, water retention and soil
stabilization. Loss of the Maritime Forest might destabilize
relict dunes, with consequent impairment of human structures
by shif ting sand dunes. A critical, and as yet unknown, fac-
tor is the degree to which ~ater can be pumped from forested
dunes before they lose their vegetative cover and stability.



f ol low natural contours, deve lop on1y high land, avoid f i ll-
ing freshwater ponds, cut only those trees which directly
interfere with home construction and access, and use native
shrubs for ornamentation and stabili2'ation. Of course the

difficulty with the above recommendations is that if rig-
orously followed they should never permit the human popula-
tion density desired. This simply drives home the point that
the Maritime Forest is a low-production, low-density ecosys-
tem delicately balanced in an unfavoribie environment.
Throughout the history of the Outer Banks, the "woods" have
been used as a renewab1e resource--timber, hunting, firewood,
etc., and public access for these purposes was accepted.
With the influx of non-native homeowners the carrying capac-
ity of the "woods" for even these uses was exceeded. Now
the forest itself is being carved up into development lots
and will cease to function as a renewable resource. Public
access is prevented because of individual private ownership.
The land area of North Carolina occupied by Maritime Forest
is probably smaller than that of any other important coastal
ecosystem. ht current rates of development and loss, most
Maritime Forest will be gone or functiona11y useless before
we even know how it operates ecologically.

I.K, Barrier Island Values and Man's Impact

Val Klump and Johanna bmith

I.E. 1. Barrier Island Model

The f ollowing simplistic madel  af ter bwif t 1969! can be
applied to both prograding and eroding coastlines. The maj or
processes contributing to the development of the present
coastal morphology are shown, as well as the interactions be-
tween them. The f inal result, either prograding or eroding,
depends upon the parameters in Tab le 2. However, in nature a,
mixture is usually found.
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Table 2. Characteristics of Prograding and Eroding Barrier
Islands  from Swift 1969!.

Eroding coastlinePrograding coastline

1. No sediment supply

2. Rapid sea level rise

3. iiany storms

1. Sediment supply large

2. Slow sea level rise

3. Sufficient wave energy to
transport sand along-
shore � not catastrophic
storms

4. No plant growth4 . Plant growth sufficient
to stabilize, hold sand

5. Depressions to trap sand
 lost to systemmstuaries!

I.E.2. Values

1.2.2.a. P~rimar -"The tremedous value oi North Caro-
lina's Outer Banks is realized in the burgeoning tourist and
recreational industry. It is the ever-increasing demand for
the recreational and commercial use of this resource which has
caused many of the problems currently in need of resolution.
Xn trying to maximize these uses, however, commercial or di-
rect value considerations may ignore a larger number of criti-
cal environmental externalities � those indirect values of a
barrier island system which do not show up on a public ac-
countant's ledger.
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I.E.2.b. Secondar Indirect -Whe greatest indirect
value of the barr er is an s is as a "barrier." The islands
act as a shield for the mainland coast against the extremely
high oceanMerived energy regimes indigenous to the North
Carolina coast. The value here is not so much in dol1ars
gained as costs not incurred. perhaps a more accurate de-
scription would be "buffer islands," since the Outer Banks
are not a total barricade to ocean forces but merely take the
brunt of the blow. The islands themselves "roll with the
punch" through the processes of shoreface changes and island
migration.

particular values are also associated with the tidal
inlet area, the most obvious of which is in providing a chan-
nel for navigation from open ocean to the more protected
lagoonal area. ALso, these channels provide migratory routes
for important adult and juvenile commercial and sport fish
species'

The development of the tidal inlet is important in main-
taining the barrier island as a whole. Through the deposi-
tion of sediment on the tidal deltas, as well as overwash
across the barrier island, a major source of physical sub-
strate for marshes is provided  Godfrey and Godfrey 1974!
and ecological succession of plant communities can begin.
These plants will stabilize the sediments, eventually lead-
ing to the development of a salt marsh area and providing a
mechanism for widening the island. Often, storm waves can
develop inside the sound and, unless the deposition of sedi-
ment continues around this newly developing salt marsh area,
it will tend to erode quickly. Such erosion would reduce the
area of the younger, more productive salt marsh  Godfrey and
Godfr ey 1973!,

Once the inlet closes, marsh areas can develop an the
shallower shoals. These marsh islands can be connected by
overwash and deposition, further stabilizing and widening the
island  Godfrey and Godfrey 1973!. Thus, the island is re-
treating shoreward as the sea level rises and the various eco-
systems are maintained. Drum Inlet, which was open from 1933
to l971, shows the ecological succession patterns of a closed
tidal inlet.

As another important indirect service, the inlets main-
tain the sounds as protected estuary systems for many species
of commercially valuable fish, shellfish, crustaceans and a
variety of other plant and animal life. The daily flux pro-
vides cycles of salinity and temperature for these estuarine
species.
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I.K.2.c. Aesthetic--The islands themselves may contain
'-' .- - El. ~ - -- " . ~ '. ~

beach may act as a giant filter for seawater. Dune f lora is
often unique and may represent an invaluable gene pool of prim-
itive strains. Beach grass has been crossed with feed grains,
like wheat and barley, to produce very rigorous and highly
productive new hybrids  Ranwell 1972!.

The aesthetic value of the islands is unquestioned. It
is the beauty of the Outer Banks ~hich attracts so many to
them and increases development pressures. The shore is a
public resource and belongs to future generations as well as
the current one. Thus, it is valuable simply as a unique
natural environment. The complex dynamic forces which mold
it are a part of the attraction the islands have for scien-
tist and lay public alike.

I . E.3 . lian 's Potent ia 1 Impact

I.E.3.a. Activities Intr insical 1 Lan erous--The f ol ly
of building one s house on storm-tossed sands has been recog-
nized for as long as men have built houses  see Matthew 7:
24-27!. The hazards of. building on the shore~inc, in front of
the foredunes, in a washover pass, on an eroding spit or head-
land or in a shifting dune field are obvious. Knowles et al.
�973! have developed a model predicting storm-induced shore-
line recession along the North Carolina coast, with the goal
of determining the distance from the toe of the primary dune
within which any structures might be considered to be in dan-
ger  Table 3!. Local features such as dune field structure,
overwash potential, and long-term erosion and migration should
be studied before decisions are made or structures and con-
struction declared safe.

Long-term erosion and island migration are severe prob-
lems on the Outer Banks. Such processes are inevitable dur-
ing a period of rising sea level. Built in the 1860's, the
Cape Hatteras Lighthouse was more than 1000 meters from the
active surfmone. Today, despite millions spent to halt ero-
sion, it is less than 100 meters from the water 's edge  Dolan
1972c! . There is really no erosion "problem" unti 1 man bui lds
on the shore, He may then go to great lengths and expense to
protect his structure from the natural processes operating in
the system. Often these protective measures only serve to
accelerate erosive processes; thus, enhancing and escalating
the possibility of a real disaster .
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Table 3. Recommended ~iange of Recession Li nes f rom the Dune
Toe for One in Twenty-Five and One in a Hundred
Years Storm Return Frequency  from Knowles et al.
1973! .

Ran e of recession lines  ft!
Location 0

fre uercfrequenc

40-100

50-100

Virginia to Cape Hatteras 80-120

70-120Cape Hatteras to Cape Lookout
 one value!

East-west portion to Carteret
County

70-100 LOO-17o

130-230

180-230

180-2 70

150-260

100-160

100-140

120-170

120-190

Ons low County

Pender County

New Hanover County

Brunsw ick County

I.Z.3.b. Beach Stabili atiun and Protection Measures--
During the 1930's the WPA and CCC, under the direction of the
National Park Service, erected almost 3,000,000 feet of sand
fencing to create a continuous barrier dune along the Hatteras,
Pea and Bodie islands. This was followed by an extensive dune
stabilization program by the National Park Service in the late
1950's, when 2,500,000 trees, shrubs and grass to protect
47,280,607 square meters �,254 acres! were planted. Today,
almost a continuous blanket of vegetation covers the barrier
islands from South Nags Head to the southern tip of Ocracoke
Island. Robert Dolan  Dolan 1972a; Dolan et al. 1973! and
Paul Godfrey  Godfxey 1970; Godfrey and Godfrey 1974! have
given excellent accounts of the effect of this stabilization
program on the barrier island system. Their findings are
summarized in Figures 12 and 13 and the brief discussion
be low .
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Figure 12. Comparison of natural barrier island profile and
an artificially stabilized barrier island pro-
file  from Dolan 1972a!.

A
NATURAL

B
STAB IL t Z E D

Figure 13. Sequence of events shoeing barrier island prof iles
for a natural and stabilized system under differ-
ent conditions  from Godfrey and Godfrey 1974!.
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In short, the construction of a high  often up to 30
feet in height! foredune has had two effects: 1! it has pre-
vented the natural process of oceanic overwash, halting bar-
rier migration, and 2! it has introduced an artificial, tem-
porary stability to the zone behind the dunes. Unable to
retreat in response to rising sea levels, the islands have
begun to erode on both sides. The beach profile has steep-
ened, narrowed and become coarser to maintain its dynamic
equilibrium  see Figures 12 and 13! . The active sand zone
has been compressed by stabilizing the dunes behind it. The
high stabilized dune has become a sand seawall and increased
erosion due to wave reflection is common. The resu1ts are
summarized in Table 4.

Table 4. Changes Along the Outer Banks of North Carolina
Since High Barrier Dunes Were Constructed  from
Dolan 1972a!

Ratio x 100  Q!
ugust
1969

Topographic zones January
1945

54.5
10.9
22 .0

11.2

51. 5
20.2
42.1

21.9

Beach to active sand zone

Beach to island width
Active sand zone to island width
Dune to island width

As the beach erodes and the is land narrows, the pote n-
tial for storm surge destruction increases. When the stabi-
lized foredune gives way, it will be like the bursting of a
dam. Water will pour across the narrow, steep backslope with
considerable force. There is no gently sloping, wide wash-
over terrace or fan to dissipate its energy. The false sense
of security and safety given by the stabilized dune has en-
couraged development in highly hazardous areas  Figure 14!.

The great height of the stabilized dune has also pro-
vided protection from salt spray and flooding. Vegetation is
no longer limited by salt spray tolerance and the extreme
condi t i ons in the vie i ni ty of the beach . The shrub commun i ty
normally found only in the higher, well-protected areas at
the back of the island in older dune fields and terraces has
spread seaward, often forming impenetrable thickets 10 to 15
feet high. These shrubs and other "out-of-place" species are
not wel1 adapted to flooding, burial or salt spray. Should
the dune line be breached these species will be killed. This
artificially stabilized system may not recover nearly as
quickly as the natural ecosystem.
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 Ocean!

ui ~ t$ of alr q-sto ~ eat

ton of sand movement

Seach cottage in~
danger from erosion
of beach

expanse of beach � no longer
on nater's edge

 Land!

Figure 14. Effect of a groin on the shoreline
 from Pilkey et al. 1975!.

All along the coast other beach protective schemes are
used where shoreline development is threatened. These schemes
fall into three basic categories: 1! devices to trap long-
shore transport  e.g., groins and jetties!, 2! devices to
prevent shoreface flattening and erosion  e.g., seawalls,
revetments, sand bagging and bulkheads!, and 3! artificial
beach nourishment. Devices to trap sand drifting down the
coast are often merely robbing Peter to pay Paul." Sand
trapped behind a groin or jetty destroys the longshore bal-
ance of sediment flux, and erosion occurs on the down-drift
side of the structure,

Seawalls, revetments and bulkheads are used as an at-
tempt to prevent shoreface flattening and effectiveLy in-
crease the "coarseness" of the beach. As a result, the beach
profile is steepened and loss of sand from the beach is ac-
celerated by deflecting wave forces downward into the beach
deposit. A seawall is capable, through wave reflection, of
increasing the longshore current by up to L8%  Dean 1972! .
Eventually, the beach can disappear altogether  Figure 15! .



Figure 15. Effect of a seawall on the prof i le of
a beach  from Pilkey et al. 1975!,

Artificial beach nourishment is regarded as the least
undesirable method of protection  Dolan 1972c! . Ef fectively,
it increases the sediment input side of the dynamic shoreface
balance; but unfortunately, nearby sand sources are not al-
ways available. 1n the past sediments have often been dredged
from the lagoon and added to the beach, which not only dis-
rupts the estuarine ecosystem but may increase erosion on the
lagoon side of the island. Lagoonal sediments are usually
very fine and are quickly carried off, since they are dynam-
ically unstable on medium and high-energy beaches. The best
sources of sand are coarse offshore relict sediments on the
shelf outside the nearshore sandmharing system.

The economic implications of a beach nourishment program
are considerable. Costs may average as much as $700,000 per
kilometer of nourished beach  Dolan et al. 1973!. The U.S.
Army Corps of Engineers recently estimated that about >20,000
is necessary for restoration of the average 50-foot beach-
front lot along the Outer Banks, with an additional 5 1000 to
$2000 per year to maintain stability  Dolan 1972c!. hlillions
of dollars have already been spent, all in an effort to halt
the inevitable processes of barrier island evolution.
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I.K.3.c. Construction and Devela ment in the Dunes-
The dunes serve as a barrier or buffer to c imatic energies
and are a necessary part of the natural system. Construction
techniques too often ignore this fact. Instead of building
within the system and adapting structures and roads to dune
topagraphy, dunes are often leveled ta provide a platform
with a nice view . The result may be enhanced washover poten-
tial, salt spray kill-off and wind erosion. Site prepara-
tion and construction activities may disrupt fragile dune
vegetation, often resulting in de-stabilizatian and blowouts.

Buildings constructed on solid foundatians in the wind-
blown sand environment act in much the same manner as da
groins along a beach. Sand accumulation accurs on the upwind
side and erosive scour on the downwind side. This pracess is
occurring constantly in the dune zone itself and is the mech-
anism that forms dune slacks.

Dunes are a diminishing resource. The processes by
which they are formed are limited by sediment supplies and
their rate af destruction through developments of various
kinds almost certainly exceeds their regenerative capacity
 Ranwell 1972!.

I.E.3.d, Vehicular and Foot Traffic-traffic across the
dunes, in gaining access to the beach, disrupts fragile dune
vegetation. As few as one or two passes per week by a ve-
hicle or by 10 to 15 pedestrians along the same route through
beachgrass will kill it  Godfrey 1972!, which can result in
blowouts and parabolic dunes. Constant traffic will not al-
low the normal process of embryo dune formation to heal a
bio~out. The path to the beach continues to ~iden, causing
a major gap in the dunes where once only a foottrack existed.
The solution is elevated walkways and restricted access
r ights-of -way .

I.E.3.e. Groundwater Extraction--The groundwater aquifer
under a barrier is and exists as a lensmhaped body of fresh
water floating on salt water that has intruded into deeper
sediments. Excessive extraction of groundwater poses a Ical
threat af saltwater contamination. Lowering water tables be-
low a critical point may kill off stabilizing vegetation and
dry up dune slacks  McHarg 1969!. The high porosity of the
soil also leads ta the risk of groundwater pollution from
septic systems. Inadequate, old or systems set too near
wells can be a real problem since wells here are not deep.
Fresh water is a limited resource on the barrier islands and
should be used with care.

I.E.3 .f. Other Activities--Near ly everything man daes
has some impact. He is an exporter and importer of all



manner of things. Litter, grazing animals and non-native
plant species axe some of the common things introduced by man
that may crowd. out or disrupt the local species aad ecosystem.
Golf courses, artif icial reefs, docks, piers, parking lots,
roads, buildings of all kinds and service utilities are com-
mon peripherals associated with the influx of man. Misman-
agement of. any of these caa produce problems.

I.E.4. Management Implications

A system in equilibrium may be defined as one which,
when stressed, reacts in such a way as to relieve that stress.
Whether or not one sees a system in equilibrium depends al-
most entirely an the time period and area over which one ob-
serves it  Swif t 1975! . The barrier island system is one of
the most dynamic systems in aature. To the coasta,l engineer
it appears to be in a state of constant change, aot equilib-
rium. The geologist, on the other hand, looking at shoreline
and island changes over geologic time sees a slowly evolving
system in equi librium with the ocean it faces. The coastal
zone manager, however, caa afford to take neither the view of
the engineer aor solace ia the term equilibrium. Rather, he
must come to grips with the potential for rapid, dramatic
variations in the system and the way in which those varia-
tioas form a complex, pexmanent system. His plaaniag deci-
sions must xef lect an accounting for both the short-tera
local effects and the role they play in maintaining the long-
term balance.

Each man's activities will impose stresses on the envi-
ronment. The magnitude and nature of these stresses will de-
pend upan: 1! the type of activity, 2! the number of activi-
ties, 3! the density of activities, 4! the frequency of use,
5! the duration of use and 6! the intensity of use  Olsea aad
Grant 1972!. The response of the environment wi11 vary ac-
cordingly aad ia proportion with the island's capacity to
relieve the stress. Some of man's impacts will have irxevers-
ible effects and natural ecosystems will be lost. Alterna-
tive maaagement strategies should be investigated and the
value of the activity weighed against both the direct value
of the land and the considerable indirect value of the partic-
ular environment within the entire system.

With this in mind, perhaps a few general principles can
be extracted from the above. First, since sand movement
plays such an important role ia the barrier island system the
sand budget should be studied over a significant time period.
The relationship between saadmharing systems should be in-
vestigated and predictions concerning aperiodic storm erosion
effects should be made. Once the sources, sinks and fluxes
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of sand along the coast are explained, predictions of the im-
pact of natural and man-made events can be given. This is of
particular importance in the case of tidal inlets. The many
offshore shoals and changes in deposition of sediment will
cause serious problems in navigation. Historically, these
problems have been resolved through construction of jetties
and groins to trap sediment as it proceeds downdrift, pre-
venting blockage of the inlet. This, ho~ever, is an example
of man's modification of a basic process. By stopping sedi-
ment transport and thereby preventing the movement of sand
downdrift, it is being removed fram the sand budget and set-
ting the stage for erosion elsewhere. This must be further
remedied through the use of a costly sand-bypassing system
 U.S. Army 1966!. Dredging, with the deposition of this
sediment offshare beyond the reach of the longshare trans-
port system, will also affect the sand budget. Any such
change in the relationship between the physical structure of
the inlet and currents will cause changes in depositional and
erosional patterns. Careful study of all the effects and fac-
tors involved should be undertaken before attempting such a
madification.

Secondly, activities and uses must be adapted to the
natural system. A barrier island is an integrated system and
all parts play an important role in its totality. The build-
ing of permanent structures in unstable areas is to be avoided.
Since the boundaries of the tidal inlet are constantly growing
and eroding, leading to migration, these areas are unsuitable
for any permanent development. Due to the frequency of storms
that hit the North Carolina coast, building in those areas
that may be subject to washover, and, therefore, inlet for-
mation will be hazardous.

Thirdly, it is important to realize that common landuse
management techniques may not be the best solution in this
particular environment. Traditional zoning, far example, re-
lies on spatial separation to avoid conflicting uses. This
creates discrete zanes of uniform use that may not neces-
sarily conform to the processes occurring in the particular
area. On a barrier island, the system acts as a whole and
these spatially separated, seemingly unrelated processes may
be critical to maintaining the entire system. Zoning is alsa
often tied to tax revenue schemes. Thus, pressure to in-
crease tax revenues through multiple, "taxable" uses may ig-
nore the considerable indirect values inherent in the natural
system.

Fourthly, it is reasonable to say that some areas should
be left entirely in the natural state. Washovers perform a
valuable function in widening the island and absorbing storm
energy and so should not be prevented or obstructed. The



40

beach should not be altered so as to disrupt the shoreline
equilibrium between waves, currents and sediments.

Fifthly, building codes and other use regulations should
take into account the rigorous environment one faces on the
North Carolina coast. Foresight in development could save
the taxpayer millions in terms of hurricane disaster relief.

Finally, it should be understood that no matter how
carefully one plans, houses will occasionally fall into the
sea--it is unavoidable and should be considered such. The
intent should be to minimize these losses as much as possible
through rational siting and planning decisions, rather than
through self&efeating and expensive protective measures .
The recognition of natural processes and their function in
maintenance of the barrier islands would save considerable
energy and expenditure in ultimately futi le attempts to
stabilize a dynamic system.
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I I. LAGOON-ESTUARY SYSTEMS

II.A. Brackish Water Systems

B. J. Cope land

Where large f lows of f reshwater meet salt water, exten-
sive brackish water estuarine systems have developed. The
principle areas in North Carolina that fall under this cate-
gory are Currituck and Albemarle Sounds in the north, the
upper Pamlico and Neuse River estuaries in the middle of the
State and several smaller brackish areas south of there.
Although no line of demarcation can be drawn to separate
clearly the brackish water systems from those of higher sa-
linity  discussed under the Mid-Salinity section!, the brack-
ish water systems discussed here will be those that are 8 ppt
or less salinity  Odum and Copeland 1974!.

I I.A. l. Environmental Description

The dominating physical pattern in these systems is the
fluctuating, and sometimes large, flow of freshwater via riv-
ers from the land. When the unidirectional flow of the river
reaches the shallow, wide expanse of the coastal zone, the
water fans out and the f low changes to the slowly mixing cir-
culation of an estuary. This water is characteristically
turbid and contains large amounts of nutrient, organic and
soi 1 materials coming in from the river. The income of mate-
rials from the rivers is a most important driving force for
the maintenance of the brackish water system productivity.

Because of seasonal ity of f reshwater f lows, the salin-
ity in these brackish water systems varies considerably dur-
ing the year  Hobbie 1970a, 1971, 1974; Copeland and Hobbie
1972!. Although vertical stratification in the shallo~, wide
areas is only slight, there is horizontal distribution where
circulation is pushed by tbe wind. Most organisms living
there are adapted to tbe wide salinity fluctuations and the
relatively large deposition of suspended matter.

In spite of the high turbidities at times of the year
there is considerable productivity in brackish water systems

 Copeland et al., 1974!. Primary productivity is also con-
tributed by small diatoms and dinof lagellates  Hobbie 1971!,
with blooms occurring during the winter when high concentra-
tions of nitrate nitrogen come downstream  Hobbie et al.
1975!. The basis of the food chains in brackish water sys-
tems i s subs tant ia 11y supp leme nted by large amounts of or-
ganics coming downstream from the land  Cooper and Copeland



1973!, which are used directly by some of the benthic organ-
isms as well as the migrating schools of larvae, post-larvae
and early juveniles of many commercial and sports fishing
organisms.
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F igure 16. Relative number of post larval shrimp entering
bays and river f lows. A! Guadalupe River,
Texas, 1953-1962; B! Neuse River, N. C., 1955-
1964; C! brown shrimp  Penaeus aztecus! enter-
ing Aransas Pass inlet, Texas; D! peneid shrimp
post-larvae entering Brunswich-Ons low Bay, N. C.
 from Cope land 1966! .

Perhaps one of the most important roles of the brackish
water systems is in the form of nursery grounds for the young
of most of the sports and commercial species found in North
Carolina. The abundance and distribution of these animals
are highly seasonal  Hester and Copeland 1975!, generally as
a result of migrations and spawning times. The migratory
movements are related to times of freshwater input  Figure
16! and the nursery productivity is related to freshwater and
its contents  Capeland 1966; Cooper and Copeland 1973!. The
nursery areas are dominated by small spots and croakers dur-
ing the ~inter and spring months; menhaden, trout and brown
shrimp dominate the spring and summer; ~bile the fall popula-
tions are dominated by the juvenile white shrimps. Shad,
alewives ano striped bass move through the system on their
way to river spawning areas in the spring, with the young mov-
ing back through the system on their way out to the ocean
later in the year. important freshwater species move down
into the brackish water systems during the spring, such as
the white perch and catf ish,
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IX,A,2, Values of the Environment

A significant primary value of the brackish water sys-
tems would be in the role of nursery ground supporting the
North Carolina commercial and sport f isheries, Of the 10
leading species in the commercial catch, all but one are
estuarine-dependent species with a total value of almost $16
millian in 1973  Easley and Sossamon 1974! . The major brack-
ish water system of North Caralina, Albemarle Sound, supports
a sizable commercial fishery w it hin the Sound; but, by and
large the value of the brackish water systems is in terms of
nursery grounds.

Secandary benef its are derived f rom stimulat ions of the
coastal economy for operations such as are required for "om-
mercial and sport f isheries, marinas, boatyards,, repairs and
supplies and processing operations. Statistics are not com-
plete to allow adequate evaluation of these secondary bene-
fits in terms of monetary value, but it must be sizable. In
add it ion, there is considerable nonmonetary value associated
with aesthetics, recreation and tourism. Perhaps more impor-
t ant ly is t he interrelat ionship of brackish water syst ems t a
the ecology of the whole coastal zone, which is important to
the general well-being of all North Carolinians.

I I . A. 3 . Man ' s Impact on the Env ir onme nt

The key t o the maintenance of brackish water systems is
the input of materials from the rivers  Copeland 1966; Cooper
and Copeland 1973! . As a matter of fact, about one-half  or
more! of the organic utilization in these systems is attributed
to the organic materials flowing in from the rivers  Figure 17! .
Thus, if upstream development signif icantly decreases the f low
of freshwater downstream and the import of organic matter to
the estuary, drastic reductions can occur in estuarine pro-
ductivity. Althaugh this has not reached widespread occur-
rence in North Carolina yet, vivid demonstrat ions of this im-
pact have been shown f or Texas  Cope land 1966!, Calif ornia
 kelley 1966; Turner and kelley 1966! and Russia  Zenkev itch
1963! . If water development structures occur too close to
the estuary, the spawning runs of organisms like shad and
striped bass may be seriously limited  Walburg and Nichols
1967! . An area in North Carolina currently in danger of suf-
fering such fates is Currituck Sound with its rivers feeding
from Virginia, As shown in Figure 18, when the nitrate values
in 'the Pamlico River estuary were abave about 20 pg-at/liter
 which occurred in the winter!, dinoflagellate blaoms built
up in the receiving estuary. This problem is critical in the
Neuse River estuary, Pamlico River estuary and in the upper
part of the Albemarle Sound estuarine system.
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Figure 17. Percentage of estuarine respirat ion  use of or-
ganic matter! attributed to river flow in Trin-
ity Bay, Texas  f rom Cooper and Copeland 1973!

Physical alterations within the brackish water system
can also be detrimental to the well-being of its ecology.
The construct ion of dikes, causeways and bridges interrupts
the critical circulation patterns of brackish water systems,
result ing in stagnat ion of some areas, interrupt ion of t rans-
port of materials f rom one place to another and the normal
migration of the young of many species. Examples of this
situation have occurred in Tampa. Bay, Florida  Sykes and
Finucane 1966!, and Lake Ponchartrain, Louisiana  Gunter
1957!. These problems have not become prevalent in North
Carolina, although proposed roadways across the Pamlico ftiver
estuary could be such a problem.

Since the loose and rapidly changing sediments of the
brackish water systems are inextricably tied to the cycles of
materials between the river and estuary, its transport to
storage in the sediments and recycling back to the water,
stirring of the waters could result in detrimental effects.



50 Figure 18, Nitrate nitrogen and chlorophyll a in
the Pamlico River estuary, 1972-1973
 f rom Hobbie 1974!

Wolf f �972!, f or example, indicated that trawling act ivit ies
could be a destructive force in the well-being of these shal-
low brackish ecosystems by bringing the laden sediments in
suspension and thereby increasing re-solut ion of stored ele-
ments. Frankenberg and Westerf ield �968! indicated that the
sediments in the brackish water area in a Georgie estuary re-
quired 10 to 1530 cc of oxygen per cubic centimeter of sedi-
ment per day when they were stirred into the water column.
This increased oxygen demand could be crit ical to the ability



of the water to support oxygen-requiring organisms. 1'here is
also some evidence that increases of organic loading to the
estuary from the streams could also create large oxygen de-
mands, thereby lowering the oxygen reservoir to critical
levels.

I I, A . 4 . Management imp 1 icat ions

Brackish water systems, being at the end of rivers drain-
ing large land areas and the "filtering zone" before the
sounds, are integral parts of a large coastal system. 'Zhus,
any management scheme devised for 1~ackish water systems must
also include management of the river basins and surrounding
land use, A.=t ivit ies in the estuary must he closely t ied to
act ions anc' regulations of water quality and land use in the
river and its basin.

Brackish water systems have a relationship to the sounds
similar to farm relationships to cities. Just as food pro-
duction on farms provides the basis for city productivity,
nursery ground production is the basis for commercial and
sports catch in the sounds and nearshore ocean. Thus, fish-
eries stock management and commercial f isheries development
must have their genesis in the maintenance and management of
estuarine nursery grounds.

Bra"kish water systems, due to rapid sedimentation and
unique aoaptations of bacteria, plants and animals, serve to
some lar ge extent as free "treatment plants" for much of the
riverborne wastes of man 's act ivit ies. 1'hus, management must
include consiaeration f or overloading and geachemical changes,

Ll. 8, Mid-Sa 1 init y Systems

5 ilson Laney

North Carolina's convoluted coastline encompasses one of
the largest areas oi estuarine water in the continental United
States. Surpassed in size only by estuarine areas in Louisi-
ana and Alaska, it constitutes 55 percent of the total estu-
arine area in the South At lantic region  Shalowitz 1964! .
Much of the 2,500 to 3,432  estimates vary! square miles
 Adams 1966; ".ooper 1975! of enclosed bays, sounds and river
mouths is mid-salinity in nature,

'Mid-salinity" by def init ion means that the salinity oi
the water is 8-30 parts pei thousand on the average  Odum anc
Copeland 1974! . No line of cemarcat ion can be drawn which
clearly separates this region of an estuary from the low
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salinity and freshwater upstream or from higher salinity
coastal waters, but there are certain characteristics which
it possesses that will enable us to distinguish it from these
other sections and make it useful as a concept for discus-
sion  Be 1 1 is 1974! .

Mid-salinity sounds in North Carolina range from Pamlico
Sound in the north  the largest!, through Bogue and Core
Sounds and a lang string of smaller bays and sounds to the
Cape Fear River estuary in the south, the last large estuary
north of t he South Carolina border. Dif f erences in size,
amount of freshwater input, and access to the sea produce
varying acreages of rnid-salinity waters in each of these
areas. Hydrographic data indicate that the shaded areas in
Figure 19 fall into the mid-salinity classification  Schwartz
and Chest nut 1973; Williams et al. 1973; Cope land et al.
1974! . Bogue and Core Sounds and those south of them to the
Cape Fear all receive zelatively little direct freshwater in-
put and have average salinit ies above those of the larger
sounds to the north and south. Albemarle and Currituck
sounds, renowned f or f ishing and duck h unt ing, are bot h brack-
ish, leaving the Pamlico and Cape Fear River systems as the
two largest areas of f unct ional mid-salinity water in the
State. Smaller areas of mid-salinity water exist at the
mouth of every North Carolina river and all of these are in-
fluencedd by the same physical patterns and biological cycles
we shall discuss below.

II.B. 1. Environmental Descript ion

All estuaries are influenced by physical factors, often
in dramatic fashion, to produce characteristic patterns com-
mon to many of them. The physical conditions present in mid-
salinity areas are the result of interactions between tidal
currents, r iver f low, temperature, wind, rainf all, sunlight
and the physical shape of the estuary itself. Most of these
exhibit a great deal of variation daily as well as seasonally.

Salinity within mid-salinity systems varies both hori-
zontally and vertically, contributing to the basic instabil-
ity of the system. It decreases in an upstream direct ion
because of freshwater input at the landward end. Because
salt water is denser than f resh, it also decreases from bot-
tom to surface. Tidal influence causes the salinity at any
given point within the system to change at least twice daily,
since coastal water moves f urther upstream during flood tide
and recedes downstream during ebb tide, being pushed and
shoved by the freshwater head from the river all the while.
Avez'age salinity also changes seasonally due to dif ferences
in the amount of freshwater input f rom the river to the



! ignore 19. North Carolina coastal, zone. 'lhe hatched areas
innicate the extent of mid-salinity systems.



estuary. In North Carolina river f low is usually higher in
the fall and spring, when rivers are swollen by prolonged
rainfall from thunderstorms or tropical depressions, causing
correspondingly lower average salinities during these seasons,

The combination of river flow and tidal currents produces
a two-layered system of circulation within most estuaries,
a system vital in transporting those organisms which utilize
the estuary as a nursery area  Cronin and Mansueti 1971!.
Denser sa.lt water, energized by the tides, moves upstream
underneath the lighter river water f1owing downstream, creat-
ing a net downstream movement at the surf ace and a net up-
stream movement along the bottom. This circulation pattern
transports larval and juvenile organisms from both of fshore
and upriver, carrying, them into the nutrient-rich marshes and
distributaries. When they leave the estuary as elder juven-
iles or sub-adults, they ride the high-velocity surface cur-
rents out into the ocean. It is evident when looking at
salinity prof ile data for Pamlico Sound and the Cape Fear
River estuary  Williams et al. 1973; Schwartz and Chestnut
1973; Copeland et al. 1974! that these vital transport sys-
tems are probably funct ion ing in mid-salinity areas of North
Carolina.

River waters carry sediment from land runoff or from
erosion downstream into the estuary along with nutrients and
other materials both beneficial and adverse, At points where
the estuary deepens sediments will usually begin to drop out
and blanket the bottom. Permanent deposition of fine sedi-
ments occurs in the deeper channels ~ Highest levels of sus-
pended sediments occur in the broad, shallow reaches of
estuaries, where river input spreads out and where wind and
wave action create havoc with the bottom  Cronin and Mansueti
1971! . All sediments act as a trap for nutrients and trace
metals, which may in turn be "sprung" free again by dredging,
biological activity or wind and wave action.

Wind, temperature and sunlight account for much of the
daily chaotic variation in environmenta.l conditions within
the system. Wind obviously wreaks more havoc in broad, shal-
low areas than in narrow deep ones. Shallow systems which
afford a long fetch to the wind usually are extremely well
mixed and more turbid due to sediment re-suspension, while
deeper ones are less af fected. The annual decrease and in-
crease in water temperature is apparent to everyone, espe"
cially those hardy souls who venture in swimming during win-
ter months, intentionally or otherwise. Temperature fluctua-
tions on a daily basis can be very extreme also, especially
in shallow areas where intense sunlight or dark bottom
sediments can combine to produce dif ferences of as much as
10'I or more between morning and af ternoon.



Sunlight is one of the most important components of the
system f rom an energy production standpoint. I'he intensity
and degree to which it penetrates the water column directly
inf luence the rate at which the phytoplankton and eelgrass
in the water reproduce and store energy. In a nutshell, as
light decreases with dept h, product ion also decreases. In
effect, therefore, water depth and light combine to produce
a certain degree of horizontal stratification in the system.
Shallow areas along the edges where light may be reflected
of f the bottom are more conducive to habitation by eelgrass;
while central areas, where bot tom lies below the depth to
which enough light can penetrate for eelgrass production,
play host to hordes of phytoplankters. The intensity and dura-
tion of light reaching both plants and sunbathers is dependent
upon season, being higher in summer and lower in winter. 'L'he
depth to which it penetrates is dependent upon water clarity
and turbidity. Turbid, muddy waters from rein-swollen rivers
reduce the effective depth to which production can occur to a
narrow surf a.ce layer.

All of these factors taken together, "... produce a
dynamic, variable and highly stressful environment for li fe,
and they have many important effects on the selection and
abundance of successful plant and animal species"  Cronin and
Mansuet i 1971! .

IX,P,2. Biological Patterns

Those organisms present in mid-salinity systems are regu-
lated by and adapted to the physical cycles discussed above.
They are also influenced by biological factors such as preda-
tion, food ava.ilability, disease and toxic substances in the
water, Almost all of them are interrelated by food chains or
webs to an incredibly complex degree.

The major hase of all the mid-salinity system food chains
is the primary producers  phytoplankton, eelgrass and rooted
aquatic plants!, Booted aquatic plants are important in North
Carolina systems. L'he base areas of salt marsh adjacent to
our mid-salinity systems contribute large amounts of energy
in the form of detritus due to the annua.l breakdown and decay
of the stalks and leaves  see section on Salt Marshes!, Eel-
grass in North Carolina has been estimated to contribute up
to 6W of the total product ion by plants in the area f rom At-
Lantic to Swansboro  Thayer 1975! . Phytoplankton is a charac-
terist ic part of all mid-salinity systems  Bellis 1974!, which
with detritus from eelgrass and salt marshes forms the prin-
cipal food source for many estuarine invertebrates and larval
f orms of comme rc ia11y impor tant species,
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Phytoplankton in North Carolina estuaries exhibit cycli-
cal patterns of abundance and axe usually dominated by dia-
toms, at least in those systems which have been intensively
studied  W il 1iams l966; Carpenter 1971; T bayer 1971; Camp-
bell 1973! . Two peaks of abundance usually occur, in the
spring and fall, which are thought to be largely due to in-
creased availability of nutrients at those times  Thayer
1971! . Thayer �971! faund that temperature, salinity and
light were nat limit ing factors, but that nitrogen and phos-
pharus  both nutrients required by phytoplankton! could be-
come 1imit ing fact ors at d if f erent t imes of the year.

Bacteria, though af ten overlooked, are undoubtedly an
important component af estuarine ecosystems. Work on t heir
role in the system has begun only recently, but it is specu-
lated that they form an important source of food for organisms
who strip them from the surfaces of detrital particles  Adams
and Angelovic 1970! . They probably serve an impartant func-
tion by breaking down detritus and aiding chemical cycling
and re c yc 1 in g proce sses  Cronin and Mansuet i 1971! .

Zoop1ankton are the chiei predators of the phytoplankton,
along with benthic molluscs. ln those North Carolina systems
examined copepods were the dominant component, f ol lowed
closely by the larval farms af f ish and invertebrates  mero-
plankton!  Williams et al. 1968; Cope land et al, 1974; Thayer
et al. 1974! . Again, a cyclic pattern was evident with high-
est numbers and biomass in the early fall and late winter
 Thayer et al, l974! . Williams et al. �968! found that zoo-
plankton were numerically and energWeically unimportant in
shallaw estuarine systems near Beaufort. Thayer et al. �974!
found that while zooplankton were scarce in the Newport River
estuary, they constituted a major source of food for larval
pinfish, spot and menhaden. Zhey could, therefore, control
larval f ish survival "... during their transition from
larvae ta j uveniles..."  Thayer et al. 1974!, at least in
the Newport River estuary. Data from other North Carolina
estuaries regarding correlations between zooplankton and lar-
val f ish are incomplete at this time.

Benthic animals probably take the place af zooplankton
as the maj or herbivores in the re lat ive ly shallow Nort h Caro-
lina estuaries, especially the clams, oysters and mussels.
They are not merely important consumers of phytaplankton.
Ribbed mussels, found scattered among oysters in shallow
areas, are important in recycling phosphorus within the sys-
tem  Kuenz ler 1961; Pomeroy et al. 1969!, Oysters, scallops
and clams produce pseudofeces which are colonized by bacteria
and ingested by shrimp and other invertebrates, By pumping
large quantities of water they help maintain nutrients in



suspension in the water column. Clams may pump as much as
6 liters per hour; scallops an average of 14 liters per hour
and aysters  New England! from 6 to 15 liters per hour  Rice
and Smith 1958! . Although clams were most important from an
energet ic standpoint in a benth ic study done in Beauf art,
annelid warms were the most numerous  Williams and Thomas
1967! . Such warms are very import.ant as forage for estua-
rine shrimp, crabs and f ish. Tenore �970! f ound that anne-
lid worms and several small species of clams were dominant in
the mid-salinity areas of the lower Pamlico River estuary.
Benthos in this estuary underwent seasonal changes due to re-
cruitment of young in the spring and fall. All the benthic
fauna serve as nutrient traps by removing phytoplankton and
other food particles and storing them for use by man and
other predators  Cronin and Mansueti 1971!.

The larger, moze mobile and visible estuarine organisms
which can move independent of currents are collect ive ly labeled
nekton. These include the fish, shrimp, squids and crabs.
Much of the primary value of the mid-salinity system stems
from the fact that it serves as nursery area or temporary
home for many commercially important species  Bellis 1974!.
Anadromous species such as striped bass, American and hickory
shad, blueback herring and alewife all pass through the mid-
salinity system on their way ta spawning grounds upstream.
The eggs hatch upstx'earn and the larvae transform into juven-
iles which utilize mid-salinity areas as nursery gz'ounds.
Catadromous species  American eel! pass through the system
on their way to offshore spawning grounds and their young
utilize the system on their return trip upstream. Species
which shaw migratory patterns, but fall inta neither of the
above categories, are shrimp, blue crabs and some species of
f ish. Menhaden, shrimp and blue crabs are especially depen-
dent upon the estuary. The larval farms of all three enter
the estuary via inlets and transform to post-larvae, doing
the maj ority of t he ir growing in the mid-salinit y port ion and
leaving as juveniles. The life cycles of all these species
are given in detail in the section on Migrating Organisms.

Studies on nekton done in the Neuse River estuary  Hester
and Copeland 1975!, the Newpart River estuary  Turner and
Johnson 1973! and the Cape Fear River estuary  Hobbie 1970b;
Copeland and Birkhead 1972, 1973a, 1973b; Copeland et al.
1974! all reveal the importance of North Carolina's mi2-
salinity areas as nursery grounds. Seventy"five, 66 and 50
percent, respectively, af the dominant nektan in each system
were commercially impartant species which are migratory in
some respect.
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Seasonality in nekton catches was largely a. result of
migratory and spawning patterns. Catches in the Neuse River
esCuary were highest during the spri~g and were composed
largely of immigrating juvenile spots, croakers, blue crabs
and anchovies. The spring peak was also evident in the New-
port River estuary due to juvenile menhaden, spots, striped
mullet and bluef ish. There also seemed to be a smaller fall
peak composed largely of white shrimp. Distributaries of the
Cooper River in South Carolina exhibited the same sort of
seasonality, with as many as 503,000 organisms per acre pres-
ent during the summer peak  Turner and Johnson 1974! .

Not all of the nekton which utilize the mid-salinity sys-
tem are migratory. Permanent residents whose entire life
cycle takes place within the estuary are relatively few, but
most are small species which are numerous and provide forage
for migratory species. Examples of these are rough and Atlan-
tic silversides, mummicbog and grass shrimp. Some commercial
species are entirely estuarine-dependent, such as white perch
and spotted seatrout  Cronin and Mansueti 1971; Tabb 1966!.

The benefits derived from the mid-salinity system are
protection from predators during juvenile stages and an abun-
dant food supply. The ef f iciency of energy transfer between
plants and animals is higher in this system than in land-
based systems because of the diatoms in the phytoplankton
 Bellis 1974!. The oils and fats which they produce as stor-
age products, are energy-rich and become concentrated as they
pass through the food chain, ultimately becoming the oil
which in part makes menhaden so commercially valuable. The
largely shallow system provides easy access to organic-rich
bottom sediments, while the adjacent marshes and some eelgrass
beds af f ord protect ion and provide an abundant amount of
bacteria-enriched detrital particles  Adams and Angelovic
1970!.

Utilization of the system by migrating nekton has evolved
based on the seasonal availability of nuCrients and food organ-
isms and on seasonal cycles of temperature. Anadromous fish
"key" on freshwater runoff to locate their home rivers, These
factors combine to bring the eggs and larvae together in the
mid-salinity system at a time when spring runoff has enhanced
phytoplankton growth and caused an abundant food supply to be
rea.dy at hand, Since most of these c'omponents are not vis-
ible unless specialized collect ing gear is employed, the high
value of the system in protecting and nurturing the most
critical life stages of many commercial species is often not
obvious.

Many aquatic birds also use the mid-salinity systems in
North Carolina. At least Sent of the colonial seabirds nest-
ing in North Carolina use dredge-spoil islands located within
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mid-salinity areas. Though land-based, they feed in and con-
tribute waste products to the estuary  Parnell and Soots
1975!.

Predator-prey re lat ionships in mid-sa1 in it y systems are
usually extremely complex  Figure 20!, Their complexity is
increased by t he f act that most organ isms occupy dif f ere nt
levels  feed on dif ferent things! at dif ferent stages in their
life cycles. The resultant relat ionships may even result in
adults of a given species feeding on their own offspring.

Xt is important to note that if one component of such a
relationship is damaged or destrayed, the entire relationship
could be altered or affected in ways which could be irrevers-
ible, The same applies to the entire combination of physical
factors which make the mid-salinity system such a suitable
habitat for so many valuable species.

lI.B.3. Values of the Environment

North Carolina's commercial f isheries are ultimately
totally dependent on the welfare of the raid-salinity estua-
rine areas, Of the 10 leading species in the commercial
catch in 1973, all but one were estuarine-dependent species
having a total value of almost $16 million  Easley and Sos-
samon 1974!, This figure does not include those f ish taken
by sport f ishermen, nor does it include commercial species
taken by private individuals.

Secondary benefits are revenues derived from operation
and maintenance of the gear required for the commercial and
sport f isheries, marinas, boat. yards and other repair and sup-
ply facilities, and processing operations. Data for vessels
and persons employed are incomplete. Four coastal count ies
 Hyde, New Hanover, Onslow and Pamlico! in 1971 had 210 motor
vessels operating with a gross tonnage of almost 5,000 tons.
These vessels employed among them a total of 428 persons.
Surveys in these counties during the same year  plus Martin,
Pasquotank and Pender! revealed 659 motorboats with 1,150 at-
tendant f ishermen, No f igures are available for the amount
spent in maintaining and fueling these vessels, or on lodging
for sport fishermen visiting the coastal areas. Processed
fishery products in 1972 in North Carolina, were worth some
$13.25 million. Processing facilities employed approximately
1,200 persons  Eas ley and Sossamon 1974! .

No one can assess the nonmonetary value associated with
the pleasure derived from using the rnid-salinity system for
recreat iona 1 purposes. F ishing, eater-skiing, sailing, swim-
ming and birdwatching all are aesthetically pleasing
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Figure 20. Food-web of the grey trout  from Merriner l975!.
Numbers are percentage occurrence in diet of grey
trout from 817 stomachs taken in North Carolina
waters. Dotted lines indicate f ood preferences.



to the participants to an extent which only they can assess.
Some indication of how much they are enjoyed is evident from
the number of visitors the coastal plain receives each year
and the increasing revenues which arise from their visits.

II,8.4. Man's Impact on the Environment

Most of the activities which man engages in that have an
effect on mid-salinity systems are listed in Table 5, along
with their potential adverse and benef icial effects.

One other important activity, trawling, produces adverse
effects in North Carolina's mid-salinity systems. Wolff
�972! felt that trawling is potent ially "one af the more
destructive forces in our estuarine areas." The same study
indicated that "possibly 35 times more scrap fish were de-
stroyed during shrimping operat ions than  were! landed during
f inf ishing operations."

II, H. 5. Management Imp licat ions

there is one singlemost important consideration to re-
member when discussing management of any coastal zone system:
no matter to what extent we may be able to characterize indi-
vidually any one companent of an estuary, they are all com-
pletely interdependent and ultimately require management as
a unit. Any alteration, however slight, in a given system
may result in unforeseen cansequences in other apparently
totally unrelated areas of the system. North Carolina's es-
tuaries may be maintained in pristine ecological condition by
stringent legislation and vigorous enforcement, all of which
is to no avail if organisms cannot reach upstream spawning
areas in the Piedmont or are overfished by foreign fleets
offshore, Such perturbations in "separate" systems not cov-
ered under protective legislation could render the estuary's
function as a nursery area obsolete. A case in point is
North Carolina's continued loss of shellf ishing acreage.
Twenty-seven thousand acres closed in 1964 ballooned to al-
most 700,000 in 1974, representing almost 30% af the total
estuarine water in the State  Brawn 1974!. The additional
closures were due to pollution largely fram outside of the
system in the f orm of improperly f unct ioning sept ic tanks and
runoff from cattle and swine-praducing farms located in estu-
ar ine waters he ds  Brown 1974! .
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64 II,C, Mud and Sand Flats
John 8, Williams

Located between high and low tide levels throughout
North Carolina's coastal zone are sandy and mud battom areas
called "flats." They got this name due to their flat, level
appearance  Zltringham 1971!, Flats are exposed at low tide
and include the areas extending out from the permanent share-
line as well as shoals and bars separated from the mainland
by water  Figure 21!, The extent to which mud and sand flats
are found in our different sounds depends largely upon the
physical and geological characteristics of each basin  Zltring-
ham �971!.

Figure 21. Location of tidal flats,

Often these apparently barren mud flats contain an abun-
dance of animal life, crustaceans, clams and worms hidden
away beneath the sediment surface  Zltringham 1971!. 1'hey
can, therefore, serve as important feeding grounds for two
dif ferent groups of prospect ive dinner guests--f ish and cr abs
at high tide and birds and mammals at low tide  Eltringham
1971!. 'I'he closeness of these flats to man's activities on
the mainland makes them especially vulnerable to shoreline
deve lopment and dif f erent f orms of pal lut ion.

I I. C. l. Znvironmental Descript ion

The presence of sand flats or mud flats along a particu-
lar shore is largely dependent upon bottom topography and the
speed of water currents carrying suspended sediments. As
currents begin to slow down, sand drops to the bottom f irst,
but clay and silt  mud! only settle out when the current is
very slow  Figure 22; Zltringham 1971!. Thus, sand deposits
are f ound in f aster current areas than mud. If the bat tom
is shallow enough and gently sloping, not steep, these bot-
tom areas can become exposed flats at low tide.
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Figure 22. Helationship of sedimentation, transportation
and erosion of different particle sizes to dif-
f e rent curre nt ve 1oc it ies  f rom Heezen and Hol-
lister 1971!.

Just how shallow the bottom has to be is determined by
the t idal amplitude f or a part icular body of water. Dee per
bottom areas can become flats in sounds with larger tidal
ranges than those with smaller ones. In North Carolina the
normal tidal range at Beaufort is just over 3.0 ft  Kirby-
Smith and Gray 1971!, while in the Albemarle and Pamlico
Sounds it is less than 0. S ft  Sai la 1973! . T idal range var-
ies over the lunar cycle and is also greatly affected by the
wind, especially in the Pamlico  Hobbie et al. 1972!, At
Beaufort, the range varies from 0.7 m at neap tides  f irst
and third moon quarters! to 1.3 m at spring t ides  new and
full moon! . Here spring tides are greatest in April-May
�,0 m! and least in October-November  l. 0 m!  Kirby-Smith
and Gray 1971! . The horizontal extent of any given mud or
sand f lat will therefore vary as the tide ranges.

Like stomachaches and budget planning, current systems
in estuaries are often complicated  Friedrich 1969!. Chan-
nels eroded by swifter currents often border or cut through



tidal flats and transport material away from their edges.
Shif ting current pat terns may change the shape and locat ion
of these flats.

Decaying plant and animal matter, often called detritus,
is an important food source for animals living in mud and
sand f lats  Eltringham 1971!. These organic particles are
very light and only settle out in very quiet waters, so muddy
bottoms tend to have a higher organic content  Eltringham
1971!, As the waters recede at low tide, water trickling
down through the mud or sand tends to lose its oxygen content
partly as a result of the respiration of microorganisms feed-
ing on detritus and partly through the oxidation of chemical
substances within the sand, Eventually, all the oxygen is
used up at a depth which may vary from a few millimeters to
nearly a meter, depending on organic content  Eltringham
1971!. The sediments below the level where oxygen is used up
are black in color, while those above are yellow or light
brown. I'he upper oxygen-rich zone is of ten called the aerobic
layer and the black layer is called the anae,robic layer, In
the black layer are high levels of hydrogen sulfide  Figure
23; Elt ringham 1971! . %hen this black layer is dug up, hydro-
gen sulfide gas is given off, creating a "rotten egg smell."

Figure 23. Chemical zones and general locations of animals
found in mud flats. Pathways af organic decay
are indicated by arrows.
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Basically, animals composing mud and sand f la.t communi"
ties can be divided into two major groups--temporary and per-
manent members  Elt ringham 1971! . Permanent members such as
snails, worms and clams spend their whole adult lives on the
flats, while temporary members move on and off the flats dur-
ing high and low tides in search of food, Below is an out-
line of members of tidal flat communities  Table 6! from
Eltringham �971! .

Probably the most important. community members are also
the smallest, the bacteria. Bacteria feed on dead plant and
animal material and recycle nutrients back to overlying waters
 Figure 21! to be used by phytoplankton  Odum 1971!. They
also serve as an important food source for large deposit feed-
ing animals and meiofauna  Eltringham 1971!. Other small mem-
bers are the microscopic plant life, diatoms and blue-green
algae faund in the surface sediments  Eltringham 1971!. The
productivity of these plants can be quite high  Cadee and
Hegeman 1974! and serves as another food source for deposit
feeders and meiof auna  Eltringham 1971! .

I iving between the sand grains are peculiar, tiny ani-
mals, usually 1ong and slender, called meiofauna. They have
strong body walls to protect themselves from being crushed
and adhesive organs for clinging to the sand grains. Meio-
fauna are usually more numerous on sand flats than mud flats
due to increased interstitial space  Eltringham 1971!. Meio-
fauna, have been found to be far mare numerous in summer and
1ive nearer the surface sand, but their numbers drop and they
move deeper down in winter  Harris 1972! .

The more commonly known animals living in tidal flats
are the macrofauna, worms, clams and crustaceans. Their most
important adaptation for living here is the ability to bur-
r ow  Eltringham 1971! . Burrowing keeps a sediment "roof over
their heads" which buffers these organisms from stressful
candit ions at low t ide, dessicat ion and f reezing, and helps
to hide them from predators. It also aids many deposit feed-
ers in their feeding activities  Eltringham 1971! .

Polychaete worms have been found to be more abundant on
tidal flats than in bottom areas below low tide  Pearse et
al. 1942!. These worms are mainly deposit feeders and feed
by taking in mouthfuls af sediment and ut ilizing the organic
matter and bacteria in them. Axenicola, a common sand flat
worm, burrows by swallowing muddy sand and digest ing its or-
ganic contents  Eltringham 1971!. Polychaete densities of
252 per m2 are recorded for an English flat  Eltx ingham 1971!
and these worms serve as important f ood f or est uarine f ish
such as pinf ish, spat and f launder  Pearse et al. 1942; Han-
sen 1969!,
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mud and sand  from Rltringham 1971!,

Def in it ion Examp lesName

la. Epif auna
 = Zpipsammic spp.

Snails

lb. In f auna

Clams and
worms

lb.i. Macrofauna
 = Endopsammic
spp.!

lb, iii, Microf auna

2a. Marine Many fish,
plankton and
crabs

2 b. Terrest rial

2b. i. Facu ltat ive
spp ~

Table 6. The fauna of

1. Permane nt Me mbe rs

lb. i i. Me iof auna
 = Mesopsammic
spp. interst it ia1
f auna!

2. Zem orar Members

Species which spend
long periods moving
on the surface of the
soil but w'hich may at
times bury them-
selves.

Species which spend
all or the vast major-
ity of their time
under the surface.

Species which move or
occupy space by dis-
placing or swallowing
beach part ic les.

Species which live
within the intersti,�
tial spaces or which
are within the size
range of 50-5000 p.

Protozoans less than
50 p in length.

Species which visit
the beach from below
low tide mark when
the tide is in.

Spec ies which v is it
the beach from above
high tide mark when
tide is out.

Spe c ie s wh ich oc cur
in other habitats and
which are not depen-
dent on the beach.

Gast rot r ichs,
Nematodes and

Harpacticoid
copepods

Many mammals
 otters,
rats! . Some
birds, rac-
coons.



Table 6  cont inued!

Ex amp lesDefinitionName

Many seabirds
and ducks

Species which are
dependent on the
intertidal zone for
some essential re-

source, usually
food.

2b.ii, Obligate
spp.

Clams are one of the most important macrofauna in sand
and mud flats serving as food for birds, crabs, fish and man
 Saila 1973!. At law tide clams are well-protected by re-
maining burrowed in their t ight ly closed shells. At high
tide they feed by extending their siphons up through the sed-
iments to f ilter out food, phytoplankton and detritus sus-
pended in the water column. Some clams, such as Macoma bal-
thica, can also function as deposit feeders and use their
siphons like vacuum cleaners to draw food in from surface
sediments  Eltringham 1971!, Some of the more important spe-
cies in North Carolina waters are Mercenaria mercenaria,
lellina alternata, ~B isula solidissima, Mulinia lateralis,
~Ran ia cuneata and Dlnocardlum rohustum. Clams such as

*

marie Sounds  Porter and Tyler 1971! .

Small crustaceans  mainly amphipods! are also found in
abundance burrowing in tidal flats, These animals are mare
dense in sandy areas than muddy ones and reach numbers of
144 per m2 on English sand beaches  Eltr ingham 1971!, De-
posit feeding and suspension feeding are bath utilized by
members of this group  Eltringham 1971! and amphipods are
preyed upon by birds and f ish  Friedrich 1969!,

During high tide the mud and sand flats are submerged
and become f ceding grounds f or temporary members of this com-
munity, f ish and crabs, Predators feeding on f lats near

Epifauna crawling around on North Carolina's mud and

the common mud snail, is very abundant in muddy areas and
feeds by scavenging for detritus  Morris 1973! . Common snails
on sand flats include T~rim~ra dislacata, Nassarius vibex and

upon chiefly by birds such as the black duck  Saila 1973! and
to a lesser degree by blue crabs  Tagatz 1968! .
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Beau f ort, North Carolina, included s i lversides, ki l lif ish,
pinfish, blue crabs, flounder and spot  Pearse et al.
1942!.

Predators on the flats at low tide include raccoons
 Pearse et al. 1942!, rats, otters and especially birds
 Eltringham T57l!, Some of the more important birds using
tidal flats in North Carolina are listed in Table 7, along
~ith their time of occurrence and fooa.

Table 7. Some important birds using tidal flats  from Saila
1972 !,

Bird Pood

f rom t idal flats
Season

Crust aceans

Canada goose Crustaceans, molluscsAbundant winter

res ident

Mallard

Black duck

Whit e-winged
s coter

Worms, clams, crus-
t aceans

Plover Coastal migrant
 s pring!

Sandpiper Coastal migrant
 May-Oct obe r!

Crustaceans, worms,
snails

Dowit c he r Common migrant
 April-May;
July-September!

Worms, mo1 lus cs,
cxustaceans

It is important to remember that the living patterns of
tidal f lat organisms are closely connected to the tides and
without a regular submergence they could not survive. Clams
and some of the worms and amphipods can only feed or reproduce
at high t ide  Barnes 1968!, and the flooding tide helps to
flush wastes out of the animals' burrows. Seasons.l patterns
are also evident with dif ferent species showing maximum abun-
dance at dif ferent t imes of the year  Zltr ingham 1971! . The

Great Blue baron N. C. resident
year-round

Winter resident

Winter resident

Winter resident

 Not listed!

Small clams, snails

Molluscs



seasonality of birds has already been ment ioned, Blue crabs
ax'e reported to move out into deeper waters duxing colder
months and in general most tidal f lat residents become more
inactive during winter  Pearse et al. 1942!. Seasonal mi-
grations of f ish predators also occur  ".ronin and Mansuet i
1971!.

II.C.2. Values of the Znvironment

North Caxolina's mud and sand flats may be of slight
commex'cial value in some counties where the commercial hard
clam, Mercenaria mercenaria is dug by hand. In 1967, 7, 900
pounds worth $4, 177 were harvested. This catch dropped to
100 pounds worth $51 in 1969 and no catch was reported for
1970  Chest nut and Dav is 1975! .

Of gxeater importance is the indixect value of tidal flats
as feeding grounds for the birds, crabs and f ish mentioned
earlier. Some f lounder and spot  commercially important f ish!
and blue crabs depend partially on food from these flats for
their survival  Pearse et al. 1942! . Clams, snails and small
crustaceans are also staples in the diets of several ducks and
shorebirds which search for their meals on tidal flats at low
tide  Saila 1973!. Indirectly, the usefulness of these feed-
ing grounds to game birds ties them to another commercial
group, the hunt ing industry. Hunters bring money into the
North Carolina coastal area for food and lodging as well as
equipment .

Mud and sand f lats, along with submerged bottom areas,
are also of indirect value due to their role in trapping and
cycling nutrients  Odum 1971!. This helps supply necessary
amounts of nitrogen, phosphorus and other nutrients to the
overlying waters to be utilized hy phytoplankton, microscopic
plants vital to most estuarine food chains  Odum 1971! . Nu-
trient cycling is perfoxmed by sediment bacteria. breaking dead
plant and animal matter down to basic nutrients which then
dif fuse back into the eater  Figure 21!, Much of the nutrients
do not get back into the water immediately, but are buried.
This results in some bottom sediments having up to 100,000
times the concentration of a nutrient-like phosphorus compared
to the water above  Martin 1970!, Phosphorus coming into our
sounds from rivers can also become absorbed onto suspended
sediment and later fall to the bottom to further enrich these
bottom deposits  Mart in 1970! .

Although mud is not very pretty to look at, there is an
aesthetic value to tidal flats. This comes fxom their inter-
esting low tide bird populations which attract birdwatchers
to our coastal zone. Both nat ive and migratory birds use
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these f lats and their continued presence along our shores is
dependent upon adequate mud and sand f lat feeding grounds
 Table 7!,

II.C.3. allan's Potential Impact

Probably the most serious impact man can have on our
coastal intertidal flats is through dredging. Directly dredg-
ing away these flats removes habitat essential for the exis-
tence of many prey species important to avian and f ish food
chains. Similarly, expanding the permanent shoreline by f ill
operat ions can el iminate t hese areas. Dredging also alters
the sediment composition which can reduce the number and
variety of species living along the bottom  Sykes and Hall
1970! . Even if f lats t hemselves are not dredged, operat ions
in nearby areas can suspend silt and clay particles which are
then deposited on the tidal flats, suffocating their inhabi-
tants  Giannio and Wang 1974!. The effects of this suspended
silt are generally limited to a distance of about one-quarter
of a mile from the dredging site and can be reduced by using
canvas silt screens  Copeland and Dickens 1974! .

Dredging can also suspend organic matter and other sub-
stances which cause reduced oxygen levels in nearby areas
 e.g., from 94$ oxygen-saturated down to 52,5%!, but these
conditions may only last a few months and have negligible ef-
fects on bottom animals  Leathern et al. 1973!. A further
dilemma is that sewage enhances the growth of algal mats on
top of the f lats and this can smother out the inhabitants
 Perkins and Abbot 1972! .

Another danger to these f lats comes f rom disposing of
gypsum spoil, a product of the phosphate industry. If this
spoil drains into the estuary, it can form a crust over the
bottom and virtually eliminate all macro-benthic organisms
 Taylor et al. 1970!,

Insecticides like DDT used near the shore can get into
the water and be taken up by clams and concentrated in their
t issues  Woodwe1 1 et al, 1967!, Birds eat ing these pol luted
clams can have paor breeding success, due mainly to egg shell
thinning  Salia 1973!. This could cause a gradual decline in
North Carolina shorebird populat ions,

Clams can also become contaminated by concentrating
petroleum hydrocarbons f iltered from the water. These hydro-
carbons can enter the water from sewage, oil spills, small
boat operation and street runoff  Farrington and quinn 1973!.
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II.C, 4. Management Implicat ians

Two extreme views about mud and sand flats can be taken.
Some developers might regard them as mud wastelands  Giannio
and Wang 1974!, only useful when dredged ar f illed; while
other people might regard all flats as vital natural resources
and oppose any f orm of development. Proper management pro-
grams must consider both viewpoints.

Before direct development of any tidal flat is under-
taken, studies should be made to assess the value of that
particular flat in the areas mentioned in Section II.C.3.
Since the abundance and diversity of animals using the flats
change with tide and season, these studies should be broad
enough to consider these temporal changes. Hopefully, this
approach could establish whether any or all of a tidal flat
could be developed. Considerations must also be made about
what ef fects development in one area  i.e., dredging! may have
on tidal flats nearby. Silt screens should also be used dur-
ing dredging to reduce siltation problems.

II . D. Oyster Ree f s

Ronald Fiare

One of the most dominant estuarine organisms found along
the coast of North Carolina is the eastern oyster, Crassostrea

and O. e~lon ata are also found in these waters, hut are neither
as prolific nor as economically important.

Approximately 65% to 75% of al1 oysters harvested an-
nually in North Carolina are obtained from the Pamlico Sound
area., while the rest are gathered from coastal areas south
of Cape Lookout  Munden, DNER, personal communicat ion! . The
total area of estuarine bottom capable of supporting oysters
has been estimated by A. F. Chestnut  Unpublished! as ap-
proximately 377,720 acres, with about 200,000 acres actually
under cu lt ivat ian in 1969  Spinner 1969! .

IX. D. l. Reef Description

Oysters are reef organisms which graw on their own shell
substrate. Under suitable conditions of temperature, salin-
ity and water flow, a single ayster will attach itself to any
solid material such as a rock, stick or underwater structure,
Other oysters then continue to attach to the substrate and to
one another unti1 the cluster gradually increases in height,
width and length, This involves attachment not only to other
living oysters, but also to the empty shells af preceding
generations, forming a reef, bar or oyster bed.



Fossil deposits of oyster shells have been observed,
indicat ing the enormous size of reefs developed in past ages,
Large reefs provide the basis for multimillion dollar farm-
ing operations, as those living singly and widely dispersed
do not offer much commercial value.

The reef not only offers a solid substrate to which oys-
ters may attach, but other organisms such as many forms of
algae, hydroids, bryazoans, barnacles, mussels, tube build-
ing worms and forms known as epifauna dwell upon the reef
surfaces. Numerous animal forms also find shelter in the
crevices that are created by reef growth  Wells 1961! . Thus,
an, entire community made up of a collection of species evolves,
finding a balance which provides everything necessary for the
growth and perpetuity of each species  Table 8! .

I I . D. 2. Environment al Fact ors A f f ect ing
Oysters

II.D.2.a. Water Movement--The existence of oyster reefs

the most important of these is free exchange of water. Since
oysters are sessile animals, they depend on moving water to
provide oxygen and f ood as well as to carry away the waste
products of their metabolism, It has been calculated
 Galtsof f 1964! that an average oyster w'ill f ilter approxi-
mately 15 liters of water per hour, and a volume of water at
least equal ta this amount must be provided to each living
oyster on the reef in order that the reef be maintained. Oys-
ters will not grow, fatten or reproduce in areas where current
velocity is low. Conversely, turbulent currents of high ve-
locities may dislodge and carry away not only the young oys-
ters, but also some of the adults not attached to the bottom.
Those which are attached to the bottom or the surfaces of
rocks may suffer damage ta valves caused by the influx of
sand and sma1 1 pe bb les acting as abras ive material.

Ideal current conditions are represented by a steady non-
turbulent flow of water over the oyster bed, This is not
on ly necessary f or inf lux of f ood and egress of waste, but is
also essential in the expansion of existing xeefs, Both this
expansion and the creation of new reefs are accomplished by
the carrying of oyster larvae on the current to other suit-
able substrates within the estuary.

Since water currents tend to flow faster along the sides
of oyster reefs  perpendicular to the direction of daily tidal
flaw! the growth rate on these sides tends ta accelerate,
leading to the elongation of reefs perpendicular to the tidal
currents  Figure 24!.
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Table 8. Composition and Characteristics of an Oyster Com-
munity, Beaufort, N, C.  from Chestnut 1974! .a

Possible
redun-

danc

5 3

Bryozoa
Ect oproct a

Annelida
Polychaeta

Mollusca

Gastropoda
Pelecypoda

l
2

9

13
9

13

10 4 519

1

1

Chordat a

Tunicata
Vert ebrat a

39 30 5 5 1 15Tot als 30

Percentages of
total community 100 49 38 6 6

 Data from Wells 1961! Among the artbropods, only deca-
pod crabs with relatively well-calcif ied and/or well-tanned
exoskeletons have been included with the organisms with hard
parts.

"Ca calcareous; Ch = chitinous; Si = siliceous; Ph
phosphat ic,

Porifera

Coelenterata

Platyhelminthes

Nemertea

Arthropoda
Crust acea

Arachn ida  V'!
Xnsecta

With preservable
Total Sof t- hard artsb

s cies bodied Ca Ch Si Ph



76 Figure 24. Elongation of oyster reefs in relation to
prevailing currents  from Chestnut 1974!.

II.D.2.b. ~salinit --Oysters are su-callas eurybaline
organisms andy as such, can live in seawater which varies in

two zones; the polyhaline, from 30 to 18 ppt, and the meso-
haline, from 18 to 5 ppt  Galtsof f 1964! . Populations found
outside of these limits are usually marginal, in that growth
and gonad f ormat ion are inh ibited  But ler 1949; Loosanof f
1952! . An unstable pattern of salinity with diurnal, seasonal
and annual fluctuations is an important ecological factor in
areas inhabited by the eastern oyster. Zhe ef feet the changes
actually have upon the oysters is dependent upon their sudden-
ness as well as the range of f Luctuation.

Continued exposure to salinities above 32 ppt has taken
its toll upon oyster populations, During a six-year drought
in Texas, f rom 1948 to 1953, salinities increased to 36 ppt

Ostrea e uestris, an oyster species of no commercial value
 Parker 1955 . Oysters inhabiting areas where salinity is be-
low 10 ppt are more seriously af fected by incursions of fresh-
water. Numerous instances of heightened rainfall and river



77

f low have brought oyster mort alit ies close to 100%  Galtsof f
1930; But ler 1949, 1952; Andrews et al. 1959! . However, the
introduction of some freshwater may be benef icial to oyster
reefs under certain conditions, Some species of oyster pred-
ators, such as starf ish, carnivorous gastropods and f latworms,
cannot adapt to lowered salinity and die in brackish water,
Periodic flushing thus wipes out predators and restores reef
produc t iv it y,

oyster there is a great deal of temperature variance, In the
northern states species may tolerate a minimum temperature of
1 C during the winter, and in southern states survive up to
a maximum temperature of 36 C as occasionally evidenced in
Florida, Texas and Louisiana, The temperature regime may af-
fect oyster populations in various ways, by influencing their
rate of water pumping, feeding, reproduction and growth. The
maximum rate of water transport carried on by the eastern oys-
ter is usually accomplished at about 25 C, with a rapid de-

feeding in the 6 C to 7 C range  hibernation! and successful
mass spawning and sett ing of oysters is hampered at tempera-
tures below 20 C. During the hot summer months, the growth
rate has been observed to be markedly reduced in shallow North
Carolina waters, while oysters colonizing low tidal zones for
short durat ions have been killed by f reezing in winter. The
seasonal variations of the water temperature in two areas are
plotted in Figure 25, indicating periods of hibernation and
spawn i ng.

II,D.2,d. Food--There is little existing information
regarding the exact nutrient requirements of oysters; how-
ever, it has been established that they filter plankton,
detritus and other tiny particles from the water in order to
meet their energy requirements. According to Jorgensen and
Goldberg �952, 1953!, oysters f ilter 10 to 20 liters of water
for each milliliter of oxygen consumed and about two-thirds
of the energy they absorb can be used for growth,

Food gathering may be inf luenced by several f actors,
During periods of hibernation, at temperatures below about
8 C, the food-gathering process is interrupted, Some types
of phytoplankton, such as Chlorella, secrete antibiotic sub-
stances harmful to oysters. It has also been shown that high
concent rat ions of several phytoplankton species which occur

turn, ~Eu lena viridis! mar be harmful, as the rate of water
transport is reduced and feeding ceases  Loosanoff and Engle
1947! .
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Figure 25. Mean monthly temperature in degrees Centigrade of
water in Apalachicola Bay  upper curve! and Long
Island Bound  lower curve!  from Chestnut l974!.

Periods of "red tides," where the development of the

sponsible for extensive fish mortalities and also poison many
oysters growing along the shores of affected areas  Galtsaff
1948, 194 9!,

Oysters may incur additional problems by filtering foods
which contain only a minimal amount of nutritive value or may
come across organisms which they are unable to filter due to
pecularities of size and shape.

It has been not ed that t here are changes in nut r ient
values in oyster meat itself. This seems ta be a seasonal
factor in that during spring protein and mineral matter de-
crease sharply, while carbohydrate content reaches its maxi-
mum  Figures 26 and 27!. Glycogen storage peaks during late
fall, making the oysters "fat"  Figure 27!.



Figure 26. Average mineral matter and salt content in
the monthly samples of southern oysters
 unwashed! in percent of dry weight  from
Chestnut 1974! .

L 5 ji
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Glycogen and water content of adult oysters
� years old in 1933! from commercial oys-
ter bed off Charles Island, Long Island
Sound  f rom Chestnut 1974! .

Figure 27.

II, D, 3. Character of the Bottom

Oysters thrive on a hard, rocky or semihard mud bottom,
f irm enough t o support their weight . They cannot grow on
shifting sand or soft mud bottoms. However, between these
extremes, they can adapt to a wide range of bottom conditions.
The oysters themselves are capable of converting a soft bottom
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by depasiting oyster shells and making a hard mass suitable
for the further setting of oyster larvae. In fact, the mud
bottoms of the south Atlantic states, including North Caro-
lina, are only marginally suited for oyster production
 Galtsof f 1964! . They have, however, been much impraved by
the planting of oyster she11 and the deposition of marl
 bounden 1975! .

The rapid sett ling of suspended material or sedimenta-
tion may be highly destructive to the oyster community. Estu-
ary currents are the forces which usually transport sediment
particles to and from the reef. Shen the amount of sediment
picked up by a turbulent water flow exceeds the amount it de-
posits, the estuary battam becames eroded. Conversely, when
deposition exceeds the amount picked up, the bottom is rapidly
covered by sediment. Oyster reefs themselves may alter cur-
rent patterns and velocities. By creating a kind af damming
effect, the reef may cause an increase in sedimentation  Grave
1901! .

Sedimentation is harmful to oysters in that the deposi-
tion of a thin silt layer, 1 to 2 mm, covering the hard sur-
faces upon which oyster larvae attach, usually renders these
surfaces unsuitable for bath the setting and development,
Many formerly productive oyster bottoms ance faund in the
Atlantic caastal regions of the United States have been de-
stroyed by high sedimentation rates. Although the effects of
sedimentation are first evident in the areas of setting de-
velopment, adult oysters may eventually become buried and the
entire reef killed by deposition. Bearing witness to the
devastating effect of heavy sedimentation are dead reefs as
long as 25 miles and as wide as 1 mile, which are buried some
4 to 10 feet below the surface along the coasts of Texas and
Louisiana  Norris 1953!.

I I . D. 4. Parasites, Commensals, Compet it ors
and predators

Oysters are adversely affected and sometimes killed by
a variety of parasites and diseases. All oyster-producing
areas are considered endemic far one or more diseases and
disease is perhaps ane of the greatest causes of oyster mor-
tality  Mackin 1961!. Oysters may be parasitized by many
organisms such as protozoans, nematode worms ar small crabs.
Other species such as boring sponges and clams, mud warms,
perforating algae and several mare are not considered para-
sites as they da not use the oyster as a f'ood source, but da
share the faad gathered by the oysters  i.e., cammensals and
compet it ors! .



There are also many species of predators which attack
and often devour both young and adult oysters. Listed among
these are several varieties of marine snails or drills, large
conch, st arf ish, f lat worms, leeches, blue and rock crabs,
black drum and three species of ducks.

Any and all of the negat ive effects brought about by
disease, competition and predation must be considered in re-
lation to how many oysters are affected, their mortalities
and the resultant decrease i.n marketable value.

II,D.5, Man's Potential Impact

Of all t he inf luences af f ect ing oyst er popu lat ions, per-
haps the most profound are related to the activities of man.
These activities can be divided into three basic categories:
overf ishing, the dumping of pollutants and dredging opera-
t ions.

By the activity of overf ishing, man has proven himself
to be the most dangerous of oyster predators, Since the
Stone Age, man has gathered oysters for food, Primitive
methods of wading and handpicking eventually gave way to the
use of oyster dredges and suction devices which soon depleted
oyster bottoms in the northern United States. As early as
colonial times, New Englanders tried to preserve dwindling
oyster reserves by passing restrict ive legis lat ion limit ing
the size of catches as well as their sale outside of local
areas. Unfortunately, in spite of these efforts many oyster
bottoms, especially in northern New England, were destroyed,
Similarly, a more gradual and less complete depletion took
place in the Chesapeake Bay oyster grounds. Legislation ban-
ning the use of power dredges slowed the decline, but was not
e f f ect ive enough t o maint a in t he product ivit y of t he grounds.

In order for any natural resource to be maintained, the
amount of it which is harvested must not exceed the amount
regenerated annually and overf ishing will continue to be a
problem as lang as this basic principle is ignored.

Pollution, the introduction of material or alteration of
the environment to the detriment of organisms, is perhaps
man's most important negative inf luence on oyster populations.
Pollutants containing highly toxic substances may cause mor-
talities among marine populations. Those less toxic are not
lethal to adult organisms, but may decrease the rate of larvae
survival, the growth of juvenile farms and the population's
reproductive capacity. Furthermore, sublethal concentrations
may destroy links in the food chain and thus affect the pop-
ulation's food supply.
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As applied t o oysters, t here are usual ly t hree t ypes of
pol lut ion af feet ing reef s; domest ic sewage, pest ic ides and
trade wastes. In general, oysters accumulate pollutants to
concent rat ions many hundreds of t imes greater than the levels
f ound in the surrounding envix onment. In natural waters,
these pollutants gradually undergo changes which lead to some
purif ication, but at the same time deposit sediments which
cover oyster beds and change the character of the bottom. In
the case of some detergents and radioact ive wastes, natural
purification has virtually no effect and these pollutants
consequently constitute a growing menace to the safety and
purity of coastal waters.

The discharge of untreated domestic waste has a three-
fold effect upon oyster reefs, It covers the bottom with
sludge that smothers the oyster bed, affects normal functions
by decreasing the amount of oxygen in the water and greatly
increases the water's bacterial and viral content. In com-
mon with other eater-filtering mollusks, oysters retain and
accumulate these bacteria and viruses. This type of contami-
nation eliminates the grounds as a commercial f ishery because
it creates a health hazard to humans using oysters as a food
source, However, the growth and development of the oysters
themselves may not be materially affected  Chestnut 1974! .

The most common industrial pollutants found in oyster-
producing areas are introduced primarily from the oil, paper,
steel, chemical, paint, plastics and leather industries.

Oil pollution of the open sea is an international prob-
lem and many of the bays and harbors of the United States
are heavily polluted by oil discharges. Through surface
tension, oil spilled on the surface of water spreads rapidly,
forming a thin sux'f ace f i 1m or oil stock. In muddy waters,
suspended clay particles may absorb the oil and then sink,
only to resurface and create other slicks in shallow areas
when disturbed by wave action, Thus, secondary oil slicks
may appear several miles away f rom the primary source of pol-
lution. Toxic water-soluble extracts of oil adversely af-
fect oysters as they build up concentrations of them by dis-
turbing ciliary beat to cause a decrease in the pumping
capacity of the gills, as well as causing the valves to stay
closed for longer periods of time. When closed, water trans-
port for feeding, respix'at ion and discharge of waste ceases
 Galtsoff 1964!.

Pulp mill wastes containing red and black liquors pos-
sess toxic substances which affect oyster populations. Simi-
lar to the effects of crude oil, Pulp mill effluents increase
the number of hours valves remain closed and black liquor
causes depression of ciliary activity and respiration
 Galtsoff et al, 1947; Figures 28 and 29!. Bed liquor, as
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Figure 29.

Figure 28, Effect of concentration of pulp mill effluent dis-
charged into the York River on the number of hours
oysters are closed during every 24-hour period
 from Galtsof f et a.l. 1947! .
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observed by Odlaug �949! may stop reproduction in oysters
completely, and these oysters are usually of' poor taste and
quality. Ecological studies in the Shalton Bay, Puget Sound,
further show that discharge of red liquor may increase the
production of Melosira, a fouling plant found on oyster reefs.
These pulp wastes are also oxidizable; however, only in cases
of the most extreme pollution will they lower the oxygen con-
tent of the water to such a degree that bodily functions of
oysters are suppressed,

The ability of oysters to concentrate pollutants to
levels hundreds of times those in the actual environment
makes tbe presence of heavy metals an important source of con-
tamination. Copper dramatically affects oysters by actually
turning them green and the depth of color varies with the con-
tent of copper, making it easy to observe. In a study of' oys-
ters located near the outfall of an electric generating sta-
tion that used river water to cool copper condensors, Roosen-
burg �967! showed that there was an inverse relationship
between the condition of the oysters and the copper content
of the water, Where copper content wm highest the condition
of the oystex's was worse, and a gradient of oyster condition
existed from points closer to pollution sources to areas far-
ther away. Therefore, besides making the oyster unf it for
human consumption, copper affects the organism itself.
Fujiya �960! found that copper actually causes necrosis and
desquamatization of oyster stomach tissue as well as decreas-
ing growth rates.

Radioactive zinc  Zn65! is rapidly accumulated by oys-
ters, clams and scallops. In a study done by Cbipman et al.
1958!, the gills of oysters were shown to contain large
amounts of Zn65. Oysters concentrate Zn65 faster than clams
 Duke 1967! and on the basis of a single or shox't-term dosage
of radioactivity, would be more affected.

Much recent work in the area of pollution monitoring on
shellfish grounds has concerned itself with the effects of
pesticides on rates of growth, reproduction and development.
Oysters are able to concentrate many different types of chlor-
inated hydrocarbons  Bugg 1967! and can also release these
accumulated residues, but only when placed in unpolluted
waters  Butler 1966!. However, exposure to some of these
pesticides in concentrations of as little as one part per
billion may decrease growth rates as much as 20%  Butler
1966!. Usually, the residue is accumulated in tbe ovaries
 Chestnut 1974! . Oyster eggs and larvae seem to be affected
by some pesticides more than others. Davis and Hidu �969!
tested a vaxiety of pesticides for their effects on oyster
development and found that most affected embryos more than
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larvae, but some had the reverse effect. This study empha-
sizes the need to selectively utilize pesticides because of
overall dif fex'ences in toxicity. But ler �961! has pointed
to the difficulty in evaluating the effects of pesticides in
sublethal concentrations because of the wide variance of tol-
erance within each species.

Other modes af pollution, such as thermal pollution and
the dumping of detergents, also have had adverse ef fects upon
oyster populations. In a study to determine the effects of
hot water relased by power plants into shellfish-producing
areas, it was found that normal development of oyster embxyos
was impaired in 1-6 hour exposures when the water reached 30-
34 C  Hoasenberg et al. 1970! . Calabrese and Davis �967!
and Hidu �965! demonstrated that detergents produced signif i-
cant negative ef fects on the develapment af oyster eggs,
larvae and embryos.

As population and commerce have increased so have the
demands and pressures for harbar improvement and canal con-
struct ion. These projects involve the movement of large quan-
tities of estuarine bottom by means of heavy dredging equip-
ment. Dredging for the purpose of digging a channel or harbor
or f il ling in a marshland may obliterate an oyster popu lat ian
by depositing a f ine coat of sand and silt over the shells.
I'his process interferes with the setting af oyster spat.
However, it has been determined that contralled dredging op-
ex at ions t aking place at least 400 yards f rom live oyster
reefs is possible without cxeating toa much harm, In a study
of dredging operat ions conducted at Great Point Clear, Alabama,
Ingle �952, 1953! conc1uded that the momentax'y variations of
the tide, speed of current and rate of dredging are all fac-
tors which combine to make each separate instance of dredging
a unique s ituat ion merit ing its own speci f ic considerations.

II.D,6. Values of Oyster Reefs

The oyster harvesting industry in North Carolina provides
the State with amounts of monetary, cultural and aesthetic
values. The turn of the century marked peak landings of oys-
ters; in 1902 �,6 million lb! and 1903 �.2 million lb!,
oysters accounted f ox the largest amount of any edible species
caught. Annual oyster landings remained upwards of 1 million
Ib until 1962, but have nat reached that figure since. The
quantity landed in 1973 was only 548,351 lb valued at $446,485
 Table 9!. In the same year, species at least partially de-
pendent on oysters f or f ood valued at more than $1. 5 million
were landed, including 29,000 lb of black drum and 12,009,000
lb of blue crab.
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Table 9, Quant ity �b! and value  $! of oysters
landed in North Carolina, 1880-1973  from
Chestnut 1974!.

Quant it y ValueYear

938 I 400
1, 175,650
1, 129,960
5,528, 942

60, 000
48, 353
46, 129

194, 272

1880
1887

1888
188 9

175, 567
241>099

1890
1897

4,456,075
4, 740, 675

5, 645, 928
4, 159,320
1,834,058
1, 197,630

268, 363
227,300

63,405
70, 280

1902
1908

1910
1918

1923
1927

1928
1929

3, 089, 146
2,397, 750
2,286,610
2,828,420

229, 576
200, 742
167, 490
245,533

1940
1945

690, 400
1,707,100

52,560
400,210

1930
1931
1932

1934
1936
1937
1938
1939

1950
195 1

1952
1953
1954

1955
1956
1957
1958

1959

2,205,674
1,500,571
1,201,356
1,160,700
2, 4801500
1, 940, 900
1, 426, 900
1, 055,600

1, 322, 100
1,531, 900
1, 620, 900
1, 525,300
1,008,400

73 1, 000
1,318, 000
1, 086, 500
1, 041, 500
1,311, 000

155, 148
92, 061
51,339
53, 092

160,631
112, 051

98, 468
72, 964

555,686
632, 122
600,238
536, 015
395,870
286, 395
563, 777
395, 870
434,311
587, 607



Table 9  cont inued!

VaLueQuant it yYear

269, 138
288,800
344,217
446, 485

381, 978
423,675
470, 112
548,351

1970
1971
1972

1973

In addition to the ex-vessel values quoted, the oyster
harvesting industry also generates revenues in other areas.
Oyster shell is collected and crushed then sold to the State
and used for roadbed. It is also sold to chicken feed pro-
ducers as an ingredient in their product. '1'his raises the
possibility of actual reef mining, especially in the eastern
Albemarle and Croatan Sounds where fossil reefs exist  Riggs
and O'Conner, unpublished! . Still other areas where oyster
harvesting yields revenue are shucking houses, boat sales and
equipment, gasoline, harvest ing equipment, transport at ion and
the wholesale, retail and commercial activities carried on by
markets and restaurants throughout the State.

Oyster reefs yield certain benefits which cannot be val-
ued in terms of money. They sometimes provide the solitary
f isherman with an independent life style, sustaining him in
the work he likes best. They also help to maintain the cul-
tural aspects of Lazy little harbor towns visited by tour-
ists attracted to historical sights, ships and seafood bars
featuring fresh oysters.

1960
1961

1962

1963
1964

1965
1966
1967

1968

1969

1,216,200
1,209, 100

961, 400
694, 000
727, 209
863,700
726,209
518,514
402, 959
369, 928

560, 442
616, 467
485, 589
356,705
398, 993
473, 549
398, 993
316, 379
268, 743
259, 600
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II.R. Salt Marshes

Karen Bolster

Salt marshes are fairly flat beds of salt-resistant veg-
etation that are alternately flooded and drained by salt or
brackish water. The frequency, duration and salinity of the
water that floods a marsh often determine the plant species
and the characteristics of that marsh. Marshes typically
form in the temperate zones in shallow intertidal areas that
have gentle land gradients. In North Carolina, marshes are
often found behind barrier islands, along the fringes of em-
bayments and sounds, and a1ong creeks, streams and rivers
under tidal influence.

The marsh forms a unique environment because of its
position between the land and sea. In a sense, it is part of
both, although conditions found within it are found only
there. These characteristic environmental conditions in the
marsh, in turn, have created a unique assemblage of plants
and animals. The marsh, then, is marked by a particular range
of physical, chemical, geological and biological characteris-
tics which differ widely from those of its surrounding envi-
ronments. Many of the important values of a salt marsh are a
consequence of the interaction between the uplands and the
marine environment across the marsh. Wherever salt marshes
occur, the vegetation is usually dominated by a few grasses,
rushes and succulent plants. Many plants of the same genus
are found in widely scattered geographic areas and monospe-
cific communities often dominate large local areas  Adams
1963!. This situation is created because of the physical
stresses that exist in the marsh area. Plants and animals
must be able to adjust to stresses caused by abrupt changes in
water level due to tidal flooding and freshwater runoff.
Thus, salt marsh plants and animals must be able to withstand
submersion and drying out, salinity changes, exposure to the
sun, sedimentation and many other f actors tied to the vari-
able marsh environment. Because few organisms can adjust to
this environment, diversity is low and the same type of organ-
isms are found in similar systems throughout the world,

II,E. l. Environmental Description

II,R, l.a. Horizontal Interact ions--Horizontal patterns
in the marsh environment result primarily f rom horizontal dif-
ferences in the t idal inundat ion pattern. Tidal inundat ion
in f luences the dist ribut ion of marsh f lora and f auna, and
marshes are often classified on the basis of the frequency of
their f looding  Shaw and Fredine 1971! . Adams �963! states



that there are two outstanding characteristics of marshes
that are immediately apparent upon study. The f irst is the
universa.l influence of saline tides and the second is the
z on at ian of marsh ve get at ion.

In Narth Carolina., salt marshes are often classif ied
into two basic graups, the regularly and the irregularly
flooded marshes  Maxshall 1974!. The vegetation dominating
each marsh dif fers, as may perhaps be expected since they
have very dif ferent physical characteristics. Irregularly
f loaded marshes in North Carolina are usually dominated in
lower elevatians by Juncus roemerianus  black needle rush!,
and by S art ina atens  salt meadow ha.y! and Distichlis
spicata spx grass at higher elevat ions. Regularly f looded
sears aes are dominated by ~Sartina alternif lors  salt marsh
cordgrass! near the water, and by S. patens, D. ~sicata and
J. raemerianus toward high land.

Irregularly flooded marsh is found behind the Outer Banks
south to Cape Lookout and fxinging the inner shores of the
brackish water sounds between the mainland and the Outer Hanks.
In general, tidal amplitudes are fairly small  approximately
1 foot!, and large differences are found between the ground-
water salinity and the salinity of the f loading water, The
ground  substrata.! is usually f irm sand or peat  Marshall
1974! .

From the Cape Lookout area south, the majority of the
salt marshes are regularly f loaded ~Sart inn marshes Tidal
amplitudes are somewhat greater �-5 ft! and the sediments
are characteristically soft grey muds  Marshall 1974!.

There are no recent inventories detailing the types and
dist x ibut ions of salt marshes in Nort h Carol ina. T he most
complete recent inventory was that by Wilson �962! .
Obviously, the extent of marsh areas has changed in the 14
years since this report. Several studies have since been
undertaken to assess the alteration and loss of marshlands,
but were nat complete in regard to geographic distributions.
On the hasis of the information available, Table 10 gives the
approximate overall acreages and the distribution of wetlands
in North Carolina.

Zonation pa.tterns are found in upland plant communities,
but transition zones are frequently gradual and occupy broad
geagraphic areas. Trans it ions between plant communit ies in
the marsh are usually distinct and abrupt, Zonation within
the maxsh, although believed to be primarily due to flaoding
and the height of the marsh surface relative to sea level,
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Table 10. Marsh Areas in Acres by Coastal County  from
Wilson 1962!

Count y

450 4! 050

18, 000

1G, 000

3, 500
1,600

38,600

3,100

23�00
5,20050015,500

29, 900 1, 600 3, 400

7,850 2, 500

11,350

9, 100

1, 000

550

46, 900Tot al 58,400

Beaufort

Bert ie
Bladen
Brunswick

Camden
Carte ret
Ch owan

C olumbus
Craven
Cumberland

Currituck
Bare

Edgecomb
Gates
Greene

Ha 1 if ax
Harnett
Hartford

Hoke
Hyde

Johnston
Jones
Renoir

Mart in

Nash

New Hanover

Nort hampt on
Ons low
Pasquot ank
Pender

Perqu imans
Pit t

Robes on
Sampson
Scot land
Tyrrell
Washington
Wyane
Wilson

irregularly
flooded

100,450

Re gu lar ly
f looded

Shallow

fresh marshes
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is actually dependent upon an enormous number of interacting
physical parameters; any one of which may become the domi-
nant influence in determining what species grows where. Close
to the water's edge, along stream banks, and where tidal in-
undation by water of fairly high salinity is frequent, ~Sar-
t ina alternif lara  salt marsh cordgrass! is the characteris-
tic vegetation. Three di.f ferent grawth forms of salt marsh
cordgrass are often found and are differentiated by the
height of the mature plants. The distribution af tall,
medium and short salt marsh cordgrass is believed to be a re-
sult af land elevation, tidal, inundat ion and nutrient avail-
ability  Adams 1963! . In general, as distance from the water
source increases, plant height decreases  Odum 1 97 1!, Pri-
mary productivity of the dif ferent growth forms varies, with
the short form being least product ive, Animal assaciations
may alsa be different between the three  Odum 1971!. Juncus
roemerianus  black needle rush! is usually found in areas
that are less frequently inundated � either above the salt
marsh cordgrass zone or in areas where the tidal amplitudes
are small and therefare do not flood the salt marsh to any
great extent. ~Sart ina Datens  salt marsh hay! and Dist ich lie
~siesta  spike grass! are usually found mixed together at
elevations slightly higher than that of black needle rush
 Caoper 1974! . Above these grassy zones is frequently found
a shrubby band that blends into the vegetation more charac-
teristic of the uplands. Because the physical stresses of
this high marsh region are not as severe as thase closer to
the water, a large variety of plants are faund here, Amang

Baccharis halimifolia  high tide bush! and Borrichia fru-
tescens  sea oxeye!. In marshes that are f loaded by waters
of lower salinity, several different species occur since tbe
physical stress of the environment is decreased, ~Sart inn

pied by salt marsh cordgrass- in these brackish marshes.

found at higher elevations, and, since it is more resistant
to man's impact, in areas physically disturbed by man or sub-
ject to pollution. General diagrams af plant zanat ion are
given in Figures 30, 31, 32 and 33.

Animal distributions on the marsh are not as distinctly
zoned as thase of plants, Most species can, however, be
divided into high or low marsh species,

The variety of life in the marsh is relatively law as
compared to other ecosystems, because the marsh environment
is difficult to adapt to and live in. In general, it is
thought that fewer species inhabit the irregularly flooded
marsh than inhabit the regularly flooded marsh farther sea-
ward. I ittle insect diversity was found in black needle
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Figure 31. Zonation of a Georgia salt marsh, showing three
distinct types of pIant producers  from Odum
1971! .

Figure 30. Cross-sectional diagram of New England type salt
marsh  from Miller and Egler 1950!.
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Associated with the marsh surface in the salt marsh eco-
system are the tidal creeks or distributaries that carry the
flooding waters in and out of the marsh. Frequently in older,
well-developed marshes, these distributaries are extremely
convoluted and meander over broad areas of marsh. The creeks
carry both water draining from the uplands and water from the
estuary, serving as a vital habitat for many species of ani-
mals. The distributaries are a habitat for animals such as
oysters and blue crabs and are also extensively used as
nursery or rearing grounds for a variety of animals that are
f ound in the est uary or open sea as adu lt s  F igure 34! .
These f ish include the menhaden, striped bass and mullet in
addition to the commercially valuable species of shrimp  Teal
and Teal 1969!,

6 STlJAR INE NURSERY GROUNDS

QCEAN BARRIER SHALLDW MARSH TIDAL

~F 7  RASSI < F F 4 E FEE F- F E EF OFF~'E
~lE F F>n ADOLESCENT SHRIMP!

~Q r' LARVAL STAGES! ' F'E,'~A ~j E F E'+Q /r r  JUVENILE SHRIMP!ta y  :-~GSi <
 ADULT

SHRIMP!

TIDAL
RIVER

F'tEF F EFr'E
'iE E r'

Figure 34. RoLe of salt marsh in the life history of
grooved shrimp  from Teal and I'eal 1969!.

rush marshes by Davis and Gray �966!, who suggest that the
growth form of the plant may be responsible. They hypothe-
size that the thin fibrous leaves provide little protection
from winds or predators and supply little food for grazers.
Despite the general paucity of animal life in the irregu-
larly flooded marsh, the product ion of biting flies and
mosquitos has been found to be highest in areas such as ir-
regularly flooded ~n;us narshes and the high marsh zones of
9 artina Matens and Dist ichlis ~siesta  Dukes et al. 1974a!.
Mosquito production in the ~gart ina alternif lorn zone in-
creases as the distance from the water source increases
 Dukes et al. 1974b!. Much work has been done to attempt to
discover ways to decrease and control the populations of these
annoying insects, and vast acreages of marsh have been physi-
cally altered to prevent their breeding.
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Several small species of fish  such as silversides, killi-
f ish and mummichogs! are characteristically found in marsh
distributaries. These forage fish are preyed upon by larger
carnivorous fish that are frequently species of commercial im-
portance  Teal and Teal 1969! . The small fish are also preyed
upon by birds, thus occupying an important place in the marsh
and estuarine food chains ~

The marsh surface also serves as va1uable habitat for a
variety of animals. Several species of mammals either feed
or live in the marsh and therefore provide a link between the
marsh and the upland area. These mammals include mice, rats,
muskrat, mink, otter and nutria. Several of these species
are commercially trapped for their fur and populations vary
widely from marsh to marsh. Factors that are thought to in-
fluence the distribution and density of the muskrat include
salinity, the plant species present  used for food and nest
construction!, the depth and frequency of inundation and local
weather conditions  Palmisano 1972! . Popu1ation levels  and
therefore catches! vary from year to year  Table ll! .

Table ll. Summary of Fur Trapping Reports of Marsh Species
f or 1957-1975  N, C. Wildlife Resources Com-
mission!,

OtterYear NutriaMuskrat

1957-58
1 958-5 9

195 9-60
1960-61
1961-62
1962-63

5, 897
8,212

11, 071
13, 230
11,260
14, 517

90, 026
119. 598
146, 744
184%647
164, 676
170, 214

992
1,029
1, 337
1, 130
1,234
1, 456

33

96

536

36
0
0

1963-64
1964-65
1965-66

I 966-67
196 7-68
1968-6 9

475
966

1, 033
948

2, 752
2, 752

1969-70
1970-71
1971-72

1972-73
1973-74
1975-75

3,617
6,617

15,014
11,900
11, 693
17, 070

127, 348
89,846
96, 997

153,369
135,266
105,882

5,738
4,386
3,270
5,331
3,647

3, 643

948
0

1, 606
1,407

968
893

136, 917
122, 171
153, 244
112,869
126,356
126,356

11,561
9, 868

10,194
9, 207

10,386
10,386

lp 739
1, 328
1,443
1,354
1, 658
1,658



97

II.E.l.b. Vertical Interactions--In its function as a
buf fer zone between high ground and the estuary, the marsh is
believed to act in many cases as a moderating factor on the
impacts of the two environments on each other. Thus, the
marsh serves to protect the uplands from storm and flood dam-
age by the estuarine water  Silberhorn et al, 1974!, since
growth form of the marsh vegetation  sense stalks perpendicu-
lar to the marsh surface! is believed to slow the velocity of
the water and therefore dissipate wave energy, Research at
the Virginia Institute of blarine Science reports that many
marsh soils  primarily peats! can absorb large amounts of
water f looding the marsh, The soils are likened to "giant
sponges" and serve to decrease the amount of water that could
f lood the high ground  Silberhorn et al, 1974! .

Because the marsh slows the velocity of water movement,
it also serves as a "sediment trap" for the estuary, The
size and, to some degree, the amount of particulate matter
such as sediment suspended in the water are controlleck by the
speed of that water. The greater the speed, the larger the
part icle that can be carried by the water. Thus, as the
water is slowed by passing over the marsh, particles fall out
of the water and are deposited on the marsh, In this way,
the marsh cleanses the water by decreasing its turhidity or
part icu late load.

Sediments in the marsh, although often very f ine, are
stabilized by the dense and extensive root development of the
marsh vegetation. In most species the amount of root mate-
rial is as great as or greater than the amount of material
evidence above the ground  Heimold et al. 1974! . The marsh
is therefore highly resistant to erosirn and serves to re-
duce the erosion of the higher ground  Silberhorn et al.
1974!,

II,E, l,c. Zner Pathwa s--Marshes and estuaries are
believed to be among the most product ive areas of the world
 Table 12! in terms of the growth of plant matter  primary
product ion!  Odum 1971! . Several dif ferent types of plants
contribute to this productivity, The majority of it is be-
lieved to come from the marsh grasses, with phytoplankton and
benthic mud algae along the creek banhs being less important.
Studies have shown, however, the mud algae product ion can be
approximately one-third of that of the vascular plants  Pome-
roy 1959! .

High productivity appears to occur for several reasons,
most of which are related to the posit ion af the marshes be-
tween the uplands and the estuary. Because of the tidal flux,
new water is constantly brought to the plants and harmful
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accumulations of waste products are carried away. Thus, the
plant does not exhaust its nutrient supply  necessary for
growth! and damaging chemicals are taken away before they can
inhibit growth. The interaction of fresh and, salt water in
the maz'sh tends to precipitate nutrients fzom the fresh water,
thus providing the plants with large amounts of these neces-
sary compounds. The nutrients are not "locked up" in or-
ganic structures for many years as may happen in foz'ests.
Because the grasses, algae and bacter ia do not live f or long
periods of time, the nutrients they contain are frequently
recycled and can soon be used by other organisms  Teal and
Teal 1969!.

garshes are also productive because plant growth takes
place all year round. The growth of algae on the marsh muds
has been found to be fairly constant throughout the year in
Georgia  Pomeroy 1959!. The vascular plants such as S artina
and Juncus have reduced growth in the winter, but tota pro-
duction never completely stops.

It is also thought that the growth form of the marsh
plants  vertical to the marsh surface with little horizontal
exteasioa! may permit dense growth because there is little
shading of a plant by its neighbors  Palmer 1941!.

The primary productivity of marshes varies from marsh to
marsh depending upon the plant species that az'e present, the
amount of nutrients, the frequency of inundation and the geo-
graphic location. lkuch research has been done in this area,
but because of the technical problems and the amount of vari-
ation between marshes f rom year to year few generalizations
can be made. There would appear to be a trend within each
plant species of inczeasing productivity with decreasing lat-
itude. This is believed to be due to the lengthening growing
season as one moves south  Keefe 1972!. Some plant species
are just more productive than others, as may perhaps be ex-
pected. In general, plants of the irregularly flooded or
high marsh are less productive than those that are regu.larly
flooded by the tides  Silberhorn et al, 1974!. Some scien-
tists believe that the tides provide an "energy subsidy"  or
source of extra energy! that permits marsh plants to have
higher production rates than normal grasses  Odum and Fan-
ning 1973!. Estimated productivity by regular and irregu-
larly flooded marshes for coastal counties in North Carolina
 Table 13! was ca]culated by integrating productivity values
previously found for North Carolina marshes and attempting
to f it a reasonable curve to the data points.
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Table 13 . Predicted Annual Net Primary Px oductivity  NPP!
�06 kilograms/year! for each North Carolina
county  from A. E. Stivea, unpublished data!.

County

7,285
3, 177
3,683
4,593
4,047

71.7

29.7
8.0

28.9

36.5
405

15,621
182

6,070
12, 100
6, 273

2.0
108 .6

0.4

28.8
43. 1
48.9

647
202

3.0
2.1

Total 421

aFrom Wi lson   1962! .

The amount of primary production in a marsh is important
because it provides a base upon which all of the higher or-
ganisms and trophic levels depend. Plant material is the
basic food for all animals and the amount of it largely deter-
mines the amount of animal material or biomass that can be
supported. One of the most important characteristics of the
salt marsh is that very little of the plant material that is
produced is grazed upon while alive by herbivores, estimated
at only about 5%  Smalley 1960!.

Because the majority of the primary production in the
marsh is not consumed by herbivores, the decomposer food
chain is extremely important ia the marsh. Bacteria and
fungi break down the plant materia.l and in turn die or are
eaten, thus releasiag the nutrients that were not previously
available for utilization. This decaying organic material
is called detritus and serves as a major food source both ia
the marsh and in the estuary. Some work  Teal 1962! has been
done to attempt to quantify energy pathways in the salt marsh
 Figures 35 and 36!. Because of the difficulties inherent in
such work, however, the complete food and energy web far the
salt marsh is not known and large gaps remain ia our knowl-
edge. Little work of this type encompassing the entire marsh
has been reported for North Carolina.

Brunsw i ck

New Ha,nover

Pe nder

Ons low

Carteret
Beau f ort

Paml ico

Hyde
Dare

Regular Irregular Total
Regular Irregular flooded flooded NPP

marsh marsh mar sh mar sh for

Haa Ha NPP NPP cou at

71.7

29. 7
8.0

30.9
145. 1

0.4

28.8
46. 1
51.0
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PRODUCERS CARNlVORESHERB I VORES

Prokelisia

Orchelimuxa
Other herbivorous insects

Uca 6 Sesarrna

Littorina

Oligochaete
Streblospio
Capitella
Manayunkia

Spiders
Passerines

Dragon flies
Spar tine

Eurytiun
Clapper rail
Racoon

Algae

Figure 35. Food web of a Georgia salt marsh
 from Teal 1962!.

Figure 36. Energy f low diagram from a Georgia
salt marsh  from Teal 1962!.
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One of the most important characteristics of the maxsh
is the fact that it is nat a selfmontained system. There
are both gains and losses af materials and energy to the es-
tuary and to the uplands, as has been discussed previausly.
Flooding water brings in phytoplankton, zoaplankton, grazers
and predators, and is believed ta serve as an energy subsidy
for the marsh. Ebbing waters remove some of the phytoplank-
ton and zooplankton, the grazers and predators that have fed,
detritus and nutrients. Recent studies have raised questions
af whether the function of the salt marsh is an overall
source or sink of materials, nutrients and energy, apparently
varying from location to location with no hard and fast rule
for marshes as a whole  Woodwell et al. 1973; Heinie et al.
1974! .

Materials and energy also flow between the uplands and
the marsh. Mosquitos and biting flies often move off the
marsh to feed while several species of birds and mammals that
normally live on high land move onto the marsh to feed on the
insects, plants, molluscs and fish living there. Ran also re-
moves energy from the marsh ecosystem when he traps the fur-
bearing mammals and hunts the water fowl and wildlife.

Salt marshes are also believed to act as nutrient and
chemical filters of water caming from higher ground  Silber-
horn et al. 1974!. This water is often of higher nutrient
content tEan the estuarine waters as a result of mineral ero-
sion, sewage and industrial pollution. As the water moves
across the marsh, many of. these nutrients are taken up by the
growing vegetation. Thus, high nutrient levels are reduced
before they reach the estuary. Without salt marshes, the high
level of dissolved nutrients in runoff ~ater wauld stimulate
blaoms of algae that ~ight lead to eutrophication of the estu-
arine system. The exponential growth of the phytoplankters
could create oxygen-poor conditions that would produce highly
undesirable effects on the estuary. Examples of these types
of situations are common today  Lake Erie, Potomac River and
many sewage disposal sites!.

The marsh, then, is a nutrient trap that gradually re-
leases the nutrients contained within it at a rate manage-
ab1e by the estuarine system. This situation also prevails
for nutrients that are produced on the marsh itself by the de-
composition of plant material. Nutrients such as phosphates
and nitrates are bound up in organic structures and must be
broken apart and released by decomposer organisms to become
available again. When the marsh is flooded, these nutrients
are carried into the estuary where they promote growth. Be-
cause a lack of nutrients often limits the amount af primary
productivity in the estuary, this source is believed to be
extremely important. The salt marsh, then, is believed to be
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an active site of nutrient recycling due to the rapid turnover
rates of the vegetation and the associated processing of or-
ganic materials.

Again, the frequency of inundation influences the amount
of material exported and it appears that irregularly flooded
marshes export lower amounts of nutrients than regularly
flooded marshes. Recent work  Woodwell et al. 1973! seems to
indicate that all regularly flooded marsWes may not be equally
important as nutrient and detritus sources. Kore work has to
be done to determine the situation in North Carolina, although
it may be hypothesized that the amount of material exported
may be correlated with latitude, increasing as one goes south.

Because many of the functions of salt marsh are depen-
dent upon the degree of its interaction with the estuary, some
of the characteristics of regularly and irregularly flooded
marshes may be expected to differ. Since detritus is trans-
ported to the estuary by tidal flushing, less detritus is
carried out of the irregularly flooded marsh and more tends to
stay in the marsh ~here it becomes part of the sediments.
This is an important distinction between regularly and irregu-
larly flooded marshes because it is believed that much of the
productivity of the estuary  fish, shellfish, crabs, etc.!
is dependent upon the flow of detritus from the marsh. Teal
�962! estimated that in Georgia, 45% of the primary produc-
tivity of regularly flooded marshes is exported to the estu-
ary. Heinie et al. �974! estimated that for marshes sub-
jected to low tidal amplitudes in Chesapeake Bay, less than
10. of the annual production was exported out of the marsh.
The salt marsh, then, cannot be rationally isolated from the
surrounding environments impinging on it.

II.Z.2. Temporal Patterns

There are several cyclical Patterns of different periods
of time in the saIt marsh. Not all of these patterns are
present in all marshes, however. Perhaps the most obvious
cycle in the regularly flooded marsh is that connected with
the tides . The conditions in the marsh are very different
when it is flooded than when it is exposed. Both food  such
as phytoplankton and zooplankton! and predators come in with
the tide. Special behavioral adaptations have been developed
by organisms in the marsh to avoid both the rising water and
the influx of predators. Snails such as Littorina irrorata

~ ~ ' «E~
f

tide is beginning to flood so that they may climb the marsh
grasses and avoid the water  Teal and Teal 1969! . Fiddler
crabs  Uca spp. ! retreat to their burrows in the mud when the
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sediment around them begins to become moist  Teal and Teal
1969! . In this way they can escape the predatory f ish that
would otherwise consume them as the tide came in.

Another cyclical pattern in the salt marsh is related to
monthly variations in tidal range. Spring tides caused by
the reinforcement of the sun and moon create exceptionally
large tidal ranges. These tides are the only ones that flood
the irregularly flooded marsh. Thus, the f lo» of food and
predators into the black needlerush marsh and the flow of
detritus and nutrients out are linked to the spring tides.

A seasona1 cycle is also pronounced in the salt marsh,
especially to the north where marsh grasses almost completely
cease growth during the winter months. In North Carolina,
some growth continues during the winter, although it is
sharply reduced  Marshall 1974! . During winter the primary
productivity of aud algae becomes particular ly important to
the marsh food chain. The export of detritus and nutrients
varies from season to season. Storms are more frequent during
the ~inter, so the irregularly f loaded and high marshes are
flooded more frequently. Heinie et al. �974! found that the
majority of the material annually exported from the irregularly
flooded marshes occurred at this time and was primarily due to
ice scouring the marsh surface, a mechanism probably of little
importance in North Carolina. In regularly flooded marshes,
however, little production occurs during the winter and
detritus produced during the summer has generally been washed
out. Thus, exportation is thought to decrease over the winter.

The averall geological evolution of the marsh also forms
a pattern through long periods of time. Marshes are created
through hundreds of years of sediment deposition. Generally
they form an shallow mud f lats through gradual accumulation of
sediments. As the water level becomes shallow enough to per-
ait the growth of Sating alterni flora, colonization begica
~ ~ ~y ~ ~
mentation to proceed at an accelerated rate. Colonization
continues and the level of the immature marsh begins to rise
through the accumulation of sediments, roots, rhizomes and
detritus. This accumulation of .peat continues and eventually
the older landward side of the marsh has risen to such a point
that S . alterniflora is replaced by other grass such as Juncus

e'� "'" 2 � '

age canals. The process of accumulating material and raising
the level of the marsh is the primary mechanism for marsh
evolution. The marsh continues to expand into the estuary
and be converted into uplands toward the land side  Redfield
1972! . Basic evolutionary processes are complicated by the
fact that the level of the sea relative to the land is not
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constant. On shores that are emerging from the sea, the proc-
ess is similar to that previously explained, only seaward
marsh expansion occurs at an accelexated pace.

On submerging coasts, however, this mechanism works al-
most in reverse; as the more water-tolerant vegetation en-
croaches on less tolerant forms and the marsh system as a
~hole moves back over the land. Examples of this situation
are seen when old tree stumps are found in the marsh or when
marsh peats are x'evealed on beaches belo~ the sand after a
lar ge s t or m.

II'.K.3 . Organism Adaptations

Because the physical stresses of the salt marsh axe
large, most organisms resident in the marsh have developed
unique adaptations to permit lif e there. Table 14 details
these stresses, their effects, and some of the adaptations
marsh invertebrate species have made to them.

Perhaps one of the most important adaptations made by a
marsh species is that of salt secretion by S~artf na alterni-
flora. The plant is usually in salt water with a higher salt
content than in its cells. In such a situation, water from
inside the plant ~ould tend to move outside due to osmotic
pressure and the plant would die. S. alterniflora however,
has developed special "salt glands" on its leaves that help
it to excxete excess salt and control the water content of its
cells  Teal and Teal 1969!. The ability to live in salt water
permits the establishment and expansion of the marsh into the
estuary.

S x'ting alterniflora has also made adaptations ta allow
growt n t e oxygen-poor marsh muds. Roots demand oxygen
for growth, but because little oxygen is found below a few
centimeters into the md the species has developed air pas-
sages in the stem to permit the diffusion of oxygen from the
plant surface to the root system. Large gas spaces are also
found in the roots  Teal and Teal 1969!.

I I.E.4. Values of the Environment

II.E.4.a. --The direct values of an en-
vironment are th r ed directly from the environ-
ment itself. By this definition, marshes have little obvious
direct value and have often been regarded as wasted land. The
marsh does have a direct value, however, as a habitat for com-
mercially important species, such as the muskrat, nutria, ot-
ter, mink and oyster . Muskrat are most common ia brackish
water marshes  Stearns and Daigh l939! and in higher elevations
of the marsh  penfound 1952; Palmisano 1972! .



106

0
y 4

fv

io

e

sf N e
ISQ V
5NQ

4 e
«e 'a

e Q
Afe4
w~ 0
O>w
~co e

4 fr
dc cOww

N
4 0

ai

V

4
OQ

A co
a~
af 4

0 N
0

4

aw

co

0

el

4

4 0 ef
V V
N
e
4

wO
Ow

N
e 4
V 0

94 M
ef

fil

0 Q
4 N
0+

4 Q
aI 4
W 4
4 5
e v
8
'g 0
Q M
M VI

4

af
93

I I
I V~
e Q v

w Ow

e 0 co
lo

«bo
«N 4 ~

eaON
cOOr N

g Om
0 0bO~

%4 co
4 w N
eayN
Sk e 0 &
844A

8%@ 5 N
OCh ef

bOW QW
44>d

gem Q

I I

Pe4
mW b

e fs e
N 4 N

0 ei
Q
4

pj's 4
g pf

4 0
wC4N

e

«ef P

a45
eel V
8+ w
Q
bOW W
g Ow ~

N 4
NN bOO
~ 0 aw
4Hw cg

I
0
4

0

IS
O~M

Q
QeiN
N N N

e w
0

e N
4dcO

0
«e

0 C4W

cg N~
V

bO
Q
4 4m 0
OQW 4
8' V4

8~'3

N 'g
0

ho&

H Q
af
Q M
N e

'a e
dm

A
bII bo

8
0 e
4
44N

N

A V
Q W

co
N bo

ef 0
4
bO<

4

4 4

I 44
'g aw

co
gf rf N
0 ChcO

W bON
c445
H~W
+8m
~04

Q W
N W
al w ~
Q X 4
4 W Q
V M
QVai
4 cow

I

ed I
wel0
e 8
4 boQ
C4 4 A

-z a
bogw

C4

4 3 ft'I
414 co

Q
«e 4

d~ V
0 4

w 0 ~
Ow a
8 ~ ~
OQNK
g V~O
ae flbo

'd g
eI

N ~
4
Q ef
'a e
Q 4
e v

e
4 fn

4 4
e 0

N

e
cO 4
4 Ac

0 af
QI +

bo& e
4 af N

fo
bo 'e
bod 4
ONV

Q 4
4 tt

0

'0 N
Q cO
gee
44 V
K co 4
Q 4w

Q
Q~ V
w Ow

4 N
Q'0 af

N 0<
fo w
me 0

gl W
4
Oa e
~+i 5
w co<
co Q
VN N

QM ef
4cO4

V

0

+J ~
Q 4
8 0

V
0 ef

e
N O
ai
QN
4~
V
e N
t$ 4

0

Ow



107

II.E.4.b. S The indirect values of
an environment a s e s t an environment pro-
vides that allow monetary gain in areas outside the environ-
ment. The vast majority of the services and functions the
marsh provides for «an fall into this category. The marsh
serves as a nursery grounds for commercially valuable species
such as shrimp, mullet, menhaden and striped bass. It also
serves as a habitat for small fish species that are important
as food items for larger, commercially valuable forms.

The productivity of the estuary is supported by detritus
and nutrients that are exported from the salt marsh. The
amount of exportation appears to be variable from marsh to
marsh, however, depending primari ly upon its frequency of in-
undation. lithaut the marsh acting as a source of nutrients
and detrital material, the high productivity levels typically
found in estuaries could not be maintained. Man harvests
various aspects of this productivity when he fishes, hunts and
gathers shellfish from the estuary. The marsh, then, supports
an enormous amount of commercial and recreation business along
the seacoast.

Because of the efficient nutrient recycling that occurs
in the marsh, it is believed to act in a manner similar to a
tertiary sewage treatment plant and the effects of sewage dis-
posal are therefore moderated. The expense of building ter-
tiary txeatment plants to function as the «arshes are believed
to would be enormous. In a sense, therefore, the salt
marsh provides an expensive service for little to no cost
 Odum 1973! .

llarshes act as "sediment traps" by slowing the water f low-
ing over them and causing particulate matter to drop out of
the water column. Protection from flood damage and erosion
control are also provided to the uplands by the marsh. Salt
marsh peats are not easily eroded by wave action and are be-
lieved to be able to absorb large amounts of water. Because
the marsh forms a barrier between the estuary and the uplands,
wave energies are first spent there be fore they reach the high
land. If no marsh were present, the uplands would be the site
of the entire expenditure of wave energies.

IT.E.4.c. ~Tert far � The tertiary values of an environ-
ment may be defined as those properties of an environment that
are difficult to evaluate in a monetary scheme, but that con-
tribute to the overall quality of life  Odum and Odum 1972!.
This may include such things as aesthetic and recreational
value and scientific and educational use .

Perhaps the most evident tertiary values that may be as-
signed to marshes are those of aesthetics and birdwatching.
How much "green space" man needs in his environment is
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Because there are few obvious and direct monetary values
that can be assigned to the salt marsh, the tradit ioaal
cost-benefit analysis would seem to indicate that indeed
marshland is just wasteland and that it will achieve its most
constructive use when developed by man. As we have seen, the
extremely valuable services that the salt marsh does provide
for man are of an indirect type and not readily appaxent. In
recent years, some scientists have been attempting to generate
more realistic values for marshland by incorporating indirect
values as well as direct in their computations. Such calcu-
lations are open to argument, but provide a much moxe x'ealis-
tic evaluation. One such evaluation  Table 15! was made for
marshes in Georgia in 1973  Odum 1973! .

Table 15. Marsh-Estuary Dollar Values as Determined by Vari-
ous Methods of Evaluation  from Odum 1973! .

Income-
capitalization
value per acre
 at interest
rate 5%!

Annual

return

per
acre

Basis for eva,luation

100�! Commercial Se sport fisheries 2,000

�! Aquaculture potential
 a! Moderate oyster culture level
 b! Intensive oyster raft cultux'e

630
1, 575

12, 600
31,500

�! Waste treatment
 a! Secondary
 b! Phosphorus removal
 c! Adjusted textiax'y

280

950
2, 500

5, 600
19i000
50,000

�! Maximum noncompetitive
summation of values

 a! 1 +3c
 b! 2b + 3c

2,600
4,075

52,QQQ
81,000

4, 100 82,000�! Total llfemupport value

impossible to say until there is too little and the need is
realized. ln addition, Nilich of the money spent in the coastal
zone on recreation and tourism is for the simple puxpose of
enjoying the outdoors and the aesthetic environment of the un-
distux bed coastal areas.
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II.K.5. Ran's Impact on the Environment

Few activities undertaken by man in the marsh are truly
dangeraus. Perhaps the most obvious danger is that of build-
ing in ar immediately behind a marsh or a submerging coast-
line. Such construction is subject to erosion or flooding
and in the case of the submerging coast invasion of the uplands
by the marsh.

Many of the potential uses of the marsh environment are
mutually exclusive, and almost all uses ta which a marsh is
put by maa radically change the marsh and eliminate the sex'-
vices it provides. Filling or bulkheading a marsh changes it
to an upland area. As such, the vital exchanges «ith the es-
tuary are cut and the marsh can ao longer serve as a habitat,
aursery area or buffering zone. The land defined as valuable
and upon which structures are built is thus more open ta wave
attack, erasian and storm damage  Odum 1971!. Such man-made
alterations also destroy marsh vegetation, eliminating an im-
portant source af nutx ients and detritus for the estuary .
This is believed to lead to decreased estuarine productivity
 Teal and Teal 1969!. The same effect occurs when spoil is
deposited on the marsh. In this case the whole marsh is not
usually used, but the deposition of material changes drainage
patterns in the marsh causing different plant species to be-
came important  Retzgar 1973!.

Dredging a marsh to create a marine, lagoonal type resi-
dential development or navigational routes is also destruc-
tive. The marsh is removed and the uplands area is expased.
Deepening the marsh creeks increases erosion as well as the
sediment load of the creeks . Spoil deposition along stream
banks normally associated with this channeling stops water
flow from the marsh surface to the creek. The eliminatioa of
water exchange encourages mosquito production and cuts off
part of the marsh from interaction with the cxeek and ulti-
mately the estuary. Lagoonal "fingers" that are often dredged
into marshes have been found generally to be biologically un-
productive  Daiber et al. 1975!. These channels are usually
poarly flushed and o7ten tend to develop stratified and anoxic
conditiona.

Ditching a marsh for mosquito control is another tech-
nique by which marshes are altered. Effects of ditching are
similar to those of dredging and filliag, but because only a
limited area of the marsh is physically altered the effects
are not as severe. Ia North Carolina, ditching is usually
confined to the irregu larly flooded marshes where mosquito
production is greatest  ikarshall 1974!. Ditching is under-
taken to eliminate standing pools of water on the marsh that
encourage mosquito production and is accomplished by lowering
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the water level. This essentially transforms the marsh into
an area more typical of the uplands. Shrubby plants  e.g.,
~lva Baccharis and Hibiscus! become more common  Bourne and
c « IWI.
sively used by wildlife as the lower marsh vegetation.

Kuenzler and Marshall �973! found that ditches in North
Carolina Juncus marshes increased the area of aquatic habitat
in the marsli~y a factor of about five. These ditches were
found to be inhabited by large numbers of juvenile fish,
crabs and shrimp-mspeciaLLy from late winter through early
summer. The function of the marsh as a nursery grounds was
thus increased in areas where irregularly flooded areas were
ditched. Concern was expressed, however, over the erosion of
spoil piles and the formation of levees that retained the
standing water that the ditches sought to eliminate.

Impounding a maxsh to create shallow freshwater ponds is
often done to increase waterfowl use. This technique is usu-
ally successful in its goal, but exchange with the estuary is
ended by the construction of dikes to keep out the salt water.
Marsh vegetation is usually eliminated and a more hydric plant
community often develops . The impoundment still serves a lim-
ited function as a barrier between the marine environment and
the uplands, but its efficiency is considerably reduced.
!tost other functions that the natural marsh provides are elim-
inated by the cessation of interactions with surrounding sys-
tems. Impoundments do support a considerable amount of wild-
life and diversity is often increased over that of the natu-
ral marsh  Catts et al. 1963!.

In general. then, most destruction in a marsh is caused
by man~de changes in water level or drainage patterns. Such
destruction occurs because vegetation and the integrity of the
functions of the system are largely controlled by the posi-
tion of the water Level relative to the marsh surface.

II.E.6. Management Implications

Marshlands should not be regarded as worthless in the
light of the many indirect services they provide to man. The
costs in losses of services or decreases in the quality of
services must be realistically evaluated before a marsh is
altered from its natural state,

ifost of the functions and services of the marsh are pro-
vided by the nature of its large area. Therefore, if these
aggregate services are desired, the acreage of the marsh
should not be significantly decreased. The impact of one
marina or one housing development is often difficult to see.
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The effect of the development of an entire coast may, however,
be devastatingly clear, Thus because the value of each acre
of marsh is hard to pinpoint, each must be regarded as valu-
able. Because the "minimum amount" of marsh necessary to x e-
tain the status quo is unknown, all of it should be main-
tained.

If destruction is believed necessary, it may be prefer-
able to alter an irregularly flooded marsh than one that is
xegularly flooded. If a marsh has been destroyed through
spoil disposal, construction, etc., all possible effort should
be made to replace it through the replanting of marsh vegeta-
tion in suitable circumstances. The technology to do this is
available  Seneca 1974!, but it must be realized that reestab-
lishment will take from 5 to 25 years and may be difficult.

II.F. Swamp Forests

Nancy Tomkovick

Swamps make up half of the 5,885,000 acres of North Caro-
lina's wetlands. Since swamps are a type of wetland, any def-
inition must start with an understanding of the general con-
cept of wetlands. Wetlands have been defined in a variety of,
ways by scientists, legislators, forestry experts, wildlife
conservationists and farmers, depending upon their special in-
terests. In general, though, wetlands are "land-eater edge
areas and submerged bottoms of no greater depth than can sup-
port extensive growths of either submerged or emergent aquatic
plants"  Black 1974!. Since plant communities are an easily
recognizable characteristic, many areas are described by the
dominant plant types, although other physical factors may be
equally important in setting them apart. S~amps are charac-
terized by the type of forest community which exists, as op-
posed to other wetland areas which have different, lower pro-
file plant communities. Three distinct types of s~amps are
recognized, swamp forests, river flood plain swamps and poco-
sins. All three are primarily found in the Coastal Plains
counties. Wilson �962! lists their distribution and approx-
imate acreage in Table 16. Much of the information for this
section comes from student reports on North Carolina swamps
in the Department of Environmental Sciences and Engineering
 UNCCH! during Spring l973.

Historically swamps have been considered a nuisance,
something to be drained or channeled to make way for agri-
culture, forestry ox' cities. Today attitudes are changing.
Our increasing population makes it imperative that all land
be put to its best use and, wherever possible, multiple uses.
In order to use swamps wisely, coastal zone managers must know
what swamps are, how they function as part of the ecosystem
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Table 16. Approximate Acreage of Wooded Swamps, Pocosins and
Flood Plains in North Carolina Coastal Plains

Counties  Wilson 1962!.

Swamp
forests

F lood
la ins

County Pocosins

33, 500
22 1 500

20, 500

10, 700

63,200

28, 400
16, 200

Beauf ort

Bertie

Blade n
Brunsw ick

Camden
Carteret
Chow an

Columbus
Craven
Cumber land

Cur r i tuck
Dare

Duplin
Ectgecomb
Gates

Greene

Halifax
Harnett

Hertiord
Hoke

Hyde
Johnston
Jones

Lenoir

Hartin

Nash

New Hanover

Northampton
Ons low

Pam 1 i co

Pasquotank
Pe nder

Perquimans
Pitt

Robes on

Sampson
Scot land
Tyre ll
Washington
Wayne
Wilson

21,850
32,000
34,950
42,000
46,000

6,600
4,300

95,900
31,400

6,200

28,400
4,050

100,200
450

39, 600
3, 550

2,800
14, 800
6, 500

34,600

18, 900
18, 800
29, 500

9,250
3, 100

59,000
3,450

22, 100
43,500
10,250
44,200

100,200
3,000

13, 700
24,400
55,000

2,400
1, 100

119, 700
57, 300

135,400
107, 100
28,900

118,300
10,150
81,800

126,000
31, 300

13, 750
138,200
89,200

4,300

10,500
250

216, 700
1,450

127, 500
23,800
43,700

6,000

120,700
40,300

27, 200
198, 000

18,850
30,000
19, 500
30,000

4,100
138,500

11,200
3,000

26,900

15,400
35,800
13, 500
7,400
5,600

52,950

8,900
16, 800
24,700

36,400
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and what they do for man. The following is an attempt to de-
scribe the three types of swamps, first in a descriptive way
and secondly through consideration of the dynamic processes
at work.

II.F. l. Environmental Description

II.F. l.a. Swam Forests--The 985,500 acres of swamp for-
est are found wit in mi es of the coast  Wilson 1962! .
They are characterized by a long hydroperiod, although they
may be dry during the growing season. Usually a swamp forest
is flooded with l to 4 feet of ~ater. The water tends to be
brown stained and acidic, with a pH between 5 and 6. There
are little data available on water quality, but several stud-
ies by the U.S. Geological Survey and North Carolina Depart-
ment of Water Resources show that swamp ~ater is similar in
sof tness, dissolved solids, nitrate, iron and potassium to
other suxface waters of eastern North Carolina.

Most ~ooded swamps have a peaty or mucky soil made up of
sevex'al layers. At the surface is a loose leaf litter, fol-
lowed by a peat layer of shallow semi&ecomposed organic mat-
tex'. The next layer is a sticky mud containing plant frag-
ments which is underlain by fibrous peat or peat and mud. The
last layer is coarse peat or clay gx'ading to sand. The pH of
the soil is low  approximately 4! which limits microbial
activity and nitrification processes. The soil is low in cal-
cium, phosphorus and occasionally potassium, and therefore in-
fertile as compared to tilled soil  Woodwell 1958!, The soil
is probably anaerobic when it is covered with water .

Very little sunlight penetrates beyond the overhead vege-
tation. The light intensity is between 1.9 and 3 .1'k of full
sunlight  Buell and Cairn 1943!, preventing growth of shorter
herbaceous plants and shrubs.

The dominant hardwood tree serves to name the swamp for-
est type  e.g., cypress swamp, tupelo gum forest, etc.!. The
four sost cosson canopy trees are h lech gus  g~ssa s 1vatica!,
tupelo gum  N. a uatica!, pond cypress  Taxodium ascen ens
and cypress pT. istic us!, alone or in cCo~ clnation. Ot er

~ t
ash  yraainus caroliniana!, red hay  persia Porho ~nta and
sweet Saay ila nolia ser inias!, although they rarely reach
canopy heig . pan s moss occurs as an epiphyte on cypress.
Most of the trees support vines or lianas, the commonest of
which are supplejack  Berchemia scandens!, pepper vine  Am-

T
Decusaria~ar ara.
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The animals of a wooded swamp are generally not confined
to it but may be found in other babitats as well. Squirrels,
raccoons, mallards, minks and muskrats belong to this group.
They frequent swamps for water, sanctuary and food. Other
animals such as the black bear, bobcat and wood duck require
the seclusion of the swamp. Still others such as the prothona-
tary warbler, parula warbler, swamp rabbit, slider turt le and
cottonmouth water moccasin are physiologically adapted for
swamp life.

II.F. l.b. River Flood Plain Swam s � North Carolina con-
tains 458,950 acres o river oo p a n swamps  also known as
bottomlands! which are found along streams in counties 50 to
100 miles from the coast  Wilson 1962!. Examples can be found
along the Neuse, Roanoke and Cape Fear rivers.. River flood
plain swamps are characterized by short hydroperiods, although
the length and frequency of inundation vary from swamp to swamp.
Most are flooded in the winter, although some may also be
flooded during summer months. At present, little is known of
the water quality but it may be similar to swamp forests. The
soil is alluvial  i.e., it is deposited by the river during
floods! and is moist to waterlogged when not flooded. These
areas are more fertile than swamp forests because the river
supplies fresh nutrients with every flood. Because of its
fertility some North Carolina bottomland is used for farming.

The plant communities are more diverse in the flood plain
than in the wooded s~amp. The dominant trees are river birch
  ~ ~!. t ~, ~
lmmmalix ni ra!, ironeoo~dCar lnue caroliuiana!, hox elder
 Jlcer ne n, american elm 0 mus americanus, red ash  Wrax-
 num nns vatica!, overcup oa uercue rata and hack-

y e is aevi ata!. Many shru s and er aceous plants
are fou~n in areas n ere sufficient light penetrates the over-
head vegetation.

The river flood plain swamps support many species of
animals. The trees provide dens and food for many game ani"
mals including squirrels, rabbits, raccoons, wood ducks, deer,
turkey, mallards, minks and muskrats. The stream itself sup-
ports large fish populations. Meanders ia the s~amp provide
a rich and varied environment with pools, undercut banks, ox-
bows, roots and logs .

II.F. l.c. Pocosins--North Carolina has 2,262,950 acres
of pocosins locattetnit in 40 miles of the coast  Wilson  962!.
They are usually flooded during winter months and waterlogged
during the rest of the year. The only data on water quality
shows that it is very similar to swamp forests with low pH
and high color. The soil of pocosins is shallow peat,
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usually dark brown, grey or black in color. The surface layer
is ooze under lain with coarse peat or a mat of tree roots and
shrub rhizomes. This peat layer may be very shallow or up to
one meter thick, under which is clay, sand or silt. The base-
ment layer is always the quartz sand characteristic of the
coastal, zone. The soil is low in phosphorus and nitx'ogen, but
may be high in potassium. Pocosin swamp soil is considered low
in fertility when compared to tilled soil  Woodwell 1958! .
Since it is waterlogged most of the year, the soil probably is
anaerobic and tends to be colder than drained soil  Teate
1967! . The air over a pocosin is more humid than an upland
pine forest and has a slower rate of evaporation  Caughey
1945! .

The dominant tree in a pocosin is pond pine  Pinus sero-
. tina!, which is scattered through a dense undergrowth of
bx'oad-leaved evergxeen shrubs. Other common trees are sweet
bay  Ma nolia vir inica,!, red bay  Persia box bonia! and ink-
berry Ilex ala ra and Zinnia carin~an

Pocosins do not have the abundance or diversity of wild-
life found in other swamps, but do harbor deer and black bear.

I I . F . 2. Pathways and Processes

II.F.2.a. Nutrient C cle--Very little information is
available on nutrient cyc ing, Some information is available
on soil nutrients in both pocosins and river flood plain
swamps due to reclamation of these lands for forestry and
agr icu 1ture . Water 1ogg ing reduces the avai labi 1 i ty of nutr i-
eats and combined with 1ow pH reduces remineralization of ni-
trogen by bacteria. The dra.ining of pocosins has proved
beneficial to the growth of timber  Saki 1974! .

Although agricultural studies show availability of nutri-
ents is low, swamp vegetation is adapted to these conditions
and nutrient cycling by plants is rapid. Plants utilize ele-
ments from the deep soil and process them into foliage which
may be up to 60$ of the annual plant production  Ovington
1965! . At the end of the growing season the foliage becomes
part of the surface litter and through decomposition and
microbial action the nutrient elements are returned to the
soil at a lesser depth where they can be used by shallow-
r ooted plants.

Very little is known about nutrient import and export to
the swamp system. However, inundation of river f1ood plain
swamps carries large amounts of nutrients into them in the form
of organic matter and sediments which support a diverse popu-
lation of microorganisms. These microorganisms make food



116

available to other species through synthesis and decomposi-
tion  Wharton 1970! . Wharton �970! proposes a hypothetical
food web for a river flood plain swamp  Figure 37! .

II.F.2.b. 8 drolo ical C cle--In the course of a year
the water level in al three swamp types fluctuates from flood
level to dx'ought. These fluctuations are known as the hydro-
logical cycle. Wet periods bring in nutrients and dry periods
allow seeds to germinate and grow . It has been shown that cy-
press and gum seeds will not germinate when submerged, but
will germinate and grow quickly when waters recede  Shunk
1939; taylor 1972; Demdree 1932!. ifost swamps are flooded in
the winter when vegetation is dormant and is, therefore, un-
injured by the ~ater.

The hydx'ological cycle is also very important in relation
to man:

The hydrologicaL cycle is one of the most important
cycles as far as man is concerned. Indeed, the future
of man is directly dependent on the availability of suf-
ficient quantities of ~ater in usable form. Wetlands
have been recognized as an important aspect of this
global cycle. The main focus in analyzing the role of
wetlands in the hydrological cycle is their ability to
displace flooding peaks and their contribution to
groundwater supplies.  Black 1974!

II.F.2.c. Absor tion and Sedimentation--Swamps may act
as both sponges an i ters. T e peaty soil soaks up ~ater
when water levels are high and releases it when levels are low.
In this way river flood plain s~amps provide a steady flow to
adjacent rivex's and aquifers  Wharton 1970!. As filters,
they contribute to the ability of a natural aquatic system to
cleanse itself. Nutrient material from the water is absorbed
into the swamp soil and decomposed by bacteria. An example
of this occurs in pocosins where phosphorus, a gx'owth-limiting
nutrient, is absorbed and bound by soil microorganisms  Wood-
well 1958! . Swamps are also settling basins for particulate
matter. As water moves slowly through a swamp, particles
settle out, at which point they are stabilized by vegetation
 Black 1974! .

I I . F .3 . Tempora 1 Pat ter ns  Success ion!

As well as yearly cycles involving seasonal weather
changes and water f luctuations, the swamp nest be considered
in a broader time frame. These long-range patterns deal with
succession which varies in each habitat according to the de-
gree af alteration. Alteration can be either natural  such
as erosion, aggradation or gradual dxainage! or artificial
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 such as man~de drainage, logging ox burning! . In the swamp
forest, natural succession leads an aquatic environment to a
cypress~m community by slow aggradation of organic matter .
Cypress becames established when water levels are low, then
islands form araund the cypress knees. Other trees aad shrubs
grow an these high areas. Vegetation also advances from the
edges of the lake by spreading of superficial roots charac-
teristic of swamp plants. These form mats and grow out over
the water. Fine matter washed from the mats combined with
fallen logs and trees help fill in the lake. Selective log-
ging af cypress at this stage produces a tupelo gum swamp.
Tupelo is more successful in seed reproduction than cypress
and any cypress seedling produced will not tolexate shade
from the tupelo gum.

Succession in pocosias varies with environmental coadi-
tions, occurriag generally in three steps. First, a broad
non-drained upland accumulates muck through aggradation of
organic matter, eliminating sweet bay and wax myrtle. At this
poiat sphagnum moss becomes promineat. If sphagaum is de-
stroyed by fixe, cane  Arundinarfa i antea! will domiaate,
forming an upland pocosin. Erosion wil s ift the area to a
lowland pocoein with a longer hydroperiod and titi  C~rella
racemef, lora! as the dominant tree . If drai nage is intro-

~ « . «,, ~
white cedar swamp forest.

In the river flood plain, swamp succession is related to
topography. Willows grow at the water's edge, birch and
sycamox'e farther away aad oak-hickory communities on high
ground, The system is stable and will remain undisturbed for
long periods.

II.F.4. Organism Adaptations

Most swampdwelling organisms are adapted to alternate
wet and dry periods. Cypress and gum seeds only germinate
during dx'y periods. Young seedlings are killed or stunted by
long periods of submergence  Hook et al. 1971!. Thus, dryness
is necessary' to establish a forest. Not germinating in water
is a protective adaptatioa assuring the seeds are not wasted
by developing during periods when the seedlings would be sub-
merged. The most common river f load plain trees germinate in
water. The seedlings can tolerate saturated soil for mare
than a month, but longer submersion is always fatal  moaner
1958!. Mature trees survive submergence for vexy long time
periods without harm, because they are adapted to low pH and
low oxygen around the roots. For example, tupelo gum can tal-
erate waterlogged soil by transporting oxygen to the roots,
tolerating and regulating ethanol produced by anaerobic res-
piration and tolerating high carbon dioxide concentrations



 Hook et al. 1971! . Same trees may return oxygen and amino
acids to the soil to support microorganisms, which make nu-
trients available to the roots.

Just as plants are adapted to s~amp conditions, some ani-
mals have adaptations to swamp life. The swamp rabbit is a
good example with its large feet and slightly splayed toes for
traveling over the muck. It can al.so swim and dive, which is
highly advantageous during periods when most of the swamp is
f looded. Ia the Coastal Plains the parula warbler builds its
nest exclusively from Spanish moss and is, therefore, confined
to swamp f orests. The prothonotary warbler is another bird
adapted to swamp forests, nesting in the hollows of cypress
and gum trees. A last example is the pygmy sunfishes  the
bluempotted sunfish and banded sunfish! which grow only 1.5
inches long and are able to swim easily through roots and veg-
etation. These are anly a few of the many animals that de-
pend on swamps for survival.

II.F.5. Values of the Environment

II.F,5.a, Primary--Primary uses are things man does in
the environment sSuc s as recreation, hunting and forestry.
Recreation includes f ishing, s~imming, canoeing, hiking, bird-
watching, nature walking and photography. Such things are
hard to value in money because each one is a personal experi-
ence. Black �974! summarized the data available an recreation
values for all wetlands, including marshes. He reports that a
study by Georgia State University estimates non-consumptive
wildlife use in the southeast at $12.4 billion per year. When
fishing is added to this the value increases to fi18.5 billion.
The amount contributed by swamps is not known, but they are
very important wildlife habitats in the southeast. Wharton
�970! considers river s~amps the last green belts in many
areas and places the value of recreation and hunting on the
Alcovy River swamp in Georgia at $4,080,000 per year .

According ta Black �974!, waterfowl hunting in North
Carolina swamps and marshes is worth $2,643,911 per year, In
1971-72 the main wetland furbearing animals  mink, otter,
raccoan and muskrat! brought in $382,172. All this cannat be
attributed to swamps because same of these animals are also
found in marshes. Ho~ever, other furbearers such as foxes,
wildca't and weasel occur mainly in s~amps and are not included
in the value. Black �974! did not report data on big game
hunting in North Carolina, but stated that big game hunters
spent $100,894yQOO in the South Atlantic region in 1970. Black
bear, deer and bobcat, the main big game species in the South,
are found in swamps which provide seclusion and protection.
Swamps, especially river flood plains, also harbor small game
such as rabbit, squirrel, turkey and others that are hunted by



many people  although no dollar values are available! . Rec-
reation and hunting provided by swamps not only bring pleasure
and relaxation to thousands of North Carolina xesidents and
tourists, but also add a considerable sum to the State's econ-
omy.

Another important px'imary value of swamps is forestry.
Wooded swamps and river flood plains both contain large stands
of hardwood timber valuable ia North Carolina's furniture and
hardwood veneer industries  Black 1974!. However, the three
types of swamps do not support timber of the same type aor to
the same degree. Wooded swamps contain principally cypress,
tupelo gum and black gum, which are adapted to standing eater.
These trees are highly prized, but the difficulties of logging
ia a scamp combined with the trees' slow growth rate make them
less valuable than hardwoods in the river flood plain swamp
 Black 1974! . Flood plain terraces that are not frequently
covered by eater and have a silty soil are the best areas for
hardwood growth. Less desirable species grow on the fre-
quently flooded areas or first bottoms of flood plains which
have clay ar sandy loam for soil.

Black �974! reported values estimating the value of
North Carolina's hardwood timber . Swamp forests produced
24,818,000 board feet of cypx'ess and 37,343,000 board feet of
gum that year. At $32 per 1000 board feet, swamp forests were
worth $1,989, 152 in timber. River f Load plains were more
productive, producing 47,728,000 board feet of tulip poplar
and 52,001,000 board feet of sweet gum. At $45 per 1000
board feet, $4,937,805 worth of timber was praduced.

Pocosins are often dx'ained to produce pine fox'ests.
Under natural conditions stunted pond pine is scattered over
the pocosin. Drainage aot only produces better growth in pond
pine but allows loblolly pine to grow  Maki 1974!. This is
planted aad iatensively cultured in commercial forests.

II.F,5,b. Secondar -- Major secondary values of
swamps are maintenance o flood regimes, maintenance of the
eater table and eater purification. They are important for
flood control because the peaty soil collects water and re-
leases it slowly, preventing downstream f looding  Wharton
1970! .

Swamps also help maiataia the level of the eater table.
Groundwater is an undexground reservoir which supplies water
to streams during dry periods, Swamps recharge groundwater
when stream flow is high by absorbing ~ater from the stream
and allowing it to percolate into the water table  Whartoa
1970!. Along the coast, saltwater will intrude into the
aquifer if the hydraulic force produced by groundwater is not
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sufficient. Swamps contribute to this hydraulic head by re-
chargiag the water table and thus retarding saltwater intru-
sion  Heath 1975! .

Swamps purify water by sedimentatioa, absorption aad di-
lution. Swamps associated with streams act as settling
basins, thereby reducing the quantity of sediment entering
the aquatic environment  Black 1974!. Whea the stream en-
ters the swamp ~ater spreads over a greater area aad its floe
slows as it meets resistance from vegetation, allowing par-
ticulate matter to settle out. Once sedimentation occurs,
s~amp vegetation stabilizes the sediment by trapping it in a.
newly forming mat of roots  Whartoa 1970!.

Swamps also purify water by selectively absorbing nu-
trieats and pollutants . As previously mentioned, microorgan-
isms in pocosias bind phosphorus. Plants also absorb various
nutrients from the water. Tupelo gum and sweet gum accumu-
late cobalt, zinc, copper aad manganese  Beeson 1955!.
Whartoa �970! gives an example of a Georgia stream polluted
with human ~astes and chicken offal that is completely cleansed
after only 10 miles of swamp. The large surface area of a
swamp also increases the concentration of dissolved oxygen, a
step in water purification  Wharton 1971!.

II.F.5.c. T~ertiar We-rtiarp swamp uses include educa-
tion, aesthetic values and preservation of endemic species.

Schools make use of swamps for field trips to teach ecol-
ogy, zoology and botany . Whar toa   1970! says:

Wetlands are excellent outdoor laboratories where funda-
mental interrelationships of physical  climate, water,
rock aad soil! aad biotic  plants, animals and man! com-
ponents of aa ecosystem may be conveniently explored by
classroom field trips or by individual use. The s~amp
ecosystem has several advantages over typical terrestrial
communities. lt is not as easily damaged by classroom
use, it harbors a reasonable amount of animal life even
ia midminter, it simulates certain special climatic con-
ditions important to evolutionary theory, and it often
supports faunal and floral elemeats ia large numbers.

Wharton �970! estimated the value of the Alcoy River swamp
ia Georgia at $1,215,917 a year for public school system,
$55,000 for colleges and $50,000 for graduate student
research. Of course these figures depend upon the number of
students within reasoaab1e driving distance of the swamp, al-
though ia Coastal Plains counties of North Carolina distance
should aot present a problem due to the abundance of swamp
environments,
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The aesthetic value of a swamp is harder to define, but
quiet, green non-polluted wilderness is beneficial to man-
kind. As they disappear their benefit is becoming more highly
appreciated. Black �974! combined aesthetic and recreationaL
qualities as "visualmultural values." His visual criteria
included "visual contrast  variables of landform contrast,
water body size or length, surrounding land use contrast and
internal wetland contrast! and visual diversity  landform
diversity, wetland edge complexity and wetland type divers-
ity! ."

Dollar values could be attached to aesthetic qualities of
s~amps only with great difficulty, and they would be subjec-
tive at best. Wharton �970! feels that economic values are
not important. Swamps "provide a true wilderness experience.
Where else in this mechanized, modern world can we so quickly
1ose outselves in wilderness without evidence of the massive
civilization that surrounds us? We need such places � some
qualities that they provide reach far beyond any concept of
economic values."

Another tertiary value of swamps is preservation of spe-
cies dependent on the s~amp. Many plants such as cypress,
tupelo gum and black gum are swamp endemics, physiologicaliy
adapted to the habitat and not able to survive else~here.
The prothonotary warbler and parula warbler described pre-
viously also depend on the swamp. The wood duck, which is
North Carolina's only nesting waterfowl, is becoming swamp-
dependent as other forests are cut down because it nests in
tree cavities abundant in swamps.

Two large animals, the black bear and bobcat, have been
forced into swamps as other land was settled and cleared.
These animals need a secluded wilderness area where they can
range freely without troubling man. In North Carolina, swamp-
land is their last refuge. Several species of shrew, the bog
lemming, ordmood rat, redmhou ldered hawk, alligator and
various snakes and turtles are endangered swamp species in
North Carolina  Black 1974! . Some of the organisms depending
on the swamp are economically important, although there are
more than economic reasons for preserving and protecting wild-
life. Black �974! states it very well:

As the rate of extinction accelerates, in response to
the demands of man, the ecosystem becomes increasingly
fragile through loss of its components. The resulting
simplification multiplies the susceptibility to catastro-
phe; man, by his own devices, has become more the man-
ager of everything and must therefore assume the role of
the extinct species in maintaining homeostasis. . . . Ir-
regardless of man's enormous ego, it seems unlikely that
man js ready to assume the burden of maintaining balance.
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II.F.6. Man's potential Impact

The largest impact oa the swamp comes from draining and
clearing swamplands and channelizing the streams running
through them. Channelization is the widening, deepening and
straightening of a river. Vsually trees and other vegeta-
tion along the channel are destroyed by bulldozer aad the
dredge spoil is deposited as a levee  Whartoa 1970!. Drain-
iag, clearing and channelization are done far insect and flood
control and to produce land for agriculture and forestry.

Draining of land encourages develapment oa the flood
plain, which can be dangeraus. Even the best flood control
programs do not stop floods, only reduce their frequency. The
very large floods cannot be controlled at all  Whartoa 1970!.

Drainiag and channelizing increase the rate of streamflow
which impairs the swamp's ability to absorb water into the
aquifer when streamflow is high and release it when stream-
flaw is low, therefore floadwaters «re not retarded and the
frequency of downstream floods increases  Wharton 1971!. The
water table falls and can na longer recharge streams during
periods of draught  Wharton 1970, 1971; Black 1974!. Lowering
of the water table has oae other effect in coastal regiaas.
The hydraulic head which retards seawater is reduced and the
rate af saltwater encroachment on the Coastal Plains water
supply accelerates  Wharton 1971; Heath 1975!.

Drainage of swamplands also increases the volume of run-
off fram the land. When pocasins are drained for pine forest
production, ditching results in a measure of horizontal f}aw
that is not normally present  Maki unpublished!. In the
Albemarle-Pamlico peninsula large farms occupy what was aace
s~amp and marsh, where drainage has increased runoff during
wet periods  Heath 1975!.

Along the coast, runoff enters estuaries that are among
the most productive ecosystems known  Odum 1971!. They are
spawning areas for commercially valuab1e fish aad shrimp and
many contain oyster beds. These organisms are sensitive to
changes in salinity and ~ater quality which are determined by
the quantity aad quality af. freshwater entering an estuary
 Heath 1975!. An increase in runoff may therefoxe be detri-
mental to fish and shellfish by decreasing estuarine salinity.

The quality of ruaaff entering an estuary will change
when there are no swamps to trap sediments and nutrients. In
a study of the laxge farms in the Albemarle-Pamlico region,
Heath �975! says:
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It is expected that the runoff will not only have a sig-
nificant effect on salinity of the estuarine waters
adjacent to the peninsula but will also contribute sub-
stantial amounts of bacteria, nutrients, pesticides and
sediment. In fact, the effect of runoff from the region
on the quality of the nearby estuarine waters may be the
most important problem posed by the agricultux'al develop-
ments.

The major effect of increased nutrients on estuarine water
quality is eutrophication  an increase in the production of
algae and aquatic plants!, which leads to a decrease in the
oxygen available to other organisms. Runoff from cultivated
wetlands contains more nutrient than runoff from uncultivated
wetlands  MacCrimmon and Nichols 1974!.

Drainage and channelization also affect the swamp envir-
onment directly. Channelization changes the stream bottom,
removing oxbows, undercut banks, snags, aquatic vegetation and
deep holes. Widening of the stream combined with cutting can-
opy trees along the bank increases water temperature. This
wholesale destx'uction of habitat reduces the fish population.
Channelized streams have only one-fourth the poundage of game
fish per surface acre as unchannelized streams  Tarplee et
al, 1971!. Channelization destroys terrestrial habitat through
right~fmay clearing. In Hertford County, 1250 acres of
tupelo gum were destroyed in 2 years by such cutting  Barick
1965!. Spoil banks are eventually covered with tangles of
briax's and honeysuckle vines which afford little cover for
wildlife  Barick 1965!. In addition, more trees are destroyed
by ponding  permanent standing water accumulated behind levees!,
because many swamp trees must have dry periods to survive.
Ponding can be eliminated by cutting drainage channels through
the spoil banks  Wbarton 1970!.

Excessive wetness is damaging to all swamp timber, but
drying has variable effects. Pine grows better when pocosins
are drained  !saki 1974!. Dx'ainage may also increase cypress
growth  Lowells 1965!, although Barick �965! states that cy-
press knees rot a few years after draining. Tupelo gum does
not respond well to draining and may die  Lowells 1965! . In
any case, drainage alters the habitat and succession will ul-
timately lead to the replacement of swamp timber with upland
forest types. There is little data available from North
Carolina, but studies in Finland record upland species be-
coming established in about 50 years  !saki 1960!.

Dxainage has an undesix'able effect on organic soils.
Peat shrinks as it drys, causing the land to subside. Drained
peat compacts further through slow oxidation, making it highly
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susceptible to f ires . In 1973 fire burned 300 acres of peat
drained for agriculture north of Lake Phelps  Heath 1975! .

I I . F . 7. Management Implications

Several management implications are apparent, but three
ax e very important . First, hardwood sites should not be
drained for conversion to pine f orests . According to Lye ll
Hicks of the Division of Forestry, we have an adequate number
of pine-growing sites that should be managed for full produc-
tion and management of hardwood sites should concentrate on
increasing the production of hardwoods. Secondly, the quality
and quantity of runoff from large farms must be controlled.
If they are allowed to affect the estuaries, fishery har-
vests wi ll suf fer  Heath 1975! . The third management impli-
cation is the most important. Multiple uses must be con-
sidered instead of single uses:

The old concept of single-purpose use  as in using arti-
ficial channels to remove floodwaters! must give way to
the concept of multiple use such as involves water quan-
tity, water quality, productivity, educational and public
'use  recreation!. The single purpose cannot be allowed
to impair or destroy the multiple uses even though they
be less well defined, for the aaxltiple uses may be im-
portant to the survival of society for the next 100 years.
 Wharton 1971!

To implement the multiple use concept, the continuity of swamp-
land must be taken into account. Swamp function is based upon
the amount of continuous swampland present, especially in such
axeas as ~ater control and wildlife habitat. To effectively
control water quality and quantity, swamps must be large enough
to filter the volume of water passing through them. Preserv-
ing only parts of swamps will adversely affect this function.
A swamp will be an effective wildlife habitat only if it meets
the range requirements of its inhabitants. Big game animals
such &8 black bear and bobcat have retreated to the swamps
as the last large tracts of wilderness. These animals need
extensive ranges which will be destroyed if swamps are cut
into small tracts of land with developments between them.

II.G. Migrating Organisms

Edward Pendleton

Some of North Carolina's most valuable coastal resources
are not measured in acxeage and not restricted to any particu-
lar coastal environment. These resources, migrating populations
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of fish, shrimp, crabs and birds, move routinely and regular ly
thxoughout the year through rivers, mid-salinity aad low-
saliaity estuaries, marshes and sounds, inlets and nearshore
acean regions during their life cycles. Their movements, and
the reshltiag utilfzatian aad redistribution of food and en-
ergy resources, make them a link and a comman denominator be-
tween eavironmeats and increase their value. iiigratiag or-
ganisms take advantage of the naturally high abundance of
f ood of the coasta1 zone by f ceding upan i t w hen they are
juveniles and rapidly growing. Maa, ia turn, capitalizes on
migrating fish, shrimp aad crabs through commercial and spart
fisheries. Migrating birds, particularly migratory water-
fowl, provide hunting and birdwatchiag recreational value.
Thus, the wox'th of many coastal enviroameats is intriasically
enhanced, and often ia part justified, by the preseace of
migrating organisms.

!host aquatic organisms move around in search of food or
better environmental conditions such as optimum water salin-
ities or temperatux'es. Shat sets migratory aquatic animals
apart is the regularity of their movements ia each season
and the regular use of different environments for specific
events in their life histories. Three general types of life
cycles occur in aur coastal zane: offshore spawning aad in-
shore migrations ta estuariae nursery grounds, upstream adu.lt
migration from the sea for freshwater spawning  anadromy!, aad
downstream adult migrations from freshwater and oceaaic spawn-
ing  catadromy!. These aquatic migrations are controlled by
seasonal environmental factors such as salinity, temperature,
and water flow, aad habitat factors such as food availability,
food type and bottom types. Overwinteriag and other seasoaal
migrations of birds form a fourth migratory cycle.

lI.G.l. Migrations of Offshore Spawners
 Nursery Utilizers!

Zvery year, our estuaries teem with millions of young
shrimp, crabs and fish that were born at sea aff our inlets
and migrated ta brackish ~ater for protection, favorable grow-
ing conditions and food . They live bere for the first months
of their life and migrate back to the ocean as juveniles and
young adults. The vital role of estuaries in the life cycle
of these arganisms is oae af the best reasons for the judi-
ciaus use and planniag of the coastal eavironment.

II.G.l.a. Shrim � Three species of commercially impor-
tant shrimp are aua in North Carolina and form the State 's
single most valuable fishery resource. The life cycles of
brown, white and pink shrimp are essentially the same, but
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are carried out at different times of the year and in slightly
different areas, allowing a very efficient utilization of dif-
ferent coastal habitats  Williams 1965; Farfante 1969!. In
North Cax'olina, all three species are found from Pamlico
Sound south, with the Pamlico Sound, Core Sound, and Cape
Pear rivers being particularly important for commercial
s br imp i ng .

Each year, brown shrimp appear f irst in the estuaries.
They are spawned during the winter by adults living offshore
in water depths of 50 feet ox more, ~here the bottom terrain
is too rough for commercial fishing. Eggs hatch and larvae
develop in the ocean. Postlarval stages, recognizable as
shrimp, begin.ta enter the sounds in October and reach a peak
immigration rate in late March and early April. Once in the
sounds, they migx'ate to shallo~ estuarine nursery areas where
they take advantage of the spring increase in food supply;
worms, mollusks and crustaceans living in the bottom sediment,
aquatic vegetation and marsh plant detritus. After about 11
to 12 weeks, the young brown shrimp reach the minimum com-
mercial size of 70 headless shrimp per pound  lkcCoy 1968!; 50
per pound count is reached in another 17-18 days. At about
this time they begin moving on ebb tides toward inlets and
river mouths at a rate of about one-half mile per day  McCoy
and Brown 1967!. Those reaching the ocean begin moving toward
the south and deeper waters, and are soon lost to shrimpers.
At least in Pamlico Sound, brown shrimp remain longer and
grow to a larger size than other shrimp before they emigrate.

Pink shrimp follow the same life cycle and use the same
nursery areas as browns, but timing differences generally pre-
vent much overlapping. Postlarvae enter the estuary from
late lhay through November after hatching and larval develap-
ment of about 2 to 3 weeks in the ocean. Influx is related
to the lunar tidal cycle  as is probable for all shrimp! and
more enter the estuaries on the spring tides  Copeland 1965! .
Pink shrimp can withstand lower temperatures than brown or
white shrimp and many of the fall arrivals overwinter in Pam-
lico Sound and perhaps other estuarine areas. They remain
active until water and substrate temperatures cool to about
12 C �4 P!, then burrow into the bottom and remain there
until temperatures rise in the spring  RcCay 1972; Purvis and
McCoy 1972! . Juvenile shrimp then migrate out in lkay and
June.

White shrimp are spawned in the ocean from May through
Septembex, arriving in the estuaries in June to July as post-
larvae about 2 to 3 weeks after hatching, They can tolerate
lower salinities than other shrimp and thus move farther up-
stream ta nursery areas. At about 100-120 mm they begin their
return journey to the sea. Like other shrimp, they migrate
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south during the fall and winter. There is a northern migra-
tion of adults during the late winter and early spring.

The Life cycle of shrimp is affected by food availability,
tidal and day/night cycles, temperature, salinity and bottom
substrate type  Williams 1965; Farfante 1969!. Food is abun-
dant in the nursery areas; coupled with the omnivorous feeding
habits of juvenile shrimp, it is not a limiting factor. Tides
act as aids to immigration and emigration. Shrimp appear to
move in and out of the estuary according to a lunar cycle,
the most abundant numbers moving in and out during spring
tides. Daylight and darkness affect shrimp activity. White
shrimp are more active during the day, but may migrate at
night. Pink shrimp are nocturnal, and are more active at
night or on cloudy days and in turbid water. Brown shrimp
occupy a middle �0-20 ppt! salinity range; pinks prefer higher
salinities. Immature shrimp migrating in tend to drop out of
the water coLumn and burrow in the mud when salinities de-
crease on ebb tides, and rise again and travel upstream when
salinities increase  Farfante 1969!. When salinities decrease
juvenile and preadult shx'imp routineLy swim downstream.

II.G,l.b. Blue Crabs � Blue crabs begin their life his-
tory by spawning in the ocean, relatively neax' shore and neax'
inlets, with the greatest amount of spawning in late spring
 Williams 1965!. At 26 C, eggs hatch in about 2 weeks in the
Labox'atory. After hatching the larvae live in nearshore areas.
In the laboratory, larval development in the last larval stage
 the megalops larva! takes place in 3LW9 days, depending on
salinity  Costlow and Bookout 1959!. In 6-20 days the mega-
laps transforms to the first crab stage and begins migrating
to the estuaries. Some megalops larvae may also migrate or
be dispersed by physical factors up the rivers  Williams and
Deubler 1968!. The young crabs migrating into the estuaries
in summer and fall remain there for a yeax', burrowing in the
mud during winter cold spells but otherwise feeding and grow-
ing in the estuaries. Blue crabs mature in 12-14 months.
The females molt and mating occurs, mainly from July to Sep-
tember in lowmalinity water and the eggs are laid in the
ocean 2W months later when the females are approximately
2 years old. The males xemain in Lowmalinity waters. The
eggs are attached to the female's abdomen in a mass, giving
them the name "sponge crabs" at this time. After migrating,
females generally stay in the ocean, but those that do return
tend to migrate back to the same estuary, rather than move up
or down the coast  Fischler and Walburg 1963! . Crab spawning
and larval development occur over a long period, so develop-
mental stages are apt to be found simultaneously throughout
much of the year  Williams 1965; Nichols and Keney 1963;
Dudley and Judy 1971! . Adult migrations appear to be due to
changes in adult females' abilities to withstand low salini-
ties as they mature, mate and lay eggs  Tan and Van Engel
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1966; Tagatz 1961!. All crabs are better able to withstand
temperature extremes in higher salinity waters, aad take
relatively long times to acclimate fully ta temperature
changes  Tagatz 1969!.

II.G.l.c. Pish Menhaden Flounder S ot and Croaker!--
Although not as dramatic as ot er s iscusse a er, many
of North Carolina's most abundant coastal and estuarine
fishes migrate during their life cycles. As with shrimp and
crabs, these migrations typically involve offshore spawning
aad migratioa of the young to the estuary nursery grounds,
the growth there of the young throughout the first year or
first summer of their life and subsequent emigration out of
the estuaries as adults. Some adults and juveniles over-
winter, and many adults move in and out of the estuaries on
feeding forays.

Menhaden utilize our coastal zoae extensively during
their life cycle  summarized in Reiatjes 1969!. Adults school
offshore at the surface in the spring and move slowly north-
ward as ocean ~aters warm. In the fall, in response to cool-
ing water temperatures, the schools, which may contain tonsof f ish, move southward, aad on the North Carolina coast, off-
shore. A large meahaden f ishery, centered ia Beaufort-
Morehead City and Southport, operates much of the year, peak-ing in June �952&7 summary!. In addition, large schools of
bluefish follow the menhadea and feed on them, and become the
basis for a sport fishery themselves. Spa~ning takes place
in the winter months among these offshore fish aad somewhat
earlier in fish that have remained in the sounds  Wilkens and
Lewis 1971!. Larvae �0&0 mm! migrate into the estuaries in
late winter and early spring where they live 6 to 8 months.
To facilitate getting into the estuaries, they ride ia on
flood tides. The larvae are carried back aad forth in the es-
tuaries where tidal currents are stroag, but a aet movement
up the estuary is made by swimming oa the iacaming flood
tides. Larval movement is directed toward freshwater ~here
transformation into a prejuvenile stage �0-40 mm! takes place.
The tiny menhaden may need a nearly freshwater habitat to
transform, or food may be more abundant ia lowmalinity areas
 Wilkens and Lewis 1971!. During transformation their bodies
and feeding habits change. Larvae eat copepods; but whea
their mouths, gill arches aad digestive tracts change shape
during transformation, they feed almost exclusively oa phyto-
plankton and plant detritus  June and Carlson 197l!. Juve-
nile fish may travel extensively in freshwater rivers and
sound areas, ~here they are fed upon by striped bassp summer
flounder, weakfish, ospreys and gulls  Reintjes 1969!. Aslong as temperatures remain above 4 C �9 F! aad saliaities
around 10-20 ppt, menhaden juveniles and adults feed in the
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SOundS and eStuar ieS in the fall; eventually, though, they
leave through the inlets and form migrating schools. Their
movements are influenced by tides, rainfall and winds, which
act through their effects on saliqity aad temperature of
water .

Many other fishes besides the meahaden use the coastal
sounds and rivers of North Carolina year-round except duriag
periods af extremely cold weather. Among the more important
fishes in this group, both in terms of population size and
commerciaL value, are flounder, spot and croaker . Adults of
these fishes migrate out of our inlets regularly and spawn
a few miles offshore. The young are brought into the sounds
by tidal currents, and as they gx'ow and are able to swim in
the currents, continue migrations upstream to the nursery
grounds .

Three species of commercial flounders occur ia our waters.
Although flounder migrations are less pronouaced than other
species, adults will move to the ocean to spawn fram Septem-
ber to May, with peak spawning ia November and December
 Hildebrand and Cable 1930!. Tiay juvenile flounder migrate
in during the colder winter months at eater temperatures of
8-16 C  Williams and Deubler 1968!, where they live on the
bottom and feed on fish and small crustaceans. Salinity is
one of the main factars in determining the behavior of floua-
ders  Deubler 1960; Deubler and White 1962; Stickney and White
1973!, salinity tolerances changing during different stages
of the flounder's life cycle. Adult flounder stay offshore
during warm periods to feed.

Spot and croaker are among the most abundant fish ia
North Carolina ~aters, comprising as much as 99% of bottom-
dwelling fish ia one study in Pamlico Sound  Roelofs 1954!.
They are closely related and have similar life cycles. Both
spawn offshore when they are about two years old, spot fx'om
November through February and croaker from October until
March  Hildebrand and Cable 1930!. Little fish move in, rid-
ing bottom currents to the limit of saltwater intrusion by
tidal action  Haven 1957! and spend much of the first year of
their Lives in marsh creeks and 'other shallow areas. While
there, they grow to a length of 130-150 mm, feeding on small
bottom organisms such as ~orms, nematodes and copepods
 Roelofs 1954!. Adults and juveniles move offshore in the
faIl, the spot schooling until winter  Hildebrand and Cable
1930! and some of the croaker perhaps migrating southwardly
 Haven 1959!.
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I I.G.2. Anadromous Pish

Each spring, an extremely interesting group of fish
known as anadromous fish enter our sounds and estuaries to
swim into the freshwater rivers of our coastal zone to spawn.
Typically, millions of eggs are laid from late March to mid-
May when the river water warms to specific temperatures.
The young hatch and begin to drift in the river currents, feed-
ing on insects, zooplankton and bottom-dwelling crustaceans.
They spend their first summer in the rivers feeding, gro~ing
and slowly moving down toward the saltier portions of sounds
and rivers. In the fall, responding to gradually cooling
water temperature, they move offshore into the ocean, ~here
they remain for several years, perhaps traveling from Fl.orida
to Maine in a series of adult migrations that follow water
masses of desired optimum temperature. When males are 2 or
3 years of age and females are 3 or 4, they become sexually
mature and complete the cycle by making a spawning run, gen-
erally to the stream of their birth by homing in on tempera-
ture, smell, water quality and current clues that interact in
great complexity with one another and are still not fully
understood. Pish south of North Carolina may die after they
spawn; however, here many return to the sea to resume a mi-
gratory life in the ocean.

There are seven species of anadromous fish in North Caro-
lina: the American shad, the hickory shad, the alewife, the
blueback or glut herring  often combined with alewives under
the name "herring" or "river herring" !, the striped bass, the
Atlantic sturgeon and the shortnosed sturgeon. Of these, the
striped bass and American shad provide the most widespread and
profitable anadromous sport and commercial fishery. Habitats
and occurrences of these fish have been studied on a river-
by-river basis by the North Carolina Wildlife Resources Com-
mission  see bibliography by Street and Ha3.1 1973!.

A summary report for the coastal zone  Baker 1968! per-
mitted several generalizations to be made about the anadro-
mous fisheries in our rivers. Almost all streams on the North
Carolina coast contained some of the species of anadromous
fish during some part of their life cycle. The Chowan and
Roanoke rivers contributed most heavily to the herring fish-
ery in North Carolina, although alewives and blueback herring
are found distributed all along the coast, The Neuse and Tar
rivers were most heavily utilized by fishermen. The Neuse
yielded more American and hickory shad than all other rivers
combined in 1968. The Cape Fear River provided a sport fish-
ery for American shad and a minor fishery for other anadro-
mous fish. The Pamlico River and some of the smaller rivers
of our central coast were more important fishing grounds for
mullet and sea trout than anadromous fish.
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Striped bass were caught by spor t f ishermen primarily in
the Roanoke River, Albemarle Sound aad Chowan River. l.arger
striped bass are also caught by sportsmen and commercial hau1-
seiners off the Outer Banks. It is probable that the Outer
Banks fish aad the Albemarle Sound fish represent two separate
populations  Capotaa and Sykes 1961! . The Albemar le Sound
fish ascend the Roanoke River for their spring spawning runs,
spawn near Weldon, North Carolina, aad return to Albemarle
Sound to remain there and in adjacent waters year-round as
adults. Fish ia this population are small, the adults rang-
ing from 1 to 6 pounds . The fish caught on the Outer Banks
are march larger �-75 pounds! and may be part of a populatioa
that migrates up aad dawn the coast, spawning primarily in
the Chesapeake Bay region. They feed off the North Carolina
coast and their presence is probably determined by food avail-
ab i 1 i ty and favorab le ~ater temperatures .

The majority of striped bass spawning in North Carolina
takes place oa the Ronaoke River near Weldon, North Carolina
 Baker 1968! . Important spawning areas f or other anadromous
fish are likewise restricted to a few rivers. Alewives and
blueback herring spawn primarily in the Chowan and to a lesser
extent in the Cashie and Neuse rivers. The Neuse River is im-
portant for American and hickory shad spawning, the Cape Fear
for American shad and the Tar for striped bass  second in the
State behind the Roanoke!.

The period of spawning migration and spawning is the weak-
est link in the life cycle of the anadromous fish, the time
when they are most vulnerable to the environment. What are
the controlling factors to which these fish are most seasi-
tive? Chemical clues ia the water and offshore water currents
are hypothesized to be important in the homing instincts of
the American shad, which returns to the stream of its birth to
spa~n  Dodson and Leggett 1974!. This ability to home is not
known in striped bass, but probably occurs among other members
of the shad family. The shad's migrations in the ocean are
stimulated by water of a specific temperature which it follows
generally up the coast in the spriag, When in the vicinity of
its spawning river, it picks up charactex istic odors ia the
waters being discharged and orieats itself toward them. Ap-
proaching the river, and ia the river, the fish responds to
changes in tidal and river flow currents to get to the spawn-
ing ground. There may also be some visual clues.

Temperature is one of the most powerful triggers to spawn-
ing activity. American shad eater estuaries aad freshwater
rivers to spawn when ~ater temperatures are 13-16 C �5Wl F!
 Walburg and Nichols 1967!. Peak spawning occurs around 18-
20 C �3&8 F! for Roanoke River striped bass  Amundsen 1975!,
17-18 C �2W6 F! for Neuse River hickory shad  Pate 1972!
aad 13 C �5 F! for alewives in Lake Rattamuskeet  Tyus 1971!.



Temperature continues to affect egg hatching success and Lar-
val growth rate.

Of great importance to spawning is an adequate spawning
environment, particular ly ~ater f low and habitat. Striped
bass require streams of large cross~ectional area  Baker
1968! . Since the eggs of the striped bass are not buoyant,
flowing water is necessary to keep them afloat, otherwise
they may sink to the bottom and suffocate in the bottom sedi-
ment  Bayless and Smith 1965!. Hickory shad, American shad
and the herrings, on the other hand, use small tributaries or
shallow s~amp areas of low water discharge  Pate 1972; Tyus
1975!. Their eggs are broadcast over the bottom.

Timing is important to spawning migrations and anadromous
fish are well adapted to North Carolina streams in this re-
spect. The fish arrive in the spring when river flow is great-
est and swa~ps have f illed. Runoff ~ater from early spring
rains contains many dissolved nutrient chemicals that stimu-
late the growth of oneceiled algae or phytoplankton, which
"bloom" in the spring, with millions being found in the watex
column. The algae are grazed by copepods and other smaller
animals called zooplankton and these too increase their popu-
lation sizes in characteristic spring "blooms." These sources
of food are available both to young and adult fish, and high
flow helps the young fish move down the rivers.

II.G.3. Catadromous Fish

There's more to the eel than just being a fisherman' s
nightmare. The American eel is North Carolina's only example
of a more uncommon life cycle, one that is the opposite of the
cycle of the anadromous fish. Eels make spawning migrations
into the sea rather than freshwater, traveling from oux' coastal
zone to the Sargasso Sea, south of Bermuda. Spa~ning occurs
there after the eels have congregated and the young larvae
begin traveling back to the coast on ocean currents. As they
reach our coast, they have grown to a larval stage known as a
leptocephalus, which looks so unlike the adult eel that they
were once thought to be an entirely different species of or-
ganism. The leptocephalus transforms into a small unpigmented
"glass eel" which migrates further upstream. Male eels remain
in the lower, more brackish sections of our rivers and sounds,
but females travel to freshwater and grow to a larger size.
They remain in these areas for many years and eat benthic in-
vertebrates and particulax ly young fish of other species.
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I I .G.4. Birds

Table 17. Winter Waterfowl on the North Carolina Coast
 Adapted from Heppner and Gould 1973!.

Dates presentSpecies

Sept May
Oct-Ray
Year -rou nd
Year -round
Sept -Nov
Oct -Apr
Nov -Apr
Sept-Apr

American coot
American widgeon
American woodcock
Black duck

Blueminged teal
Brant  rare!
Bufflehead

Canada goose

Oct-Way
Year -round
Oct Way
Oct -A pr
Dec -Apr
Year-round  mainly OctWar!
Oct-+ay
Aug -Apr

Canvasback

Clapper rail
Common loon
Common merganser
Common scoter
Gadwall

Greater epaup
Greenminged teal

Oct -A pr
Oct Way
Year -round

Oct -Apr
Year -round
Nov-Mar

Year -round  mai n 1y Sept Way !
Sept -Mar

Hooded merganser
Horned grebe
King rail
Lesser scaup

Mallard

Oldsquaw
Pied-bi lied grebe
Pintai 1

Many animals visit our coast only during certain seasons
of the year for overwintering or breeding purpases. Chief
among these are birds, particularly migratory waterfowl
 Tables 17-20!, which are the most important group fram hunt-
ing and recreational birdwatching standpoints. Prevalent
wind and weather patterns shunt birds down our coast in a
broad pathway known as the Atlantic Flyway. On the way down
the coast are many water indentations which tend to block birds
fram flying farther south, with land margin areas subsequently
becoming sites for great concentrations of both water and land
birds  Heppner and Gmld 1973! . The major water barriers in
North Carolina are the Albemarle and Pamlico sounds, and the
major concentration points are Hatteras, Ocracoke and Bodie
islands, and mainland areas now mainly designated as National
Wi ldli fe Refuges: Lackey Island, Pea Island, ikattamuskeet,
Pungo, Swanquarter and Cedar Is land.
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Table 17  continued!

Species Dates present

Table 18. Average Spring Arrival and Fall Departure of Bird
Groups Common on the North Carolina Coast  from
Heppner and Gould 1973! .

Avg fall
de artureGroup Avg spring

ar rival

Sept Wct
Oct

Mar,Apr,May
Apr

Oct -Nov
SeptOct

Apr
Mar -Apr

Red-breasted merganser
Redhead
Red-throated loon
Shaveler
Snow goose
Sara rail
Surf seater
Whistling swan
Wood duck

Blackbirds
Chickadees, nuthatches, wrens,

creepers
F lycatchers, swallows
Gulls, terns
Kinglets, vireos, warblers
Mimics, ihrushes
Raptors
Shorebirds
Tanagers, buntings, finches,

sparrows
Wading birds
Waterf owl

Dec-Jun
Oct -Feb
Nov-Apr
Nov-Jan
Oct-Feb
Year -r aund
Nov Way
Oct War
Year -round

Apr Way
Mar -Apr
Apr Way
Apr Way
Mar -Apr
Mar, Apr, May
Apr

Aug -Sept
Oct

Septet
Sept E!ct
Sept&et
Sept«!ct
Sept, Oc t, Nov
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Table 19. Average Annual Duck Harvest on the North Carolina
Coast, 1961-1970  from Critcher 1975!

Cou nty Number of
ducks harvested

County rank

TabLe 20. Species of Ducks Most Commonly Harvested on the
North Carolina Coast, 1961-1970  from Critcher
1975!

Dabbling ducks Diving ducks

Birds migrate during the winter to feed and to escape un-
favorable weather conditions. If these two factors are ade-
quate farther north, the majority of birds will settle in the
more northerly regions. Better management of food resources
in the New York-PennsylvaniaWassachusetts and Delmarva pen-
insula areas has been cited as the chief cause of decreasing
Canada goose populations on the North Carolina coast  DonneLly
et al. 1973!, Abundances of other birds are probably also
mainTy determined by weather and food conditions as well as
yearly breeding success.

1

2 3 4 5
6 7
8 9

10

1

2

3 4 5 6 7
8 9

10

Currituck
Dare

Pamlico

Craven

Columbus

Carteret
Robeson

New Hanover

Hyde
Beauf ort

Wood duck
Mal lard

Black duck
Widgeon
Green~inged teal
Pintail
Gadwall
Shove ler
BLueminged teal
Pu1uous tree duck

19, 187
8,983
5,500
4, 812
3, 186
2, 832
2,693
2,563
2,549
2,3 50

Ring-necked duck
Lesser scaup

Bufflehead
Hooded merganser
Ruddy duck
Canvasback
Greater scaup
Redhead
Red-breasted merganser
Common goldeneye
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II.G.5. Man's Potential Impact

It is evident from their life cycles that migrating or-
gaaisms are extremely hardy, being able to travel great dis-
tances and survive the strains of differing environments.
Most are well adapted to a wide range of saliaities and tem-
peratures, or are timed in their life cycles to be in the
optimum salinity and temperature for a particular life stage.
Most are omnivorous, surviving well on a wide variety of foods.
Because of their timing and mobility they are able to exploit
coastal waters of great f ood abundance. Furthermore, most
produce great numbers of eggs and youag each year to ensure
survival of their populations.

Coupling their hardiness with a large intrinsic capacity
of most of our coastal environments to absorb and dilute man' s
perturberances, it might be expected that migrating organisms
are able to cope with the potentially distructive activities
of man. This fs so in many instances. Spot, flounder, croaker
and menhaden larvae were shown to be able to survive in ex-
tracts of sediments that simulated conditioas of dredging
 Hoss et al. 1974b!. Likewise, striped bass eggs were not ad-
versely a77ected by suspended sediment levels likely in
dredging operations  Schubel et ~a . 1974!. While pulp mill
effluents have caused striped bass kills in the past by acute
poisoniag aad lowering oxygea supply  Nicholson 1942; Fish
1963!, the most recent information suggests that when levels
of pulp mill ~astes were lowered, they were tolerated by
8 tr i pers and her ring .

Many power plants operate in estuaries, but there is evi-
dence that thexmal effluents are not a hazard to many mi-
grating organisms. Shad aad herring eggs exposed to elevated
temperatures and lengths of time probable around present power
plants in thermal eff lueats showed normal hatching success
 Schubel and Auld 1973; Schubel 1974! . No detrimental effects
were seen ia populations of blue crabs near a power plant out-
fall in Galveston Bay, Texas  Gallaway and Strawn 1975! . On
the other hand, entx'ainment and passage through a plant of
young anadromous f ish larvae resulted in heavy mortalities
 Marcy 1971! . Mechanical damage resulting from being passed
through a power plant at a young and fragile age may thus be
more harmful than the elevated temperatures produced while
making electricity.

Although migxating organisms are among the most resilient
of aquatic animals, even they have trouble with some of the
byproducts of man's civilization. Copper retax'ded the hatch-
ing af striped bass eggs and copper and zinc caused mortali-
ties in fry  O'Rear 1973!. Striped bass are sensitive to low
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levels af insecticides  Earn and Earnest 1974!; dieldrin ac-
cumulates in the bodies of spot aud pink shrimp and causes
mortalities if the animals are uot able ta escape  Parrish
et al. 1974!. Mercux'y is taken up and accumulated in striped
Eass  Alexander et al. 1973! . Shad died when subjected to
gasoline, fuel oil aud bunker oil pollutiau, both from acute
taxicity and lowered oxygen levels  Tagatz 1961! . least of
these studies were concerned with establishing acute tox-
icity levels; the more subtle aud more long-range effects of
pollutants are still scarcely understood.

Ilany of. these pollutants are uot currently even approach-
ing crisis levels in our coastal zone. Yet many populations
of migrating organisms iu North Carolina are steadily de-
cliniug from their farmer abundances. Overfishing cau be
pointed out as a cause iu some cases; this has been a par-
ticular concern in the meuhadeu fishery. Overfishing by
foreign fleets may have contributed to poor yields af herring
in recent years, althaugh adequate proof of this is lacking.
Sturgeons are uow scarce, at least partly because of over-
fishing many years ago.

The problem of overfishiug can be alleviated by care-
fully managing fishery harvests. One of North Carolina's
gx'aver problems is uot so readily solved. Alteratiou of
coastal lauds has often destroyed vital spawning and nursery
grounds, Chief among detrimental alterations has been flood
control by impounding rivers with dams and stream chauneliza-
tiou. The amount of river basins historically used by a,uadro-
mous fish stocks in North Carolina rivers has been drastically
eliminated by dams  Table 21; Walburg and Nichols 1967!.
Locks are naw being used in the Cape Pear River in an effort
to restore part of the river to the fish  Nichals and Louder
1970!. Channelization alters streams used as spawning graunds
by changing the shallow, sloe-moving stream area needed for
spawning by same species into a deeper, swifter flowing stream
which may exhibit excessive siltatiou, rapid water fluctua-
tions and less spawning area  Bayless and Smith 1967; Tyus
1975!. In many cases fish will only spawn in their home
streams; if they are destroyed, the stream will be eliminated
from future fish usage. This apparently has happened in
the New River  Godwin 1975!. Most of the nursery and spawaing
area of this rivex' above Jacksonville, North Caralina, was
channelized. The unchannelized White Oak Rivex' nearby still
supports a blueback herriug run and small populations of other
auadromaus fish. Although the impacts of the town of Jackson-
ville and other factors are unknown, it is suggested that the
virtual elimination of the anadromous fish populations of the
New River may be attributed in large part to channelizatiau.
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Table 21, The Effect of Damming North Carolina Rivers an
Shad Runs  fram Walburg and Nichols 1967! .

Limits of sha.d runsRiver
1 0Ori ina

Lock No. 1
�5 Rii!

Smiley Falls
�81 mi!

Fish Dam
�00 mi!

Rocky Mount

Hayw ood
�10 mi!

Cape Fear

Mi lbur nie

�65 jji!

Rocky Mount

Headwaters
�40 mi!

Neuse

Rocky Mount
�57 mi!

Weldan

�49 }Ri!

Paml i co War

Spring Hill
�15 mi!

We ldon
�49 mi!

Roanoke

Just as spawning and nursery grounds are vital for the
maintenance of anadromous fish stocks, salt marshes and other
rich, low-lying areas are necessary to maintain our produc-
tive populatians of shrimp, crabs and brackish water fishes.
Draining, ditching and filling marshes eliminate these valu-
able nursery areas forever.

If North Carolinians can control industrial loading and
habitat alteration in our coastal zone, many benefits accumu-
late. Migrating organisms make up essentially the bulk of
our coj}mercial fisheries  Table 22; Figure 38!. In 1974,
they comprised 89% of the total North Carolina fishery catch
by weight and 80% of its monetary value. Much of the State' s
sport fishery is based on anadromous fish. Sport fishing,
hunting and birding bring in tourist revenue to our coast and
have great entertainment value for all their participants.
Finally, the aesthetic value of our migrating animal resources
is best measured in the quiet satisfaction we feel from the
awareness that we are part of the many cycles of life that
continually ebb and flow along our coast.
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Table 22. Commercial importance of |kigrating Organisms.

Total

N. C.
fishery

va luec

Total
Total catch N. C.

1974 f is heryb
lb

Va lue
dol lars

Species

Nursery uti-
lisers:
Menhaden
Blue crabs
Flounders

Shrimp
 heads~n!

Croakers

Spots
Total

121, 197,640
13,196,850
11,812,924
8,440,203

62

7

6
4

2,886,563
1,396,629
2,841, 869
4,606,313

17

8
16
27

3 4599, 1756,072, 108
9

Anadromous

fishes:
Alewivesd
Striped bass
American shad
Sturgeon
Hickory shad

Total

246,753
624,919
393, 187

l5,483

6,209,542
1,016, 191

368,833
93,418
4

1

4 2 ee e e e
7, 9,80

Catadromous
fish:

American eel 451,956 187,997

Total migratory
fishery l74,508,342 13,907, 191 80

aFram North Carolina Landings, Annual Summary 1974.

b Based on a total 1974 commercial catch of 196,049,202 lb.

Based on a total value of $17,324,437.

eLess than 1% of total fishery or total fishery value.

The term "alewives" includes both alewives and blueback
herring.



141

Figure 38. Commercial fisheries of North Carolina
by district. Numbers indicate percent-
age of total North Carolina catch,



142

II.H. Lagoon-Estuary Bibliography

Adams, D. A. 1963. Factoxs influencing vascular plant zona-
tion in N. C. salt marshes. Ecology. 44:445M56.

Adams, D. B. 1966. Interest in estuarine ecology. In Sym-
posium on Estuarine Ecology. Univ, of N, C. Water Re-
sources Research Institute, Raleigh. Rpt. No. 6.

Adams, S. X ., and J. W Angelovic. 1970. Assimilation of
detritus and its associated bacteria by three species of
estuariae animals. Chesapeake Sci . 11:249-254.

Alexander, J. E., J. Foehreaback, S. Fisher aad D. Sullivan
1973. llercury in striped bass and bluef ish. N. Y. Fish
and Game Jour. 20:147-151.

Amundson, R. 1975. Rockin' oa the Roanoke. Wi ld1. in N. C.
1975:4-5.

Andrews, J. D., J. D. Haven aad D. B. Quayle. 1959. Fresh-
water ki ll of oysters  Crassostrea vir inica ia James

. 4;

Baker, W. D. 1968. A recoanaissance of anadromous fish
runs into the inland fishing waters of North Caxolina.
N. C. Wildl. Res. Comm., Raleigh. AFS-3, 33 p.

Barick, F. B. 1965. Information to accompany color slides
of hardwood swamp drainage under Public Law 566 in
Eastern North Carolina. Unpublished report of the N. C.
Wildlife Resources Commission. 4 p.

Barnes, R. D. 1968. Invertebrate Zoology. 2nd ed. Saua-
ders, Philadelphia. 743 p.

Bayless, J., aad W. B Smith . 1965. The effects of chaa-
nelizatioa upon the fish populations of lotic watexs
in eastern Nox'th Carolina. N. C. Wildl. Res. Comm.,
Raleigh. 14 p.

Beeson, R. C. 1955. Some plant accumulatioas of macronu-
trient elements. Ecology. 36:155-156.

Be llis, V. 1974. Medium salinity plankton systems, p. 358-
396, Vol. IX. In H. T. Odum, B. J. Copeland aad K. A.
ikclkahan  eds!, Coastal Ecological Systems of the U.S.
The Conservation Foundation, Washington, D.C.

Black, M. 1974. The Wetlands of North Carolina. Off ice
of State Planning, N. C. Department of Admiaistration.
60 p.



143

Bourne, W. S., and C. Cottam. 1950. Some biological effects
of ditching tidewater marshes. Res. Dept. 19, U.S.
Fish and Wildl. Serv., Washington, D.C.

Brown, J. T. 1974. North Carolina coastal management.
Interstate Seafood Seminar, Atlantic Beach, N. C.

Buell, M. S., and R. L. Cairn. 1943. The successional role
of Southern white cedar, Chamaec aria th oides in south-
eastern North Carolina. co ogy.

Bugg, J. C. 1967. Chlorinated pesticide levels in the east-
ern oyster  Crassostrea vir inica from selected areas

555
Jour . 1:9-12.

Butler, P. A. 1949. An investigation of oyster-producing
areas in Louisiana and lkississippi damaged by flood
water in 1945. U.S. Fish Wildl. Serv. Spec. Sci. Rpt.
Fish. No. 8.

Butler, P. A. 1952. Effect of floodwatexs on oysters in
Mississippi Sound in 1950. U.S. Pish Wildl. Serv.
Res . Rpi . 31: 1-20 .

Butler, P. A. 1961. Effects of pesticides on commercial
fisheries. Abst. Gulf and Carib. Fish Inst., itiami.

Butler, P. A. 1966. Fixation of DDT in estuaries. N.
Amer . Wi ldl. and Nat. Resour. Conf . Trans. 31: 184-189.

Cadee, G. C., and J. Hegeman. 1974. Primary production of
the benthic microflora living on tidal flats in the
Dutch Wadden Sea. Neth. Jour. Sea Res. 8:260-291.

Calabrese, A., and H. C. Davis. 1967. Effects of soft"
detergents on embryos and larvae of the American oys-

tc
5 . '-ll.

Campbell, P. H. 1973. Studies on brackish water phyto-
plankton. Univ. of N. C. Sea Grant Program, Raleigh.
UNC-86-73-07. 406 p.

Carpenter, E. J. 1971. Annual phytoplankton cycle of the
Cape Fear River Estuary, N. C. Chesapeake Sci. 12:
95-104 .

Catts, E . P., Jr., F. H. Lesser, R. F. Darsie, Jr., O. Flor-
schutz and E. E. Tindall. 1963. Wildlife usage and
mosquito Production on impounded tidal marshes in
Delaware, 1956-1962. Trans. N. Amer. Wildl. Conf. 28:
125-132 .



144

Caughey, M. G. 1945. Water relations of pocosiu or bog
shrubs . Plant Physiology . 20 .671 W89 .

Chapman, C. R. 1966. The Texas basins project, p. 83&2.
In R. F. Smith  ed.!, A Symposium on Estuarine Fish-
eries. Amer. Fish. Soc. Spec. Publ. 3: 1-154.

Chapotan, R. B., and J. E. Sykes. 1961. Atlantic Coast
migrations of large striped bass as evidenced by fish-
ex ies and tagging. Trans. Amer. Fish. Soc. 90:13-20.

Chestnut, A. E. 1974. Oyster reefs, p. 171203. In H- T.
Odum, B. J. Copeland and K. A. McMahan  eds.!, Coastal
Ecological Systems of the United States. The Conser-
vation Foundation, Washiugton, D.C.

Chestnut, A. F., and H. S. Davis. 1975. Synopsis of marine
fisheries. Rpt. Univ. N. C. Sea Grant Program, Raleigh.
UNC WG-75-12

Chipman, W. A., T. R. Rice and T. J. Px'ice. 1958. Uptake
and accuIIxlation of xadioactive zinc by max inc plankton,
fish, and shell-fish. U.S. Fish aud Wildl. Serv. Fish.
Bu 11 . 135:279-292.

Cooper, A. W. 1974. Salt marshes, p. 55W8, Vol. II. In H. T.
Odum, B. J. Copeland and K. A. McMahan  eds.!, Coastal
Ecological Systems of the United States. The Conserva-
tion Foundation/ Washiugtouf D.C.

Cooper, A. W. 1975. Extent aud distribution of areas of en-
vironmental concern in North Carolina. In S. Baker  ed.!,
Coastal development areas of environmentaT concern.
Univ' of N. C. Sea Grant Program, Raleigh. UNC-SG-75-18.

Cooper, D. C., and B. J. Copeland. 1973. Responses of
continuous-series estuarine microecosystems to point-
source input variations. Ecol. Monogr. 43:2l3-236,

Copeland, B. J. 1965. Fauna of the Aransas Pass Inlet,
Texas: I. Emigration as showa by tide trap collections.
Univ. Tex. Inst. Mar. Sci. Publ. 10:9-12.

Copelaud, B. J. 1966. Ef f ects of decreased river f low ou
estaurine ecology. Jour . Water Poll. Contr . Fed. 38:
1831-1839.

Copelaud, B. J., and W. S. Birkhead. 1972. Some ecological
studies of the lower Cape Fear River estuary, ocean
outfall and Dutchman Creek, 1971. Rpt. to Carolina Power
a,ud Light Co., Raleigh. 105 p.



145

Copeland, B. J., and W. S. Birkhead. 1973a. Dutchman Creek
Estuary, N. C., as a nursery area. Rpt. to Carolina
Power and Light Co., Raleigh. 92 p.

Cope land, B. J., and W. S. Birkhead. 1973b. Baseline ecology
of the lower Cape Fear River Estuary and ocean off Oak
Island, N. C., 1971-72. Rpt. to Carolina Power and
Light Co., Raleigh. 391 p.

Cope land, B. J., W. S. Birkhead and R. Hodson. 1974. Eco-
logical monitoring in the area of Brunswick Nuclear Power
Plant, 1971-1973. Rpt. to Carolina Power and l.ight Co.,
Raleigh. 179 p. + Appendices.

Copeland, B. J., and H. L. Davis. 1972. Estuarine ecosys-
tems and high temperatures. Rpt. Univ. N. C. Water Re-
sources Research Institute, Raleigh. 68:1-90.

Copeland, B. J., and F. Dickens. 1974. Systems resulting
from dredging spoil, p. 151-167, Vol. III. In H. T.
Ocum, B. J. Copeland and E. gcMahod  eds.!, Coastal
Ecological Systems of the United States. The Conser-
vation Foundation, Washington, D.C.

Copeland, B. J., and J. E. Hobbie. 1972. Phosphorus and
eutrophication in the Pamlico River Estuary, M. C.,
1966-1969--A summary. Rpt. Univ. N. C. Water Resources
Research Institute, Raleigh. 65:1-86.

Cost low, J. D., Jr., and C. G. Bookhout. 1959. The larval
developsent of Callinectes s~a idus Rathbun reared in
the laboratory . Biol . Bull . Woods Hole. 116:373 &96.

Cr itcher, S. 1975. North Carolina ' s Duck Harvest . Wi 1d 1 .
in N. C. 1975. 10 p.

Cronin, L. E., and A. J. Mansueti. 1971. The biology of the
estuary, p, 14W9. In P. A. Douglas and R. H. Stroud
 eds.!, A symposium on the biological significance of
estuaries. Sport Fishing Inst., Washington, D.C.

Daiber, F. C., DE Aurand, W. Bailey and G. Brenum. 1975.
Ecological effects upon estuaries resulting from lagoon
construction, dredging, filling, and bulkheading. Rpt.
Delaware Fish and Wildl. Proj . F-25-R-2.

Copeland, B. J., K. R. Tenore and D. B.
haline regime, p. 315&57, Vol. II
Cope land and E . A. Sclahan  eds . !,
Systems of the United States. The
tion, Washington, D.C.

Hor ton. 1974. Oligo-
In H. T. Odum, B. J.

Coastal Ecological
Conservation Founda-



146

Davis, H. C., and H. Hidu. 1969. Ef f ects of pcs ticides on
embryonic development of clams and oysters and on sur-
vival and growth of the larvae. U.S. Fish Wildl. Serv.
Fish. Bu1 1 . 67:393 &04.

Davis, L ~ B., and I. E. Gray. 1966. Zonal and seasonal dis-
tribution of insects in N. C. salt marshes. Ecol.
Monogr. 36:275-295.

Demdree, D. 1932. Submerging experiments with Taxodium.
Ecology. 13:258-262.

Department of Environmental Sciences and Engineering, UNCWH.
1973. North Carolina swamps--A report by students in
the course Special Topics in Aquatic Biology. ENVR 232,
Spring 1973. 116 p. Unpublished.

Deubler, E. E., Jr. 1960. Salinity as a factor in the con-
trol of growth and survival of postlarvae of the south-

Gulf Carib. 10:

Deubler, E. E., Jr,, and J. C. White, l962. Influence of sa-
linity on growth of postlarvae of the southern flounder,

P

Dodson, J. J., and W. C. Leggett. 1974. Role of olfaction
and vision in the behavior of American shad  A1.osa
sa tdtssima! homing to the Connecticut River Prom !.ong

s an ound. Jour. Fish. Res. Bd. Canada. 31:1607-1619.

Donnelly, J., 0. Florshutz and J. Davis. 1973. The future
of Canada geese in North Carolina. Wildl. in N. C.
1973: 7W, 27.

Dudley, D. L,, and M. H. Judy. 1971. Occurrence of larval,
juvenile and mature crabs in the vicinity of Beaufort
Inlet, North Carolina. U.S. Dept. Comm. NOAA Tech Rpt.
NMFS, SSRF &37.

Duke, T. W. 1967. possible routes of zinc 65 from an ex-
perimental estuarine environment to man, Jour. Water
Pol lut . Contr . Fed. 39: 536-542 .

Dukes, J. C., T. O. Edwards and R. C. Axtell . 1974a. Asso-
ciations of Tabanidae  Diptera! larvae with plant species
in salt marshes, Carteret County, N. C. Envir. Ent.
3: 280-286 .

Dukes, J. C., T. D. Edwards and R. C. Axtel. 1974b. Distri-
bution of larval Tabanidae  Diptera! in a S artina altern-
iflora salt marsh. Jour. Med. Ent. 11:79-8



147

Easley, J ~ E., and B. Sossamon. 1974. North Carolina f ish-
eries data. N. C. Agricultural Extension Service,
Raleigh. Misc. Ext, Pub 1. 128: 1-143 .

Eltringham, S. K. 1971. Life in Mud and Sand. Crane, Russak
and Co., N. Y. 218 p.

Farfante, X. P. 1969. Western Atlantic shrimps of the genus
Penaeus. U.S. Pish and Wildl. Serv. Fish. Bull. 67:
ZiH-,ST.

Farrington, J. W., and J. G, Quinn. 1973. Petroleum hydro-
carbons in Narragansett Bay. Estuarine and Coastal Mar.
Sci. Coll. Reprints, Univ. R. K. Grad. School of
Oceanog., Kingston. 10:71-79.

Fischler, K. J., and C. S. Walburg. 1963. Blue crab move-
ment i.n coastal South Carolina, 1958-59. Trans. Amer.
Fish. Soc. 91:275-278.

Pish, F, F. 1963. Death in the river. Wildl. in N. C.
1963: 14-15.

Franhenberg, D., and C. W. Westerfield. 1968. Oxygen de-
mand and oxygen depletion capacity of sediments from
Wassaw Sound, Georgia. Bull. Ga. Acad. Sci. 26:160-172.

Friedrich, H. 1969. Marine Biology. Univ. Wash. Press,
Seattle. 474 p.

Fujiya, M. 1960. Studies on the application of dehydro-
genating reaction to evaluate the effects of industrial
wastes to oysters. Bull. Japan. Soc. Sci. Fish. 26:
974&80.

Gallaway, B. J., and K. Strawn. 1975. Seasonal abundance and
distribution of the blue crab, Callinectes sa idus Rath-

�, '�,�

rating plant, Galveston Bay, Texas. Tex. Jour. Sci. 26:
185-202 .

Galtsoff, P. S. 1930. Oyster industry of the Pacific Coast
of the United States. U.S. Bur . of Fish., Rpt. Fish.
Comm. 1066:367 MOO.

Galtsoff, P. S. 1948. Red Tide. Progress Report on the
investigations of the cause of the mortality of fish along
the west coast of Florida conducted by the U.S. Fish and
Wi ldl. Serv. and cooperating organizations. U.S. Fish
and Wi ldl . Serv. Spec. Sci . Rpt . 46: 1W4 .

Galtsoff, P. S. 1949. The mystery of the red. tide. Sci.
Month. 68: 108-117.



148

Galtsoff, P. S. 1964. The American oyster, Crassostrea vir-
gl k... «1.. h.

Galtsoff, P. S., W. A. Chipman, J. B. Kngel and H. N. Calder-
wood. 1947. Ecological and physiological studies of
the effect of sulfate pulp mill wastes on oysters in the
York River, Va- U.S. Fish Wi ldl. Serv. Fish. Bull. 43:
59-186.

Giannio, S. P., and H. Wang. 1974. Engineering considera-
tions for marinas in tidal marshes. Univ. Del. College
of lpga r i ne S t ud ies, Newark. l05 p.

Godwin, W. F. 1975. Anadromous fisheries survey of the New
and White Oak River systems. N. C. Dept. Nat. Econ.
Res. Div. Mar. Pish. AFC-9. 43 p,

Grave, C. 1901. The oyster reefs of North Carolina. John
Hopkins Circ. 151:lW .

Gunter, G. 1957. Wildlife and flood control in the itississippi
Valley. N. Amer. Wildl. Conf . Trans. 22:189-196.

Hansen ~ D J 1969 . Food, growth, migration, reproduction,
and abundance of pinf ish, La odon rhomboides and Atlantic

-~ ~,

Harris, R. P. 1972. Seasonal changes in the meiofauna pop-
ulation of an intertidal sand beach. Jour . Mar . Biol.
Assoc. U.K. 52:389-403.

Haven, D. S. 1957. Distribution, growth, and availability

Ecology. 38:88-97.

I
du 1 atus . Cope ia . 1959: 25-30.

Heath, R. C. 1975. Hydrology of the Albemarle-Pamlico Re-
gion, North Carolina: A preliminary report on the impact
of agricultural development. U.S. Geol. Surv . 98 p.

Heezen, B. C., and C. D. Hollister. 1971. The Face of the
Deep. Oxford Univ. Press, N. Y. 659 p.

Heinie, D. R., D. A. Flemer, J. F. Ustach and R. A. !kurtagh.
1974. Contributions of tidal wetlands to estuarine
food chains. Univ. Md. Water Resources Research Center,
College Park. Tech. Rpt. 29.



149

Heppner, F. H., and L. L. Gould. 1973. Birds of the At]an-
tic seaboard from Cape Hatteras to Cape Cod, p. 1-138.
In Coastal and Offshore Environmental Inventory, Cape
Hatteras to Nantucket Shoals. Univ. R. I. Rarine Publi-
cations Series No. 2, Kingston.

Hester, J. N ., Jr., and B. J. Copeland. 1975. Nekton popu-
lation dynamics in the Albemarle Sound and Neuse River
estuaries. Univ. of N. C. Sea Grant Program, Raleigh.
UNC-SG-7S-02. 129 p.

Hidu, H. 1965. Effects of synthetic surfactants on the
larvae of clans  li. nercenavia! and oysters  C. vair in-

6 .. 6: 6 2n.-

Hildebrand, S. F., and L. E. Cable. 1930. Development and
life history of fourteen teleostean fishes at Beau-
fort, N. C. Bull. U S. Bur. of Fish. 46383&88.

Hobbie, J. E. 1970a. Hydrography of the Pamlico River Es-
tuary, N. C. Rpt. Univ. N. C. Water Resources Re-
search Institute, Raleigh. 39:lW9.

Hobbie, J. E. 1970b. Some ecological measurements of the
Cape Fear River. Rpt. to Carolina Power and Light Co.,
Raleigh. 107 p.

Hobbie, J. E . 1971. Phytoplankton species and populations
in the Pamlico River Estuary of North Carolina. Rpt.
Univ. N. C. Water Resources Research Institute, Raleigh.
56: 1-147.

Hobbie, J. E. 1974. Nutrients and eutrophication in the
Pamlico River Estuary, N. C. 1971-1973. Rpt. Univ. N. C.
Water Resources Research Institute, Raleigh. 100;1-239.

Hobbie, J. E., B. J. Copeland and W. G. Harrison. 1972.
Nutrients in the Pamlico River Estuary, N . C ., 1969-1971.
Rpt. Univ. N. C. Water Resources Research Institute,
Raleigh. 76:1-242.

Hobbie, J. E., B. J. Copeland and W. G. Harrison. 1975. S
Sources and fates of nutrients in the Pamlico River Estu-
ary, N. C., p, 287 302, Vol. I. In I. E. Cronin  ed.!,
Estuarine Research. Academic Press, New York.

Hook, D. D,, C. L. Brown and D. D. Kormanik. 1971. Induc-
62

siflora  Walt.! Sarg.!, Jour. Exp. Bot. 22:78-89.

Hosner, J. F. 1958. The ef feet of complete inundat ion upon
seedlings of six bottomland tree species . Ecology 39:
371-376.



150

Hoss, D. Z., L. C. Coston and W. F, Hett ler, Jr. 1971. Ef-
fects of increased temperature on postlarval and juve-
nile estuarine f ish. S. E, Assoc. Game and Fish Comm.
25'635-642.

Hoss, D ~ E., W. F. Hettler, Jre h and L, C. Coston. 1974a.
Effects of thermal shock on larval estuarine fish � Eco-
logical implicat fans with respect to entrainment in power
plant cooling systems, p. 357-371, In J. H. S. Blaxter
 ed.!, The gnarl Life ~Hister of Pish. Springer-Verlag,

New York,

Hoss, D. Eei W. F, Hettler, Jreh and W. E. 8chaff. 1974b.
Effects of seawater extracts of sediments from Charles-
ton Harbor, 8. C., on larval estuarine fishes, Est, and
Coast. Mar. Sci, 2:323-328.

Hutton, R. F., B. Eldred, K. D. Woodburn and R. M. Ingle.
1956. The ecology of Boca Ciega Bay with special ref-
erence to dredging and filling operations. Pla. St.
Bd. Conserv. Mar. Lab., Tech. Ser. 17:1&6.

Ingle, R. M . 1952. Studies on the effect of dredging op-
erations upon fish and shellfish. Gulf Carib. Pish.
Inst. Proc. 5:106-112.

Ingle, R. M. 1953. Studies on the effects of dredging op-
erations upon shell and shellfish.  Abst.! Gulf
Carib. Fish. Inst. Proc. 5:106.

Jorgensen, C. B., and R. D. Goldberg. 1952. On the rela-
tion between water transport and food requirements in
some marine filter feeding invertebrates. Biol. Bull.
Woods Hale . 103:356 &63 .

Jorgensen, C. B., and E. D. Goldberg. 1953. Particle f il-
tration in some ascidians and lamellibranchs. Biol.

Bu.l 1 . Woods Hole. 105:477M89.

June, F. C., and F. T. Carlson. 1971. Food of young Atlan-
1

morphosis. V.S. Fish Wi ldl. Serv. Fish. Bull. 68:493-512.

Keefe, C. W. 1972. Marsh production: A summary of the litee
erature. Contrib. Mar. Sci. 16:163-181.

Kelley, D. W. 1966. Ecological studies of the Sacramento-
San Joaquin estuary. Calif . Dept. Fish Game Fish.
Bu 1 1 . 133:8-17.

Kirby&mith, W. W., and I. E. Gray. 1971. A checklist of
common marine animals of Beaufort, N. C. Duke Univ.
Mar. Lab. Ref . Museum, Beaufort. 33 p.



151

Korn, S., and R. Earnest. 1974. Acute toxicity of t«enty
insecticides to striped bass, Morone saxatilis. Calif .

0

Kuenzler, E. J. 1961. Phosphorus budget of a mussel popu-
lation. Limnol . Oceanogr. 6:400-415.

Kuenzler, I. J., and H. L. Marshall. 1973. Effects of mos-
quito control ditching on estuarine ecosystems. Rpt.
Univ. N. C. Water Resources Research Institute, Raleigh.
81:1W3.

Xutkuhn, J. H. 1966. The role of estuaries in the develop-
ment and perpetuation of commercial shrimp resources,
p. 16&7. In R. F. Smith, A. H. S«artz and W. H. Mass-
man  eds.!, A Symposium on Estuarine Fisheries. Amer.
Fish. Soc. Spec. Publ. No. 3.

Lasalle, R. N., and K. L. Knight. 1973 . The effects of
ditching on the mosquito populations in some sections
of Juncus salt marsh in Carteret County, North Caro-
lina. Rpt. Univ. N. C. Water Resources Research Insti-
tute, Raleigh. 82:1-162.

Leathern, W., P. Kinner, D. Maurer, R. Biggs and W. Treasure.
1973. Effect of spoil disposal on benthic invertebrates.
Mar. Pollut. Bul1. 4:122-125.

Loosanoff, V. L. 1952. Behavior of oysters in «ater of lo«
salinities. Proc. Nat. Shellf. Assoc. 41:135-151.

Loosanoff, V. L., and J. B. Engel. 1947. Effects of dif-
ferent concentrations of microorganisms on the feeding
of oysters  C. vir inica . U.S. Fish Wildl. Serv.
Fish. Bull. 51:

Lo«elis, I. A.  computer!. 1965. Silvics of forest trees
of the United States. U.S. Dept. of Agric., Washing-
ton, D.C. Handbook 221, 762 p.

MacCrimmon, H. R., and K. H. Nichols. 1974. Nutrients in
subsurface and runoff «aters of the'Holand Marsh,
Ontario. Jour. Environmental Quality. 3�!.

Mackin, J. G. 1961. Mortalities of oysters. Proc. Nat.
Shellf. Assoc. 50:21&0.

Maki, T. E. 1960. Improving site quality by «et-land
drainage, p. 106-114. In P. Burns  ed.!, Southern
Forest Soils. Louisiana State Univ. Pressf Baton
Rou ge .



152

Maki, T. E. 1974. Factors affecting forest production on
organic soi1s. Soil Sci. Soc. Amer. 74:119-136.

Marcy, B. J., Jr. 1971. Survival of young fish in the dis-
chaxge canal of a nuclear power plant. Jour. Fish. Res.
Bd. Canada. 28:1057-1060.

Max'shall, H. L. 1974. Irregularly f looded marshes, p. 150-
170, Vol. II. In H. T. Odum, B. J. Copeland and E. A.
McÃahan  eds.!, Coastal Ecological Systems of the United
States. The Conservation Foundation, Washington, D.C.

Martin, D. F. 1970. Marine Chemistry. Marcel Dekker, Inc.,
N. Y. 451 p.

McCoy, E. G. 1968. Migration, growth and mortality of N. C.
pink and bx own penaeid shrimp. N. C. Dept. Nat. Econ.
Res. Div. Mar. Fish. Spec. Sci. Rpt. 15:1-26.

McCoy, E. G. 1972. Dynamics of North Carolina commercial
shrimp populations. N. C. Dept. Nat. Econ. Res. Div.
Mar. Fish. Spec. Sci. Rpt. 21:1-53.

McCoy, E. G., and J. T. Brown. 1967. Migration and growth
of commercial penaeid shrimps in North Carolina. N. C.
Dept. Cons. Div. Mar. Fish. Spec. Sci. Rpt. 11:1-29.

kerriner, J, V. 1975. Food habits of the weakfish, C~ono.-
scion re alis in North Carolina waters. Chesapeake Sci.
T6- V7-7

Metzgar, R. G, 1973. Wetlands in Maryland. Md. Dept. of
State Planning, Baltimore. Pub l. 157.

Mi lier, W. R., and S. E. Egler . 1950. Vegetation of the
W'equetequack-Tawcatuck tida 1 marshes, Connect icut .
Ecol. Monogr. 20:143-172.

Morris, P. A. 1973. A Field Guide to Shells of the Atlan-
tic and Gulf Coast and the West Indies. Houghton Mif-
flin Co., Boston. 330 p,

Munden, F. 1975. Rehabilitation of. Pamlico Sound oystex'
producing grounds damaged or destroyed by Hurricane
Ginger. N. C. Dept. Nat. Econ. Res. Div. Mar. Fish.
Spec. Sci. Rpt. 27:1-19.

Naylor, A. W. 1972. Some factors affecting germination of
swamp tupelo seeds. Ecology. 53:504-506.



153

Nichols, P. R., and P. M. Keney. 1963. Crab larvae  Calli-
nectes! in ylanhton collectious from cruises of N7V
Theodore N. Gill, south Atlantic coast of the Vntted
States, 1953-1'K4. U.S. Fish Wi ldl. Serv. Spec. Sci.
Rpt, 448:1-14,

Nichols, P. R., and D. E. Louder . 1970. Upstream passage of
anadromous fish through navigation locks and use of the
stream for spawning and nursery habitat Cape Fear River,
N . C ., 1962%6 . U.S . Fish Wildl . Serv . Circ . 352:1-12 .

Nicholson, W. R. 1942. Pollution of the Roanoke River at
Plymouth, N. C. Wi ldl. Cons. 6 4 5, 15.

Norris, R. M. 1953. Buried oyster reefs in some Texas bays.
Jour . Pa leontol . 27: 569-576 .

Odlaug, T. O. 1949. Ef fects of stabi lized and unstabi lized
waste sulphite liquor on the Olympia oyster, Ostrea
lurida. Trans. Amer. Iiicrobiol. Soc. 66:163 -1TIK.

Odum, E. P. 1971. Fundamentals of Ecology. W. B. Saunders,
Co., Philadelphia. 574 p.

Odum, E. P. 1973. The pricing system. Ga. Conservancy Quart.
1973: 8-10 .

Odum, E. P., and M. E. Fanning. 1973. Comparison of the pro-
ductivity of S rtina alternif lorn and Smarting c~asu-
roides in Georg a coastal marshes. Bull. Ga. Acad. Sci.

Odum, E. P., and H. T. Odum. 1972. Natural areas as neces-
sary components of man's tota,l environment . Trans. N.
Amer. WiMl. and Nat. Res. Conf . 37:178-189.

Odum, H. T., and B. J. Copeland. 1974. A functional classi-
fication of the coastal ecological systems, p. 5-84,
Vol. I. In H. T. Odum, B. J. Copeland and K. A. Mcblahan
 eds. !, Coastal Ecological Systems of the United States.
The Conservation Foundation, Washington, O.C .

O'Rear, C. W. 1973. The toxicity of zinc and copper to
striped bass eggs and fry with methods for providing
conf idence limits. S. E. Assoc. Game Fish Comm. Conf .
26: 484 M89 .

Ovington, J. D. 1965. Organic production, turnover, and
mineral cycling in Woodslands. Cambridge Biological
Reviews . 40: 295&36.



154

Palmer, E. L. 1941. Marshes aud their environments. Nature.
34:205-212 .

Palmisauo, A. W. 1972. The distribution and abundance of
muskrats  Cndatra xibethiais! in relation to vegetative

G
aud Fish Comm. 26:1-31.

Parker, R. H. 1955. Changes in the invertebrate fauna, ap-
parently attributable to salinity changes, iu the bays
of central Texas. Jour . Paleoutol. 29: 193-211.

Parnell, J. F., and R. F. Soots  eds.!. 1975. Proceedings
of a Conference on Management of Dredge Islands iu
North Carolina Estuaries. Univ. N ~ C. Sea Grant Pro-
gram, Raleigh. UNC-SG-75WL. 142 p.

Parrish, P. R., J. A. Couch, J. Forrester, J. M. Patrick,
Jr., and G. H. Coak. 1974. Dieldriu: Effects on sev-
eral estuarine arganisms. S. E. Assoc. Game Fish Comm.
Conf . 27;427&34.

Pate, P. P., Jr. 1972 ~ Life history aspects of the hickory
shad, Alosa mediocris  Mitchill!, in the Neuse River,

!.. l!
67 p.

Pearse, A. S., H. J. Humm and G. W. Wharton. 1942. Ecology
of sand beaches at Beaufort, N. C. Ecol. Mouogr. 12.
135-190 .

Penfound, W. T. 1952. Southern swamps and marshes. Bat.
Rev . 18:413 &46.

Perkins, E. J., and O. J. Abbot. 1972. Nutrient enrichment
aud sand f lat fauna. Mar. Poll. Bull . 3: 70-72.

Pomeroy, L. R. 1959. Algal productivity in salt marshes of
Ga . Limno 1 . Oceanogr . 4: 386-397.

Pomeroy, L. R., R. E. Johanues, E. P. Gdum aud B. Rof fmau.
1969. The phosphorus aud zinc cycles and productivity
of a salt marsh, p. 412& l9. In D. J. Nelson and F. C.
Evans  eds.!, Second Symposium on Radioecology. Clear-
inghouse Fed . Sci . Tech . Info., Spriugf ie Ld, Va .

Porter, H. J., and J. Tyler. 1971. Sea shells common to
North Caroliua. N. C. Dept. Nat. Econ. Res. Div. Mar.
Fish ~ 36 p.



155

Purvis, C. E., and E. G. McCoy. 1972. Overwintering pink
shrimp, Penaeus duorarum in Core and Pamlico Sounds,
N. C. N~Dept. Nat. Econ. Res. Div. Bar. Fish.
Spec. Sci. Rpt. 22: 1-29.

Red f ie ld, A. C. 1972. Deve lopment o f a New England salt
marsh. Eco 1. Monogr . 42: 201-237.

Reid, G. K., Jr. 1956. Ecological investigations in a dis-
turbed Texas coastal estuary. Tex . Jour . Sci . 8:296-327.

Reid, G. K., Jr. 1957. Biologic and hydrographic adjust-
ment in a disturbed Gulf Coast estuary. Limnol. Oceanogr.
2: 198-212.

Reimold, R. J., J. L. Gallagher, R. A. Linhurst and F. G.
Plumley. 1974. Research study for determining the pro-
duction of minor plant species and their substrate
selective properties. Rpt. Univ. Ga. Mar. Inst.,
Sape lo Island.

Reintjes, J. W. 1969. Synopsis of biological data on the
Atlantic menhaden, Brevoortia ~trances. U.S. Fish and

*. SXKT-SII.

Rice, T. Re F and R. J. Smith. 1958. Filtering rates of the
t ~ ' ~

phytoplankton. U.S. Pish Wi ldl. Serv. Fish. Bull. 58:
73-82 .

Roe lofs, E. H. 1954. Pood studies of young sciaenid fishes,
Micro o on and Leiostromus from North Carolina. Copeia.
1: 1 -153.

Roosenburg, W. H. 1967. Greening, copper uptake and condi-
tion in oysters in relation to a steam-generating sta-
tion. Proc. Nat. Shellf. Assoc.  Abstract!.

Roosenburg, W. H., K. G. Drobeck, H. Hidu, A. J. McErlean
and J. A. Mihursky. 1970. Acute temperature tolerance
of oyster larvae as related to power plant operation.
Proc. Nat ~ Shellf. Assoc.  Abstract!.

Rounsefell, G. A. 1964. Preconstruction study of the fish-
eries of the estuarine areas traversed by the Missis-
sippi River gulf Out let project . U. S . Fish Wi ld 1 . Serv.
Fish. Bull . 63:373-393.

Saila, S. B. 1973. Coastal and offshore environmental inven-
tory, Cape Hatteras to Nantucket Shoals. Univ. R. I.
Marine Publ. Series 42F Kingston.



156

Schubel, J. R. 1974. Effects of exposure to timemxcess
temperature histories typically experienced at powex
plants an the hatching success of fish eggs. Est.
Coast. Mar. Sci. 2:105-116.

Schubel, J. R., and A. H. Auld. 1973. Thermal effects of
a model power plant on the hatching success af Ameri-
can shad, Alasa sa idissima eggs. S. K. Assoc. Game
Fish Comm.WaWn. 6:

Schubel, J. R., A. H. Auld and G. S. Schmidt. 1974. Effects
of suspended sediment on the development and hatching
success of yellow perch and striped bass eggs. S. E.
Assoc. Game Fish Comm. Conf . 27:689&94.

Schwartz, F. J., and A. F. Chestnut. 1973. Hydrographic
atlas of North Carolina estuarine and sound waters, 1972.
Univ. N. C. Sea Grant Program, Raleigh. UNC~-73-12.

Seneca, K. D. 1974. Stabilization of coastal dredge spai1
with S artina alterniflora. In R. J. Reimold and W. H.
e- ~ ' . ~sr
N. Y.

Shalowitz, A. L. 1964. Shore and sea boundaries. Vol. 2.
U.S. Dept. of Comm. Publ. 10-1, Coast and Geodetic Sur-
vey, Washington, D.C.

Shaw, S. P., and C. G. Fredine. 1971. Wetlands of the United
States. U.S. Fish and Wildl. Serv., Washington, D.C.
Circ. 39.

Shunk, I. V. 1939. Oxygen requirements far germination of
M~ssa a~ustice-tuyelc gus. Science. 90:565-566.

Si lberhorn, G. M., G. X. Dawes and .T. A. Barnard, Jr. 1974.
Coastal wet lands of Virginia. Va. Inst . Ra@ . Sc i .,
Gloucester Point. Spec. Rpt. 46.

Smalley, A. E. 1960. Energy flow of a salt marsh grasshopper
population. Kcology. 41:672&77.

Spinner, G. P. 1969. The wildlife, wetlands, and shellfish
areas of the Atlantic coastal zone. Amer. Geogr, Soc.
Folio 18.

Stearns, L. A., and F. C. Daigh. 1939. Water and plant re-
quirements of the muskrat on a Delaware tidewater marsh.
Proc. N. J. lkosq . Exterm. Assoc. 26:212-221.



157

Steed, D. L., and B. J. Copeland. 1967. Metabolic responses
of some estuarine organisms to an industrial efflueat.
Contr. Mar. Sci. 4:143-159.

Stickney, R. R., and D. B. White. 1973. Ef fects of salinity
on the growth of Paralichth s lethosti a postlarvae
reared under aquacu ure con itioas.. E. Assoc. Game
Fish Comm. Conf . 27:532-540.

Stiven, A. E. 1975. Univ. N. C. Sea Grant Program, Raleigh.
Unpublished data.

Street, M, W., aad A. B. Hall. 1973 . Annotated bibliography
of anadromous fishes of North Carolina through 1972.
N. C. Dept. Nat. and Econ. Res. Div. Mar. Fish. Spec.
Sci. Rpt. 23;1-85.

Sykes, J, E., and J. H. Pinucane. 1966. Occurrence in Tampa
Bay, Florida, of immature species dominant in Gulf of
Mexico commercial fisheries. U.S. Fish Wildl. Serv.
Fish. Bull. 65:369-379.

Sykes, J. E., and J. R. Hall. 1970. Comparative distribu-
tion of molluscs in dredged and undredged portions of
aa estuary, with a systematic list of species. U.S .
Fish Wildl. Serv. Fish. Bull. 67:17-33.

Tabb, D. C. l966. The estuary as a habitat for spotted sea
trout, p . 59&7. In R. F . Smith, A . H. Swartz, and W . H.
Massman  eds.!F A Symposium an Estuariae Fisheries.
Amer. Fish. Soc. Spec. Publ. No. 3.

Tagatz, M. K. 1961. Reduced oxygen tolerance aad toxicity
of petroleum products to juvenile American shad. Chesa-
peake Sci. 2:65-71.

Tagatz, M . E . 1968. Biology of the blue crab, Callinectes
a~aides Rathbun, in the St. John's River, Florida. ii.S.
Fish Wildl. Serv. Pish. Bull. 67:17-23.

Tagatz, M. E. 1969. Some relations of temperature accli-
mation and salinity to thermal tolerance of the blue
crab, Callinectes s~a idus. Trans. Amer. Fish. Soc.

Tan, E, C,, and W. A. Van Eage1. 1966. Osmoregulatioa in
the adult blue crab, Callinectes a~a idus Rathbun.

:s'e .

Tarplee, W. H., Jr., H. E. Louder and A. J. Weber. 1971.
Evaluation of the effects of channelization on fish
populations in N. C.'s coastal plaia streams. N. C.
Wi ld 1. Resources Comm., Raleigh. p. 188-210.



158

Taylor, J. L., J. R. Hall and C. H. Saloman. 1970. Mol lusks
and benthic environments in Hillsborough Bay, Florida.
U.S. Fish Wildl. Pish. Bull. 68:191-202.

Teal, J. M. 1962. Energy flow in the salt marsh ecosystem
of Ga . Ecology. 43: 614 &24.

Teal, J. M., and T. Teal. 1969. Life and Death of a Salt
Marsh. Little, Brown and Co., Boston. 278 p.

Teate, J. L. 1967. Some effects of environmental modif ica-
tions on vegetation and tree growth in a North Carolina
pocosin ~ Ph.D. dissertation, N. C. State Univ., Raleigh.
108 p.

Tenore, R. R. 1970. The macrobenthos of the Pamlico River
Estuary, North Carolina. Univ. of N. C. Water Resources
Research Inst ., Ra1eigh. Rpt . No. 40. 113 p.

Thayer, G. W. 1971. Phytoplankton production and the dis-
tribution of nutrients in a shallow unstratif ied estu-
arine system near Beaufort, N. C. Chesapeake Sci. 12:
240-253 .

Thayer, G. W., D. E. Hoss, M. k. Keelson, W. F. Hettler, Jr.,
and M. W, LaCroix. 1974. Biomass of zooplankton in the
Newport River Estuary and the influence of postlarval
fishes. Chesapeake Sci. 15.'9-16.

Turner, J. L., and D. W. Kelley. 1966. Ecological studies of
the Sacramento&an Joaquin delta. II. Fishes of the
delta. Calif. Dept. Fish Game Fish. Bull. 136:1-168.

Turner, W. R., and G. N. Johnson. 1973. Distribution and
relative abundance of fishes in Newport River, North
Carolina. U.S. Dept. Comm., NDAA Tech. Rpt. NMFS.SSRF-
666. 23 p.

Turner, W. R., and G. N. Johnson. 1974. Standing crops of
aquatic organisms in tidal streams of the lower Cooper
River system, South Carolina, p. 13-20. In F. P. Nelson
 ed.!, The Cooper River Environmental StuBy. S. C.
Water Res. Comm., Columbia. No. 117.

Thayer, G. W.
concern.

Areas of
Program,

1975. The estuary-mn area of environmental
In S. Baker  ed. !, Coastal Development and

Environmental Concern. Univ. of N. C. Sea Grant
Raleigh. UNCLOG-75-18.



159

Tyus, H. M. 1971. Population size, harvest, and movements
t

ing migrations to Lake Mattamuskeet, North Carolina.
Ph.D. dissertation, N. C. State Univ., Raleigh. 77 p.

Tyus, H. 1975. River herring, a vanishing resource. Wi ld 1.
in N. C. 1975:8-9.

Walburg, C. H., and P. R. Nichols. 1967. Biology and man-
agement of the American shad and status of the fisheries,
At lantic Coast of the United States, 1960. U.S . Fish
Wildl. Serv. Spec. Sci. Rpt. 550:1-105.

%ar len, S. M. 1974. Accumulation of organochlor inc insecti-

the Newport River Estuary. Jour. Elisha Mitchell Sci.
Soc . 90: 108-109.

Wells, H. W. 1961. The fauna of oyster beds, with special
reference to the salinity factor. Ecol. Monogr. 31:
239-266.

Wharton, C. H. 1970. Southern River Swamp-m multiple use
environment. Bureau of Business and Economic Research.
School of Business Administration, Georgia State Univ.,
Augusta. 48 p.

%barton, C. H. 1971. Statement for the hearings on dredging,
modification and channelization of rivers and streams.
U.S. Congress Subcommittee on Conservation and Natural
Resources. Committee on Government Operations. 19 p.

Wilkens, E. P. H., and R. M . Lewis. 1971. Abundance and dis-
* "'

%i ldl. Serv. Fish. Bull. 69:783-789.

Wi lliams, A. B. 1965. Marine decapod crustaceans of. the
Carolinas. U.S. Fish Wildl. Serv. Fish. Bull. 65: 1-298.

%i 1 liams, A. B., and E. E. Deubler, Jr . 1968. Studies on
macroplanktonic crustaceans and ichthyoplankton of the
Pamlico Sound complex. N. C. Dept. Cons. Div. Comm.
Sport Fish. Spec. Sci. Rpt. 13: 1-103.

Williams, A. B., G. S. Posner, W. J. Woods and E. E. Deubler,
Jr. 1973. A hydrographic atlas of larger North Caro-
lina sounds. Univ. N. C. Sea Grant Program, Raleigh.
UNC WG-73 W2 .



160

Wi lliams, R. B. 1966. Annual phytoplankton production in a
system of shally temperate estuaries, p. 699-716. In
H. Barnes  ed.!, Some Contemporary Studies in Marine
Science. George Allyn and Unpin, Ltd., London.

Williams, R. B., M. B. Murdoch and L. K. Thomas. 1968.
Standing crop and importance of zooplankton in a system
of shalloi estuaries. Chesapeake Sci. 9:42-51.

%'illiams, R. B., and L. K. Thomas. 1967. The standing crop
of benthic animals in a North Carolina estuarine area.

Jour . Ilisha Mitchell Sci, Soc. 83: 135-139.

Wi lson, K. A. 1962. North Carolina wetlands � their distri-
bution and management. N. C. Wildl. Res. Comm. Game
Div., Raleigh. 169 y.

Wolif, M. 1972. A study of North Carolina scrap fishery.
N. C. Dept. Nat. Icon, Res. Qiv. Mar. Fish. Spec. Sci ~
Rpt. 20:.1-29.

Woodwell, G. M. l958. Factors controlling growth of pond
pine seedlings in organic soils of the Carolinas. Ecol.
Monogr. 38:129-236.

Woodeell, G. M ~, P. H. Rich and C. A. S. Hall. 1973. Carbon
in estuaries. In G. M. Woodwell and X. V. Pecan  eds.!,
Carbon and the oosphere. Proc. 24th Brookhaven Symp.
in Biol. Atomic Energy Comm., %ashington, D.C.

Woodvell, G. M., C. F. Wurster and P. A. Isaacson. 1967. DDT
residues in an East Coast estuary; a case for biological
concentration of persistent insecticide . Science. 156:
821 -824 .

Zenkevitch, L. A. 1963. Biology of the Seas of the U.S.S.R.
Interscience, N. Y. 955 p.





TOOLS AND TECHNIQUES

FOR

Contr ibut in Authors

David Brower, Principal Investigator
Center for Urban and Regional Studies
University of North Carolina at Chapel Hill

Francis Parker, Co-Principal Investigator
Department of City and Regional Planning
University of North Carolina at Chapel Hill

Candace Carraway
Edwin Chester
G1enn Dunn
Roger Pratt
Mary Joan Pugh

APPEND IXZWO

COASTAL AREA MANAGEMENT

Joint Degree in Law & Planning Program, UNC
Joint Degree in Law & Planning Program, UNC
Joint Degree in Law & Planning Program, UNC
Department of City & Regional Planning, UNC
Department of City & Regional Planning, UNC



L63

Preface

The purpose of Appendix Two is to identify those tools
and techniques by which development in the coastal ax ea may
be guided or controlled, in order to reduce the impact of
that development on the natural systems described in Appen-
dix One, The appendix concentrates on those techniques which
may be useful to planners and policy-makers at the local level,
and which may help them in devising implementation programs to
carry out the purposes of the Coastal Area management Act.
Some state and federal regulatory programs are aLso included,
since these form part of the framework within which local
planning and management will occur. In some cases they form
constraints on local action; in other cases they are available
to augment or strengthen the power of local implementation
pr ograms .

The specif ic techniques fa Ll into f our maj or grou ps:
land acquisition, public spending, taxation, and regulation,
This last group is the largest, and is divided into develop-
mental regulation  primarily local in nature! and environ-
mental regulation  a mixture of local, state and federal!.
A final section discusses a specific tool for regulating de-
velopment within Areas of Environmental Concern, provided in
the Coastal Area |tanagement Act.

Individual techniques were identified from several
sources, and incLude probably the great majority of those
techniques which have been discussed in recent years as being
applicable to growth management at the local and regional
level. One important starting point was a list of such tech-
niques identified in a study of urban growth control systems
hong at the University of Kinnesota.l To this list have been
added tools of known coastal area applicability, while some
tools of marginal relevance have been deleted. As it stands,
the list does not pretend to be exhaustive, but it does cover
all of the most important approaches available for growth
management in the coastal area.

ALL tooLs are presented according to a common f ormat,
beginning with a brief description of the tool and its statu-
tory or legal authority, if any. The viability of the tool
is discussed next, including an assessment of political
validity  does the tool appear unconventional, or run counter
tl: popularly accepted ideas of property or other r igbts7! and

Lmichael h, Gleeson ei a 1., Urban Groeth liana ement Systems:
An hva lust ion of P~olic Related Research, Vol. l Rinneapolis:
School of Public Affairs, University of hiinnesota, 1974!,
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technical viability  does the tool require sophisticated ad-
ministration or large implementation staffs which may not
exist at the local level?! . Next is a section telling where
the tool has been used, and with what results. This is par-
ticularly important where the tool is a new one or relatively
unknown. A section on legal issues tries to anticipate
some of the questions which may be raised concerning the con-
stitutionality of each tool, and cites legal cases where these
questions have been addressed. A final section discusses the
specific applicability which each tool may have in the
coastal area of North Carolina.

The list of tools is long, although not exhaustive.
Some of the tools included in the report are not yet being
used in North Carolina, and some would require additional en-
abling legislation before they could be used. Although such
techniques would not be immediately relevant as part of
coastal area programs, they are included here to indicate
some of the promising directions which may be taken in the
future. If planners and officials are aware of innovative
techniques, and if those techniques appear to serve a need in
managing coastal resources, that awareness can lead to changes
in laws which will help to make the techniques a reality.

A concluding cautionary note is in order. All too often
communities have taken ordinances and other policies from
other jurisdictions and applied them locally without really
attempting to understand them and modify them for local use.
The results are often disastrous. It is very important to
look at planning and plan implementation as a system respond-
ing to a set of unique local conditions, and to evaluate the
addition of any tools and techniques within that context.
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I - LAND ACQUiSITION

I.A. Intx'oduction

In general a local government may acquire land by pur-
chase, devise, gift or condemnation but not without statu-
tory authority to do so. The power to acquire land is granted
to municipalities expressly by specific acts of the legis-
lature or implicit where it is necessary to the exercise of
specifically conferred powers or powers essential to the pur-
pose for which the municipality was created. The power of a
local government to acquire property by condemnation is more
limited than the power to acquire by other means. Authority
to use the power of eminent domain will generally not be im-
plied. 1

In addition, a local government may not acquire land un-
less it is for a public purpose or use. It is common for a
statute which authorizes acquisition to include a section
which states that land acquired under the act is for a public
purpose. Such legislative determinations of public purpose
axe given great weight but are not conclusive. What consti-
tutes a public purpose is ultimately determined by the
courts.

Two tests have evolved as limits to the public purpose
doctrine: the "use by public" test and the "public benefit"
test. Early North Carolina cases rejected the public benefit
test> which permits acquisition as long as it tends to pro-
mote the welfare of the community.4 Undex' the more stringent
use by the public test, the acquired property must actually
be used or employed by the public.> For example, acquiring
land for an industx'ial park which would eventually be pur-
chased from the government by private industries wcmld prob-
ably meet the public benefit test but would not meet the use
by the public test.6

*' ', "' '~  ""
matthew Bender, 1974!, Vol. A, p. 6.

Jack Goodman, "Note," 52 North Carolina 4kw Review 863
�974! .

Cozard v. Hardware Co., 139 N.C. 253, 51 S.Z. 932 �905! .



Lawrence Senn, "Note," 46 North Carolina Law Review
668 �968!.

5 Ibid., y. 664.

Ibid ., p. 668 .
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I.B. Land Banking

I.B. l. Advance Site Acquisition

Advance site acquisition involves the purchase of land
for public facilities in advance of actual need. This tech-
nique has enabled state and local governments to: �! fore-
stall rising land prices caused by inflation, and �! pre-
empt private development from developing those sites best
suited for public use.l

authority of state and local governments to acquire property.
No additional enabling legislation is required prior to its
use.

I.B.l.b. Viabilit --The viability of this technique in-
volves considerations i entical to those discussed below in
Section I.E., llee Simple Acquisit ion.

The technical limitations on the use of this technique
are funding and expertise. The main element of expertise in-
volved  in addition to those discussed under Section I.E.! is
comprehensive planning capab i 1 ity . Loca 1 i ties that lack this
capability will not generally be able to use this technique
ef fective ly.2

If the advance acquisition program is administered prop-
erly, the cost of acquisition  including holding costs! can be
reduced.> This technique reduces the monetary barriers to fee
simple acquisition, but nonetheless requires large expendi-
tures .

As shown below, all levels of government use this tool
and are equally able to use it effectively.

I.B. l.c. Where~ It Has Been Used and to What Ef fect � a
survey conducte in I 66 indicate that about one-third of
American cities with populations over 50,000 used advanced
acqu4sitiop programs .< Some examples which demonstrate the
cost savings aspect of the technique are listed below.

Richmond, Virginia's master plan designates sites that
wil'i eventually be acquired by the city. The city may acquire
the designated property whenever private construction is con-
templated for the parcel. The city's power to block new con-
struction in designated sites means that it need not purchase
and demolish recently constructed buildings. According to a
HUD study, the program produced a benefit cost ratio -of 2:1.5
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The Board of Education of hlontgomery County, Maryland
operates an advance acquisition program for school sites which
has saved an average of $37,000 for each of 17 sites incl.uded
in a HUD study.

The State of California, through the Division of High-
ways, has financed advanced acquisition of high~ay rights-of-
way. It is estimated that the land purchased between 1952

- and 1966 fox' $62 .5 million would have cost $380.5 million if
acquired when actually needed.7

I.S.l.d. Le al Issues--The courts have generally upheld
the localities' rig t to acquire land well in advance of
actual need.8 Advance acquisition  condemnation ior a future
use! was recognized by the U.S. Supreme Court as early as 1923
in the case of Rind e v. Los A eles Count 262 U.S. 700
�923!.9 A decision by the Nort arolina Supreme Court,
which upheld the taking of 1and for construction of a public
airport when thexe were only seven privately owned planes in
the county and no commitment from commercial airlines to use
the airport,10 indirectly supports this idea. Thexe the court
said; "If the taking is in reality for the purpose of making
the property available for use by the public, it is immaterial
that in the immediate future, only a small segment of the pub-
lic will be likely to make actual use of it.">1

I.B.l.e. Coastal A lication--This technique is very
valuable in the context o general growth management, but has
no characteristics which make it peculiarly applicable to
coastal zone management.

1David Srower et al., Growth R
ment Tfm~nnL  Chapel Hill, N. C.: C
~u8 ies, 1974 !, pp . 119 -121 .

2
Ibid ., p. 124 .

Thr'ou h Deve lo
r a and Reg onal

3 See, 8.g., discussion of Richmond, Virginia's system
 Sec. I.B.l.c.!.

The concept of advance acquisition is indirectly supported
in N.C.G.S. 160A-372 which allows a boaxd of education to re-
serve school sites in advance of actual need when school sites

are included in the local government's comprehensive land use
plan. Whenever a subdivision is submitted for approval which
includes part or all of the school site, the board can pre-
vent it fx'om being subdivided by acquiring it within 18 months.



4 Brower et al., p. 120.

5 Ibid ., pp. 122-123

Ibid., p. 122.

Ibid ~, p . 123 .

ibid., p. 135.

Robert J. Kckert, "Acquisition of Development Rights:

352   1969! .

Vance County v. Royster, 271 N.C. 53, 155 S.E.2d 790
�967! .

11 ibid ~ p 60

12Broeer et al., p. 120.



170

1. B.2. Growth Management

Land banking for the purpose of managing growth involves
the public acquisition of land for eventual use by the govern-
ment or resale to the private sector in order to influence the
character and t iming of growth. 1 The land bank accumulates a
stock of real estate, and growth is influenced by decisions
involving when to sell parcels, to whom they should be sold,
and what restrictions should be placed on the use of the par-
cel.

North Carolina Constitution which limit the authority of the
state to create a land bank or engage in land banking. Local
governments would require enabling legislation by the N. C.
General Assembly in order to create a land bank because they
have only those powers expressly conferred and those neces-
sar i ly implied f rom express powers which do not include
the po~er to engage in land banking.

banking to control growth has been stated as follows:

There are just too many people who have a legitimate
vested interest in maintaining the present pattern of
private land ownership, or who believe that they have
such an interest, or who are just philosophically op-
posed to a vast expansion of the public role in the
economy .~

Opposition to this technique centers on the following
features of land banking:

I. Land banking captures for the public appreciation in
land values4 which otherwise would go to landowners or spec-
u lators.

2. Land banking reduces the cost of raw land not owned
by the land bank by eliminating the possibility of land
scarcities which are contrived by developers and by disposing
of property in the land bank at belch mhrket prices.5

This tool requires an extremely high level of expertise,
particularly in the areas of estimating impacts of the program
on the overall land market, optimizing investment policies,
land acquisition and f inancing.

ln addition, lack of sufficient funds may preclude the
use of this technique by many local governments. The amount
of land required to carry out the objectives of the land bank
depends on the objectives themselves, as well as the physical,



171

economic and social characteristics of the area,6 but will
often require more money than local governments are willing
to invest.

During the start-up period, revenues from the sale of
previously acquired parcels will be below expenditures, Funds
must be provided by other sources, the most likely being state
and federal sources or debt financing. The problem with debt
f inancing is that in order to secure it, a land bank must
pursue policies that are li,kely to generate at least enough
revenue to service the debt, These policies in some instances
might conflict with ot.her policies and objectives  such as
keeping land prices low! .7

The problem of f inances bears directly on. the choice of
the appropriate land banking entity which is discussed
be low .

There are four types of entities capable of land bank-
ing. The following discussions outline some of the advan-
tages and disadvantages of each.

1. Public purpose corporations can be set up to operate
in a broad geographical area, are not restrained by the con-
stitutional limits on state and local debt, and are relatively
autonomous with no direct voting constituency.s On the nega-
tive side, it is argued that public corporations do not have
sufficient accountability to the public and that the primary
legal responsibility of a public purpose corporation is to its
stockholders rather than the general public.>

2. Regional or metropolitanmide agencies are advocated
because land markets and growth problems are often regional
in scope, Unfortunately, no governmental bodies exist which
have both a regional perspective and the necessary power to
implement a land bank. Xt is unlikely  for political reasons!
that councils of government will be empowered to carry out a
land banking function.lo

3. Municipalities face several problems which limit the
possibilities of land bhnking at the local level. First, the
problems that land banking tries to deal with are often re-
gional. A~nicipality's power of eminent domain is often
restricted to its jurisdictional boundaries. Second, most
municipalities do not have the financial resources to initi-
ate an effective land banking program.l

4 . The pros and cons of land banking at the state level
have been described as follows:

The major advantage of k statewide land bank is its abil-
ity to allocate substantial resources throughout a large
region, and the power to relate regional planning to
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those areas of the state which do not contain urban con-
centrations but which are obviously vital to the eco-
nomic or environmental welfare of the entire state. Its
drawbacks, of course, are its potential to spread itself
too thinly throughout the state and to deal with insuf-
f icient sensitivity to local problems. 1>

I.B.2.c. Where It Has Been Used and to What Effect--
So far, none of t e states ave a opte genera purpose land
banking schemes. Most foreign land banks have been success-
ful but are carried on in such different economic, social, and
political climates that their experiences are generally not
considered to be transferable.13 The preeminent example of
European land banking is Stockholm, which has followed a pol-
icy of largemcale acquisition since 1904. Public land bank-
ing has been instrumental in establishing the 18 planned com-
munities in the Stockholm area. Over half of the city' s
population lives in areas acquired by land banking.14

Saskatoon, Saskatchewan has been able to keep land prices
down through land banking despite great population increases.
Land prices there are substantial ly lower than in comparable
Canadian cities.15

managing growth was challenged in the U.S. courts in Common-
wealth v. Russo. lg The use of the power of eminent domain
by a Puerto Rican land banking agency was challenged under
the United States and Puerto Rican constitutions.

The legislation under attack created a public corpora-
tion which was authorized to acquire land and keep it in re-
serve for the public benef it, without any particular use being
designated for the land at the time of taking. The landowners
in the Russo case claimed that the government was prohibited
from condemning private property until there was a specific
use for the land and a clear public necessity for doing so.
In upholding the legislation, the court stressed the need to
regulate land, given the large population and small size of
the area. 17  The particular land conditions of the Common-
wealth are cited as a reason why the decision has little rele-
vance to the continental United States. >8!

The fact that the United States Supreme Court dismissed
the appeal of the Rosso case is an indication that the court
agreed with the decision. But, assuming that land banking is
permissible under the UvS. Constitution, the technique is
still subject to challenge under the North Carolina Constitu-
tion.
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Whether or not land banking for the purpose of growth
management will be upheld in North Carolina will be directly
affected by the North Carolina Supreme Court's treatment of
the "public purpose" requirement.  See previous discussion
of public purpose in Section I.A., Acquisit ion: Introduc-
tion. ! The direct resale ot public land to private devel-
opers has been upheld in the case of urban renewal as a valid
public purpose, and urban renewal cases will undoubtedly be
relied on in arguments for the validity of land banking.

I. B.2.e. Coastal A lication-Wnce the feasibility
problems  inc Luding legal and unding problems! are worked out,
this tool could become the backbone of a local government's
environmental protection and growth management plans. Con-
trolling the rate and location of growth through disposition
of the property in the land bank would be even more effective
if used in conjunction with capital programming. Because
the local government owns and sells a good portion of the
developable land in the area, it does not need to rely as
heavily on regulation as would otherwise be necessary. The
restrictions put on the use of property that is sold can be
designed to ensure that the use is compatible with the envi-
ronment . The restrictions can be as stringent as the local
government wants because the taking problem is not raised
when the government is selling the land rather than regulat-
ing it.

Ignt T~tmin  Chapel Hill, N. C.: Center for Urban and Regional
St udies, 1974!, p. 120.

Town of Grimesland v, City of Washington, 234 N.C, 117,
66 S, Z, 2d 794 �95 1! .

3Sylvan Kamm, "The Realit ies of Large Scale Public Land

D.C.: Urban Land Institute, 1975!, 87.

4 Rrower et ala 1 p, 128,
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Richard P. Fishman, "Public Land Banking: Examination
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I.C. Transferable Developmeat Rights  TDR!

The basic coacept under lying TDR is that ownership of
1aad gives the owner a bundle of rights, each of which may be
separated from the rest aad transf erred to someone else . The
right to develop the Land is one of these rights. 1 Under a
TDR system, an owner caa sell this development right to an-
other property owner who is required by statute to collect a
specified number of development rights before developing his
or her own pr operty .

Under a typical TDR system, the government awards develop-
ment rights to each parcel of developable land in the commun-
ity based on acreage or value of the land. The system is set
up so that no owner possesses enough development rights to de-
velop all of his or her property without buying some rights
from someone else. Persons sell their development rights on
the opea market because they do aot want to develop or are
prohibited by some regulation from developing their property.
Land for which development rights have been sold cannot be
developed.

The system would work ia the following way. Suppose A
owns four acres of land aad the land has been allocated two
development rights. If A is required  by a regulation! to have
one right per acre ia order to develop the land for commercial
purposes, A has two choices. First, A can develop just two
acres and use up a11 the allocated deve1opment rights. In that
case the remainiag two acres cannot be developed because their
rights have been transferred. Alternatively, A can buy two
more rights oa the market and develop the entire four acres.

The basic rationale for TDR is that it eliminates the in-
equities involved ia present zoaiag schemes which create and
destroy massive increments of land value with ao effort
being made to adjust the highly disproportionate land valua-
tions that are produced.>

The use of TDR is predicted to eliminate substantially
the value shifts aad inequities of zoninp by allowing the
market to compensate owners who under a normal zoning scheme
would have the development potential of their Land restricted
with no compensat ioa.

In addition to being proposed as a basic Land use system
that caa replace zoning, TDR has been suggested as a means of
preserving opec space, preserving landmarks, preserving eco-
logically sensitive areas, and managing growth.4
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I.C. 1. Authority

Most of the proposals for the TDR recognize that enabl-
ing legislation will be required as authority for the system.
New York City has based one of its modif ied TDR systems on ex-
isting zoning enabling legislation. That system, which is
discussed below, was overturned by a New York trial court
 though not f or lack of statutory authority! . It would appear
that enabling legislation would be needed in North Carolina
prior to the implementation of a TDR system.

I.C.2. Viabi lity

TDR runs counter to traditional notions of property
rights. The newness and novelty of the concept would appear
to render it politically unacceptable in North Carolina at
present. TDR requires a high level of expertise and staffing
in designing as well as administering the system. One proposal
for TDR suggests that in preparation majox studies would be re-
quired to investigate the costs and wastes of present develop-
ment practices, to document and analyze the desirable ends to
be gained by better regulations, and to outline the x'ights of
landowners as they are presently served by zoning and as they
might be better served by TDR. An interdisciplinary team of
economists, experienced land developers, financiers, planners,
lawyexs, and physical scientists should be assigned the task of
developing several model structures for the creation and pre-
cise legal and technical definition of development rights, in-
cluding a thorough analysis of tax consequences and recording
problems, and the management of the market place structure for
the sale and exchange of development rights.>

I.C.3. Appropriate Level of Government

Ai present TDR is implemented only at the local level,
but there ax'e proposals to allow state agencies to operate
TDR systems.

I.C .4 . Where It Has Been Used and to
What Effect

TDR is currently in use in St. George, Vermont, and New
York City. St. George, a small town of under 500 residents,
is located in a rapigly growing urban area. It is using %DR
as a means of controlling its growth. The town purchased 48
acx'es of land where the town will attempt, through zoning and
TDR, to f ocus its growth.



To develop the land designated as the village center
 which includes the 48 acres of town-owned land!, a developer
must purchase development rights from landowners outside the
village center. As explained by one observer:

The net effect of this plan is that the development will
be concentrated in the designated area aad the owners of
laad outside the village will be compensated by the sale
of their development rights f or the loss of their right
to develop their own land, The rate of the development
of the village will be regulated by the rate at which
the Tawn issues the certificates of development rights.

As af Larch 1974, negotiations were underway, and private de-
velopers were indicating an interest in developing property
in the village.

New York City designed a plan to preserve historic land-
marks on the TEiR principle aad a plan to preserve parks. His-
toric landmarks are almost never as large as their zoning
would permit. Often it is more profitable for a landmark
owner ta tear down the buildiag and construct a larger struc-
ture. The New York ordinance authorized landmark owners to
sell the square footage allowed by zoning which has nat been
utilized to owners of nearby lots. The purchasers of the de-
velopment rights can then exceed the bulk allowed by the zan-
iag regulations by the amount of square feet they purchased.
The purchase price campeasates the landmark owner for pre-
serving the building.

After four years no transfers under the system had taken
place. The reasans postulated for the failure of the system
to win the confidence of landmark owners and developers are
 l! inadequate analysis of the economic burden of landmark
ownership and of the urban design consequences of the trans-
fer system, �! oneraus admiaistrative controls of dubious
necessity, �! general uncertainty of the program's legality,
and �! reliance on voluntary participation by landmark
owners,7

A second New York City ordinance which uses TDR prin-
ciples resulted from public opposition to a developer's pro-
posal to build on two small private parks. The City Planning
Commission responded by creating a special park district pro-
hibiting development on designated parks aad requiring that
the develapmeat rights of those parcels be transferred to
owners of land in anather separate area af the city. Owners
of parcels who bought development rights were to have their
floor area ratio increased by as much as 20 percent.8 This
system was struck dawn by a New York trial court. For de-
tails, see the discussion below.
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I.C.5. Legal Issues

The New York system designed to preserve parks was in-
validated in Fred R. French Investin Co. v. Cit of New York
77 Misc, 2d 1 , N.Y. The court ru e
that the zoning regulation destroyed the economic value of
the park property and was therefore unconstitutional. The
city's attempt to transfer the development rights to another
area was invalidated because it did not give tenants and
property owners in the transfer district an opportunity to
voice their objections in a public hearing as is required for
zoning changes.

The taking problem is not the only legal problem that
TDR faces. TDR conflicts with accepted interpetations of the
uniformity provision in typical zoning enabling legislation,
i.e., that all regulations shall be uniform for each class or
kind of building throughout each district. Some of the pro-
posals are also likely to be challenged on equal protection
grounds by property owners who feel the system has unfairly
discriminated against them and on substantive due process
grounds by those who claim that the purposes of TDR are not
legitimate governmental objectives and/or that the means are
not rationally related to the objective.

In spite of the legal problems the concept faces, TDR's
advocates claim that the legal precedent exists and that
judicial approval, while not assured, is a good possibility.

I.C.6. Coastal Application

If the legal Nr oblems involved with TDR were worked out,
this tool could be very useful in the coastal area. Develop-
ment pressure which is required before TDR becomes feasible
is obviously present in the coastal area. TDR could be used
to prevent development in environmentally sensitive areas of
the coast if owners of such land were allocated development
rights and other landowners were required to buy development
rights from them in order to deva ihip.

1Jerome G. Rose, "Transfer of Development Rights: A Pre-
view of an Evolving Concept," 3 Real Estate Law Journal 331
�975!.

John J. Costonis, "Development Rights Transfer: An Ex-
ploratory Essay," 83 Yale Law Journal 96 �973!.
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I.D. Acquisition of Less Than Fee Interests

Ownership af property consists of a bundle of rights,
which may be purchased in whole or in part. Fee simple own-
ership includes the entix'e bundle of rights, while a less
than fee interest constitutes some lesser bundle of rights.
An easement is an example of less than f ee interests in land.
Easements convey some set of legal rights over land to a
second party, while retaining basic title and ownership with
the first party.

Easements may be affirmative or negative. An affirmative
easement is a right to use land. A governmental body which
wants to establish a system of hiking tx'ails may purchase an
easement from the property owner which would grant to the pub-
lic the right to hike on certain parts of the property. A
negative easement will prevent the owner of land from using it
in certain ways. A local government may buy a scenic easement
in order to prevent the owner from doing anything which would
destroy the aesthetic attractiveness of the property.l Ease-
ments are pax'ticularly useful tools when regulation will not do
the job and fee simple acquisition is not necessary or de-
sixwble, This section concentrates on negative easements be-
cause they are less well known and offer greater potential for
environmental protection than do affirmative easements.

I.D.1. Authority

North Carolina counties and municipalities are authorized
to acquire easements "in order to preserve, through limita-
tion of their future use, open spaces and areas for public
use and enjoyment"  Open Spaces Acquisition Act, N.C.G.S. 160A-
40l ~t sece.!. In most cases, the types of. easement obtained
under the Open Space Acquisition Act will be easements in gross,
~hich means that there is no adjacent property ~hich is bene-
fited by the easement. The North Carolina Supreme Court has
held that easements in gross are interests which are personal
to the grantee  the party to whom the easement is granted! and
terminate at the death of the grantee. However, when the
grantee is a. local gov'ernment, the easement ~ould presumably
continue as Iong as the local'government exists.2 Many states
have found it desirable to enact legislation that has the ef-
fect of reducing the property tax on land for which an ease-
ment has been granted. The North Carolina Trails System Act
 N.C.G.S. 113A et ~se .! allows changes in value which are the
result of an easement  granted to the Department of Administra-
tion pursuant to the Act! ta be taken into consideration in
the assessment of the land for tax purposes. The Open Space
Acquisition Act does not contain a similar provision. How-
ever, there is a strong argument that property tax relief is
available in the absence of such legislation:
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G. S . 195-3 17 a! �! requires t he a ppr a iser to consider
several items, including zoning and "any other factors
that may affect its value." A conservation easement
resembles in some ways a zoning restriction, which is
specifically mentioned in the statute, and it is clearly
another "factor that may affect" the value of the land.
In a revaluation year, then, the grant of an easement
would have to be taken into account by the appraisex' and
would result, in many cases, in a reduction of the tax
value of the property. . . . In nonrevaluation years,
the situation is somewhat more difficult. . . . It can

be argued that the grant of a conservation easement by
the landowner and the acceptance of the grant by the
governmental unit should be treated the same as a zon-
ing change--as a "circumstance external to the prop-
erty" requiring reappraisal under G.S. 105-287 b! �! .3

I.D.2. Viability

The political viability of this technique is essentially
the same as that of fee simple acquisition. A more important
impediment to the effective use of this technique is the fact
that a large part of the general public is not familiar with
easements and is reluctant to get involved in a transaction
with the local government due to their uncertainty about the
technique.4

The technical limitations on the use of this technique
are money and expertise. The cost of acquiring an easement
that restricts development in an area that is developing will
be almost as great as buying a fee simple interest.> There
are several attributes of easement acquisition which reduce
the overall cost. When a fee simple interest in property is
purchased by a local government, the land is taken off the
tax rolls. When an easement is purchased, the property is
still taxed. Even when the taxes are reduced on the prop-
erty subject to the easement, the government may come out
ahead for two reasons. First, property restricted by this
kind of an easement may not require many municipal services.
Second, the 1ower taxes are commonly recouped through in-
creased valuations on nearby property which is made more val-
uable by the assurance that nearby property will not be de-
spoiled by development.6 Another attribute which makes this
technique cheaper than fee simple acquisition is that the
o~ner of the property has the responsibility f or maintenance.

Easement approval increases the likelihood that a land-
owner will donate an interest in the px'operty. Relatively
few landowners are wealthy enough or public-spirited enough
to give away title to their propex ty, but many may be willing
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to give an easement, particularly if the valuation of their
property is decreased for tax purposes. A gif t of an ease-
ment ta a local government can also enable the owner to de-
duct the value of the easement from his or her income tax as
a charitable gift.>

North Carolina legislation does not include provisions
for penalties to be imposed when the conditions of the ease-
ment obtained under the statute are violated, Local govern-
ments est enforce the easement by suing the landowner. The
cost of enforcing an easement  through a civil action! is a
cost not incurred in fee simple acquisition.

The expertise required to make the most effective use of
this technique is the ability to anticipate development pres-
sure.8 Once development pressure exists, the cost of acqui-
sition approaches that of fee simple acquisition. Legal
expertise is also required for easement acquisition. Ease-
ments often must be tailored to the individual parcel of land.
The terms must be explicit in order to give the landowner suf-
ficientt notice of what rights have been relinquished. Failure
to spell out the rights of each party may result in renegotia-
tion with the landowner over some use not excluded but not
specifically allowed for in the agreement or litigation re-
sulting from a misunderstanding.9 Both results are costly.

X.D.3. Where It Has Been Used and to
What Effect

This technique has been used throughout the United States.
An example of the cost saving aspect of this technique is pro-
vided by the Wisconsin Highway Commission which has purchased
scenic easements along many miles of highway at about one-
half of the price of fee simple acquisition.>o The Blue
Ridge Parkway in North Caro1ina is also protected in some
areas through scenic easements.

I.D.4. Lega1 Issues

The validity of this technique will not be successfully
challenged if there is enabling legislation and if the public
purpose test is met. The public purpose test was discussed
earlier in Section I.A., Introduction.
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I.D.5. Coastal Application

Easements or less than fee interests could be purchased
in the coastal zone as an alternative to regulation in some
cases. Negative easements could be purchased as a way of
preventing development in critical areas while permitting
other rights, such as hunting or fishing rights, to remain
with the landowner. Conversely, affirmative easements might
be acquired in some cases as a means to provide access between
public highways and the publicly owned beach. Since easements
are expensive, it will probably be desirable to reserve their
use for situations where the same purpose cannot be achieved
through regulation, but where it is not essential that the
public retain entire title to the land. In some cases, own-
ers of critical or scenic environmental areas may be ~illing
to donate negative easements to the public in return f or lower
tax assessments on the property. For some owners this could
be an attractive way of performing a public service while at
the same time guaranteeing themselves a buffer of open space
to protect their remaining property.

Wil liam A. Campbell, "Conservat ion Easements: An Ef fec-
tive Teal in the Enviranmentel Kit," ~Po alar Governnent
 Chapel Hill, N. C.: Inst itute of Government, April 1973!, p. 37.

Ibid .

Clyn Smith, "Easements to Preserve Open Space Land,"

Ibid., p. 741.

il. moore, "The Acquisition and Preservation of Public
3t 6!.

Ibid., p. 272.

Smi the p» 74 l

Ibid., p. 737.

Ibid., p. 735 .9

lOCampbe l 1, p. 37.
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I.E. Fee Simple Acqu is it ion

Fee simple acquisition means acquiring full or absolute
title to the property. This technique is used when full use of
the property by the public is required. 1 When the full use of
the property is not required to achieve the public goal, munic-
ipalities generally look to some less expensive way to achieve
their objectives, such as acquiring a less than fee interest
 see above, Section I.D.! or compensable regulation  see be-
low, Section I.F.! .

I.E.1. Authority

The general authority to acquire interest in real prop-
erty is granted to North Carolina counties and municipali-
ties in N.C.G.S. 153A-158 and 160A-11. Arguably in light of
the broad construction to be applied to these chapters, these
general grants of authority are sufficient to empower a local
government to acquire land for a public purpose without a
specific statutory authorization. For example, the general
grant of authority would probably empower a local government
to acquire areas of environmental concern designated under the
North Carolina Coastal Area management Act,

N.C.G.S, 15AM44 and 160A&53 authorize local governments
to purchase property for parks or recreational purposes. The
legislation would appear to allow a local government to pro-
tect some areas from development by converting the land to
recreational use  which by definition does not have to be in-
tensive use!.

I.E.2. Assisting Authority

The Department of Housing and Urban Development is author-
ized to make 50 percent grants for acquisitions and development
of open space, in urban areas to local and state governments if
needed to carry out a comprehensive plan element  U.S.C.A.,
Title 42, 1500  a! b!!,

Grants can also be given to local and state governments
for the acquisition of open space in undeveloped areas which
will guide future urban development. The limit of such grants
is 75 percent of the cost of acquisition  U,S.C,A., Title 42,
1500  c!�!! .

I.E.3, Viability

The political viability of purchasing fee simple inter-
ests in property is largely determined by the local political
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climate and the use for which the property is purchased. Land
acquisition is ia itself a sensitive operation due to the
amounts of money generally involved and the complicated nature
of transactions betweea a local govexnment and its citizens.2
The use of condemaation proceedings to acquire propex'ty is,
of course, more politica11y volatile than acquisition by con-
ventional purchase.

The expense of fee simple acquisition seriously reduces
the utility of this technique. The level of expertise of the
local govex'nment can inf luence the cost of acquisition. Exper-
tise in securing state, federal and private grants for acqui-
sition; in stimulating donatioas of praperty from private
sources; and expertise ia all phases of the acquisition pro-
cedure  including appraisals and negotiation! can reduce acqui-
sition expenditures.>

All levels of government use fee simple acquisition and
axe equally suited to using this tool, depending on the pur-
poses for which the land is acquired,

I.E.4. Where It Has Been Used and to
What Effect

Virtually all local governments use fee simple acquisi-
tian, usually to acquire locations for public facilities such
as fire stations, schools ar parks. Some programs that are
designed to achieve less traditional objectives are:

l. Boca Raton, Florida started a land acquisition pro-
gram for the purpose of expanding public access to the beach
front. By November 1973, almost 74 acres of beach front had
been obtained. The city had spent about $17 million for acqui-
sitioa as of July 1974.<

2. Boulder, Colorado initiated a greenbelt program in
1967 which is purchasing foothillg land on the outskirts of
the city for scenic preservation. As of 1973, it had bought
or optioaed more than 2,700 acres .6

3. Palo Alto, California allocated $4 million to begin
an acquisitioa program of foothills surrounding the city. The
program is the result of a development study which concluded
that it would be cheaper for the city to buy the land than to
allow it to be developed.>

I.E.5. Legal Issues

Challenges to a local government's authority to purchase
 rarely litigated! or condemn property are infrequent. The
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big issue is generally price and not authority. When the
authority to condemn is challenged, it is usually on the
basis of the "public use" clause in both the North Carolina
and U,S. constitutions.  See above, Section I.A,, Intro-
duction, for a discussion of the public use doctrine.!

I.E.6. Coastal Application

As mentioned previously, it would appear that local gov-
ernments could acquire AEC's under their general grant of
authority to acquire land. Several of the North Carolina
statutes which grant authority to purchase property for spe-
cific purposes and which appear to be most relevant to growth
management in the coastal area are mentioned here . N .C .G .$,
153A-438 authorizes counties to acquire property "for pre-
serving or restoring facilities and natural features that af-
ford protection to the beaches and other land areas of the
county and to the life and property of the county." N.C.G.S.
160A-491 authorizes cities and towns to make similar acqui-

sitions.

N.C.G.S. 160A<01 et ~se . authorize municipalities to
acquire "open space," which is broadly defined as:

any space or area  i! characterized by great natu-
ral scenic beauty or  iij ~hose existing openness, natu-
ral condition, or present state of use, if retained,
would enhance the present or potential value of abutting
or surrounding urban development, or would maintain or
enhance the conservation of natural or scenic resources.

This definition appears to be sufficiently broad to encompass
objectives of scenic protection as well as resource conserva-
tion.

The status of open space as a public purpose has been
cLarified by Article XV, Section 5, of the North Carolina
State Constitution which declares that it is the "policy of
this State to conserve and protect its lands and water for
all its citizenry ." Among the types of open space mentioned
are parks, recreational areas, forests and wetlands, estu-
aries, beaches, historical sites, open lands and places of
beauty. In addition the amendment states that to fulfill
this public purpose, the State and all local governments may
acquire the fee simple or lesser interest in properties by
purchase or donation. After acquisition the land can be placed
in the newly established "State Nature and Historic Preserve"
by dedication to and acceptance by the General Assembly. Thus
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a public pur pose for open space does exist . land that quali-
fies as open space can be acquired by local governments.

tens: An Evalnation of ~Polio Related Research  Minneapolis:
School of Public Af f airs, University of Minnesota, 1974!,
p. II I-2.

 "'" """:
Pergamon Press, 1968!, p. 38.

3Ibid,, pp. 33-41.

4Gleeson et al., p. II-18.

5Ibid., p. II-23.

SK
and Control of Growth, I, ed. R. W. Scott et al.  Washington,
D.C.: Urban Land Instit'cte, 1375!, 73.

Ibid., p. 71.
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I.F. Compensable Regulation

A system of compensable regulations provides compensa-
tion to landowners whose property values have decreased due
to land use regulations  usually zoning regulations! . There
are two basic kinds of compensatory systems.

The first type of system is designed to save restric-
tive regulations from being struck down by the courts. While
property may be regulated to a certain extent, if the regula-
tion is too restrictive it will be recognized by the courts
as a "taking" of property by the government. When a court
finds that a particular regulation has taken the property in-
valved, the regulation is usually struck down. To avoid that
x'esult, compensable regulation legislation is drafted to give
the government the option of compensating the landowner for
the taking to prevent the regulation from being held uncon-
stitutional.

The second type of compensatory system is designed to
provide compensation to landowners even when the regulation
falls short of taking the property. For example, a proposal
developed in Oregon would compensate landowners when the value
of their land is reduced by more than 20 percent as a result
of land use regulation.

Theoxetically, this technique assures equitable treat-
ment of property owners while permitting more flexibility in
the government's choice of regulatory or acquisition strate-
gies.

Supporters of this technique claim it has the following
advantages:

l. A system may be devised so that compensation need
not be paid in advance.

2. Compensation could be paid only to persons who have
specif ic development plans thwarted by regulations.

3. If the compensation becomes too f inancially burden-
some, the government can modify the regulation.

4 . A case-by-case system of assessing and awarding dam-
ages can be developed.

On the other hand, objections to these techniques are
that:

There simply is not sufficient money in public trea-
suries to support such a program.
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2. A system of compensable regulation will deter gov-
ernments from enacting and enforcing desirable land use
restrictions .

3. The system is subject to misuse as an exclusionary
zoning tool.l

Chart A describes various systems of compensable regu-
lation, most of which have not been tried but are in the pro-
posal stage.

I.F.1. Authority

It is not clear under North Carolina law whether specific
enabling legislation is required for either type of compensa-
tory scheme. Xt is probably necessary even for the type that
compensates only for takings  where the compensation is al-
ready constitutionally required!. Absent some legislation,
there is no guarantee that the courts will not strike down
the land use regulation that the government wants to save.

Proposals for the type of system that awards payments
for decreases in land value that are less than takings invari-
ablyy include enabling legislation. Arguably though, if the
payment for the decrease in land value is viewed as the con-
demnation award of an interest in land which the government
has taken  similar to a negative easement!, the po~er of emi-
nent domain is sufficient authority for the payment. The
power of eminent domain exercisable by North Carolina munici-
palities, however, is more limited than the power to acquire
by purchase, The regulations could be used only in those in-
stances where the power of eminent domain is authorized .

I.F.2. Viability

Neither type of compensatory system is in use in North
Carolina, but neither appears to be politically infeasible.
To the extent that this technique is vie~ed as a way of al-
lowing more extensive land use regulation as opposed to com-
pensating landowners for regulations currently in effect,
this technique will probably arouse some hostility among some
property owners,

Funding is a major problem for compensatory systems,
particularly those like the Oregon proposal which awards pay-
ments for decreases in value where there has been no taking.
Proposals f or compensable r egu lations are of ten accompanied
by proposals for a tax or unearned increments in land value.
The theory behind the tax is that land appreciates due to
public activity and public improvements. The public is a.l-
lowed to capture the appreciation in value which it generated
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through taxes and spends the tax to compensate landowners
whose land value was decreased by a regulation for the bene-
f it of the public.

It is not easy to generalize about the administrative re-
quirements of implementing the regulations. As Chart A shows,
administration can be simple or complicated, depending on how
compensation is computed and awarded.

I.F.3 . Where It Has Been Used and to
What Effect

Although a few states have old statutes on the books
which permit compensation in very limited circumstances,
there appears to be only one modern instance in which a com-
pensatory scheme was developed. Dayton, Ohio passed an ordi-
nance restricting most of the land surrounding a nearby air-
port to low-density uses, but provided an administrative
procedure ~hereby claims can be filed alleging an unconstitu-
tional taking. If the taking is proved, the city must either
raise sufficient funds to compensate the landowner or allo~
the proposed development to take place.>

Most proposals are geared to implementation by local gov-
ernments, but the appropriate level of government would vary
with the type of system  see Chart A!.

I.F.4. Legal Issues

There is no case law on compensable regulations. How-
ever, potential challenges to the regulatory aspect could be
based on any of the grounds used to challenge traditional
zoning ordinances and should be disposed of in the same way.
The compensatory aspect could be challenged as an invalid
expenditure. It is uncertain how this issue will be resolved
by the courts.

I.F.5. Coastal Application

This technique would be useful in the coastal area in
two situations: �! where the local government ~ants to in-
crease the extent to which it can regulate and �! where the
local government wants to even out the hardship caused by land
use regulations. Because of the lack of funds in coastal coun-
ties, it is assumed that the local governments will want to
use compensable regulations only in the first situation.



It is not possible to develop a list of. when this tool
should be used, but the following determinations should be
made before the tool is used:

l. That other regulations do not go as far as the
local government ~ould like.  Given the broad authority to
regulate AKC's and the other available regulatory mechanisms,
in most cases compensable regulation would not be warranted
at least in terms of environmental protection.!

2, That the regulation is worth the expenditure neces-
sary to validate it.  The amount and method of. computing
this expenditure will vary depending on how the system is
set up. See Chart A.!

3 . That enough parcels of land are affected to warrant
an approach other than a case-by~ase use of condemnation or
court proceedings.

Robert I . Rhodes, "Property Rights: Yours, Mine, Ours
Florida Envlronsental and Urban Issues 11  August

1975! F 4.

2 Chart A is reprinted from Rhodes, p. 5.

Fred Bouse lean et al., The T~akln Issue: An A~nal sis of
the Constitutional Limits of Land Use Control  Nashington,

En v !ter
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I.G. North Carolina Land Conservancy Corporation

The purpose of the North Carolina Land Conservancy Cor-
poration is to acquire and develop land in the State in its
natural and unaltered condition for recreational and his-
torical purposes. 1 More important, it is to provide a mech-
anism for quick movement on desirable tracts of land.

I.G. l. Authority

The authority is vested in the North Carolina Land Con-
servancy Corporation by N.C.G.S. 113A-135.

I.G.2. Viability

The corporation is governed by a nine-member Board of
Trustees appointed by the Governor, Lieutenant-Governor and
the Speaker of the House. The Board has power to acquire
land but cannot spend funds without approval of the Department
of Administration, the Governor and the Counci 1 of State. The
Corporation is also dependent on State-appropriated funds,
since it cannot issue bonds. Thus, with its present structure,
the Corporation seems incapable of effectively acquiring lands
for preservation. So far the Board of Trustees has not been
appointed.2

I.G.3. Coastal Application

At present this resource is unavailable to local govern-
ments in the coastal area. The basic purposes of the Cor-
poration appear sound, and if the present administrative
problems could be solved the Corporation would have signifi-
cant coastal applications.

N .C .G.S . 113A-135.

grConversations with Robert Teulings, Natural Areas Stud-
ies, State Parks Section of the Division of Recreation Re-
sources, July 1975.
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I.H. Land and Water Conservation Fund

Sixty percent of the Land and Water Conservation Fund is
used to provide 50 percent grants to states and through states
to local governmental units for the acquisition and develop-
ment of public outdoor recreation areas and facilities. To
be eligible the state must have a comprehensive outdoor rec"
reation plan which is revised and updated continuously. The
plan is used to determine the capital investment priorities
for acquisition, development and protection of. all types of
outdoor recreation resources. Projects identified as
high priority are eligible for funding and can include bicycle
paths, hiking trails, roadside picnic areas, swimming pools,
city parks and state parks. In addition the applicant must
agree to maintain the area and facilities. 1

I. H. l. Authority

The Bureau of Outdoor Recreation is authorized to admin-
ister the Fund set up by the Land and Water Conservation Fund
Act of 1965 as amended  P.L. 93-303! .2

I.H.2, Assisting Authority

The State agency participating in the grant program is
the North Carolina Department of Natural and Economic Re-
sources, Division of Recreation Resources, State Parks Sec-
tion. North Carolina does have a comprehensive outdoor rec-
reation plan and so is eligible for the grant program. To
date 12,900 acres at a cost of $6.2 million have been acquired
in North Carolina with the aid of the Fund.3

I. 8.3. Viabi li ty

State assistance to local governments in North Carolina
has been by land acquisition, technical and advisory services,
education and training, recreation and cultural programs and
planning, but not by purchase of recreation equipment or
recreation facilities. State assistance to private sector
has been by technical and advisory service,.education and
training and planning, but not by grants, loans and credit
assistance, tax incentives or promotional assistance.4

I. H.4. Coastal Application

This resource should be tapped by any local government
that wants to maintain public outdoor recreation areas
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and facilities. picnic areas and beach front parks would ap-
pear to be high priority projects in which local governments
in the coastal area should be especially interested.

Land and Water Conservation Fund Fact Sheet.
2 Land and Water Conservation Fund Act of 1965, as amended

by P.L. 93W03 �974! .
"North Carolina's Coastal Resources," North Carolina

Mar ine Science Couaci 1, Rale igh.

4 Outdoor Recreation--A Legacy for America," Bureau of
Outdoor Recreation, 1973, Tables 4-7 and 4-8.
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I. I. Tbe Nature Conservancy

The Nature Conservancy, established ia 1954, is a na-
tional conservation orgaaizatioa supported by public contri-
butions, foundation grants and membership dues. Its purpose
is to preserve ecologically and environmentally significant
land. The Nature Conservancy acquires land through purchase
using its General Fund, through donations by private indi-
viduals and organizations, through cooperative programs
involving other public and private conservation groups, and
through special programs of advance acquisition for local,
state and national parks, forests aad wildlife refuges.l

I. I. 1. Authority

The Nature Conservancy is a charitable organization aad
tax exempt under Section 501  c!�! of the Interaal Revenue
Code. The national office is at 1800 North Kent Street,
Arlington, Virginia 22209.

I.I.2. Coastal Application

Ia the past North Carolina has relied upon the Nature
Conservancy to purchase and hold land until the State could
obtain the fuads to acquire title.

In December of l975 the Nature Conservancy purchased 19
barrier islands off the coast of Virginia for preservation in
their natural state. Land transactions in coastal North Caro-
lina include Chowan S~amp  Gates County!, Great Dismal S~amp
 Camden Couaty!, Cape Lookout  Carteret County! and Jockey's
Ridge  Dare County!.

The Nature Conservancy, "The Nature Conservancy News,"
Release No. 46-74 �975!.

2
The Nature Conservancy, "The Ten Most Asked Westioas"

 pamphlet! .

3
The Nature Conservancy, "The Nature Conservancy News,"

1972, p. 22 .
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I. J. Estuarine Sanctuaries

Under the Estuarine Sanctuaries program, matching grants
are given to coastal states for one-haLf the cost of acqui-
sition, development and operation of estuarine sanctuaries
for research and educational purposes.>

I. J. 1 . Au thor i ty

The Office of Coastal Zone Management in the National
Oceanic and Atmospher ic Admi nistrat ion is author ized to ad-
minister this program by the Coastal Zone Rlanagement Act of
1972  P.L. 92-583! .2 No estuar ine sanctuaries to date have
been acquired by North Carolina under this program.

I. J.2. Legal Issues

It is unclear whether the grant program includes actual
estuarine waters or surrounding estuarine land or both. The
State owns all waters below the mean high tide so most likely
this program would increase marshes and other adjacent estu-
arine lands in State ownership.

I.J.3. Coastal Application

It seems clear that if the State wishes to acquire unique
marshes and other estuarine lands, this grant program should
be utilized, Interested local governments should contact the
State concerning the acquisition of especially valuable estu-
arine areas in their jurisdiction and inquire about the grant
program.

William Brennan, "Balancing Man's Demands of the Sea
and Shore," NOAA 4  October 1974!. Reprint.

Coastal Zone Management Act, P.L. 92-583 �972!
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II. PUBLIC SPENDING

II,A, Introduction

The power to spend is not specifically granted to the
General Assembly in the North Carolina Constitution, or to
the cities by the General Statutes, although that power has
clearly been exercised and is considered valid.

The maj or limitation on the city's right to expend mu-
nicipal revenues is that the expenditures must be for a public
purpose. The requirements for satisfaction of the public pur-
pose test under the spending power are generally the same as
those discussed under the taxing po~er. l Although the ques-
tion of public purpose is usually decided on the specif ic
facts of a particular case, two basic tests are often used:
that the expenditure is reasonably related to the operation of
the city government, and for that the expenditure promotes the
general welfare of the community. The first standard may be
met when the city can demonstrate that it is doing something
it is authorized to do under the General Statutes.

The second standard may be a little more difficult to de-
f ine. The public welfare is not confined to public necessity,
but may mean public convenience as well.2 The use need not be
for the benef it of every citizen in a community, but may be
for inhabitants of a restricted area, so long as use and bene-
fit are not for particular persons, interests or estates.>

Due in part to a lack of speci f ic def inition of public
purpose, the courts give substantial ~eight to the legisla-
tive declaration of public purpose,4 and will generally con-
tradict that declaration only where the purpose is clearly
pr ivat e or ma ni f es t ly i nc or re ct .

The major challenges with regard to the spending power,
however, may result from a city's decision not to spend. Lost
of the services provided by a city are extremely expensive and
are essential to the growth and development of the community .
The North Carolina statutes aud case law relevant to this
question are discussed below in Section II.E., Utilities Ex-
tension, and that is the situation in which statutoxy chal-
lenges most commonly arise. Broader constitutional issues
are discussed below in Section II.F., Development Timing, as
these comprehensive regulations are most often the context in
which the constitutional issues are raised. The discussion of
these issues in specific sections by no means indicates, how-
ever, that they are relevant only to those specific topics.
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Green v. Kitchin, 229 N.C. 450, 50 S.E.2d 545 �948!.

2 Keefer v. Town of Lake Lure, 246 N.C. 252, 141 S.E.24
252 �965!.

Ibici .

Dennis v. Raleigh, 253 N.C. 400, 116 S.K.2d 923 �960! .
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II.B. Capital programing

A capital program is usually a timetable by which a city
indi,cates the timing and level of municipal services it in-
tends to provide over a specified period of time. Generally,
the program is laid out for a 5 to 10~ear period, although it
may be shorter or longer according to a town's confidence in
its ability to predict its future needs. For example, the
town of Ramapo, N. Y.  see below, Section II.F., Development
Timi.ng! put together a capital program which extends for 18
years and is supported by 6-year capital budgets, which take
into account the short-term city revenues projections.

Capital programing can be used by itself as a growth man-
agement technique. By tentatively commiting itself to a time-
table for the provision of capital for the extension of city
services the city can control its growth to some extent, es-
pecially ~here the surrounding area is of such a nature that
provision of on-site sewage disposal and provision of ~ater
are not unusually inexpensive. Few developers will be able or
willing to put up sufficient capital to develop land according
to a schedu le different from that of the city 's capital pro-
gram. Both developers and planners can benefit from the
relative certainty that such a program provides.

The capital program is far more effective, however, as a
part of a more comprehensive growth scheme. A utilities ex-
tension policy  see belo~, Section II.L.! in accord with strict
zoning plan will allow a city to control development more pre-
cisely with regard to time and place, than would a simple
capital program.

II.B.l. Authority

The power to draw up a capital program is not explicitly
granted to cities by the General Statutes of North Carolina,
although the authority is granted to issue revenue bonds
under N .C .G.S . 159"83, and general obligation bonds under
N .C .G .S . 159&8 . The requirements for the preparation, fil-
ing, and content of the city budget are found in N.C.G.S.
159-11 to 159-l3. A capital program would merely require the
use of these powers in conjunction with one another and a
city's engineering and planning officers.

II.B.2. Viability

Capital programing generally requires some staff and
expertise to engage in long-range planning.
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II.B.3. Where It Has Been Used and to
What Effect

litany North Carolina municipalities, particularly the
larger ones, use capital programing.

II.B.4. Legal Issues

In and of itself, a capital program is subject to chal-
lenge only if its elements fail to meet the procedural and
substantive requirements of the Local Government Finance
chapter of the North Carolina General Statutes  Chapter 159!.
Where the program proposes to restrict growth to any sub-
stantial degree, it may be challenged on constitutional
grounds  see below, Section II.P., Development Timing!.

II.B.5. Coastal Application

A capital program would be very useful in the context of
a growth management plan for a coastal area. Because coastal
soils and topography are generally not well suited to de-
velopment, more elaborate precautions are necessary to mini-
mize environmental damage. If a town offers to provide the
necessary infrastructure in a certain location at a specific
time, development will tend to gravitate around that infra-
structure because of the lower cost of using community-
provided facilities.

The capital program itself may not be enough to control
development in many coastal areas, however, because demand
tends to be strong, and individuals may very well be willing
to spend the substantial extra sums necessary to provide an
infrastructure. Where this is the case, the use of other
tools such as environmental regulations, zoning and acqui-
sition may be necessary far adequate control of development.
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II.C. Urban and Rural Service Areas

The designation of urban and rural service areas is one
way in which a city or county may generate its tax revenues
on a more equitable basis. The taxing authority classifies
each parcel of land within its jurisdiction according to
whether it is slated to receive services or not  i.e., as an
urban or rural service area!, and imposes a higher tax rate
on those parcels which are to receive services.

The logic behind the use of this tool is that those
ax'eas which are receiving minimal or no services are not
putting as heavy a burden on the governmental revenues as are
those areas which do receive services. User fees paid by the
heavily serviced areas do not compensate for the enormous ex-
penditure of capital for the initial provision of facilities,
and arguably, the nonserviced areas should not be forced to
bear the additional costs until services are extended.

This tool is probably most equitable and least open to
constitutional challenge if applied in conjunction with a
capital program and sewer extension policy which will assure
that the benefit af services will be conferred only on those
who have borne their share of the burden of increased taxes

This tool will probably be most effective if used in con-
junction with a regulatory program which xestricts development
to the serviced or designated areas. Without such regulatory
scheme it is possible that the land which is designated "rural"
will become more attractive for development We to lower
tax bills, and thus, lower land costs.

II.C.L. Authority

There is no authority in the North Carolina General Stat-
utes for the designation of urban and rural service areas, to
which different tax rates might apply. Under Article V,
Section 2 �! of the North Carolina Constitution, however, the
General Assembly does have the authority to specify classifi-
cations of real property to which different tax rates may ap-
ply. That authority is nondelegable with regard to real
property, and so clearly cities and counties do not have the
authority to set up classifications systems on their own.

II.C.2. Where It Has Been Used and to
What Effect

This tool is used in the Nashville, Tennessee Metropoli-
tan government. It has not been in effect long enough to
assess accurately its effectiveness.
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I I.C.3. I egal Issues

This type of tool is open to challenge as violative of
the uniformity of taxation language found in most state con-
stitutions. It has been upheld, however, by the Tennessee
Supxeme Court with regard to its use in the Nashville Metro-
politan area.~ The Nashville city and Davidson County gov-
ernments were merged with the consent of the voters. In lieu
of the previous property tax system, in which the county levied
an additional tax on its own residents, the county was divided
into a general service district and an urban service district,
and a separate tax rate was applied to each. The court found
the new system to be substantially the same as the previous
entity. Thus, the court found no reason why a diffexent tax
rate could not be administered to the new system as it had
been under the old system, based on the provision or lack of
urban sex'vices. The court seemed to put substantial emphasis
on the intent of the framers rather than the actual constxuc-
tion of the constitutional provision involved, which may limit
the usefulness of this decision in other jurisdictions or
under a different set of facts.

II.C.4. Coastal Application

Urban and rural service area designation could be par-
ticularly useful in the coastal areas because of their ability
to distribute equitably the high cost of services provision,
and because they allow a town to guide development away from
environmentally sensitive areas such as marshes and washover
areas. Where development pressures are particularly strong,
as they are in many coasta 1 regions, this tool allows a gov-
ernment to set general limits on its population growth dur-
ing a specific period in order to facilitate planning for
that growth.

See Frazier v. Carr, 210 Tenn. 565, 360 S.W.2d 449
�962! .
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II.D. Annexation

Annexation is the means by which a city increases its
land area, The procedure for annexation is controlled by
statute. Generally the area to be annexed must be contigu-
ous to the city, but provision is often made for the annex-
ation of noncontiguous areas under certain conditions. As a
precondition to annexation a North Carolina city must demon-
strate that it has a plan to extend services to the area  see
N.C.G.S. 160A&7! . Annexation procedures may originate with
the city, or the residents of the area to be annexed if that
area is not contiguous to the city. The city's power to an-
nex is not absolute, however . If 15 percent of the qua lif ied
voters residing in an area which a city proposes to annex
sign a petition calling for a referendum, a city must call
that referendum and a. majority of the so qualified residents
must approve.

The use of annexation policy as a land use control is
fairly clear. Because the decision to annex is discretionary,
a city may control the direction of its growth, favoring that
laud area which is best able to support development, is clos-
est to transportation routes, etc., and disfavoring develop-
ment in areas of environmental sensitivity. Further, a city
may control the timing of its growth to ensure that municipal
facilities are capable of bearing the additional load. Annex-
ation is particularly effective when used in conjunction with
a utility extension policy, as the primary difference between
annexed and non-annexed land is the duty to provide utilities
service,

II.D.1. Authority

Power to annex is granted to the cities by N.C.G.S. 160A-
24 to 160A-58.6. The statutes generally cover the rights of
a city to annex, the duties of a city which attempts to annex
and the procedures to be followed in the annexation process.

I I.D.2. Viability

The diff iculty of compiling the annexation report re-
quired by statute which includes maps and plans for the pro-
vision of services will vary from situation to situation.
However, the procedural prerequisites to annexation are prob-
ably less of a stumbling block than political opposition to
annexation.
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II.D.3. Where It Has Been Used aad to
What Effect

Virtually all municipalities at some point exercise their
annexation powers. There is a lack of iaformation on how an-
nexation can be used in the coastal area to further land man-
agement objectives.

II.D.4. K,egal Issues

Most of the challenges to annexation in North Caroliaa
have been based on procedural defects. Coastitutioaal ques-
tions might arise on an Equal Protection ground if a city were
to select arbitrarily those areas it would annex, but a city
must only show a rational basis for its annexation policy.
Thus it would seem that a city with a comprehensive plaa and
growth policy based on an evaluation of the relevant environ-
mental and social factors involved in annexiag specific areas
would be able to pass constitutional muster.

II.D.5. Coastal Application

Annexation can be particularly useful in the context of
coastal development. The envirommental sensitivity of many
coastal areas requires that development be carefully regu-
lated, and annexation allows a city to apply a broad range of
regulatory aad other powers to the annexed area. But as
noted above, annexation of land creates a duty in the munici-
pality to provide services to that land. Thus, annexiag a
swamp or marsh may not protect, but actually encourage de-
velopment of that area if services will have to be provided.
If the land is capable of supporting some minimal develop-
meat, the municipality may restrict the zoning to that type
of development, but if the land wi1,1 not support any develop-
ment, the city may be forced to acquire the land in order to
avoid the "taking" issue.



207

I I.E. Ut i li ties Extension

The provision of se~er treatment and water supply facil-
ities is one of the most important and expensive services
that a municipality provides. These services are essential
to the growth and development of the city, and because of the
time and expense involved, capital programs are usually de-
veloped well in advance of their actual implementation. Be-
cause the existence of those services is a key element in the
developer's decision process, control over the extension proc-
ess provides the city with a powerful means of controlling the
type and location of development

In general, the manipulation of utility extension policy
has two types of effects. A decision not to extend services
to a specified area or not to expand current facilities can
make development prohibitively expensive or put a limit on the
growth of the city as a whole. By coordinating its utility
extension policy with its comprehensive plan, a community may
control the location and type of development that vill occur
in specific areas'

There are a number of advantages in the use of a utili-
ties extension policy to control growth. It is generally less
expensive than land acquisition and less subject to legal chal-
lenges. By making the serviced land more attractive for de-
velopment than generally less expensive land in outlying areas,
it reduces the necessity of county or areamide land use regu-
lation. It is less subject to change over time than are zon-
ing regulations. And finally, it puts a limit on the growth
potential of the community without opening up the broad con-
stitutional challenges available under more thorough develop-
ment timing and permit limitation schemes.

II.E.1. Authority

Authority to construct and maintain electric power gen-
eration, transmission and distribution systems, water supply
and distribution systems, and sewage collection and disposal
systems is granted to cities under N.C.G.S. 160A-312. Cities
are further granted the authority to finance the construction
of such systems by N.C.G.S. 160A-313, to fix and enforce rates
to be charged for use of the systems by N.C.G S 160A 3 14 ' and
to require that landowners within the city limits connect to
the system under N.C.G.S. 160A-317.

II.E.2. Viability

The political viability of this technique depends upon
the extent of the restrictions imposed by it. A moderately



restrictive program will be far more palatable to developers
and residents than will a very restrictive policy, To the
extent that the restrictions increase the value of the homes
of the current residents, however, those residents may be
inclined to support them,

A fair amount of technical expertise is necessary to de-
sign a utilities extension policy, although much of it is
available in moderate sized communities. Consideration must
be given to the projected demand for facilities, capability
of the current system, projected revenues and expenses within
the city' budget and the environmental constraints affecting
the system,

In most states, only municipalities are given control
aver utilities extension policy, although a few states  e.g.,
Maryland! require county approval of municipal decisions to
extend utilities services.

II.E.3. Where It Has Been Used and to
What Ef feet

The use of utilities extension as a part of a growth can-
trol strategy is common, It has been used with varying success
in a number of areas, including Montgomery and Prince George' s
count ies in Maryland; Ramapo, New York; and Bou lder, Co lorado.
It is diff icult to evaluate the success of this tool in par-
ticular, because it is almost always used in conjunction with
such other tools as capital programing, access to existing
facilities and general zoning restrictions. In 1974, the
City of Durham, North Carolina enacted a utilities extension
policy, the effects of which cannot yet be determined.

II .E.4. Legal Issues

The use of utility extension policy as a tool for con-
trolling the growth of a city is somewhat limited by the
statutory and case laws of North Carolina. Within the city
limits a city is required to provide equal service to all in-
habitants, once it provides service to any inhabitants, 1 and
the city may require inhabitants to connect to the city sys-
tems.2

The city may extend utility services beyond the town
line, but only within reasonable limits and for the public
benefit,3 but is under no duty to do so.4 A city must con-
sider, in extension beyond the town boundaries, the amount of
territory to be serviced, its distance from the town and the
effect extension will have on customer rates and the town's
capital debt structure.5
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If a city decides to extend services beyond the town line
it has a certain amount of discretionary power to condition
the provision of those facilities, and to set the rates to be
charged for those services. Because the agreement to pro-
vide services to extraterritorial areas is of a contractual
nature, the city, in its proprietary capacity, may require
that specific conditions be met, it ~ould seem. And because
the city is under no duty to provide services, those condi-
tions may vary substantially with the particular circum-
stances, absent equal protection problems.

Although the city is also allowed to set rates for the
use of its services, this aspect is perhaps subject to greater
restraint in that rates charged to all extraterritorial cus-
tomers must be substantially similar to avoid equal protection
problems. Charging substantially higher rates will not be
held discriminatory when it applies alike to all extraterri-
torial customers, and so the city may only use this method to
discourage all growth outside the city limits and may not
simply discourage or encourage growth in a particular direc-
tion.

With regard to areas which the city intends to annex, it
has little discretionary power with regard to the provision
of services, Under N .C .G .S . 160&53 . 15 the city must make
plans for the extension of services to an area which it pro-
poses to annex, and those plans must set forth the proposed
method of financing such extension. That duty cannot be
delegated.6

II.E.5. Coastal Application

This tool may be particularly useful in coastal environ-
ments in which the soils and topography are not well suited to
provision of on-site sewer and water facilities. The avail-
ability of city water and sewage disposal facilities may be
crucial to the development of areas such as marshes or wash-
over areas because of the cost involved in providing onmite
facilities which will meet state and local health regulations.
When demand for development is strong, however, it is likely
that the extra expense of providing adequate on-site facili-
ties will not prevent development. In such cases, other regu-
latory and acquisition tools may be required to control de-
velopment.

Fulgham v. Town of Selma 238 N.C. 100, 76 S.E.2d 368
�953! .

2G, S . 160A-3 17.
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3
To~n af Grimesland v. City of Washington, 234 N.C. 117,

66 S.E.2d 794 �951! .

Fulgham v. Town of Selma..

5 See generally Public Service Co. of N.C., Inc. v, The
City of Shelby, 252 N.C. 816 �960! .

In re Annexation Ordinance, 255 N.C. 633, 122 S.K,2d 690
 l961!.
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II.F. Development Timing

Development timing is designed to put limits on the phys-
ical and demographic growth of a town which is under substan-
tial pressure to expand its services to provide housing for an
expanding population. The ordinance is usually set up to co-
ordinate that expansion with the town's f iscal ability to
provide services, and fur ther, is connected with a town's
comprehensive plan in order to control the quality of the de-
velopment.

The power of a development timing ordinance lies in the
f act Chat cert ain services essent ial t o t he deve lopment of new
housing, i.e., sewage disposal, water supply and roads, are so
expensive that a developer must usually rely on a municipality
to provide the capital for them. Thus, a municipality can ex-
ert substantial leverage on the location of and timing of
growth as well as the absolute limits of growth, through the
denial or provision of municipal services,

Development timing ordinances are enforced by means of
the mnicipality's control over the permit-letting process,
and justified by its connection with a comprehensive plan.
These ordinances require that a permit be issued for each
d~elling constructed, and that the municipality may condition,
or, absent constitutional restraints  see below, Section II.F.4,
Legal Issues!, completely deny any development on land within
its jurisdication on the basis of the current or anticipated
lack of services, even though the municipality would generally
be held responsible for their provision  see above,
Section II.E., Utilities Extension! . Using a comprehensive
plan to delineate the location and type of development desired
and a capital program to schedule the provision of services,
the city can make available to the deve loper with reasonable
certainty information concerning when the development of a
special parcel will be allowed and the type of development
that will be allowed.

The development timing ordinance could be extremely use-
ful in channeling development into areas best suited to sup-
port it. The comprehensive nature and extended duration of
the ordinance offer a far more stable atmosphere in which a
city may protect those land-related assets which are most
precious. The thorough research and survey work which are
necessary for the application of an ordinance to a specific
area should provide the city with substantial justification
for its judgment as to ability of specific areas to support
various degrees of development, Phasing the development al-
lows the city to assess the validity of its judgments in time
to prevent environmental damage on similar sites elsewhere
in the community.
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II.F,l. Authority

Municipalities in North Carolina have been granted the
authority to regulate development within their jurisdications
by the General Assembly. Under N.C.G.S. 160A-381 a city is
empowered to regulate the development which takes place within
its jurisdiction through the general police power, and in the
issuance of permits, a building inspector is required to fol-
low the provisions of those regulations literally.l

Cities are further empowered to regulate the subdivision
of land within their jurisdiction. Under N.C.G.S. 160AW72,
a city may enact a subdivision control ordinance to provide
for orderly growth and development. Although the statute
appears to stress the positive regulation of subdivision de-
velopment, it recognizes the right to condition development
on the provision of community service facilities in accordance
with municipal policies and standards. N.C.G.S. 160A-373 al-
lows the city to condition further the right to develop on the
approval of either a planning agency or the city council, or
both.

While the above statutes have been sufficient to grant
cities the power to enact general Euclid type zoning ordi-
nances, the comprehensive power granted by a development tim-
ing ordinance is arguably not within the statutory grant of
authority. There is no relevant case law in North Carolina,
but a development timing ordinance has been challenged in
Ramapo, New York, as an exercise of power not granted to the
city by the state legislature.2 The plaintiffs argued that
there was no grant of authority to control the timing of de-
velopment, and that the purpose for which the ordinance was
enacted was not authorized by law . The highest court in the
State of New York held that although the State Zoning Enabling
Act did not specificalLy authorize a development timing ordi-
nance, such power was implied in the legislation.> The New
York enabling legislation is substantially similar to that
f ound in the North Carolina statutes. Further, under N.C.G.S.
160A-4 the legislature indicated that the provisions of that
chapter be broadly constructed "to include any additional
and supplementary powers that are reasonably necessary or ex-
pedient to carry them into execution and effect."

II.F.2. Viabi Lity

As discussed be1ow in Section II.F.4., Legal Issues, the
level of staffing and expertise required to implement a de-
velopment timing ordinance is beyond that which is available
to most municipalities. In addition to technical problems,
the political viability of this tool is questionable. In
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some cities where this tool has been implemented, developers
aad construction interests have strenuously fought these
ordinances.

II.F.3. Where It Has Been Used and to
What Effect

Development timing ordinances have been eaa.cted in two
cities in the United States � Ramapo, New York, and Petaluma,
California. Both ordinances have been challenged in the
courts and a discussion of the results of those challenges
caa be found below in Section II.F.4.

II.F.4. Legal Issues

Constitutional objections to development timing ordi-
nances are generally based on four grounds: substantive due
process, the taking issue, the right to travel, and equal
protection of the laws.

II,F.4.a, Substantive Due Process--The substantive due
process argument is base upon language in the Fifth and
Fourteenth Amendments to the U.S . Constitution, and contains
two elements; first, that the objective of the ordinance must
be a legitimate governmental objective, and second, that the
regulations imposed by the ordinance must be rationally re-
lated to the objective.

Two recent cases concerning development timing ordinances
have involved such due process issues, and have been decided
in favor of the municipalities. The case of Golden v. Plannin
Board of the Towashi of Rama o involved the town of Ramapo,
New York, which is located about 25 miles from New York City,
and which had come under substantial growth pressures in the
middle and late 1960's. Following extensive studies on the
capacity of the land within the town boundaries, the public
services available, population trends ia the area and other
factors related to the population growth in the area, the
township adopted a Master Plan which sought to keep the town's
population increase at a moderate level, and to preserve the
rural, semirural and suburban character of the community. A
Comprehensive Zoning Ordinance was then enacted designating
over 90 percent of the available land for residential use,
much of it with large minimum lot sizes.

The third step consisted of the adoption of a six-year
Capital Budget based on studies of the sewer and drainage sys-
tems, and the demands of the Master Plan. The township fur-
ther adopted a Capital Program which provided for the loca-
tion and timing of the basi.c services for the subsequent 12
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years! which would put the township at its maximum desirable
development capacity. To tie development to the Capital Pro-
gram, the township further enacted an Amended Zoning Ordinance
which required the developer to obtain a special use permit
from the Town Board before he could begin construction. The
permit would be issued only when a certain number of public
facilities were available in the area, The developer could
either wait until the township had put in the facilities, or
show evidence that he had provided them himself .

The ordinance was upheld by the highest court in New York
State, The court f ound that the pur pose of the ordinance,
directing the growth of population through a phased develop-
ment ordinance, was within the scope of the traditional zoning
purposes recognized as valid in Euclid v. Ambler.5 Recog-
nizing the usual presumption of validity granted to a legis-
lature's judgment as to the suff iciency of the relationship
between the regulations and the permissible governmental ob-
jective, the court upheld the ordinance as a valid means of
serving the welfare of the community.

The case of Construction Industr Association of Sonoma
8

Francisco which found itself under growth pressures similar
to those in Ramapo. Following studies by the city planning
department, the city council adopted an official growth policy
in 1971. The plan created an "urban extension line" beyond
which the city would not annex land or extend services for
the next 15 years. Within the line the number of building
permits to be issued yearly was limited to 500, approximately
one-third to one-half of the estimated market demand. As in
Ramapo, permits were issued to a developer on the basis of a
competition in which various proposals were rated according
to an "intricate" system which is apparently not as forth-
right as the Ramapo system.

The Federal District Court held the ordinance to be un-
constitutional, primarily because it violated the plaintiff's
right to travel, but also noted that the purpose of the ordi-
nance was to exclude prospective residents, and thus, was
illigitimate in the absence of showing of a compelling state
interest.7 The Ninth Circuit Court of Appeals reversed, how-
ever, finding that the plan was not exclusionary, and fur-
thered a legitimate state purpose, and that the plan bore a
rational relationship to that purpose.8 The U.b . Supreme
Court has declined to review the Circuit Court decision.~

There is no statute in North Carolina recognizing the
control of gxowth as a, legitimate state purpose, and there
have been no cases decided on that issue.
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II.F.4.b. The Takin Issue--The taking issue is based
on the Fifth and Fourteenth Amendments of the V.S. Constitu-
tion which prohibit the taking of private property by govern-
ment for a. public use without just compensation. Where a
regulation on the use of certain parcels of land is so re-
strictive as to constitute a conf iscation of the land, the
courts will require that the owner be compensated.

The taking issue was litigated in R~ama o as the plain-
ti f f s contended that the deve lopment of some land within the
area was prohibited for as long as 18 years, and that such
strict regulation amounted to a taking. The court disagreed,
however, holding that the land was not permanently prohibited
from development, but only temporarily denied that right.
Although the court opinion did not discuss the matter, it
should be noted that the ordinance allowed development where
the developer was willing to provide the necessary services,
and that during the period in which the land could not be de-
veloped, that land could be revalued for tax purposes to re-
flect the decreased value caused by the regulations.

Two aspects of the Reams o situation deserve further at-
tention in light of the North Carolina situation. First, the
court in R~ama o may have been willing to uphold the ordinance
because of the extensive planning powers which pzeceded it and
the attempt to mitigate the adverse economic impact of the
plan. Elements of that process were; the use of professionals
in the analysis of problems and proposal of solutions; a posi-
tive commitment by the town to assure the provision of lover
income housing; an affirmative commitment by the town to assim-
ilate growth; a capital facilities plan and budget which re-
flected the commitment to growth; tax relief for property
temporarily enjoined from development; retention of economic
uses for property despite the deferral of the right to de-
velop; and a def inite time period for the vesting of develop-
ment r ights . Clear ly a great deal of manpower and money went
into the creation of the plan, and most North Carolina cities
will not have such resources available.

Second, the Ramapo ordinance was based on an 18-year time
period which was jusK77ied because of the enormous develop-
ment pressure that it was under. It is doubtful. that pres-
sures of similar magnitude will be present near North Carolina,
cities, and so the time period will need to be shortened ac-
cordi ng ly .

II.F.4.c. Ri ht to Travel-Whe Supreme Court has re-
cently held that the right to travel, although not specif i-
cally mentioned in the Constitution, is a fundamental indi-
vidual right, and that it inc'judes the right to migrate,
resettle and find a new job. Phased development ordinances,
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by placing restr ictions on the rate and absolute limits of
growth of a town will necessarily restrict the right of an
individual to move into the area so restricted. This issue
was not discussed by the court in ~Rasa o but the District
Court in Petaluma based its decision to invalidate the ordi-
nance on the restrictions which the plan placed on the right
to travel. That court refused to accept any of the justifi-
cations offered by the city as sufficiently compelling to
justify the restriction on a fundamental right. The Circuit
Court avoided the right to travel issue, holding that the
plaintiff construction association did not have a right to
travel, and could not assert a claim on behalf of a group of
low-income plaintiffs who had themselves been denied the right
to be parties to the suit.

II.F.4.d. E ual Protection--Although the Equal Protec-
tion argument was not ra se n either the Rama o or Petaluma
cases, an argument can be constructed that ewe opmen~tt ming
ordinances create arbitrary and unreasonable classifications,
and are therefore prohibited under the Fourteenth Amendment.
Such an argument would have to show that similarly situated
developers were treated differently and that that treatment
was arbitrarily or unreasonably applied. This was clearly not
the case in R~ama o and Pets luna where permit competitions
were judged according to standards which measured the avail-
bi lity of services in the proposed development area, or the
quality of the development proposed.

II.F.5. Coastal Application

Development timing is useful in coastal areas in which
environmental problems are often acute and development pres-
sures strong. The scarcity of fresh water and the inability
of the soil to support on~ite sewage disposal are good rea-
sons  within and outside of the court system! for the use of
this tool in developing areas of the coast. The expense of
provision of environmentally adequate facilities in beach
areas, marshes, etc., will make it diff icult for a developer
to build housing in those areas which can compete economically
with housing constructed in municipally serviced areas. On
the other hand, coastal property is prime land for develop-
ment, and developers and landowners can be expected to be par-
ticularly stubborn in their opposition to such an ordinance.
Furthermore, the expense of providing a staff competent to
do the preliminary work is likely to be greater than most
coastal governments can afford.

Lee v. Board of Adjustment 226 N.C. 107, 37 S.E.2d 128
  1946! .



Golden v. Planning Board of the Township of Ramapo 334
N,Y.S.2d 138, 285 N.E.2d 29l, appeal dismissed 409 U,S. 1003.

334 N.Y.S.2d 138, 146-

4 See f n. 2, supra, f or full citation.

272 Q.S. 365 �926!.

522 F.2d 897 �975!, rev'g 375 F.Supp. 574  N.D. Cai.
1974! .

375 F . Supp . 574, 582 W .

522 F,2d 897, 906.

U.S.
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II.G. Access to Existing Facilities

Regulation of access to facilities can be an effective
tool insofar as a town can control the number of users that

can connect to its water and sewage disposal systems, and the
number of entry points to its streets and highways. Access
is especially important to the timing of growth in that
through the use of the permit-letting power a city can coor-
dinate the actual provision of services with its fiscal
capability to expand.

The tool is especially powerful if used in connection
with a capital improvements program and comprehensive plan.

II.G.l. Authority

The authority to regulate public facilities such as water
supply and distribution systems, sewage collection and dis-
posal systems, and electric power generation, transmission
and distribution systems is granted to cities by N.C.G.S.
160AM 12 .

II .G.2. Viabi 1 ity

This is not a complex technique to set up or operate.
It requires that reasonable guidelines be drawn up on which

decisions about access will be based.

II.G.3. Where It Has Been Used and to
What Effect

This technique is used in Pinellas County, Florida, which
has limited water supplies. The Board of County Commissioners
requires that all building permit applications be reviewed by
the County Water Department if a development is located in an
unincorporated area and proposes to hook up to the county
water system. The developer must apply for a water alloca-
tion as part of the building permit application; a water al-
location must be granted before the building permit can be
issued.l

In the Salem, Oregon area, to gain access to the sewage
treatment facilities of Salem, the development must he lo-
cated in or be annexed to the City of Salem ar one of the two
sewer sevice districts in Marion County .2
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I I .G . 4 . Lega1 Issues

Regulation of access to public enterprise facilities is
limited by case law in North Carolina. Within the city limits
a city owes a duty to provide equal service to all inhabi-
tants. Outside city limits, however, a city has no duty to
provide service, and the provision of service is enacted
under the city's proprietary function. As such, the provi-
sion and access can be absolutely denied or conditioned and
the city may control the timing of development provided that
similarly situated land is treated uniformly. The city may
be subject to equal protection challenges if it fails to al-
low access to a developer af ter it has granted access to a
similarly situated developer. Thus, a city should restrict
access only in accordance with a comprehensive growth plan,
and a record should be kept of the reasons for acceptance oz
denial in each case.

II.G.5. Coastal Application

This tool is particularly useful in coastal areas because
of the difficulty and expense of providing services to de-
veloped areas. By limiting access to its facilities a town
under severe development pressure can to some extent control
the location and amount of new gz owth in order to protect its
fiscal resources and to protect those environmentally sensi-
tive areas which might be subject to development pressures.

1

An Evaluation of ~Polic Related Researc~hIHnneapolis: School
'T ~

2 Ibi d., p . I I -95 ~

3 Fulgham v. Town of Selma, 238 N.C. 100, 76 S.K.2d 368
�953! .
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I I I . TAXATION

II I.A. Introduction

Taxation, while not a l.and use control per se, may have
significant impact upon land use decisions. Its primary func-
tion is to distribute the tax burden so as to complement a
town's land use regulation and development scheme.

A municipality in North Carolina may levy a tax only if
specifically authorized to do so by the General Assembly.lThe Glneral Assembly has authorized cities to levy proper ty
taxes and a number of taxes of much less importance.> Cities
also have the power to levy special assessments4 if specific
procedures are f ol lowed. 5

There are four basic constitutional restrictions on the
power to levy local and county taxes: the tax must be levied
for a public purpose; the tax must not be arbitrary, caprici-
ous, unreasonable, prohibitive or confiscatory; all taxpayers
must be treated with substantial equity under the law; and
the tax must be applied uniformly within each class of tax-
able persons or things.

III.A.l. Public Purpose

Article V, Section 2, subsection 2 of the North Carolina
Constitution states: "The power of taxation shall be exer-
cised . . . for public purposes only." Although it is dis-
cussed here, the major challenges based on the public pur-
pose requirement are filed when the money is actually spent,
rather than when the tax is levied. The definition of publicpurpose is not ~tatic, but may change as various aspects of
society change. Thus, the legislative declaration of what
constitutes a public purpose is entitled to great weight in a
court's consideration, though such declaration is not con-
clusive.7 A public purpose is usually one which benefits
the town as a whole and not specific persons or estates,8 or
one which is for the support of the government or far any of
the recognized objects af the government.9> i<

III.A.2. Arbitrary, Capricious

Article V, Section 2, subsection 2 of the North Carolina
Constitution states: "The power of taxation shall be exer-
cised in a just and equitable manner." This requirement
basically reflects the due process clause of the Fourteenth
Amendment of the U.S. Constitution. The test is usually
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whether the tax has some fiscal relation to the protections,
opportunities, and benefits given by the local government, or
whether the local government has contributed anything for
which they can fairly ask a return. This test rests on the
theory that the taxpayer is to be justly compensated. by gov-
ernmental benefits for the taxes he pays.ll The legislative
body has freedom in deciding the amount of the tax, and. it
will usually be upheld by the courts as long as there is some
possible fiscal relation between the benefits provided by the
government and the return sought.

III.A.3. Substantial Equity

The substantial equity requirement recognizes that the
Equal Protection clause of the Fourteenth Amendment to the
U.S. Constitution demands that all persons in a specific
class, or similarly situated, must be treated in a substan-
tially similar manner. Article V, Section 2, subsection 2
of the North Carolina Constitution grants the General Assembly
a nondelegable powex to classify property, and requires that
each class be treated similarly throughout the State. The
General Assembly has delegated the classification power to
cities with regard to other taxes, and the cities are subject
to similar restraints. The oower of a legislative body to
classify is flexible, and the dominant limitation is that the
classification not be unreasonable or arbitrary,l2 and the
burden appears to be on the challenger to demonstrate the al-
leged unreasonableness.

I I I .A.4. Uni f ormity

The uniformity requirement is met when the rules dis-
cussed with regard to the classification of taxable persons or
property are applied to the individuals within those classes.
That is, the tax must be applied uniformly to all members of
a class and cannot be indiscriminately applied to certain mem-
bers of the class. 1 Uniformity must be coextensive with the
jurisdiction in which the classification has been made, and
thus, a state tax must be applied uniformly across the state,
and a city tax must be appl.ied uniformly throughout the
city. 14

1N.C.G.S. 196A"206, Person v. Board of State Tax Commis-
sion, 184 N.C. 499, 115 S.E.2d 336 �922!.

2 N.C.G.S. 160A-209 grants the power and N.C.G.S, 195-271
through N.C.G.S. 105-395 delineates the roles and procedures
to be followed in the administration of the tax.



N.C,G.S. 160A-210 through 160A-214.

4N.C.G.S, 160A-216,

N.C.G. S. 160A-217 t br ough 160A-236,

Martin v. North Carolina Housing Corp., 277 N,C, 29,
S.Z.2d 665 �970!.
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7Ibid,

8 Ibid.

9Green v. Kitchin, 229 N.C. 450, 50 S.E.2d 545 �948!.

0For further discussion of public purpose see 25 N C.
Law' Rev. 504 �947!, and Mitchell v. N,C. Industrial Develop-
ment Financing Authority, 273 N.C. 137, 159 S.R,2d 745 �968! .

State of Wisconsin v. J. C. penney Co,, 311 U.S. 435
�941! .

Southern Grain Provision v. Maxwell, 199 N.C. 66l,
155 S,E, 557 �930! .

3See Article V, Section 2, subsection �! of the North
Caro lina Const itut ion.

148ajoca Corp. v. Calyton, 227 N.C. 560, 178 S.R.2d 481
�971! .



I I I . B. Income Tax -Excess Prof its Tax

As a regulatory tool a local income tax on corporate and
individual taxpayers offezs a great deal of flexibility.
Through an alzeady wellMefined system of exemptions and de-
ductions  as found in the federal and most state systems!, a
taxing authority can provide incentives to conform to locally
determined, socially desirable goals. For instance, the value
of pollution control equipment could be exempted from taxa-
tion, and the costs of maintenance of, that equipment could be
deducted from gross income, Where the taxpayer chooses not
to buy the equipment and deduct the cost, the city may treat
the proceeds of the business as the result of an excess profit.
The tax on this excess profit would be used to reimburse the
local area for the ga,in which the taxpayer has realized at
the community's expense,

New York State has granted authority to municipalities
to levy a corporate income taxi and has allowed subtraction
from the gross income of a corporation, expenditures paid or
incurred for air and water poltution control equipment.> Five
other states  Pennsylvania, Maryland, Ohio, Michigan, Ken-
tucky! have granted municipalities the authority to levy in-
come taxes on corporations, though not all have enacted the
specific types of deductions found in the New York statutes .
All the above states and three more  Kansas, Missouri, Dela-
ware! allow local governments to levy personal income taxes.

The corporation tax would be especially useful in areas
where some deve lopment could be permitted but only on the
condition that the environmental effects of that development
were mitigated. The tax cauld then be calibrated to the
point where the corporation could install and maintain the
protective apparatus necessary, or ~ould pay suff icient tax
so that the local government could provide and maintain the
equipment. Clearly the tax would be a cumbersome tool to use
in areas which should not be developed at all, as the tax
would have to be prohibitively high.

The personal income tax could provide some minimal sup-
port perhaps for policies of environmental protection, through
the taxation of any income from securities in nonconforming
corporations, but such an indirect measure would probably
have little impact on a corporation's decision process.

III.B.1. Authority

Authority to levy a Local income tax would have to be
granted by the state legislature. The North Carolina General
Assembly has forbidden cities, towns and counties from levy-
ing income and inheritance taxes by N.C.G.s. 185-247.
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II I. B.2. Viability

This type of tax would be relatively easy to administer,
as the f orm of administration of the tax is already quite
well defined, and taxpayers are used to dealing with it. It
might be very difficult, ho~ever, to accurately calibrate the
tax to match environmental damage.

III.B.3. Where It Has Been Used and to
What Effect

No evidence was found of the use of the local income tax
as a land use control measure.

I I I.B.4. Legal Issues

There may be consitutional problems involved in the use
of a local income tax in Horth Carolina. If the General As-
sembly were to provide the authority to levy a local income
tax, a 1ocal government would have to be careful to classify
the type of activity it coasidexed harmful, and to apply the
tax uniformly to all members of that class.

III.B.5. Coastal Applica,tion

This tool is especially well suited to coastal areas be-
cause of their e nv ironmenta 1 sensitivity . I ndustr ies which
locate in coastal areas often use disproportionate amounts
of scarce resources  such as fresh water! and present substan-
tial problems of waste disposal. The excess profits tax of-
fers an opportunity for what tend to be poorer jurisdictions,
to require that industry compensate for any environmental dam-
age it may cause.

1Gen. City App. Section 3, McKinney 1968.

2 Tax Law 612, subsection 622, McKinney 1975.



III.C. Cost-Benef it Taxation  User Service
Charges, Land Service Charges!

The model for cost-benefit taxation is the user fees
commonly charged by cities for such things as garbage collec-
tion, utilities fees, etc. This system would attempt to
charge each parcel of land for the municipal services it
actively uses  garbage collection and utilities!, and those
services which are maintained but may never be used directly
by a given parcel  police and fire protection!.

The clear advantage of this model is that it would dis-
tribute the cast to the community of any particular service
among all wha benefit by it, and in proportion with that
benefit. Such a system ~ould clearly relieve a substantial
proportion of the heavy tax burden imposed on land which re-
mai ns undeveloped in the midst of a developing area, As
lang as the land had no structures on it, or persons inhabit-
ing it, it would require minimum police and fire protection,
minimal utilities use, etc., and thus it would pay very lit-
tle tax. It would not be forced to subsidize development
which occurred nearby because that development would be bear-
ing its own share of the burden.

W'ith accurate scientific data, the tax could be extended
to cover environmental costs of development so that to the
extent a specific development used a quantity of scarce re-
sources, that parcel of land would pay tax sufficient to en-
sure adequate resources to the area as a whole. A parcel
which lowered the water table to the detriment of other users,
or the town as a whole  loss of vegetation, etc.! would be
taxed to provide income sufficient to dig new ~elis, or build
a reservoir and pipeline.

III.C.I. Authority

The application of the cost-benefit madel would require
a complete restructuring of the property tax assessment sys-
tems in use at present. The legislature of any state has the
power to levy and collect taxes in any manner subject only to
constitutional restraints. The uniformity of taxation lan-
guage found in most state constitutions  including North Caro-
lina's! would not be violated under a cost-benefit scheme, as
the taxes would be levied according to the same standard re-
gardless of the size or use of the parcel.

III.C.R. Viability

The cost-benefit system would be most amenable to cities
which are relatively homogeneous in terms of the wealth of



the residents and use of the land. It is likely that the
lo~er incame sections of a city could not support their share
of the cost of services, and it is often the case that indus-
trial and commercial uses do not fully pay for their share.
To the extent that these groups are able to oppose cost-
benefit taxation, it can be expected that they will.

The technical expertise necessary to administer such a
system would be overwhelming. While user fees can be deter-
mined for services such as garbage collection and sewer and
water connections, charges for police and fire service, road
maintenance and the like are very difficult to assess «ith any
precisioa  altbougb, see Tbe Costs of ~Srael, Real Estate Re-
search Carp., 1974 as a reasonable starting point! . Environ-
mental effects are even more difficult to assess, and to
associate them with a precise dollar figure would be ex-
tremely dif f icult to support if challenged,

III.C.3, Where Xt Has Been Used and to
What Effect

This system is not used anywhere at present.

III.C.4. Legal Issues

As mentioned in the description of this tool, no legal
problems are anticipated by the use of the tool. The uni-
formity of taxation requirement is met by this technique, and
it follows that equal protection challenges would likewise be
unsuccessful.

III.C.5. Coastal Application

This tool would be particularly useful in an area which
has limited essential resources  such as fresh water!. For
instance, where an industry withdrew an inordinate amount of
fresh water from the local aquifer, it could be charged for
the cost of whatever measures were necessary to replenish the
local water supply. While the tax would be fairly simple to
administer, an understaffed government might have difficulty
measuring the environmental damage in terms of prospective
revenue required to mitigate it.
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III.D. Special Assessment

The power to assess benefited property ownex's for a
municipally provided benefit received lessens the burden
placed upon a city which provides services to its residents.
Thus, while the city as a whole may have the duty to install
the necessary infrastructure, those directly benefiting from
the improvements can be made to bear the major part of the
cost. Special assessments seem to have little value as con-
trol over land use in developing areas, although within a
town boundary the assessments may be used to finance the pro-
vision of those services a city deems necessary, and such de-
cision is invalid only where a gross abuse of discretion can
be show n. 1

III.D. l. Authority

Authority to levy special assessments is granted to cit-
ies by N.C.G.S. 169A-217 through 160A-236. N.C.G.S. 160A-216
specifically authorizes a city to make special assessments
against benefited property within its corporate limits for the
provision and improvement of streets and roads, water lines,
sanitary sewer lines, and storm sewage and drainage systems.
Procedural requirements are specif ied in N.C.G.S. 160A-223
through 160A-231.

III.D.2. Viability

The procedural requirements for specia,l assessment are
faix ly easy to comply with, and there are no major problems
in using this technique, save political ones.

I II.D.3. Where It Has Been Used and to
What Effect

Most communities use some form of special assessment pro-
ceduxe to finance public services.

I II.D.4. Legal Issues

Most challenges to the special assessments are based on
procedural grounds and in these challenges, the burden is on
the plaintiff to prove irregularity in the city's action.2
Constitutional questions are less important because the as-
sessments are collected for and applied to specific local
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purposes and are not open to the broad challenges which more
common taxes for the general revenues must face.>

III.D.G. Coastal Application

This tool is useful in coastal areas generally .

Raleigh v. Mercer, 271 N.C. 114, 155 S.E.2d 551 �967!.
2 Broadway V. Asheboro ~ 250 N C 232 i 108 S E 2d 441

�959! .

See generally Southern Railway v. City of Raleigh, 9
N C. App. 305 176 S E 2d 21 �970! .
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III.K, Preferential Assessment of Property
 Use-Va.lue Assessment Taxation!

Use-value assessment taxation is a system of taxation in
which the tax assessor values a pa,reel of land solely on the
basis of its current income-producing capacity. It is to be
distinguished from the usual market-value assessment systems
which generally included consideration of the zoning, poten-
tial for development and sales price for similar parcels in
determining the value of a parcel. Preferential taxation is
the term used when certain classes of property are assessed
at a use-value rather than their market-value rate.

Currently, preferential assessment taxation of farmland
has been enacted in 34 states including North Carolina.l Ten
of those states have extended their statutes to include open
lands  North Carolina has not!. This legislation has as its
immediate goal the reduction of the tax burden on lands sub-
ject to development pressure and on lands which cannot  due
to regulation! or should not  for the health, safety and wel-
fare of the community! be developed. By limiting the value of
the land to a figure which is tied only to the income which
that land currently produces, tax bills are kept at a level
which will allow the owner a reasonable rate of return on his
land and encourage him to continue his low-intensity use of
the land.

In some states the preferential assessment alone is relied
upon to counteract the tendency to develop land when it be-
comes profitable, but most states have recognized the fact that
without further control the use-value assessment will provide
a haven for the specula.tor who can now hold the land at a
lower interim cost, and wait for the land to appreciate in
value.

North Carolina uses a deferred taxation system to in-
crease the likelihood that the tax will have the effect of
holding the land out of development. The deferred tax system
requires that the tax assessor keep two sets of hooks f or e li-
gible lauds, one containing the usual market-value assessment,
and one containing the use-value assessment. The taxpayer
pays according to the use-value assessment until the land is
converted to a higher use, and the difference between the
amount he pays under use-value and the amount which would be
due under a market-value system is considered defex red tax.
Kith the termination of eligibility all deferred taxes become
due. State laws vary, but most require the payment of 5 to
10 years' deferred taxes, including interest. North Carolina,
requires the payment of deferred tax f or the f ive years pre-
vious to termination of eligibility.3
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There is some criticism of the deferred taxation control
system in that: �! it encourages the development of the best
farmland, as it will have the highest income-producing capa-
bility and therefore a smaller accumulation of deferred tax;
and �! it encourages leap-frog development because land far-
ther from the developed area will have a lower market value,
and thus less deferred tax will accumulate.<

A second form of enforcing the preferential assessment
system is through the use of "use restriction controls." "Use
restriction controls" require that land be subject to some en-
forceable use restriction before use-value assessment can be
applied. California's statute is typical, and requires that
a landowner sign a contract with county or municipal officials
restricting his right to develop the land f or 10 years, be-
fore use-value assessment is allowed.> The contract is re-
scindable by either party, but a tax of approximately 12.5
percent of the market value is imposed on the landowner
during the year of rescission.< The criticism of this method
of enforcement is simply that it has not worked. Land which
is contracted for does not have a high potential for develop-
ment,7 and landowners near expanding urban areas do not want
to give up their right to develop at a substantial profit.s
Further, when prime land is put under contr act, the penalty
for rescision is not a signif icant deterrent to conversion
of the land after about seven or eight years."

The major shortcoming of the preferential assessment tax-
ation statutes as they presently exist, then, is that by them-
selves, they have not had much effect on the land use patterns
near expanding urban areas.10 A study in Maryland has con-
cluded that "preferential assessment has little overall effect
on the pattern and timing of development. . . . lkost land-
owners will yield to the pressure of the market about the
time when the land is ripe. . . . At the optimal conversion
time it will be platted and will change uses.">> Similar con-
clusions have been reached in California and Oregon.12

lf use-value assessment is to be used in the coastal
counties to assist in the protection of environmentally sensi-
tive areas, it must be backed up by a more stringent enforce-
ment system than is in effect for agricultural lands. Such a
system should include a comprehensive regulation program that
wou1d require that environmentally sensitive areas be brought
into the program. As an incentive to resist development pres-
sures, use-value assessment is not effective-as a compensa-
tion for regulatory measures it has some value as a means of
reducing the negative effects of those measures. The corn-
mentators seem ta agree unanimously on this point.13
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III.E.l. Authority

The state legislature is responsible for providing regu-
lations governing the collection of taxes, and so it is the
legislature which enacts the statute allowing usemalue as-
sessment for specific classes of property. In states where
courts apply constitutional standards strictly, there might
well be constitutional challenges on the basis of the uni-
formity of taxation language found in most state constitu-
tions. A number of states have amended their constitutions
either in response to or in anticipation of adverse court
rulings  see below, Section III.Z.4., Legal. Issues!. Most
states have instituted the program on a statewide basis, re-
quiring only that individuals apply to their assessor.
Authority for preferential taxation of farmland in North
Carolina is found in N.C.G.S. 195-277.4. A landowner whose
land falls ~ithin the definition of agricultural or forest
lands in N.C.G.S. 105-277.3 may apply to the county tax super-
visor to have his land assessed at its current use-value.
California, however, granted each county the authority to de-
cide whether or not it would prefer to participate in the sys-
tem, and thus has the individual. landowner contract directly
with the county or municipality.

III.E,2. Assisting Authority

In North Cax olina the tax is administered by the tax
supervisor with the right of appeal before the County Board
of Equalization or the Board of County Commissioners. Fur-
ther appeal can be made before the State Board of Assessment.

III.E.3. Viability

One of the major complaints about preferential assess-
ment taxation is that it can have a severe impact on the fis-
cal affairs of local jurisdictions. Because the laws are not
generally restricted to farmland in the path of development,
the smaller rural counties stand to lose a substantial por-
tion of their tax base under a preferential assessment system.
A study done of the W'illiamson Act  preferential assessment
for farmlands and open spaces! in California found that the
average tax on land preferentially assessed under the Act in
1968-69 was reduced from $2.75 to $1.58.14 This loss of
revenue must be made up by other taxpayers, of course.

The revenue loss problem is attacked directly in New
York and California, both of which take money out of general
revenues to reimburse counties and school districts for money
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lost through their preferential assessment acts. New York
will reimburse one-half of the revenue lost to the county and
school districts as the budget allows,15 and California re-
imburses counties on a per acre basis for farmland under con-
tract with the countyl6 and reimburses school districts where
the tax rate exceeds specific limits.l7 North Carolina has na
such program, and there is little need for it because of the
minimal use of the preferential assessment statute. Appli-
cations for assessment at use value have been received from
less than 5 percent of the land eligible for such treatment,
but as counties complete their property revaluations, the
program can be expected to become more popular.

III.E.4. Legal Issues

htost state constitutions contain language to the effect
that "no cLass of property shall be taxed except by a, uniform
rule, and every classification shall be made by general law
uniformly applicabLe."18 And generally, the Equal Protec-
tion Clause of the Fourteenth Amendment of the U.S. Constitu-
tion requires that similarly situated individuals be treated in
like manner unless the state can show a reasonable basis for
the distinction, The question then arises whether singling
out a particular class of land use for preferential treatment
is an unreasonable classification, and whether the state
can show good cause for the distinction. In many states  in-
cluding North Carolina! the issue has not been. raised, in
part because use of the preferential assessment statutes is
minimal. In those states where the laws have been challenged,
they have been challenged as violative of state law  as op-
posed to constitutional claims!, and they have frequently been
overturned because the courts found preferential tax treatment
of specif ic land uses to be arbitrary and unreasonable classi-
ficationn by the legislature.19 More recently, however, the
Supreme Court of Florida upheld a preferential assessment
statute which treated agricultural lands as a. special class.
In Lanier v. Overstreet, 175 So.2d 521,  Fla. 1965!, the court
uphel the constitutionality of a Florida statute requiring
that lands used solely for agricultural purposes be assessed
on the basis of their value in agricultural use, and ignored
the land's potential for other uses. The court found that
Article IX of the Florida Constitution was actually an "or-
ganic mandate" to classify property so as to secure a just
valuation of. all property.

The most common way to enact preferential assessment,
however, has been through the amendment of state constitu-
tions to aLlo~ the legislatures to treat agricultural and open
space land use as a special class for tax purposes. One re-
cent reversal of this trend has occurred in California, where



234

a provision of the state's constitutio~ that authorized this
techniquy was repealed in 1974, and subsequently enacted by
statute.

llI.E.5. Coastal Application

The applicability of the use-value assessment system to
environmentally sensitive lands in the coastal area would
seem to be a logical extension of the open land and agricul-
tural statutes. Like agricultural areas at the fringe of an
urban area, many coastal areas are under severe development
pressures, yet represent a valuable community asset in their
undeveloped state. Use-value assessment would provide an
incentive to landowners to hold land out of development, and
where regulation of these areas had significantly decreased
their value, it would relieve some of the financial burden of
holding the land.

N,C,G,S. 105-277.4 .

2 II"The fact that the Land may have been purchased and was
actually being held as a speculative investment is of no con-
sequence provided its actual use is for a bona fide agricul-
tural purpose," Smith v. Parrish, 262 So.2d, 238 �972! .

N.C.G.S . 105-277.4  c! .

Joseph T. Henke, "Preferential Property Tax Treatment
for Farmland," 53 Ore on Law Review 117, 128 �974! .

5Cal. Gov 't. Code 51240-51246  West Supp. 1974! .

6Cal. Gov 't. Code 51282-51283  West Supp. 1974! .

Hoy F, Carman and Jim G. Poison, "Tax Shifts Occurring
as a Result of Differential Assessment of Farmland: Cali-
f ornia 1968-69," 24 Nat ional Tax Journal 449, 456 �971! .

W. Gary Kurtz, "The Dilemma of Preserving Open Space
Land--How to Make Californians an Offer They Can't Refuse,"
13 Santa Clara ~Law er 294, 292-293 �972! .

Averill Q. Mix, "Restricted Use Assessment in Califor-
nia: Can It Fulfill Ite Obgectivee'?" ll Santa Clara ~Law er
259, 264-268 �971! .

10Kur tz, p. 2 91.

llHenke, p. 123.
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12 I<i., p. 124 .

13 See especially Henke, p. 130, and Kurtz, pp. 302-
303 .

1 Carman and Poison, p, 456.

New York Agricultural and bLarkets Law, 503 f !  McKin-
ney 1974! .

Cal. Gov't. Code, 16107  West Supp. 1972! .

Cal. Gov't. Code, 16113-16114  West Supp. 1972! .

18 N.C. Const., Art V, 2�!.

State Tax Commission v. Wakefield, 161 A.2d 676  Md.
1960!; Boyne v. State, 390 P.2d 225  Nev. 1964!.

Cal. Gov't. Code, 65560 et ~se ., Cal. Rev. and Tax
Code 421 et ~se
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III.F. Land Gains Taxation

The land gains tax applies to gains realized from sale
or exchange of land held by the seller for a short period of
time  for example, Vermont's tax applies to land held less
than six years!. Exceptions can be made for sales clearly
not motivated by speculative gain, such as sales of less than
one acre, or the sale of a principal residence. When a struc-
ture is attached to the land sold, the proceeds are appor-
tioned between the land and the structure and only the land
portion is taxed.

The tax schedule applied may vary in magnitude depend-
ing upon the extent of the problem, but generally the tax
rate would increase directly with the percentage of profit
realized, and inversely with the length of the holding period.

The tax serves a number of interconnected regulatory
objectives. First, it tends to make land speculation much
less attractive, and thus slows the increase in property val-
ues and taxes which would follow short-term speculation.
Second, it reduces the financial pressures to develop land in
advance of the normal cycle. Short-term trading is usually
financed by high-interest loans, and the burden of those 1oans
in addition to the increase in property taxes provides a pow-
erful incentive to make the land "productive" as soon as pos-
sible. Third, the tax removes the injustice of individual
benef it at common expense. Land specu lat ion increases the
wealth of the speculator primarily as a result of the social
pressures and demands for the limited commodity in which he
deals, and the numerous transfers and attendant problems are far
more harmful to the community at large than to the speculator
as a single individual.

The tax also serves valuable revenue-gathering objectives.
It provides an entirely new basis for taxation, and as such,
may take the weight off some of the more burdensome and less
socially desirable forms of state taxation. Because the tax
is levied at the time of transfer, it does not have to depend
on the specu1ator's residence to tax the gain realized. And
because the tax only applies to gains from the sale of land,
it applies only ta those who have actually benefited from the
fluctuation in land prices.

The tax has specific advantages over other systems which
attempt to take advantage of increased land value, primarily
the use-value assessment systems in effect in 34 states. The
land gains tax applies to a1.1 transfers of land not held for
a specific period, and is not tied to specific types of uses,
and so may have a broader impact on land development pres-
sures. While the use-value assessment system keys on removal
of pressure to sel1. land, it is effective only to the extent
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that the prospective seller is not tempted by the attractive
affers he receives. The land gains tax is nat so dependent
and applies its disincentive to the speculator, who generally
instigates the transfer, The use-value assessment system also
tends to depress the tax base of a community while a land
gains tax appears to increase revenues, though it may be that
the depressing effect which the land gains tax would have au the
lacal market as a whole would be equally harmful ta the local
tax base.

I I I. F. l. Authar ity

The authority to levy a land gains tax is vested in the
General Assembly in North Carolina, but no such tax has been
enacted.

II I .F.2. Viability

It may be desirable to da some sort of cast/benefit anal-
ysis an a proposed land gains tax prior to its enactment. The
administration of the pragram wauld be in the hands of the tax
offices so that this technique would require no extra. staffing
an the part of lacal gavernments.

III.F.3. Where It Has Been Used and to
What Ef feet

The tax has been in effect in Vermont since 19731 and is
expected ta generate mare than $1 million per year in revenue,
Although the effects of the tax an land speculatian are dif-
ficult to discern after such a short period of time, it appears
that the tax has had substantial effect in discouraging out-af-
st ate land specu 1at ors f rom invest ing in Ve rmont, and f urt her
seems to have depressed the second-home market in Vermont. Far
a summary of the ef fects of the tax as of 1974, see Nate, «State
Taxation, Use of Taxing Power to Achieve Knviranmental Gaals:
Vermant's Taxes Gains Realized from the Sale or Exchange of Land

1177-1182 �972-73! .

III,F,4, Legal Issues

The Vermont Supreme Court has upheld a land gains tax in-
stituted in that state in 1973. ln Andrews v Lathro,2 the
plaintiffs charged that the tax violated the Equal Protection
clause of the Fourteenth Amendment by arbitrarily discrimi-
nating against sellers wha have held land for less than
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six years, The court found the objective of deterring land
speculation to be permissible and that the distinction be-
tween short and long-term trades had a rational relationship
to the problem of land speculation. With regard to the six-
year standard, the court deferred to the judgment of the
st ate ' s legis lat ive body.

III.F.5. Coastal Application

Land gains taxation can be an extremely useful tool in
coastal areas, It provides a strong disincentive to specu-
lators who might be interested in development properties and
provides a community with some dollar benefit for any in-
creases in land values when the land is actually sold for
de ve lopme nt,

lVt . St at. Ann. tit . 32, Sect ion 10001-10010  l973! .

232 Vt . 256, 315 A.2d 860 �974!,
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IV. Development Regulat ion

IV.A, Introduction

Regulatory tools applied by lacal governments ta guide
land use and protect environmental values are all subject to
a range of legal challenges. These challenges vill be dis-
cussed at some length here and referred to only briefly, if at
all, in discussing the individual tools. When a taol is par-
ticularly vulnerable ta a specific challenge ar has been sub-
jected to a unique legal abjection, that circumstance will be
discussed at mare length under the heading far the specific
tool.

All local regulatory powers are derived from the palice
power of the state, 1 A regulatory pover may not be exercised
by localities until the state has, through enabling legisla-
tionn, described the nature of the power and authorized its
use by the locality. Thus local regulatians are subject to
several general types of legal challenge: �! canst itutional
challenges � state or federal � which prescribe limitations on
the state and its laws; �! challenges that the local gavern-
ments' application of the authorized power is "ultra vires,"
that is, outside of the authority given the local government
through the enabling legislation; �! challenges that the
regulating body has not adhered to the laws af procedural
f airness required by t he enabling legis lat ian, canst itut ional
guarantees, or other state legislation prescribing minimum re-
quirements far such pracedural safeguards as notice and
hearing,

IV.A.1. Constitutional Challenges

Canstitutianal challenges may be divided into general
categories.

l. The first challenge is based on the due process
clause that zoning regulations must have same "reasanable ten-
dency to promote~' or "substantial relationship to" the public
health, safety, morals ar general welfare.2 This concept in-
cludes at least four ideas.> First, the regulations must be
designed to promote some public interest that may legitimately
be supported by the palice power of the state. Secondly, there
must be an actual ar substantial relationship between the
regulation and the legit imate goal, Thirdly, even though
there is a legitimate goal, if the collective hardship to in-
dividuals outweighs the public benefit, the regulatian may be
invalidated, Fourthly, the regulatian must be adopted in
pursuit of public, rather than private, interests.
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2. The second constitutional principle is that the zon"
ing ordinance must nat discriminate among landowners, and must
respect the equal protection clauses of the state and fed-
deral constitutions.4 Although it is clear that regulations
vill often treat property differently, these differences must
have some rational justification which relates back to the
purpose of the regu lat ory scheme it se 1 f .

3. T he t hird const it ut ional const raint requ ires t hat
the regulation not be conf iscatory.5 That is, it must not
amount to a taking of private property for public use without
compensat ian, Pecuniary loss is permissible, but "if t he ap-
plication of the  regulat ian! has the ef feet af completely
depriving an owner of the beneficial use of his property by
precluding all practical uses ar the only use to which it is
reasonably adapted, the ordinance is invalid."6

4. A fourth and more recently applied constitutional
constraint involves infringement on the f undamental right to
travel.7 It is recognized that the right to travel may be
legally regulated, and the courts will balance the extent to
which the regulation interferes with the right to travel
against the governmental interest involved. This right is not
specif ically ment ioned in the federal const itut ion, but has
its roots in English common law and the Articles of Confeder-
ation, and has thus long been considered a "fundamental" con-
stitutional right,s Furthermore, the right to travel has been
associated with First Amendment rights, and is therefore af-
forded protection against interference by bath governmental
and private sources.9 The doctrine has been found ta include
bath interstate and intrastate travel. 10

The right to travel may have legal implications for
local regulatian schemes that systematically operate to re-
strict mobility, such as comprehensive growth management ef-
farts plans which limit the number of new residents who may
move into the area, But the reasonable use of planning taols,
especially when carefully related to natural environmental
features that constrain growth, should not run afaul of the
right to travel.

5. A fifth constitutional issue invalves the unlawful
delegation of legislative povers, 11 This prohibition is given
substance by the concamitant rule that all statutes delegat-
ing 1egislative pawers must be accompanied by "adequate stand-
ards" to describe the limits of that power and its application,
This concept applies clearly to grants of paver to administra-
tive agencies, and somewhat less clearly to local legislative
bodies. In states that have not granted braad home-rule pow-
ers to local governments, these governments may be partially
analogous to administrative agencies and must therefore
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operate within the powers granted by the state, In local land
use and environmental regulation decisions, agencies that are
delegated such powers by the local governmental body must be
provided with adequate standards in that grant, The unlawful
delegation challenge will therefore turn on the issue of ade-
quate accompanying standards to ensure that the body to which
the delegation is made is not free to restrict, either capri-
ciously or arbitrarily, the rights of individuals.

It should be mentioned at this point that the four types
of due process inquiries are generally "substantive" in nature.
Although the guarantee of due process is found in both the
state constitution>> and the federal constitution, 3 the in-
quiry about the above-mentioned substantive aspects of the
public purpose of the legislation is left to the state courts.
The Equal Protection guarantee and the prohibition against
taking of property without just compensation have their basis
in both the statei4 and federal>> constitutions The right
to travel is based on the federal constitution. ~6

IV,A.2. Challenges Based on Inadequate Authority

Challenges that the application of the regulatory power
is outside of the authority of the enabling legislation are
based on the principle that the police power lies ultimately
in the state, and therefore sub-state regulatory bodies may
exercise only those powers delegated to them by the
state. 17 The issue will generally turn upon the care with
which the local ordinances and regulatory actions thereunder
are conformed to the legitimate purposes set forth in and the
powers delegated by the enabling legislation. This formula for
avoiding actions which are "ultra vires," or outside legiti-
mate authority, is deceptively simple in that the limits of
the powers delegated are not always clear. This is especially
true under the general enabling legislation for zc ning because
of problems in def ining special zoning techniques for the pur-
pose of determining whether they fall within the permitted
powers, Court decisions have been of little aid in clearing
u p t h e se de f i n i t i on a 1 pr ob le ms .

IV.A,3. Procedural Due Process Challenges

Challenges that a regulat ing body has not adhered to the
laws of procedural f airness  or procedural due process! may
rest on several bases. Many of the decisions concerning local
land use and environmental regulations are made by bodies con-
sisting of appointed, rather than elected of ficials. The
dec is ion-making procedures of these bodies have been subjected
to increasingly great procedural safeguards and rules because
of their quasi-judicial nature. 18 Other decisions, such as
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original ordinances and zoning amendments, are determined
thraugh legislative processes by elected officials, and are
therefore nat necessarily required to follow such procedures.

However, regardless of the legislative or administrative
label, these regulatory processes are almost invariably ac-
campanied by requirements that public notice be provided and
that interested parties be given an opportunity to be heard
at public hearings. The nature of the genera1 requirements
for notice and public hearing is set farth in general stat-
utes and may be referred ta by the enabling legislation. In
some instances, special requirements may be set out within
the enabling legislation itself.

Procedural requirements are generally unifarm, and will
not be discussed in relatian to each regulatory procedure
unless special provisians make them different for that
pr ace dure .

Donald G. Bagman, Urban ~plannin and I and De l nt
Control Law  St. Paul, Minn,: West Publishing Comp y,
p, 76.

2

~gstems, ASPO Planning Advisory Service Seports Sos. 309
and 310  Chicago: American Society of Planning Of f icials,
1975!, pp. 58-68,

3Michael Brough, "Flexibility Without Arbitrariness in
the Zoning System: Observations on Narth Carolina Special
Exception and Soning Amendment Cases," 93 North Carolina Lae
Revie~ 925 {June 1975!,

Einsweiler et al., pp, 68-70.

5Peter Glenn, "The Coastal Area Management Act in the
Courts: A Preliminary Analysis," 53 North Carolina Law
Review 303 {December 1974!.

Ibid.

7 Einsweiler et al., pp. 70-72.

Aptheker v. Secretary of State, 378 U.S. 500 �964!.

Shapiro v. Thompson, 394 U.S. 618 �969!.

King v, New Rochelle, 442 F,2d 646, 648 �d Cir. 1971!.
Cert. denied 404 U.S. 863 �971! .



11 Hagman, yy, 164-168; Glenn, pp. 314-327.
discussion of the relationship between loca,l and
ernments, see Philip P. Green, Jr., ~Plannin Law
istrat ion  Chapel Hill: institute of Government,
Nor t h Caro 1 ina, 1962!, pp. I: 14- I: 37,
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st ate gov-
and ~Amia-
Univ. of

N,C. Coast. Art. 1, Sec. 19.

13 U.S. Const ., Amend. XIV.

N.C. Const , Art, 1, Sec. 19.

U, S. Const., Amend. V, X IV,

16 Ib i d., Ame nd . I,

17 N,C. Const,, Art. 1, Sec. 1; Green, pp. I: 14-I:37.

Humble Oil and Refining Co. v. Board of Aldermen,
284 N.C. 458, 470, 202 S.E.2d 127, 138 �973! .
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IV.B. Interim or Temporary Development Regulations

Deve lopment morat or ia do not always ent ai 1 absolute pro-
hibition of development. The term is often used to describe a
scheme of temporary or interim regulations designed to sub-
stant ially retard development. Development moratoria can he
of at least two general types,

First, planning moratoria may be used to slow or freeze
development in a certain area until a permanent scheme of
controls can be devised and implemented. planning moratoria
are usually accompanied by interim development regulations,
and, because complete prohibitions on development have met
legal difficulties, a major problem arises in determining what
types should be allowed or prohibited. Interim development con-
trols are designed to serve three functions: they permit
planning and ordinance writing to proceed relatively free of
development pressures; they prevent uses that will be con-
trary to the eventual regulatory and planning scheme from be-
ing initiated before that scheme becomes operat innal; and they
allow time for public debate on issues relevant to develop-
ment of the permanent control system. 1

Environmental moratoria can be used to restrict develop-
ment during a period in which extreme pressures are being put
on community resources. These moratoria are most commonly
called for in periods of rapid community growth and expan-
sion, and to be effective must generally be tied to program-
ing of f acilit ies related to the environmental problem. In-
ability to provide sewer service at a rate to keep pace with
demand is the most common example of a situation which might
justify environmental moratoria.2

IV.B. l. Authority

The power to use interim moratoria on development is not
explicitly granted by North Carolina enabling legislation,
Total prohibit ion of development is not likely to be f ound
legal.> However, interim controls, if reasonably related to
the needs of the community, may be accomplished through use
of permissible processes such as the special use permit and
zoning amendment.

IV. B. 2. Viability

The political viability of any moratorium would depend on
its comprehensiveness and duration, An attempt to prohibit
most or all types of development is likely to be unpopular



unless obvious and extreme conditions exist to warrant the
moratorium. Any scheme to control growth should better rely
upon guidance rather than prohibition, except in hazardous
or fragile areas.

A moratorium presents no technical or administrative
problems, except in the assimilation of data to justify the
prohibit ion of development.

Moratoria and interim controls have generally been im-
posed at the local level. More recent ly, these tools have
been administered on both the national and state Level for
limited number of areas that are considered, usually for en-
vironmental reasons, critical and of greater than local con-
cern.

IV.B.3. Where It Has Been Used and to
What Effect

Interim development controls have been adopted in several
states to protect critical areas. In California, planning
agencies for both the Lake Tahoe and San Francisco Bay areas
have been authorized to use interim ordinances during the for-
mative period of their plans, In New York, the Hudson River
Valley and the Adirondack Park are the subjects of interim
regulat ion proposals, In New Jersey, interim zoning Legis-
lation lasting for two years has been used to protect the
Hackensack Meadowlands. 4

At the local level, moratoria have been used in Fairfax
County, Virginia and in other places to prohibit temporarily
connections to sewage facilities,>

Moratoria and interim controls have generally been suc-
cessful in their purpose of slowing development, The one
application of an environmental moratorium in North Carolina's
coastal area was in Currituck County, which instituted a 15-
month moratorium on approval of new subdivisions in 1972, thus
providing time for land use planning and replatting of gridiron
subdivisions which had laced the Outer Banks with total dis-
regard for topography.<

IV . B. 4 . Legal Issues

Local interim controls are most likely to be challenged
on the basis that the regulat ions are not permitted by enab-
ling legislation and are therefore "ultra vires" or outside of
local authority, Constitutional attack may be based on the
claim that the controls constitute a taking of property with-
out compensat ion. �'his has been claimed by developers in
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Livermore and Pleasanton, California.! Judicial decisians
in other states have held that interim controls are cansti-
tutianal and within the Standard Zoning Enabling Act,7

To be valid, short-term maratoria must be temporary and
reasonable, and not place the community's burden on the in-
dividual.s An indefinite moratorium is especially question-
able, unless the community can demonstrate a good faith ef-
fort to establish the balance between growth and environmental
considerations, which is the rationale for the moratorium in
the first place.

IV.B. 5. Coast al Appl icat ion

Temporary oz' partial moratoria on development may be
appropriate in coastal areas where development pressures are
great and pose an identifiable immediate threat ta the en-
vironment, For example, in the Surf City area of Pender
County, North Carolina, studies show that excessive septic
tank discharge is having a detrimental effect on local water
quality, Because t he capabi lity t o handle waste dischar ge in
some other manner is not yet available, some temporary check on
growth seems justif iable. Areas faz' which controls already
exist, such as salt marshes, navigable waters, beaches, and
dunes, may not call for a moratarium. Other areas, such as
swamp forests, maritime forests, acquifer areas, and washover
and inlet areas may be appropriate subjects for moratoria
while effective controls are being developed. Local planning
has, in most coastal areas, just been initiated under the im-
petus of the Coastal Area Management Act, and fozmulating well-
devised plans requires much time. Interim maratozia may be
justif ied until the locality and the Coastal Resources Com-
missian can build a management scheme sufficient ta protect
the vital caastal ecasystem..

Robert H. F re i1ich, "Deve lapment T iming, Marat or ia, and
C
Control of Growth: Issues-Techni ues-Problems-Trends, II,
ed. by R, W, Scatt et al. ashington, D.C... The Urban Land
Institute, 1975!, 363-364.

Id., pp, 364-365.

For example, in Westwood Forest Estates v. Village of
Sauth Nyack the court ruled "such restraint must be kept
within the limits of necessity and may not prevent permanently
the reasonable use of private property"--23 N. Y.2d 424, 244
N . E . 3 d 700 �969! .
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tens: An Evaluation of P~oiic Related Research, ASPO Planning
Advisory Service, Nos. 309 and 310 �975!, p. 47.

Id.

James R. Hinkley, "A State's Approach to Land Use,"
Water ~Sctrun 6, Eo. 2  Reprint 1674!, 4.

7 Steelhill Development, Inc. v. Town of Sanborton, 469
F.2d 956 �st Cir. 1972!, Monmouth Lumber Co. v, Ocean
Township, 9 N.J. 64, 87 A.2d 9 �952!,

8 Gleeson et al., p, 47.
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IV.C. Zoning

IV,C.l, Conventional Zoning

Conventional zoning is probably the most commonly em-
played device for guiding development at the local government
level. 1 It is normally used to control the use of land and
structures thereon, as well as for moxe detailed regulation
concerning the axea of the lot which may be developed  set-
backs and separation of structures!, the density of the de-
velopment  minimum lot sizes, etc,! and the height and bulk
of buildings and other structures. The general purpose of
zoning is to avoid undesirable side effects of development by
segregating incompatible uses and by maintaining adequate
standards for individual uses.

Many variations and extensions of zoning have been pro-
posed ox' instituted under the general zoning power, These
include the control of development timing, the requirement of
environmental and public service impact studies for proposed
uses, and others. The legality of these variations differs
from state to state, depending on the wording of the enabl-
ing legis lat ion and on court interpretat ions of that ox'iginal
grant of power, as well as situational issues.

zone has been given to municipalities under N.C.G.S. MOA-381
and to counties under N,C.G.S. 153A-340. The zoning power is
administered by the elected legislative body of the locality,
although certain aspects may be delegated. The permissible
purposes for zoning are set out in the statute as lessening
congest ion in the streets; securing safety from f ire, panic
and other dangers; promoting health and general welfare; pro-
viding adequate light and air; preventing overcrowding of
land; avoiding undue concentration of population; and facili-
tating adequate provision of transportation, water, sewerage,
schools, parks, and other public requirements. Any zoning
technique applied by the local government which is found not
to serve legitimately these purposes is considered illegal,
because the locality may not exceed the authority granted to
it by t he st ate.

Conventional zoning has been found to be a constitutional
exercise of the police power since the landmark case C~it of
Euclid v. Ambler Realt, Federal judicial activity has in-2

CX'eased with the recent employment of new zoning variations,
and the results have been mixed, depending on the particulax
technique.

accepted as a method of regulating and segregating uses of
land. Protection of property values is probably the main



motive for public acceptance ~ Aesthetic amenities and or-
derly development have come to be associated with segregation
of uses as promoted by zoning, and these purposes seem to have
received what might best be characterized as tacit acceptance
by the courts when accompanied by any other cognizable public-
purpose rat ianalizat ion, ~

Zoning has traditionally been rather arbitrary, guided by
a few general principles such as placing commercial uses along
majar thoroughfares and insulating industrial uses from resi-
dential areas. In theory, zoning should be based on a well-
designed comprehensive plan � but in practice this is seldom the
case. However, traditional zoning, especially in combination
with some of the more flexible variations, offers great poten-
tial to contral the environmental impacts of development,

Zoning has been traditionally applied by municipalities.
More recently, some counties have implemented zoning. Gen-
erally, zoning has been applied to smaller and more densely
populated jurisdictions, yet countywide zoning for broad use
classifications may be effective far protecting the natural
environment,

IV.C.I.c, Where It Has Been Used and to What Rffect--
Zoning, as the most common of all regulatory toals, has been
used throughout the nation. The results have been greater
segregation of uses, and consequently more orderly patterns
of development. Whether this has been a benef it to the com-
munity at large is not always certain. Allowances for vari-
ances and other legal means of deviating from the zoning ordi-
nance have given zoning very broad political dimensions, and
therefore some potential for abuse.

Traditional zoning has not often, however, been based an
the environmental chax'acteristics and constraints of the land
being zoned. The potential applications of zoning ta pro-
tect environmental values in the coastal municipalities and
counties are fairly obvious.4 More intensive uses, in re-
spect ta potential for environmental damage, should be per-
mitted only in compatible use zones, which is simply to say
those areas that are least environmentally vulnerable or
critical, Such processes as large-lot zoning or cluster zon-
ing axe further extensians of the general zoning power that
can be utilized ta guide land develapment in a manner to
minimize environmental damage, These and other variations of
zoning are discussed in mare detail later in this study.

.C., . ~ ~ ~
been upheld by the U, S, Supreme Court as a legitimate exercise
of the police power. Taking, equal px'otect lan, and right ta
travel problems are minimal for the practical reason that
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conventional zoning has not been so restrictive as to in-
fringe on fundamental rights or to diminish grossly property
values.5 The U.S. Supreme Court has recently reaffirmed the
broadness of local governments' pawer to regulate through
zoning ordinances, An ordinance restricting land use to one-
family dwellings, with family defined so as to preclude ef-
fectively mare than two unrelated people living together, was
upheld as reasonable, having a rational relationship to a
permissible state objective, and not involving any fundamental
rights. However, recent techniques promoting flexibility in
zoning have been exposed to such attacks, These will be dis-
cussed under the appropriate topic.

Zoning has been upheld in North Carolina against attacks
of unlawful delegation of legislative power.7

Zoning is a broad tool, under which many individual
techniques may be employed. Whether these techniques are
within the grant of power by the enabling legislation will
be discussed in relation to each of these techniques.

IV.C. l.e Coastal A licat ion--Traditional zoning, if
based on environmental considerations, can be used to some ex-
tent to protect vital coastal systems and environments. Uses,
such as many industries, with potentially great impacts may
be permitted only in those areas most able to absorb their
impact. Particularly, they should not be allowed within or
in close promimity to important environmental areas. Uses
with fewer harmful environmental impacts may be allowed more
braadly, but in some environments  for example, aquifer areas
and maritime forests! their density may be controlled by lot
size or similar requirements.

In some areas traditional zoning is limited in its appli-
cah i lit y, More f lex ib le techniques are requ ired where deve lop-
ment is to be allowed, but extensive controls over structure
and site design are necessary to ensure that the develapment
is compatible with the environment. These flexible techniques
are nat necessarily separate from conventional zoning, and
their use may well be authorized under the general zoning
power. As coastal jurisdications gain experience and confi-
dence in traditional zoning, they may wish to move further
in adopting the more sophisticated flexible techniques dis-
c usse d in t he sect ions t hat f ol low.

Control Laws  St, Paul, Wins.: West Publishing Co., 1971!,
pp. 67 146; Philip -P. Green, Jr., ~Planets Law and Adninis-
t rat ion  Chape 1 Hill: Inst itute of Government, Univ. of North
Carolina, 1962!, pp. Xl I-1-102,
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2 City of Euclid v. Ambler Realty Co., 272 U.S. 365, 47
S. Ct . 114.

Appeal of Parker, 197 S.E. 706, 214 N.C. 51, ~qual
dismissed Pax ker v, Cit y of Greensboro, 59 S. Ct ~ 150, 305
U.S. 568

'K '""'"' n="
~it T~hrou h Urban ~Plannin and Controls  Washington, D.C.:
Off ice of Reseax'ch and Development, 0, S. Environmental Pro-
tection Agency, 1974!, Sec. 1'V, pp. 107-182.

For more thorough discussion, see Hagman, pp. 164-190.

6 Village of Belle Terre v. Boraas, 416 U.S. 1 �974! .

Jackson v, Guilford County Board of Adjustment, 275
N.C, 155, 166 S.E.2d 78 �969! .
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IV.C.2. Exclusive Agricultural or
Nonresidential Zones

This type of ordinance excludes residential use and thus
has a direct limiting effect on housing and population. This
technique prohibits subdivisions and their urban uses from
expanding and is, in effect, a holding zone to contain and
restrict urban areas,

The need to protect agricultural areas becomes evident
when, due to the increased demand for commercial and resi-
dential development, property values begin to increase rapidly,
The capital appreciation of land and increased costs of farm
production force farmers to sell to developers. This results
in scat tered resident ial development that is detr iment al to
farming, to the long-range development potential of the land,
and to the efficient provision of public facilities and ser-
vices. 1

A municipality cannot arbitrarily designate land for
agricultural use if the land is not suitable for such use
simply because the city wants to prevent further growth in
the area. For this technique to be valid, the land must actu-
ally be agricultural in nature. If land in the urban fringe,
which is in fact not agricultural land but in reality land
ready for development, is zoned exclusively agricultural, the
courts will probably invalidate the ordinance as a taking with-
out j ust compensat ion.

The same problems are encountered in any attempt to zone
an area exclusively industrial or other exclusively non-
residential uses.

provided by the North Carolina zoning enabling legislation.

this technique will be very unpopular with landowners and may
generate lawsuits as well as hostility. No special technical
expert ise is required.

IV.C.2.c. Where It Has Been Used and to What Effect--
This technique has been used in several states. Florida en-
acted a statute in 1959 which allowed exclusive agricultural
zoning and provided for tax relief for land so zoned.2 Santa
Clara County, California and Lancaster County, Pennsylvania
have both made extensive and effective use of agricultural
zoning,3

The effectiveness of this technique is usually short-
lived in the face of development pressures. Often, zoning
ordinances of this type are eroded by the granting of
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variances and end with an amendment which replaces the ex-
c 1 us ive agricultural zone . 4

IV.C. 2, d. Le al Issues--Exc lus ive agr icu ltural zoning
may be challenged on e ground that it does not further
legitimate state objectives. However, the technique should
survive such a challenge because arguably it promotes the gen-
eral welfare. First, the technique avoids costly and uneco-
nomical extensions of municipal services. Second, it segre-
gates incompatible uses. Intruding residential concentrations
cauld create problems by lowering the water table, and gen-
erating objections to some by-products of agricultural activi-
ties, such as noise. Third, exclusive agricultural zoning
preserves the scenic value of the area.

The use of this technique also raises the taking problem.
Since most land zoned exclusively for agriculture can be used
profitably in agriculture, this technique is not necessarily
confiscatory. As mentioned previously, the courts will have
no trouble in f inding a taking if the land is not really suited
for agricultural use. Invalidation is likely when nearby lands
have been developed and the property in question has acquired
considerable value,< The crucial question is how burdensome
the ordinance becomes to the particular landowners involved.

IV,C,2.e. Coastal A lication � Agricultural land in
the coastal area could be zoned exclusively for agricultural
use, and at minimum, the zoning would delay development.
Whether the ordinance would stand up in the North Carolina
courts is not predictable. Thus, this designation may be
useful only as a temporary holding zone.

1

tens: An Evalnat ion of P~olic Related Research  Rtnneapolts:
School of Public Af f iars, Univ. of Minnesota, 1974!, p, I II-32 ~

2 James S. Wershow, "Agr icult ural Zoning in Florida � -Its

Review 485 �960!.

M. Moore, "The Acquisition and Preservat ion of Open
6! .

Ibid.

5 Note, "Protection of Environmental .ality in Nonmetro-
politan Regions by Limit ing Deve1opment," 57 iowa Law Review
143 �971!,

Moore, p. 286.
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IV.C.3, Minimum Lot Size

Minimum lot sizes or large lot zoning  one acre or more
minimum lot requirements! can be used in two ways. First,
the technique may be used to create a holding zone where in-
tensive development is temporarily deterred. Areas on the
outskirts of a community are zoned in this fashion to control
the rate or timing of development and to prevent development
in areas where the community is unable to provide services.
The area is rezoned when growth can be accommodated. This
technique is a relatively inef fective means of controlling
the timing of growth, 1 but may sometimes lead to fiscal sav-
ings for the community. To be effective at all, a large por-
tion of the vacant land in the community must be zoned for
large lots, The technique does not necessarily relate to
pressures on and capacities of individual parcels of land.
Also, when a large area is subject to large-lot zoning the
polit ical pressures for individual rezonings can be overwhelm-
ing. If the increased lot size makes the area more at trac-
tive to potential homebuyers, the rate of growth may actually
increase.2

Second, the minimum lot size can be used as a permanent
designation. The purpose may be to protect agricultural
land, to preserve open space, to protect environmentally sen-
sitive areas, or to keep residential development at a low
density.

The spatial effect of this type of zoning is to produce
a largely inefficient form of development at a. time when land
is becoming a scarce resource. The economic effects of large-
lot zoning vary with the situation. Although many munici-
palities think their fiscal situation will be improved through
large-lot zoning, the increase in costs of services that must
be provided often makes it a costly proposition.

The effect on the individual property owner is to drive
up land and housing costs. The social implications of this
rise in housing costs are that it may exacerbate problems of
social and racial residential segregation.

If environmental protection, preservation of open space
or similar objectives are paramount, there may be less costly
and more effective means to achieve those objectives. They
can be furthered through the limited application of large-lot
zoning with varying success. Cluster housing ordinances, for
example, would be more effective than large-lot zoning for
either protecting the environment or preserving open space.
The only situation in which this technique is more effective
than other techniques is when the objective is simply to keep
resident ial development at a low density.
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sizes exists in North Carolina pursuant to the State's zon-
ing enabling legislat ion.

.C... ~ � ' ~ '
less are used extensively. Once lot size requirements in-
crease signif icantly beyond that point �-10 acres! the use
of the technique is problematic. Large-lat zoning often re-
duces the economic return to the landowner, and when used ex-
tensively, it reduces the supply of developable land which
raises land prices and housing costs for all income groups
and makes it difficult for one-owner incame families to find
housing in their price range. On the other hand, communities
that wish to preserve the character of their community ar ta
preserve open space areas may find that the objections to the
technique are outweighed by its advantages. The political
viability appears to depend upon the purposes of the zoning
ordinance and its economic and social effects.

As mentioned previously, the use af large-lot zoning
might not have the effect which is intended. Careful planning
and study of the spatial, social, and economic impacts in the
particular community setting are vital. The impacts will vary
with the pressure for growth in the community, the minimum
size of lots used, the relative amount of land sa zoned, the
length of time the land is left in such zones and a number of
other localized factors.3

Cities and counties are equally able to utilize this
technique.

IV.C,3.c. Where It Has Been Used and ta What Effect--
Large-lot zoning is used all aver the natian. As mentianed
previously, it has been used far varied purposes. It can,
ho~ever, have undesirable consequences, particularly if car-
ried to an extreme, Belaw are illustrations of some of the
negative results of large minimum lat requirements.

One sur vey  comp Leted prior t o 1968! found that in St .
Louis County, Missouri, there was a 350-year supply of
acre lots, but only a 4-year supply of 1/3-acre lots. Large-
lot zoning in that area had been estimated ta impose on home-
buyers costs of $1 million per year far land in excess of
their needs.4

In parts of Decatur, Illinois, some neighbarhoods go
without sanitary sewers and street repair. The effect of the
law-density development is to make it so expensive ta pro-
vide services Chat the residents cannot afford the improve-
ments. ~
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purposes served by this type of ordinance, many of them
va1 id pub 1 i c purposes, t h is t ec hn iq ue has been chal lenge 0
with less success than have minimum floor area ordinances,
There is now a national trend toward judicial invalidations
of excessive minimum lot requirements, at least where it ap-
pears that the primary purpose of the requirement is exclu-
sionary  i.e., to prevent certain grm ps of people from find-
ing homes in the community! .

The fate of large-lot zoning in the courts will depend on
the purpose and whether large-lot zoning is a valid means of
accomplishing the purpose. For example, in Steel Hill De-

1972!, a six-acre minimum was upheld as a valid means of pre-
serving the natural resources of the area where no exclusion-
ary effect existed. In Salamar Builders Cor v Tutt le, 29
N. Y.2d 221, 325 N. Y. S.2d 933 1971!, an increase in minimum
lot size was upheld because it was needed to prevent septic
tank pollution. A four-acre minimum was held void in National
Land and Investment Co v Kohn, 419 Pa, 504, 215 A.2d 597

1965! . The township argued that the zoning was needed to
prevent the overburdening of exist ing municipal services and
facilities. The court said that the four-acre minimum was
neither a necessary nor reasonable method of accomplishing the
township's objective,

Challenges to large- lot zoning are usually based on the
argument that the ordinance has taken the property affected by
it without just compensat ion. The taking problem involved is
more pressing in areas subject to development than in rural
areas. Large-lot zoning in nonrural settings therefore faces
a greater likelihood of being struck down as an invalid
taking,6

IV,C.3,e. Coastal A licat ion--Because the coast is sub-
ject to more development pressure than most areas, this tool
has special relevancy in the coastal area. As mentioned pre-
viously, large-lot zoning can be used as a holding zone to
deter development temporarily.

l

ment T~imin  Chapel Hill: Center for Urban and Regional
Studies, Univ. of North Carolina, 1974!, p, 36.

Ibid., p. 56.

Ibid., p, 55.
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Stephen Sussna, "Resident ial Densit ies: A Patchwork
Placebo," 1 Fordham Urban I aw Journal 132 �972! .

Ibid,, p, 132 .

~S stems: An Evaluation of P~olic Related Research  Minneapolis,
Minn.: School of Public Af fairs, Univ. of Minnesota, 1975!,
p. I I I -40.
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IV.C. 4. He ight Restrict ions

Regulation of building heights is used to control the
density of development, and to minimize the effects of tall
buildings which often cut off light and air, generate in-
creased traf f ic and cause di f f icult ies in providing f ire pro-
tection and other municipal services.

statutes authorize the regulation of building heights.

acceptable practice and is in widespread use. Virtually all
North Carolina zoning ordinances contain height restrictions. 1

This technique does not raise technical problems and is
easy to administer.

IV.C.4.c. Where It Has Been Used and to What Ef fect--
As mentioned previously, height restrictions are used all over
the nation to prevent tal1 buildings from cutting off light
and air, to allow for the orderly provision of municipal ser-
vices and to control the density of development.

~*'
Supreme Court upheld building height regulations. There is
little doubt about the constitutionality of this technique in
principle,2 Of course a maximum height regulation may be in-
valid as applied. This technique is subject to challenge on
due process, equal protection and taking grounds, as is any
zoning ordinance,

IV.C,4.e. Coastal A lication--The use of this technique
may be particularly applicable in the coastal area where tall
beach front buildings can cut off the view of the ocean from
residents and visitors in the area. While zoning usually con-
trols the density of residential development, height restric-
tions may be the most appropriate way to control the density
of commercial development,

1
Phillip P, Green, Jr., ~Zonin in North Carolina  Chapel

Hill: Inst itute of Government, Univ, of North Carolina, 1952!,
p. 174.
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IV.C.5. Mandatory Iow Income Housing
Construct ion Ordinance

The mandatory low income housing construction ordinance
requires developers to include a minimum amount of subsi-
dized or lower cost housing in their conventional projects
 both sale and rental! . Although the details of the enacted
and proposed ordinances vary, they are similar in certain es-
sential features: �! the ordinances usually apply only to
large developments  often 50 or more units!; �! the typical
required percentage of low and moderate income units is small
�G-15 percent!; �! the ordinances attempt to make the re-
quirement economically feasible by tying it to the availabil-
ity of federal subsidies or increasing allowable densities
f or t he deve lopme nt .

The objectives of the ordinances are: �! to produce
enough low and moderate income housing to meet the needs of
the area's residents; �! to avoid an overconcentrat ion of
low cost housing in particular areas of a community; and �!
to stimulate better quality construction and maintenance of
subsidized housing.l

Inclusionary ordinances should not be viewed as a solution
to all of the housing problems of a community. Because these
ordinances are often tied to federal subsidies, the number of
low income units produced is often not sufficient to meet the
community's needs. Other approaches such as housing rehabil-
itation and increased state and local funding may be neces-
sary to attack the full range of housing problems facing many
communit ies. ~

Inclusionary ordinances will probably not be useful in
areas where the demand for new housing is weak, or where the
prof itability of housing construct ion is re lat ive ly low. The
reduced profitability of construction under these ordinances
may be enough to prevent development, In areas of high prof it-
ability, the rate of return even with the ordinances may be
h igh enough to st imu late development, 3 There are incent ives
for developers  particularly local developers! to remain in an
area, even though they do not approve of this type of ordi-
nance, Developers have a knowledge of the local housing mar-
ket, reputations in the area, and experience in dealing with
the local off icials which would be lost by transferring out of
the area. These factors may induce a developer to accept a
lower rate of return. In addition, the developer can pass at
least some of the 1oss along to purchasers of the conventional
units. 4

legislat ion is required in North Carolina to authorize a
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mandatory low income housing construction ordinance depends on
how broadly the North Carolina courts are willing to interpret
existing enabling legislation. It is conceivable that this
type of ordinance could be just if ied as promot ing the general
welfare of the community and that municipalities are empowered
by the zoning enabling legislat ion to enact ordinances for
inclusionary purposes. A local government, however, would be
unwise to count on the North Carolina courts' accepting this
reasoning. Similar extended arguments can be made with re-
spect to other grants of police power authority, but it is
doubtful that they would receive judicial approval. A bet-
ter approach may be to enact express enabling legislation to
authorize the adoption of inclusionary ordinances,

The inclusionary ordinance of Fairf ax County, Virginia
was enacted under traditional zoning enabling legislation,
and was invalidated because the court thought the ordinance
exceeded the authority granted by the enabling legislation,
The Montgomery County, Maryland and Los Angeles ordinances
enact the percentage requirements under local charter author-
ity rather than state enabling legislation,5

this technique faces the same obstacles as any other program
designed to aid the poor. A favorable aspect of the technique
may be that the ordinance imposes no direct cost on the local
government, Developers can be expected to strenuously oppose
this type of ordinance.

Before this technique is used, serious study should be
given to local housing market and housing needs to determine
the probable ef fects of the ordinance. In addition, the hous-
ing studies will be valuable in defending the use of the ordi-
nance if it is later challenged in court. Great care should
be exercised in preparing, drafting and defending the ordi-
nance.

IV,C.5.c. Where It Has Been Used and to What Fffect--
Inclusionary ordinances have been passed in several areas in-
cluding Pairf ax County Virginia; Montgomery County, Maryland;
Los Angeles, Calif ornia; and Cherry Hi11, New Jersey. It is
difficult to evaluate the effectiveness of these ordinances.
The Fairfax County ordinance was invalidated before it had
any impact, Montgomery County's program has not been tested
because a state-imposed sewer moratorium has blocked virtu-
ally all new housing, The moratorium on federal housing sub«
sidy programs excused compliance with the Los Angeles ordi-
nance for most of 1974.6 The Philadelphia suburb nf Cherry
Hill appears to have had some success with its ordinance. The
ordinance requires that 5 percent of the rental units in proj-
ects of 25 dwelling units or more in mult if amily zones be
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rented at below market rents. The township has issued build-
ing permits for 2,000 units subject to the 5 percent low-
rental requiremen~. 7

The most appropriate level of government to use this
technique is the county level. The purpose of the technique
may be thwarted if developers have the option nf building in
the next town under no similar restraints. If an entire area
subject to growth pressures is covered by an inclusionary or-
dinance, the market for new construct ion is less likely to be
affected by the ordinance, and in addition, the ordinance
represents a fair way to allocate responsibilities for hous-
ing low income families throughout the region.

income hous ing construct ion ordinance was invalidated in
Board of Su ervisors of Fairfax Count v De roff Enter rises,
Inc., 214 Va. 235, 198 S.E.2d 600 1973! . The Virginia Supreme
Court recognized that providing low and moderate income housing
serves a legitimate public purpose, but held that this public
purpose could not be accomplished by the zoning ordinance which
the county had enacted because the ordinance exceeded the
authority granted by the zoning enabling legislation. A sec-
ond ground for invalidating the ordinance was the court's con-
clusion that it violated the guarantee of the Virginia Consti-
tution that no property will be taken nr damaged for public
purposes without just compensation because it f ixed rents and
sale prices at below market rates.

Most comment at ors conc lude that t his dec is ion is an aber-
ration and that the court 's reasoning is questionable at best.
Nonetheless, it is a precedent that must be overcome if an
inc lusionary ordinance is challenged

Inclusionary ordinances will probably f aoe subst ant ive
due process attacks. In order to be upheld the ordinance must
have a valid public purpose and must be rationally designed to
ach ieve it . Even the court which struck down t he Fair f ax
County ordinance recognized that providing low income housing
was a valid public purpose. The choice of means to achieve
this objective is more troublesome. The developer is used to
solve a communitywide housing problem and to the extent that
the cost cannot be passed on, is singled out to bear an eco-
nomic burden.8 Qn the other hand, other professions  doctors,
attorneys, etc.! are called upon to serve less than profitable
clients and are expected to absorb the loss or spread it among
other clients.

The use of provisions to reduce potential economic loss
to the developer  such as density bonuses! will bolster the
argument that the means are reasonable and will also help to
avoid the taking problem which is closely related. One
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commentator has concluded that under any of the four types of
tests for determining when a taking has occurred, these ordi-
nances will be upheld if appropriate steps axe taken to mini-
mize the economic loss to the developer9 Another has con-
cluded that whether or not cost saving approaches offset the
losses caused by the ordinance will depend on features of the
ordinance and local conditions and, if losses axe not off-
set, communities must make direct cost payments to developers
to account for the difference. 10

Despite the pressing need for new means of coping with
the problem of low income housing in North Carolina, this tech-
nique is a risky way of approaching the problem, It is uncer-
tain at best whether or not the North Carolina courts would
validate inclusionary ordinances of this sort.

IV.C,5.e. Coastal A lication--The coastal area like
other parts of North Carolina has an obligation to provide
housing for its low income residents. If legal problems are
worked out, this technique may be a means of fu.lfilling that
obligation which could be used by any local government. This
technique has no special relevance for growth management in
the coastal area,

Thomas Kleven, "Inclusionary Ordinances . . . Policy
and Legal Issues in Requiring Private Developers to Build
Low Cost Rousing," 91 U C L A. Law Review 1446 �974! .

ibid., pp. 1470-1473.

Ib id, p. 1482 .

Ibid.

Ernest Erber and John Prior, "The Trend in Housing Den-
sity Bonuses," ~Plannin , 60  November 1974!, 7,

Makers on inc1usionar Land Use P~ro rams  Washington, D.C.:
The Potomac Inst itute, 1974!, p. 132.

7Erber and Prior, p, 7,

8 Franklin et al., p. 139,

9John A. Baade, "Required Low-Income Housing in Resi-
dent ial Deve lopments: Const it ut ional Chal lenges to a Com-
munity Imposed Quota," 16 Arizona Law Review 445 �974! .

10K leven, p. 1528,
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IV.C.6. Conditional and Contract Zoning

Under contract zoning a landowner contracts with the
local government to subject his property to deed restrictions
in exchange for a desired zoning change. Conditional zoning
involves similar limitations on and concessions from the de-
veloper, but there is no reciprocal obligat ion an the local
government to change or forego any part of its regulatory
power

Both condit ional and contract zoning may be dist inguished
from special use permits that are accompanied by conditions
in two ways: f irst, criteria that must be met before a spe-
cial permit is issued are spelled aut in the ordinance and
apply equally to all property owners in the jurisdiction.
Second, special permit s requ ire no concess ions or commit ments
from the community; the applicant needs only to demonstrate
that he meets the required condit ions f or the permit to be
granted.

The purpose of these two techniques is to provide for
flexibility in making decisions concerning individual parcels
of land. By their use officials may reconcile various inter-
ests affected by land reclassificat ions and allow far ut ili-
zat ion of propert y wh ich is suitable for deve lopment but
has been somehow poorly classif ied in zoning.

be authorized by zoning enab1,ing legis lat ion. In North Caro-
lina, conditions may be attached to special use permits and
variances, and certain concessions may be gained from develop-
ers through subdivision regulations, However, these are par-
ticular techniques which may be utilized only when certain
predetermined circumstances are found to exist  only certain
types of uses explicitly described in the zoning ordinance in
the case of special permits; only when undue hardship results
to the landowner due to zoning in the case of a variance; and
only when a developer voluntarily subdivides his property in
the case of subdivision regulations!. Attempts to indulge in
broad practices of contract or conditional zoning are almost
certain to encounter legal differences. Although it is not
clear that the practices are per se illegal, the North Carolina
courts do seem to app1y the terms in a pe j orat ive manner to
describe situations where rezoning has been granted to an in-
dividual tract of land based on assurances that the land will
be developed in accordance with restricted plans and where
there is no showing as ta why the land shauld be opened to
use which is not allowed on surrounding land. >

The general principle of flexibility to prevent arbitrary



restraints on property caused by static zoning ordinances
must be balanced against the need for consistency in land use
decision-making, It seems likely that planners and large-
scale developers would favor some degree of flexibility, while
small property owners would prefer predictability.

Technical viability is dependent upon the degree of analy-
sis which would accompany conditions and contracts. To de-
termine thoroughly the impact of each project could become a
burden on technological capability. Nevertheless, incremental
determinations certainly can be more within technical capacity
than long-range planning decisions. They do in f act provide
for decision-making in a continually updated context.

The level of government to administer contract and con-
ditional zoning is the local level, due to the detailed nature
of negotiating, analyzing and setting conditions.

JV.C.6.c. Where It Has Been Used and to What Zffect--
Zoning with condit iona has been f ound valid in New York s ince
the early 1960's.~ More comprehensive use has been made of
conditional zoning in Sacramento County, California.

Research revealed no qualitative evaluation of
results from local jurisdict ions that have implemented zoning
with conditions, although the observation has been made that
contract zoning deals with problems on a piecemeal basis.
Although it may yield satisfactory results for the owner of
the parcel in quest ion and for the municipality, neighboring
property owners may not be protected from adverse consequences.

l~
eral types. First, the municipality may be accused of abro-
gat ing its police power by entering into a private contract
with a landowner. This may be avoided if the city makes no
binding promise to rezone, The agreement would thus be more
in the form of a "unilateral contract" in which the city acts
to rezone in return for the landowner's promise  a rather
dubious distinction!.

A second issue is the failure to meet the uniformity re-
quirement, Although contract zoning has elsewhere been up-
held against such claims, North Carolina courts are not likely
to uphold rezoning subject to a proviso.4

Conditional zoning, if not explicitly illegal itself, may
be collaterally attacked as spot zoning.> Contract zoning as
such is almost certainly invalid in North Carolina.

IV,C.6.e. Coastal A lication--Conditional or contract
zoning of fers the same advantages in coastal land-use manage-
ment as do other flexible zoning tools, in that development
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may be analyzed and controlled on a case-by-case basis. This
can be important in areas where development is to be permitted,
but where good site design practices are desirable to protect
the environment  for example, in aquifer areas and maritime
forests!, Conditional zoning can be more pervasive than PUD
ordinances or subdivision regulations in that the former could
be applied to all proposed structures while the latter are
only applicable to large planned development or tracts that
are subd iv ided.

But legal problems clearly limit applicability, as do
practical problems of adequate staff to inspect every pro-
posed structure. A limited application, perhaps through the
special use permit, is more feasible.

Regardless of academic legal distinctions, courts have
usually dealt with both under the general category of zoning
with conditions. Michael E. Gleeson et al., Urban Growth
Mana t ~Sstems: An Evaluat lon of ~Polic Related Research

p is: School of Public Af fairs, Univ. of Minnesota,
1974!, p. II I-59.

Allred v. City of Raleigh, l78 S.E.2d 432, 277 N.C. 530
�971! .

Church v. Town of Islip, 8 N.Y.2d 354, 168 N.E.2d 580,
2 03 N . Y. S. 2 d 866 �960! .

Michael Brough, "I'lexibility Without Arbitrariness in
the Zoning System: Observations on North Carolina Special
Exception and Zoning Amendment Cases," 53 N C Law Review
927, 949-958 �975! .
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IV.C. 7. Special Fxception

The special exception is one of the principal devices
explicitly allowed in North Carolina which may allow flexi-
bility to a land use control system. lt is employed in areas
where certain activities are found to be permissible, but re-
quire special contxol and/or scrutiny because of the particu-
lar problems they pose. Typically, the specified use is
allowed by right in the area in question  often the entire
zoning jurisdiction! if certain conditions or criteria are met
by the applicant. These conditions must be specified in the
ordinance.

This technique has been used recently as a rather compre-
hensive tool for growth management. 1 This was accomplished by
designating a.ll or almost all new development a special excep-
tion rather than a use by right. This approach has generally
been found illegal.> However, where such broad application
of the special use permit is used in connection with interim
zoning, during times of study and decision on permanent zon-
ing, it is more acceptable to the courts.3 The criteria for
gaining a special use permit may 'be condit ioned upon prior
existence of adequate municipal facilit ies or f indings of no
adverse environmental impact. Although requiring special use
permits throughout an entire jurisdiction might be too exten-
sive to be feasible, special use permits for most types of de-
velopment in environmentally sensit ive areas may be legally
and practically acceptable regulatory tools.

ception exists in North Carolina pursuant to N.C.G.S. 160A-381
to 392  for cities! and N.C.G.S. 153A-340 to 347  for coun-
ties! . The grant of power provides that the Board of Adjust-
ment or the City Council may issue special use permits or
conditional use permits, and may impose reasonable and appro-
priate conditions and safeguards upon these permits. Thus the
Board of Adjustment is specif ically authorized to attach addi-
tional conditions to a special exception permit.

extensively and seems polit ically acceptable f or regulating
t ypes of deve lopme nt, the locat ion of wh ich poses part icu lar
problems or cannot be reasonably provided for in a static zon-
ing ordinance or plan. The technique seems therefore politi-
cally acceptable in recognit ion of the need for flexibility
in location decisions concerning certain types of development.
When more comprehensively used, as for all new development in
a particular area, the special exception could possibly en-
counter polit ical resistance as excess ive in f ringement on indi-
vidual property rights and an excessive burden on development ~
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Technical viability would depend on at least two fac-
tors. First, the nature of the criteria which the special
use must meet will affect the degree of technical informa-
tionn that would be required in processing a permit. Second,
the number of cases or uses which are required to receive a
permit would further determine the extent of the burden on
technical, as well as administrative, staff capability.

The appropriate level of government to use the special
exception is the local level, either city or county. This is
because the process by definition requires detailed evaluation
of permits on a case-by-case basis. A decision-making body
~ould have to be familiar with the local situation and readily
available to consider applications,

IV.C.7.c, Where It Has Been Used and to What Effect--
The special exception has been used in North Carolina for many
years. l'he result of its use, along with the variance and
amendment techniques, has been a high degree of flexibility in
varying from original zoning ordinances and moving toward ad
hoc land use decision-making, Although flexibility is desir-
able in responding to rapidly changing circumstances, it also
opens the decision-making process to greater pressure from
special interests, Therefore, it is important that the cri-
teria for granting special use permits be as reasonable and
objective as possible, and that procedural safeguards be care-
fully provided to ensure fair decision-making.

erally been upheld as constitutional where applied to a limited
number of uses. But where every or almost every use is handled
by special permit, the courts are likely to find the scheme
invalid. The basis af attack is usually that it constitutes
an unconstitut ional delegat ion af legis lat ive power. However,
application of the special exception to all uses was re-
cently upheld when tied to interim or holding zoning or the
pr ior ex istence of adequate f aci lit ies. Spec if ical ly, ex is-
tence of sewage systems, drainage, and access roads has been
found to be an acceptable basis for special exception zoning.4
The special exception has not been so broadly applied in North
Carolina. Constitutional challenges have been based on the
unconstitutional delegation theory,> and such decisions have
turned on whether or not the administrative body based its de-
cisions only on those considerations set forth in the ordi-
nance. To allow decision by a nonlegislative body to be based
on its own determination of a public purpose would be to allow
an unlawful delegation of a legislative power.

There are no decisions in North Carolina wh ich clarify
how broadly the special exception may be used and st ill re-
main within the delegated power. The purpose of the special
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exception has been found to be "the amelioration of the rig-
ors of necessarily general zoning regulations by eliminating
the necessity for a slavish adherence to the precise letter
of t he regu lat ions. "6

The special exception process is administrative and
therefore must follow the strengthened procedural require-
ments recently set forth by the North Carolina Supreme Court.

IV.C.7,e. Coastal A lication--The special use permit
allow's f lexible case-by-case guidance of development in two
major ways: first, the location of the development may be
controlled by the decision concerning issuance of the permit;
second, the impact may be controlled by attaching conditions
to the permit when issued. The comprehensiveness of the per-
mit requirement should correlate with the degree of fragility
or importance of the area involved. This both increases legal
acceptability and keeps administrative burdens within bounds.
For example, all development in beaches, dunes, washovers and
inlet areas cauld be allowed only by permit. In maritime
forests and parts of dune areas behind the shore protection
line, a.ll uses other than large-lot residential could be re-
quired to get a permit  to control density!. Then, all uses
which have a part icu larly great potent ial impact on the en-
vironment could be required to get a permit to locate anywhere
within the jurisdiction.

I

trol Law  St. Paul, Minn.: West Publishing Company, 1971!,
p, 207.

2Id,

I d,, p. 208 .

Robert H. Freilich, "Development Timing, Moratoria, and

Control of Growth: Issues-Tech n i ues-Prob le ms-Tre nds, I I,
ed. by Randall W, Scott et al,  Washington, D.C.: The Urban
Land Institute, 1975!, 363-364.

5 Keiger v. Winston-Salem Bd. of Adjustment, 178 S.E.2d
616, 278 N.C. 14, ~aeal after remand 190 S.E.21 175, 281
N, C, 7 1,5 �972!,

Lee v, Board of Adjustment, 226 N.C, 107, 37 S.E.2d 128
�946! .

Humble OiI and Ref . Co. v, Bd. of Aldermen, l7 N.C. 458,
202 S, E .2d 129 �973! .
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IV.C.8. Variance

The variance is found in almost all zoning ordinances.
Its purpose is to grant a property owner relief from the
strict requirements of the zoning ordinance when those require-
ments cause him undue hardship. Such an undue hardship is
usually based on the unique attributes of the particular piece
of property, and the decision-making body is granted the power
to vary the permit to the extent necessary to allow reason-
able use of the property.

in North Carolina pursuant to N,C.G,S. I60A-387  d!  cities!
and N,C.G. S. 195-345  d!  count ies! . This statute states that
when practical difficulties or unnecessary hardships result
from carrying out the zoning ordinance, the board of adjust
ment may modify or vary any regulations relating to the use,
construction or alteration of buildings on the land.

C
tensively and would seem highly acceptable in recognition of
the necessity to prevent undue hardship on individual land-
owners. However, used indiscriminately, it can allow in-
creased influence-peddling in the ?and use decision-making
process.

There are no great technical problems in the variance
process if it is not overused. The only burdens are determin-
ing whether the hardship does in fact exist and then allowing
minimal changes to allow reasonable use of the property,

The level of government suited to use the variance is the
local level because the information and knowledge necessary
to make decisions are site-specific and often small scale.

IV.C.8.c. Where It Has Been Used and to What Extent--
Variances have been used for many years in North Carolina and
practically all other states. The result has been that,
although the criteria for granting a variance may be vigorous,
they are granted liberally by administrative bodies.> Thus,
landowners are protected from hardship and some flexibility
is introduced into the zoning ordinance. Yet results are
inconsistent applicat ion of the zoning ordinance and inf luence-
peddling. The variance is best viewed as an escape valve
rather than a planning tool.

generally been in state courts and the challenge is usually
based on the claim that the grant of power to the board of
adjustment is an unlawful delegation of legislative power.
The variance has been upheld against these attacks, except
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where the board bas strayed to allow or deny it on the basis
of the general public interest rather than undue hardship,>
or to permit a type of use not allowed by the zoning ordi-
nance rather than merely varying permitted uses.3

The issuance of variances seems not to be successfu1ly
challenged on any substantive basis other than as an unlaw-
ful delegation. The variance process is considered quasi-
judicial and therefore must follow the procedural requirements
recently set forth by the North Carolina Supreme Court.4

IV,C,S.e. Coastal A lication � The variance has no par-
ticular coastal applicability other than its general function
of providing an outlet where a land use regulation causes ex-
cessive or undue hardship on a landowner. Coastal jurisdic-
tions which permit variances under their general zoning pow-
ers should be careful not to grant too many variances within
or near critical environmental areas, lest the cumulative
impact of these variances be to harm the natural processes of
the areas. However, where new forms of regulation are being
applied, the variance may be used to reduce excessive hard-
ships caused by those regulations, thereby reducing the pos-
sibility of taking claims,

"K
trol Lee  St. Paul, Minn,: West Publish ing Co., 1971!, p. 197.

Keiger v. Winston-Salem Bd. of Adjustment, 178 S.E.2d
616, 278 N.C. 17, ~abdal after remand 190 S.E.2d 281 N.C.
715 �972!,

Lee v. Board of Adjustment, 226 N.C. 107, 37 S.E.2d 128
�946! .

4 Humble Oil and Ref. Co. v. Board of Aldermen, 17 N.C.
App. 624, 195 S.E.2d 360, rev'd on other Eronnde 284 N.C. 458,
202 S. E . 2 d 12 9 �973! .
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IV.C. 9. Minimum F loor Space Requ irement

The minimum f loor space requirement technique has been
used to promote the health and safety of the community by pre-
vent ing overcrowding. Requiring resident ial construct ion to
meet minimum floor space standards also has been used as a
means of guaranteeing a minimum sized property and therefore a
favorable tax base for a community. 1

.C.
to regulate the size of buildings and other structures by
N.C.G. S. 153A-340  count ies! and 160A-381  cities and towns!,
the general zoning enabling statutes.

commonly used in North Carolina. Local governments have usu-
ally chosen to control population density by regulating lot
sizes as opposed to residence sizes,> This type of ordinance
requires no special technical expertise.

IV.C,9.c. Where It Has Been Used and to What Effect�
This technique has a direct effect on housing prices. In
Amherst, New York, where minimum requirements are 1,200 to
1,700 square feet, the corresponding minimum housing prices
range from $22,000 to $29,320 �970 figures!.3 In the Twin
Cit ies  Minnesota! area, large f loor area requirements are a
serious constraint on the development of even moderate income
housing,4

vill be invalidated when they are not rationa11y related to a
legitimate police power objective, in which case the ordinance
will have violated the due process requirement. Challengers
often argue that the purpose is inva1id when the minimum floor
area is enlarged beyond minimum health standards. There are
older cases which hold that preserving the tax base is not suf-
i icient justif ication for requirements in excess of those de-
manded by health and safety considerations. There are also
cases which have upheld this type of regulat ion on the grounds
that it preserves the tax base and adds aesthetically to the
community, 5

A leading recent case, Oakwood at Madison Inc v Town-
ship of Madison, 117 N.J. Super. 11, 283 A.2d 353 �971!,
involved a zoning ordinance which restricted new multi-family
housing construction and for most of the remaining vacant land
in the community required one and two-acre lot minimums with
minimum floor space of 1,500 and 1,600 square feet, respec-
tively. The lowest purchase price of housing to which these
requirements corresponded was within the reach of only 10
percent of the populat ion. The ent ire ordinance was invali-
dated for failure to promote a balanced community in accordance
with the general welfare.



IV.C.9.e. Coastal A lication � Minimum floor space re-
quirements have no special applicability to coasta.l areas,

1

e � ~
School of Public Aff airs, Univ, of Minnesota, 1974!, p, III-
37. 2

Philip P. Green, Jr., ~Zonin in North Carolina  Chapel
Hill: Inst itnte of Governnent, Univ. of Nort~harolina, 1952!,
pp. 185-189.

3 Richard F, Babcock and Fred P. Bosselman,

York: Praeger Publishers, 19~73 , p. 16.

Ibid,, p. 11.

Gleeson et a1., p. III-37.
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IV.C. 10. Regulat ion of Mult i-Family Housing

The amount of multi-family housing in a community is
often regulated by zoning. Regardless of the motive, the
effect is to exclude lower and moderate income families from
the community. Common justifications for such restrictions
have been based on �! the preferences of existing residents,
preservation of the character of the community, protection of
property values, and the maintenance of homogeneity of hous-
ing types and styles; �! the idea that multi-family housing
will generate more costs than revenues; and �! environmental
concerns.l

.M.
number of multi-family units in a community exists pursuant
to North Carolina zoning enabling legislation.

IV.C. 10.h, V~alidit --The acceptance of this technique,
if used in a non-exclusionary manner, is virtually universal,
When the technique is used to limit the number of housing units
available to lower and moderate income families, the device
may be opposed by prospective residents and developers of
multi-family housing.

plaintiffs have been successful in challenging the validity of
this type of zoning ordinance, Courts have begun to look at
the excLusionary effect of such ordinances. Plaintiffs have
had the best results in the courts of Pennsylvania and New
Jersey,

In re A eal of Girsh, 437 Pa. 237, 263 A.21 395 �970!
beld that an ordinance which had the effect of totally pro-
hibiting multi-family apartment use within the town was in-
valid. The court reasoned that it was an impermissible use of
the police power to use zoning to avoid the increased respons-
ibility and economic burden which natural growth invariably
brings. The court found that the town had in ef feet decided
to zone out the people who would be able to live there if
apartments were available.2

The New Jersey Supreme Court invalidated an amendment to
a malt i-f amily regulat ion which had the ef feet of totally ex-
cluding construction of low cost housing in Molino v Borou h
of Glassboro, 116 N,J. 195, 281 A.21 401 �971! . The amend-
ment required that 70 percent of the units have no more than
one bedroom, and required, among other things, the construc-
tion of tennis courts and swimming pools and the installation
of air condit ioning. The ordinance was struck down as incan-
sistent with the general welfare of the community  which
violates due process of law! and was held to violate equal
protection.
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A zoning ordinance which had no provision for apartments
and was amended to regulate apartment use was held invalid--
both before and after its amendment in Township of Williston
v. Chesterdale Farms, Inc., 7 Pa. Cmwlth. 453, 300 A.2d 107
�973!, The court concluded that a community must make pro-

visions to accept its fair share of types of housing and in-
come groups from within the metropolitan area.

There is no case law in North Carolina similar to these
exclusionary zoning cases. It seems unlikely that the North
Carolina courts would be as sympathetic to challenges of this
type as were the more liberal state courts mentioned above.

IV.C. 10. d, Coastal A licat ion--Regulat ion of the quan-
tity of housing is more important in coastal areas where re-
sources  such as water supply! are not so plentiful as in
other parts of North Carolina. Multi-family housing typically
generates more demand per acre for services and resources than
do other residential uses. Regulating the quantity of multi-
family housing through zoning is one way of regulating the
overall number of dwelling units. The basic issue is how much
of each type of residence is needed before the area reaches its
f ull development potential. The f act that multi-family hous-
ing uses space more efficiently and provides housing at a
lower cost compared to single family dwellings should be con-
sidered when this decision is made.

I
D.C.: Urban Land Institute and National Committee Against Dis-
cr iminat ion in Hous ing, 1 974!, pp. 57-58.

2Summaries of this and the following cases were taken
� "K
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IV,C.11. Bonus and Incentive Zoning

The bonus and incentive zoning technique allows the com-
munity to obtain amenities in a development in exchange for
certain agreed upon concessions which will benefit the de-
veloper, It is generally used as an overlay to conventional
zoning. For example, a landowner may be allowed to build at
a higher density if the owner will agree to sequence develop-
ment over a time period. This kind of zoning can be used to
help assure that low income housing, adequate waste treatment
facilities or other community necessities will be developed.

Usually the builder is allowed an exception fx'om the
zoning ordinance to build a way that would not be allowed
under that ordinance. In return, the builder must agree to
provide the desired amenity. For example, a builder may be
allowed to exceed the prescribed height restriction if in ex-
change he provides a greater amount of open space around the
building.

not explicitly permitted by North Carolina zoning enabling
legislation. The most analogous technique that is permitted
is the vaxiance, which allows minimal variation from zoning
restrictions in cases of hardship. The variance may be ac-
companied by condit ions. The requirement of undue hardship
seems, however, to invalidate the analogy, and it seems likely
that bonus or incentive zoning would be found illegal on the
same grounds as contract zoning,

af fected by the same problems that concern other flexible
zoning tools. Case-by-case decisions raise the spectre of
influence-peddling and political maneuvering. However, bonus
and incentive zoning, if applied only for limited uses which
have been determined to be in the public interest, would prob-
ably not affect the majority of landowners. Thus public re-
sistance to this tool might be lowered.

The level of government best suited to using bonus and
incentive zoning is the local level  where zoning is employed!
because the tool has no meaning except in combination with
tradit ional zoning restrict ions.

IV.C. ll.c. Where It Has Been Used and to What Effect--
Incent ive or bonus zoning has been employed in Rosslyn,
Virginia, where in order to receive a zoning change a land-
owner must link the new fac lity to a pedestrian path. In
San Francisco density bonuses are given for provision of such
amenities as direct access to rapid transit. In New York' s



Theater District, the incarporat ian of a legitimate theater
in the development can be rewarded with a 20 percent increase
in permissible floor area. I The technique seems to have
worked in encouraging the desired results where used in the
metropolitan context but, despite its potential, has been
used little in nonurban areas.> The tool is different and
adds somewhat in the practical sense to what can be accom-
plished in more rural areas through subdivision regulation of
PUD ordinances, because it applies ta developers only on a
voluntary basis.

two reasons, First, when used without traditional zoning,
incentive zoning deals only with density, and not use,
in classif ying land uses, There may be quest ians as t o whet her
this is within existing enabling legislation.  Apparently no
municipalities have used this tool without also using con-
vent ional zoning, ! Secondly, if used in combinat ion with
traditional zoning, the technique might be attacked as unlaw-
ful contract zoning. On the other hand, incentive or bonus
zoning is similar to dedication, and the use of dedication
has been upheld when used as part of a subdivision regulation
and in other contexts.

An ordinance will have a better chance of meeting con-
st it ut ional requirements if it st arts wit h a rat ional under-
lying regulation to which the incent ive is added and if it
bears a rational relationship to the police power, i.e., if
it is a reasonable means ta achieve a permissible objective,
The latter requirement is more troublesome than the former.
Most of the purposes for which a local government would want
to use incentive zoning are recognized as valid public pur-
poses, but commentators disagree about the importance of the
relationship between the amenity provided by the developer and
the bonus allowed in return, For example, an incentive ordi-
nance may allow a smaller lot size in subdivisions in return
for more open space than is ordinarily required, There is an
obvious relationship between allowing smaller lots and provid-
ing more open space. A more difficult situation arises when
an ordinance allows smaller lots in return for the provision
of bikeways, It may be that incentive ordinances for non-
controversial purposes are not likely to be challenged, and
there is no consensus that even a tenuous relationship be-
tween the amenity and the bonus will cause the ordinance to
be invalidated.

IV.C.ll.e. Coastal A licatian--Bonus and incentive
zoning could be used to encourage such concessions fram de-
veloperss as '. replacement af destroyed ve get at ion, providing
boardwalks for access to the beach, providing waste treat-
ment facilities ar building on pilings. Other desirable
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site design features are mentioned in discussions of sub-
division ordinances, PUB's and other tools. Any of these
could be attempted through bonus and incentive soning.

~ ~S stems, ASPO Planning Advisory Service, Nos. 309 and 310
1975, Q. 47.

"Bonus or Incentive Zoning--Legal Implicat ions,"
~Sracsae 1aw Review 21 �970! .
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IV.C. 12. F loat ing Zones

Floating zones are shown in the ordinance text, but not
on the zoning map. 1 A floating zone may be employed when the
local government recognizes that a particular type of activ-
ity is desired for a general area but the specific site has
not been located in advance. Property intended to be used
for that activity may be rezoned upon application if the owner
can meet the conditions in the ordinance. Thus a floating
zone is verbally described as a certain type of zone and then
waits to be affixed by a second ordinance to a particular
piece of land which f its that descript ion, Uses typically
designated in floating zones include shopping centers, light
industry and mobile home parks,

authorized by enabling legislation in North Carolina. A
floating zone may be held invalid where spot zoning has been
held invalid. This would likely be the case in North Carolina
where spot zon ing, wh ich has been he ld invalid, is j udic ia1ly
def ined in terms which seem to incorporate the floating zone
concept. Spot zoning arises where a small area, usually
single or a few lots, surrounded by other property of similar
nature, is placed arbitrarily in a different use zone from
that to which surrounding property is made subject, and where
such a small area is subject to different restrictions from
those applicable to surrounding property of like kind.2
The purposes of the floating zone may be better achieved
through use of the special exception technique, by requiring
more detailed conditions to be met and findings made before
the special use is granted.

.C.
balancing the problems of unpredictability against the ad-
vantages of increased flexibility. Decisions concerning lo-
cating such zones would become open to influence of special
interests and other political acitivity.

Technical viability is probably good in the sense that
specific placement of floating zones may be deferred until
such a need is clearly defined. The locational decision can
be based on actual facts rather than on abstract future needs.
Such incremental guidance decisions may be technically supe-
rior to 1ong-range static plans.

IV.C,12.c. Where It Has Been Used and to What Zffect--
Float ing zones have been used in New York to allow 10-acre or
more sites to be rezoned to permit multiple family dwellings
where certain standards of size and height are met. In these
cases the technique can give greater contro1 over site design
and can allow flexibility in locating such facilites.



technique, legal issues can be avoided if it is implemented
as an extension of the special use concept.3 The legal is-
sues would involve the reasonableness and clarity of standards
imposed on the proposed development and the reasonableness
and public purpose rationale for designating some types of
development as subject to the floating zone concept.

IV. C. 12. e. Coast al A 1icat ion--Use of t he f loat ing zone
seems to add little fox' protecting the coastal environment,
The technique seems primarily aimed at deferring location de-
cisions for particular types of uses, so that the eventual
location remains flexible and ca.n be ma,de in view of current
development patterns rather than anticipating those patterns
on a stat ic zoning map, In the coastal context, the areas
most in need of protection are known in advance. In addition,
locat ion of development that has potent ially great impact
can be genex'ally controlled by the special use permit or AKC
permits .

1 � ""' K
trol Law  St . Paul, Minn.: West Publishing Co., 1971!, pp.
117-119.

2 Zophi v. City of Wilmington, 160 S.E.2d 325, 273 N.C.
430 �968!,

3 Rogers v. Village of Tarrytown, 302 N.Y. 115, 96 N.E.2d
731 �951!,
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IV,C.13, Performance Zoning and Pex'formance
Control for Sensit ive Lands

Performance zoning sets standards for each zone based on
permissible side ef fects of a development rather than spe-
cif ically enumerating the types of uses permitted. If the
prescribed standards are met, any use is allowed in the zone.
This technique has been used for some time in industrial zon-
ing to set standards on noise, glare, dust, toxic emissions,
vibrat ion, heat, odors, electrical disturbance, radioact iv-
ity and so forth. More recently, the technique has been ap-
plied to a broader range of uses, with standards keyed
to demands on support services such as sewerage, roads and
other public facilities. Further application may involve pro-
tection of the environment by specifying maximum levels of
permissible stress on natural resources. For example, a com-
munity may specify the amount of runoff before development. 1

Performance controls for sensitive lands can be perceived
as a system to protect natural processes in environmentally
sensit ive areas, such as aquifers, stream valleys, wetlands,
shorelands and flood plains, These performance controls con-
trast with the typical zoning ordinance which specifies
land uses that can occur in a.ny given area, Under an ordi-
nance based solely on performance standards, all development
would be permissible so long as it did not interfere with the
natural processes of aquifex' recharge, stormwater runof f, and
so on, for which a community has set a specific level of per-
formance. The performance control ordinance is designed to
preserve nat ural processes by permitting development which is
in accord with these processes rather than by banning all de-
velopment in sensitive lands, Under performance controls it
is up to the developer to prove that his project is compatible
with the natural processes before the project is approved.
In practice, performance controls are generally used in con-
junction with traditional zoning ordinances,>

.C.
formance standards is not explicitly granted by state zoning
enabling legislation, and there are no court cases dealing
with the technique. It may be argued that performance stand-
ards, if rat ionally devised and consistent ly applied, could
qualify as a comprehensive plan, and zoning in conformance
to those standards could be upheld under the broad grant of
zoning powers for the public health, safety and welfare.
Performance standards would seem to be permissible when used
less comprehensively, for areas of particular environment a,l
concern, as def ined pursuant to the Coastal Area Management
Act, floodplain zoning or other existing state legislation,

to be questionable if performance standards are applied to
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an entire jurisdiction due to the resultant uncertainty as
to whether a use will be allowed. Further problems might re-
sult from distrust or lack of faith in ability to set stand-
ards objectively and accurately, due to lack of understand-
ing of the methods and criteria. However, performance con-
trols do present an ecologically acceptable compromise between
full-scale development of sensit ive lands and banning develop-
ment on these lands altogethex'.

Technical viability depends on the comprehensiveness
with which standards are applied and whether ar not the en-
tire juxisdication is subjected ta them. Perfarmance of cer-
tain pracesses may be measured readily, while techniques to
measure others are still crude. Case-by-case considerations
of every develapment proposal would impose a tremendous in-
formation and work load which could only be met by a large
staff and/or sophisticated equipment. This is not presently
a realistic expectation in the coastal area. However, this
technical burden could be placed on the developer, with the
local government staff or an independent agency certifying the
results. Simpler applications of perf armance standards that
do not require quantitative analysis are frequently inexpen-
sive and do not require special data systems ar staff.8

IV.C, 13.c. Where It Has Been Used and to What Effect--
ALthough performance zoning has not yet been implemented for
comprehensive use by any locality, variations of the per-
formance standard approach have been used thraughaut the na-
tion. Bucks County, Pennsylvania is developing a Natux'al Re-
sources Plan based on a grid network information system that
contains a computer f ile on the natural features of the
county.4 From this f ile a land use intensity plan can be de-
veloped according to the relative environmental sensitivity of
each planning cell in the grid. From this a performance
standard ordinance could be based on such calculations as the
percentage of open space ta be maintained in each planning
district, the maximum permissible ratio of impervious surf ace
ta gross acreage or a maximum feasible density.5

Collier County, Florida has recently implemented a per-
farmance standard approach to protecting sensitive coastal
lands such as mangrove swamps and coastal beaches. Develop-
ment proposals in these areas must meet a number of environ-
mental standards aimed at preserving natural drainage pat-
terns and water quality levels.<

issue of vagueness of standards and/or their strictness.
Thus the taking issue, due process and equal protection wauld
be the majar challenges. Couxts have allowed same and dis-
allowed other performance zoning ordinances, and the Legal
problems would be essentially the same as those for regulation
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of areas of environmental, concern and wetlands.7 Although
predictability is dif f icult, regulations based on clear and
rational performance standards would probably be legally ac-
ceptable in the coastal area when related to environmentally
sensitive areas. Local authority to apply a performance
standard approach in regulating development in AEC's is al-
most certainly granted in the Coastal Area Management Act.

IV,C. 13.e. Coastal A lication � Performance zoning has
definite and specific applicability to the coastal area, but
the feasibility is limited by the sophisticated techniques re-
quired for implementation. Standards of permissible impact
on recharge in aquifer areas, sand transport in dune areas,
vegetat ion in marit ime f orests, sedimentat ion and pollution
d ischar ge into waters, and ch anges in water f low, temperature,
etc., are specific performance standards which could be used,
Standards could be initially set for those impacts which are
easier to measure  for example, destruction of vegetation or
amount of runoff into waters!.

The performance zoning approach is particularly appropri-
ate for regulation of development in Areas of Environmental
Concern designated under the Coastal Area Management Act. The
authority exists to issue permits for development in AEC<s
based generally on a finding that the development wil1 not be
detrimental to that AEC's unique characteristics. Perfor-
mance standards reasonably related to those unique character-
istics may be set for all development. If the standards are
not met, the permit should be denied. As long as the stand-
ards are reasonable, no legal problems should be encountered
by such a system.

Application of performance standards in AEC's seems ad-
ministrat ively feasible because the frequency of development
in many AEC's will be low.

1

tens: An Evaluation of ~Polio Related Research, ASPO Planning
Advisory Service, Nos. 309 and 310 �975!, p. 40.

2 Id,, p. 37; Charles Thurow et al., Performance Controls
for Sensitive Lands: A Pract ical Guide for Local Administra-
tors, prepared for the U. S. Environmental Protection Agency
 Washington, D.C,: U. S. Government Print ing Of f ice, 1975!,
pp. 440-450.
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Thurow et al., p. 2. Simple use of performance stand-
ards would be similar to North Carolina's sand dune protec-
tionn ordinances and sedimentation control ordinance  see below,
Section V.A.2,, Sand Dune Protection Ordinances, and Section
V.8.17., Regulations Pursuant to Erosion and Sedimentation
Control Plans!.

� "' 'K "" "' ""' e-
~it T~hr ouh Urban ~Plannin and Controls  Washington, D,C.:
Of f ice of Research and Development, U, S, Environmental Pro-
tect ion Agency, 1974!, pp, 145-147.

Bucks County Planning Commission, Performance ~Zonin
 Doy lest own, Pa.: The Commiss ion, 1973!,

John Clark,
Coastal Deve 1

See, for example, Just v, Marinette, 56 Wis.2d 7, 201
N,W.2d 761 �972! and Sibson v. State, 336 A.2d 339 �975!.

dat ion,
Unspoiled Lands?"
 June 1975!, 4-6 ~

t  Washington, D.C.: The Conservat ion Foun-
Neno J, Spagna, "Can 'ST ' Save Collier' s

F lor i da Env ironmental and Urban Issues, 2



IV. D. Regulat ion of Deve lopment

IV. D, 1. Planned Unit Development  PUD! and
Cluster or Average Density Zoning

Planned unit development and cluster or average density
zoning combine elements of zoning and subdivision regulation
in permitting flexible design of large and small-scale devel-
opments which are planned and built as a, unit. Specific
plans for the development are required in advance, and must
be approved by the administering body. This concept elimi-
nates the lot-by-lot approach common to zoning and subdi-
vision regulations, and can be used as an incentive for better
development by enabling complete schemes to be planned and
approved. 1

1'n its simplest f orm, planned unit development takes the
shape of cluster development. An example might involve a de-
veloper with 100 acres of land which he could divide into 400
quarter-acre lots according to existing local ordinances.
Cluster zoning would give him the alternative of clustering
units closer together in one part of the site, provided that
overall number of units does not exceed 400. The open space
saved by clustering is left for the common use of the resi-
dents. > From this simple "density transfer" planned unit de-
velopment builds into complex forms. In its most advanced
stage, planned unit development allows a variety of housing
types as well as commercial, agricultural and industrial uses.

Typically, developers are permitted to develop under PUD
provis ions when the proposed deve lopment exceeds a minimum
specif ied number of acres or housing units. Planned unit de-
velopments are usually subject to zoning ordinances, although
they are not actually mapped, and must therefore comply with
the use restrictions within the zones where they occur. In-
creasingly, however, some mixing of uses and increases in
dens it y are permit te d,

The PUD technique generally allows developments to con-
centrate structures in clusters, in order to retain the rest
of the land in open space. The technique provides flexibility
because the actual design is a matter of negotiation between the
developers and planning authorities, PUD's are generally at-
tractive to developers of large tracts of land, and generally,
though not necessarily, to higher priced development,

authorized by enabling legislation in North Carolina. How-
ever, many local j ur isdict ions, some of t hem in t he coast al
area, have such ordinances. Their validity has not been tested
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in the courts. Although the possibility exists that PUD or-
dinances may be upheld even in the absence of a zoning en-
abling provision, such enabling legislation is needed on the
State level to remove doubts as to their validity.3

be rather high in view of local passage in many jurisdictions
of PUD ordinances despite lack of assurance of their valid-
ity. Technical viability will vary because past experience
shows that the PUD process has generally been undertaken in
jurisdictions having long experience with planning and zon-
ing techniques and large and competent staffs. The PUD tech-
nique should therefore be considered as a primary tool for
only those coastal counties with well-developed experience
in t he f ie ld o f deve 1opme nt cont r o l. 4

The level of government best able to use the PUD tech-
nique is local because of the necess ity for detailed inf orma-
tion and specif ic negotiation between the regulatory agency
and the developer.

IV,D. l.c. Where It Has Been Used and to What Effect--
PUD ordinances have been used in Montgomery County, Maryland;
Prince George 's County, Maryland; Boulder, Colorado; Chapel
Hill, North Carolina; and many other places, The tool re-
lates primarily to larger developments, which generally will
be located on fringe areas where large tracts of vacant land
are likely to be found. Smaller deve1opments and individual
unit construct ion will not be controlled by this tool. Re-
quirements of more sophisticated planning and information, as
well as greater staff requirements to analyze them, can raise
the cost of development and local government administrative
expenses. This is evidenced by the higher incom homes that
characterize PUD's. Planned unit development may, however,
be a useful tool to allow preservation of environmental
characteristics in nondeveloped areas where residential use
is allowed. PUD can also conserve energy and more economi-
cally provide for needed urban services.5

The various forms of PUD have been frequently championed
as measures to protect the coastal environment by clustering
development around sensitive areas, dunes, marshes, etc.e
Currituck County, North Carolina has made extensive use of a
variation of the PUD process in developing a highly celebrated
land use plan designed to enhance the county's coastal re-
sources. 7 Cr it ics of t he Curr ituck Plan, however, assert that
tbe plan offers heavy densities as an inducement to develop-
ers for cooperation, disguised as cluster development for
e nv ironment a 1 prot ect i on, 8

Society of Planning Off icials revealed that two-thirds of
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lacal PUD ordinances used either the special exception/condi-
tional use procedure or a zoning amendment--and thus did not
rely on specific state enabling legislation.9 In North Caro-
lina, then, legal at tacks on PUD would be s imilar to those
involving the special exception in that it might be challenged
that such a use of the special exception might be an uncon-
st it ut ional de legat ion of power. Neverthe less, a recent Nort h
Caralina Supreme Court case held that such use of the spe-
cial exception wou1d be legitimate pravided that procedural
requirements are adhered to, 10

Other attacks on PUD ordinances are most likely to be
based on the equal protection requirement that regulation be
uniform to all similarly situated property owners. PUD may
also be attacked as spot zoning in that it usually relates to
only one landowner and land parcel, allowing it to deviate
from regulations applicable ta others in the same zone. Al-
though some early applications of PUD were rejected in the
courts, 11 more recently PUD has been upheld in most state
courts where it has been tested.12

1 See generally Robert W. Bur che 1 1, Planned Unit
ment � New Communities American ~St le  New Brunswick,
Rutgers University, 1972!, and P. Sa et al., Planned
v 1 t Ordinances, ASPO planning Advisory Service

!.

~Deve lo�
N. J.:
Unit

No.

Daniel E. Mande lker, M~ana in Our Urban Environment
�nd ed,; Indianapolis: Bobbs-Merri 11 Co., Inc., 1971!, pp.
1075-1078.

IV.D.l.e. Coastal A lication--PUD ordinances and cluster
zoning have signif icant potential for application in the
coastal area, but only where the implementing jurisdiction in-
tends to have adequately trained staff to review and improve
propased development plans. Also, use of the technique is
limited to large developments, and thus does not touch the in-
cremental development that predominates in the coastal coun-
ties, Nevertheless, the tool may be used to allow clustering
and thus reduce destruction of sand dunes, marshes or other
crit ical enviranmental areas, It may also encourage continu-
ity of undeveloped natural areas and vegetation buf fer zones
to reduce erosian, siltation or storm surge damage. Planned
unit development may encourage placement of structures in
areas not prone to f laading and minimize the destruction of
trees and ather recharge-facilitating characteristics in aquifer
areas. Handled well, it can be an effective tool for permit-
ting development while reducing the harmful effects of devel-
opment to an acceptable level.
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Lee A. Pat terson, II, "Planned Unit Development and
North Carolina Enabling Legislation," 51 N C. Law Review
1455-1478 �973!,

Thomas J. Schoenbaum and Ronald H, Rosenberg, "The
Legal Implementation of Coastal Zone Management: The North
Carolina Model," Duke Law Journal �976!, to be published.

5Real Estate Research Corporation, The Costs of ~Srawl
 Washington, D.C.: U.S. Government Printing Off ice, 1974! .

For example see Charles Thurow et al,, "Quotations from
Snohomish County, Washington Shoreline Management Mastez Pro-
gram, June 1974," Performance Controls for Sensitive

GGG
for the U.S, Environmental Protection Agency  Washington, D.C.:
U. S. Government Print ing Of f ice, 1975!, p. 105; and Frank B.
Rarich and T. Stuart Critcher, Wildlife and Land Use P~lannin
with Particular Reference to Coastal Counties  Raleigh, N.C.:
Interagency Wildlife Coordination Section, N. C, Wildlife
Resources Commiss ion, 1975!, p. 102.

Robert V. Bode and William P. Farthing, Coastal Area

Education, The Law Center, Univ. of North Carolina, February
1974!, Appendix A.

Gary Souc ie, "Fare-Thee-Well, Curr it uck Bank," Audubon,
78  January 1976!, 34-35.

9 So et al., p. 49.

10Humble Oil and Refining Co. v. Chapel Hill Board of
Aldermen, 284 N.C. 458, 202 S.K.2d 129 �974!. See Frederick
Carr, ttThe North Carolina Humble Case and Its Impact on Plan-
ned Unit Development," Carolina ~plannin, 1  Summer 1975!,
44-50.

Hiscox v. Levine, 31 Misc.2d 151, 216 N.Y. S.2d 801
�961! --f oz abuse of administrat ive discretion, lack of uni-
formity. Eves v, Zoning Board of Adjustment of Lower Gwynedd
Township, 401 Pa. 211, 164 A.2d 7 �960!--for spot zoning and
lack of unif ormity.

120rinda Homeowners Commit tee v, Board of Supervisors, 11
Cal. App.2d 768, 90 Ca. Rptr. 88 �970! --held PUD complied
with uniformity provisions. Cheney v. Village 2 at New Hope,
429 Pa, 626, 241 A.2d Sl �968! upheld all aspects of the PUD
process. Orzell v. Planning Bd., 66 Misc.2d 843, 322 N.Y.S.2d
44  Sup. Ct. 1971! essent ially held Hiscox v. Levine was no
longer applicable.
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IV.D,2. Traditional Subdivisian Regulation

Subdivision regulations control the process of convert-
ing raw land into building sites. They can establish effec-
tive requirements and standards for public improvements, in-
cluding streets, drainage pipes, sewer outlets, and so forth.
These standards may be enforced by requiring the developers
to post performance bonds,

Dedications of a. specified amount of land  usually for
parks or schools! or money in lieu of land force the developer
 and indirectly the residents! of the subdivision to provide
for needs generated by the subdivision. In this manner new
development is made to pay for itself. When the developer is
allowed to pay in cash instead of in land, the community is
given additional flexibility in meeting the needs of the sub-
division. If, for example, a good park site is not available
on the land owned by a developer, the cash contribution can al-
low the 1ocal government to purchase a nearby park site for
the neighborhood.

Standards have recently been broadened in scape, and a
subdivision plot may be refused approval where there is a fair
or substantial showing that the subdivision will cause unde-
sirable off-site problems such as creating hazards, envi-
ronmenta.l degradation or increasing the burden on already
overloaded public facilities, such as roads and sewers. In
this newer farm, subdivision regulations can facilitate orderly
municipal growth in accordance with a comprehensive plan by
controlling the sequence and time of development. Subdivision
contrals relating to aff-site facilities are covered in a
separate section  see below, Section ZV,D.3.! .

subdivision in North Carolina pursuant to N.C.G,S. 160A-371.
The regulations are developed and administered by the local
city council, the city council on recommendation of a planning
agency, or a designated planning agency. County subdivision
regulation is enabled by N.C.G.S. 153A-330 and may be exer-
cised by the Board of County Commissioners or their appointed
age ncy,

A "subdivision" is def ined as "all divisions of a tract
or parcel of land into two or more lots, building sites, or
other divisions for the purpose of sale or building develop-
ment  whether immediate or future! and includes all division
of land involving the dedication of new street or a change
in exist ing streets,"

As part of the subdivision control, North Carolina
municipalities can require the "dedication or reservation of
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recreation areas serving residents of the immediate neighbor-
hood within the subdivision" pursuant to N.C.G.S. 160A-372.
School sites may be reserved in accordance with a comprehen-
sive plan but there is no authorization for the dedication of
school sites, The use of fees in lieu of land is not expressly
authorized.

regulation has already been established as it is probably sec-
ond only to zoning as the most widely used development man-
ageme nt t oo 1 .

In general, current residents of a city can be expected
to support a dedication requirement because it makes new de-
velopment pay for its own park or school land, Developers
and holders of developable land may be expected to oppose
these res tr ict ions.

Technical viability is not a major issue in tradit ional
use of subdivision regulations which concentrates on good
engineering and physical design criteria, Fine tuning regu-
lations to protect environmental values  other than just
aesthetics! seems to be substantially feasible. The limits
to what degree of regulation is permissible are not clear.
In drafting the ordinance, clear and uniform standards must
be used to put developers on notice of how large the dedica-
tion must be.

The appropriate level of government to use the tool is
the local government level, i.e., municipalities and counties,
However, there are plausible reasons for advocat ing that large-
scale subdivisions be regulated on a regional basis, generally
based on the desirability of assuring that the regional view-
point is represented in decisions concerning location and
regulat ion of developments of suff icient magnitude to be
of more than local interest.

IV.D.2.c. Where It Has Been Used and to What Effect--
Subdivision regulation has been extensively used throughout
all states. The results have been the maintenance of minimal
design standards in new subdivision, the level of which will
vary depending on the thoroughness with which the administer-
ing local agency develops and applies regulations, Dedica-
tion requirements are widely used. The amount of land re-
quired for dedication varies, usually from 3-12 percent of
the subdivision's gross area.l

challenged on due process and taking grounds, but most courts
have upheld a certain degree of regulation as a permissible
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application of the police power to protect the public health,
safety and welfare  Mansf ield &, Sweet Inc v Town of West
~Oran e, 120 N.J.h. 145, 198 At 1.225 1938 . Dedication of
land for streets and utilities is commonly required and has
been generally upheld  Rid efield Land Co v Cit of Detroit,
241 Mich. 468, 217 N.W.58 �928!! . Curb and gutter require-
ments and similar design criteria accompanying street and
utility requirements have been upheld  Petterson v Cit of

of school and recreational sites has met mixed judicial re-
cept ion.

on

The challenges in the early 1960's came in Illinois and
New York. In Pioneer Trust &, Savin s Bank v Villa e of Mt,
P~ros ct,2 the court invalidated an ordinance requiring that
one acre per 60 families be dedicated to recreational pur-
poses because it found that the overcrowded condition of the
city was the result of the "total development of the commun-
ity," rather than the subdivision in quest ion, The test it
created was that, "if the burden cast upon the subdivider is
specifically and uniquely attributable to his activity, then
the requirement is permissible; if not, it is forbidden and
amounts to a confiscation."3 This language clearly put a
heavy burden on the city to show the connection between the
increment of burden produced by the subdivision and the exac-
tion demanded of the subdivision. In Gulest Associates Inc.
v Town of Newbur h4 the court invalidated an ordinance which
allowed the city to charge fees in lieu of land dedicat ion
for recreational purposes because the money could then be
spent on any recreational purpose in the city, and was not
specifically earmarked to benefit directly the subdivision
wh ich had prov ide d it .

In 1966, in Jordan v Vil la e of Menomee Falls, - the
Wisconsin Supreme Court f ound no constitut ional dif f icult ies
with a municipal ordinance which conditioned approval of a
subdivision on the dedication of land or payment of fees in
lieu thereof, for the expansion of parks and schools, even
though the state enabling legislation did not specifically
authorize such conditions. Using the provision that the
statute should be construed liberally, the court allowed the

More recently, courts have begun to uphold mandatory
dedication ordinances. In 1971, in Associated Home Builders
v Cit of Walnut Creek,5 the California Supreme Court af-
firmed the constitutionality of a statute which allowed cities
to condition their approval on the dedication of land or pay-
ment of fees in lieu thereof, for park or recreat ion develop-
ment near the subdivision so long as "the amount and location
of land to be dedicated or fees to be paid shall bear a rea-
sonable relationship to the use of the park and recreational
facilities by the future inhabitants of the subdivision."
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city the authority to impose the conditions where it could
show that subdivision in general had the cumulat ive ef feet
of creating a need for services  parks, schools, recreation
f acilit ies! . More important, however, t he court held t hat
in order to prove unconstitutionality, a developer would have
to show that the conditions were unnecessary in his case be-
cause the city already had adequate facilities, or that the
normal growth of the city without the addition of the sub-
divisions would have required the extra facilities.

There is no case law on this issue in North Carolina,
although the enabling legislation discussed above in Section
IV.9.2,a. is substantially similar to that of Wisconsin, on
which the Jordan case was decided.

There is likewise no case law in North Carolina which
sheds light on the extent to which subdivision ordinances may
be used for purposes of environmental protection. Because the
public purpose doctrine is the best rationale for subdivision
regulations, local ordinance requirements for dedication of
open space or other regulatory techniques for the purpose of
environmental protection would seem to stand or fall on the
demonstrability of the public purpose served by regulat ing
such areas.

IV.D.2.e. Coastal A lication � This technique is use-
ful as a means of protecting the coastal environment in two
ways. First, in some environments, a dedication requirement
can be used to provide open space and recreational space which
is less destructive of the environment than are residential
uses. The local government which decides whether the dedi-
cated area is acceptable can ensure that it is located in the
most advantageous site from an environmental standpoint.

Second, a subdivision ordinance can protect the environ-
ment by requiring public improvements such as sewer outlets
and storm drainage facilities. Ordinances can be designed
with enough flexibility to require that these types of facil-
ities be provided only where necessary. In addition, design
standards can be incorporated into the ordinance to reduce
adverse effects on the environment. For example, subdivision
ordinances could include a limit on the amount of impervious
surfaces  such as roads! that could be constructed in areas
such as aquifers and parts of the barrier island where roads
can act as floodways.

M. Moore, "The Acquisition and Preservat ion of Open
6

22 Ill.2d 375, l76 N.E,2d 799 �961!,
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3 Ibid,, pp. 380, 802,

25 Misc.2d 1004, 209 N.Y,S,2d 729  Sup, Ct.! aff'd 75
App. 9iv, 815, 225 N.Y.S,2d 538 �962!,

4 Cal,2d 633, 484 2d 606, 94 Cal. 630, ~a eal dis-
missed 404 U.S. 878 �971!.

28 Wis.2d 608, 137 N.W.2d 442, ~aeal dismissed 385 U.S.
4 �966! .
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IV,D,3. Subdivision Controls Relating
to Off-Site Facilities

This type of ordinance requires that there be adequate
off-site facilities available  such as parks, f ire and police
protection! before a subdivision will be approved. This tech-
nique is similar to the development timing ordinance made
famous by Ramapo, New York, which was discussed earlier in
Section II.F., Development Timing. It is different from a
development timing ordinance in that no effort is made to pre-
dict when certai.n facilities wi11 be made available by the local
government, The purpose of the ordinance is not to "time"
development, but make sure that development takes place only
if there are adequate facilit ies to support development.

This tool is to be distinguished from traditional subdi-
vision regulations which have as their purpose the assurance
that the city will not have to bear the burden of providing
an adequate infrastructure  or on-site facilities! to the de-
velopment . On-site facilities which are often required in
traditional ordinances are adequate water and sewer conduits,
a road system which will match city standards, and dedication
or reservation of land for parks and school sites.

In enacting subdivision regulations which take into
account off-site facilities, the city is recognizing that new
developments require more services than those listed above--
the city water and sewage system may have to be expanded to
handle the additional flow, parks and school f aci1 it ies may be
inadequate, the neighboring roadways may be inadequate to sup-
port the additional burden. These types of problems affect
not only the subdivision, but the rest of the city as well,
and through the conditioning of subdivision permits upon amelio-
ration of these effects, the city can protect its own revenues
and force the development to carry the burden it produces.

is found in N.C,G.S, 160A-372, That statute recognizes as
legitimate objects of regulation, the provision af a coordi-
nated street system, the provision of community service facili-
ties  sewer and water facilities!, and the dedication of parks,
recreational areas, and the reservation of school sites. Per-
formance bonding is approved where necessary. The statute fur-
ther recognizes two goals of subdivision regulation: " to!
provide for the orderly growth and development of the city"
and " to! provide for the more orderly develapment of subdi-
visions." Under the first of those, it would seem that a city
would have the authority to condition its subdivision permits
on the provision of adequate off-site facilities, especially in
light of N.C.G. S. 160-4, which indicates that the legislature



intended that the provisions of that chapter be broadly con-
strued "to include any additional and supplementary powers
that are reasonably necessary or expedient to carry them into
execution and effect." The power to implement subdivision
regulations is guaranteed to a city by N.C.G.S. 16OA-373, by
which a city is authorized to condition the granting of per-
mits on the approval of the city council, the planning com-
mission, or both.

'X
city can be expected to support this type of regulation, as
it will protect their tax revenues, and to the extent that it
increases the price of development, will make their praperty
more valuable. Developers and holders of developable land may
be expected to oppose these restrictions.

IV,d.3.c. Where It Has Been Used and to What Zffect--
This technique is not yet in widespread use. It has been used
effectively in the cities mentioned below.

Brooklyn Park, Minnesota, a distant suburb of Minneapolis,
uses this technique as the key to its growth management system.
Its subdivision ordinance requires the avaiability or provi-
sion of off-site storm drainage facilities prior to development.
The cost of providing such facilit ies has allowed the city to
prevent virtually all development on vacant land in the north-
ern two-thirds of the municipality. Without expensive, staged
construction of a storm drainage collection system in this area,
premature residential construction would be in danger of flood-
ing and would create flooding problems for the developed area
to the south. 1

Loudon County, Virginia, which is within the Washington,
D,C., metropolitan area, has a zoning ordinance that requires
applicants who seek rezoning of their property to make up the
difference in capital costs that would be created by the de-
velopment of their property should the rezoning be approved.
The ordinance sets out standards and def init ions that result
in a real dollar amount to be paid to Laudan County an a haus-
ing unit basis, 2 While t his ordinance does not re late direct ly
to subdivisians, it is included here because a similar type
concept cauld be made applicable to subdivision ordinances.

IV,D.3.d. Le al Issues--While subdivision contrals re-
lating to off-site facilities have been challenged in a number
of state courts, the U.S. Supreme Court has never ruled on
their validity, and so the cases cited below are all the de-
cis ians of the h ighest st at e court .

After a favorable ruling in a 1949 case, challenges to this
type of regulation in the early 1960's braught farth strin-
gent standards with respect to the types af standards a city
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might insist upon before the permits would be issued. The
California Supreme Court upheld a requirement that a developer
dedicate larger rights-of-way than were necessary for the
amount of. housing he was constructing in order to accommodate
f ut ure gx'owth. 3 The court based its decision on the f act that
it found such regulations would directly benef it the develop-
ment in the long run, in that landowners would not have to
be disturbed by taking proceedings in the inevitable case of
the expansion of the roads.

Further support fox the use of this type of tool may be
found in Noble v Chairman and Townshi Commissioner of
Mendham Townshi, in which the plaintiff was challenging a
requirement that an adjacent road be widened as a precondi-
tion to the approval of a subdivision. The Appellate Divi-
sion of the New Jersey courts found that the planning board
owed a duty to present and future landowners and residents to
so condition the permit, as the result of its mandate to act
in the public interest.

The court decision that upheld the Ramapo development
timing ordinance  see above, Sect ion II.F., Development Timing!
strongly supports the validity of of f-site f acilit ies require-
ment s.

IV. D.3.e. Coastal A lication--Xn a rapidly developing
area with limited resources, such as the North Carolina coast,
this technique offers a fair and rational means of slowing
development until the local government feels growth can be
accommodated and making development pay for itself. This tool
is applicable to any environment for which development is an-
t icipated.

An Evaluation of R~olic Related Research  Minneapolis: School
of Public Affairs, Univ. of Minnesota, 1974!, pp, II-28-30,

Ibid., p, II-50,

Ayers v. City Council of Los Angeles, 207 P.21 1, 34
CR1,2d 31 �949!,

91 N,J. Super. 111, 217 A,2d 335 �966! .
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IV.E, Numerical Restraints or Quota Systems

IV.E. 1. Total Population Charter Provisions

Total populat ion charter provisions attempt to establish
absolute limits on permissible population, either by setting
a numerical limit on population itself or on the permissible
number of housing units or related permits.

authority ia North Carolina which allows regulation for the
purpose of limiting abso1utely the population within a local
governmental jurisdiction. The only authority would flow from
the broadest imaginable interpretation of the general permis-
sion to regulate for the "public health, safety, and wel-
fare,"

be low in the coastal area of North Carolina. Economic growth
is a goal and a legitimate need in most localities, aad at-
tempts to thwart absolutely such growth will meet powerful oppo-
sition from practically all sectors of the population. Abso-
lute growth limitations seem very simple, involving no tech-
nical or administrative problems, unless efforts are made to
be selective concerniag growth that takes place prior to reach-
ing the limit. However, to be legally acceptable, very thorough
and sophisticated plaaniag capacities are required to show per-
suasive reasons for regulating population growth.

The level of government at which abolute growth limits
are likely to be imposed is the local level, in cases where
there are clear and overwhelming constraints on the environ-
mental capacity of the area.

IV.E.l.c. Where It Has Been Used and to What Extent-
A population quo a was propose y a c zeas group n oulder,
Colorado, but was rejected by referendum.l

IV.E.l.d. Le al Issues--Legal challenge is practically
assured by inclu ng a so u e limits on population growth in
any community plan. The Boca Raton restriction has faced
legal challenges.

The New York Supreme Court found that a quantitative
quota system was invalid since the ordinance violated the
constitutional prohibition against taking property without
just compensation.2 The court dwelt on the fact that the
regulation was not in accordance with a comprehensive plan,
indicating that the power to control growth was valid oaly for
regulatioa made in accordaace with a comprehensive plan.3
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Further constitutional challenge is likely ta be based
on the claim that an absolute limitation infringes on the
fundamental right to travel, therefore requiring that the lo-
cality show a compelling j ust if ication for the regulation.
This intensif ies the requirement that any limitations, if ac-
ceptable at all, must based on ver compelling justif ica-
tions arrived at by thorough plann ng.

Although there are na North Carolina cases on quotas, it
seems safe to predict that any limits on growth would be re-
quired to be very flexible and capable of modification, and
based on extremely careful planning studies on a regional
basis.

IV.E. l,e. Coastal A licat ion--This tool rests on doubt-
ful legal ground, and should probably not be attempted. Tem-
porary moratoria or other strict regulation would be a better
choice of tool where strong growth control is required, Fur-
thermore, a population limitation approach, per se, would be
difficult to apply in the coastal area since most of the popu-
lation and therefore most of the pressure on the sensitive
environmental areas is seasonal rather than permanent in
nature.

C.
S stems, ASPO Planning Advisory Service, Nos. 309 and 310

1975 , p, 45,

Albrecht Realty Co. v, Town of New Castle, 8 Misc.2d
255, 167 N. Y. S.2d 843 �957! .

Eisenweiler et al., p. 46,
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IV,E.2. Population and Employment Targets

Setting annual targets for new employment opportunities
and population growth is an attempt to assure a balance be-
tween the growth of residences and the growth of jobs within
a locality. The objective is to prevent the area fxom becom-
ing a strictly residential community. Policies pursuant to
these targets may be used as guides for capital improvement
programing and for decisions on rezonings, subdivisions,
sewage treatment access and building permits.

North Carolina for sett ing emplayment and populat ion growth
targets. Presumably, any efforts ta do so through nonregula-
tory means are not legally objectionable, but to use regula-
tory measures to enforce the targets would require that the
entire scheme be based an a strong public ratianale,

would probably be acceptable as a very general guideline far
hea lt hy local deve lapment, but political accept ance would
likely be low for any scheme that forecloses to a great ex-
tent the ability of people to live in one area while working
in another. The ability of a locality to predict effectively
or to develop new sources af employment seems to be question-
able, thus making it difficult to balance employment targets
and residential development, unless the process were used sim-
ply to maintain the status quo or to limit growth severely.

The level of government best suited to use this tech-
nique is the county level, Most municipalities in the coastal
area are too small geographically to attempt a "balanced
growth" objective within their borders; regional governments
have no power to implement effectively such a policy; and the
state level is too far removed to be concerned with detailed
local implementat ion schemes.

IV,E,2.c. Where It Has Been Used and to What Effect--
Population and emplayment targets have been proposed in Prince
George's County, Mary1and, but have not been officially adopted
at this writ ing. l

~4
made because no such system has yet been implemented, However,
unless a strong relationship can be shown, any such system
that has the effect of limiting gxowth will probably need to
be keyed to some factors other than the mere desire to balance
employment and residences in order to be found to bear a ra-
tianal relationship to a legitimate public purpose.

IV.E. 2.e. Coastal A 1icat ion � Populat ion and emplayment
taxgets are not very useful approaches to coastal environmental
planning, in either the practical, political or legal sense.
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Practically, a large proportion of coastal development is for
vacationers who live and work permanently in other areas,
These people would not be affected by reduced employment op-
portunities. Politically, the intentional restraint of eco-
nomic growth would be unpopular because the area is poor and
in need of some economic stimulation. Legally, it is diffi-
cult to see how industries can be actually prohibited, al-
though they can certainly be discouraged. This tool there-
f.ore seems relevant only to those few coastal areas where
there has been significant industrialization and urbanization.

R . « ., h ~
~Sstens, ASPO Plnnning Advisory Service Reports Nos. 309 nnd
310  Chicago: American Society of Planning Of f icials, 1975!,
p. 46.
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IV.E.3. Annual Permit Limits

Annual permit limits may be used to limit populat ion
growth and construction by setting an absolute quota on the
number of building permits that are issued by a city or county.
While not protecting specific environments, the result of such
a quota is to reduce the overall pressure of new development,
and indirectly to reduce the threat to specific environments.
A similar, although not so rigid approach, is to dictate
stringent conditions which must be met before a permit will
be issued. These conditions could include specific environ-
mental condit ions.

various standards for structures in pursuance of the public
hea.1th, safety, and welf are. However, absolute 1imitat ions
on the number of permits are not mentioned in enabling legis-
lation. The enabling statutes do not clearly state how strin-
gent the conditions precedent to permit issuance may be.

ditions are by nature technically and administratively simple.
But a scheme would probably be locally acceptable only if
based on thorough and complex planning efforts, and on a clear
perception that rapid growth is posing severe problems for the
j ur isdict ion involved.

The level of government that has traditionally adminis-
tered building codes and permits is the local level, either
c ity or count y.

IV.K.3,c, Where It Has Been Used and to %hat Effect--
Annual permit limits have been used in petaluma, California and
Pinellas County, Florida.

Petaluma, a suburban city north of San Irancisco, set a
limit of 500 units per year to be distributed on a geographi-
cal basis throughout the city, with at least 10 percent for
low and moderate income housing. < The City Council has the
power to increase or decrease the quota by 10 percent within
a p iven year, prove ded that the balance of housing is main-
tained, Included in the reasons for this quota system was
environmental protection,

Pinellas County, Florida, limits the number of permits
issued in unincorporated areas and in municipalities served by
its county water system.- The number of permits issued is re-
lated to the availability of scarce water resources, using an
equation which contains those four variahles appearing to
impact most directly on water resources and demand: popula-
tion distribution, rate of prnwth, land area, and assessed
valuation. This model assigns to each of the 18
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municipalities obtaining water from the county a percentage
of the water available for new growth. Unincorporated areas
receive allocations as well, No community is allowed to
issue more building permits than can be served by its water
al locat ion.

system was challenged in federal district court. The court
held that the quota system was not supported by any compel-
ling governmental interest and that it constituted a violation
of the right to travel.3 However, on appeal, the higher court
reversed the decision, holding that the plan was not. exclu-
sionary in that it furthered a legitimate state purpose to
which the plan bore a rational relationship.<

The Pinellas County system has not yet been tested in
the courts. Research reveals no North Carolina cases concern-
ing building permit limits. However, it is an established
rule of law in this state that issuance of a building permit
does not vest in the landowner a right to build in the face of
a zoning amendment subsequent to the initial permit, unless
the landowner has already begun construction in reliance upon
the permit,5 This may imply that the decision to issue a
building permit may be tied to flexible land use decision tech-
niques if those techniques bear a reasonable relationship to
the public health, safety and welfare.

IV.E.3.e. Coastal A lication--Annual building permit
limits would seem applicable for certain jurisdictions in the
coastal area where rampant growth has outdistanced the local
government's capability to provide service, thereby posing a
serious threat to the environment. Permit limits must be
closely linked to a reasonable growth plan, and if no or very
little new building is allowed, strong justif ication should
be shown. Thus the tool seems most applicable on the Outer
Banks, because of their delicate nature and because of the
special problems in providing adequate facilities.

S stems, ASPO Planning Advisory Series Reports Nos. 309 and
310 Chicago.' American Society of Planning Off icials, 1975!,
pp. 18-19.

2 Ed,, pp, 19-2 0.

3Construction Industry Association of Anoma County v.
City of Petaluma 375 F. Supp, 574 �974!,

4  CA 9! 335; U.S. Supreme Court review sought 503.

5Town of Hillsborough v. Smith, 1970 S,E.2d 904, 276 N.C.
48, 49 ALR3d l.
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IV,F. Official Mapping

An official map is a map, officially adopted, which re-
flects a municipality's fixed decision to locate streets, parks
and other facilities at the places marked on the map and to
acquire property later. The map is implemented by a prohibi-
tion against improvements in areas earmarked for acquisition
and enforced by injunctive relief and denial of the right to
compensation for unauthorized improvements. 1 Most systems
have a variance procedure for landowners who are unable to
make a reasonable economic return on either the restricted
parcel or the legal plot as a whole.2

IV.F, I, Authority

Enabling legislation is required prior to the use of this
technique, At present in North Carolina, the use of mapping
by local governments is authorized only for school sites,
N.C,G.S. 160A-327 allows the reservation of school sites pro-
vided the sites are included in the local government's compre-
hensive plan. The school board must agree to acquire the site
within 18 months of a subdivision propasal in order to pre-
vent the private development of the land.

IV ~ F,2, Viability

The political popularity of mapping will depend to a
great extent on the uses for which land may be reserved  the
larger the area reserved the less popular! and the number of
years for which the land may be reserved.

The use of mapping requires long-range planning capabil-
it ies.

IV.F.3. Where It Has Been Used and to
What Ef feet

Several states allow the use of official mapping. There
is little written about the results of using the technique,
but there is no reason to suspect that it does not serve its
stated purpose ~

IV.F.4. Legal Issues

The major legal limitation on the use of of ficial mapping
is the taking problem. A brief discussion of the way courts
have dealt with the technique follows.
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While some existing statutes authorize official mapping
not only of streets but of future park and drainage sys-
tems, the constitutionality of official mapping for
areas other than streets is as yet uncertain. Courts
have generally invalidated regulations as applied to
specific properties if the regulations prevent all struc-
tural development, Often the relatively narrow strips
of land needed for streets occupy small portions of lots,
with considerable building space remaining on each lot.
On the other hand, official maps fax' parks, reservoir
sites, wildlife areas or other uses will often affect
whole propert ies, The Pennsylvania Supreme Court in the
well-known case of Miller v Beaver Falls, 368 Pa. 189,
82 A.2d 34 �951! held invalid a statute authorizing a
park mapping plan and an accompanying ordinance which
froze development for three years prior to public pur-
chase. The New Jersey court, in New Jerse Lomarcb
Cor v Ma or of En lewood, 51 N.J. 108, 237 A.2d 881
�968!, displayed a somewhat less crit ical att itude in
upholding the constitutionality of a statute which
granted a municipality a one-year period to decide to
purchase mapped parks and playgrounds. However, the court
read into the statute an obligation of the municipality
to pay for this one-year "option" to purchase.3

IV,F.5. Coastal Application

At present this is not a useful tool because enabling
legislation in required, Even if authorized, this technique
would have no more relevance to the coastal area than to other
parts of North Carolina. It is simply a device to identify
in advance where public facilities will be located, This tool
can make a minor contribution to a municipality's efforts to
manage and guide f uture development, but it is not a tool of
major significance.

l Jan Z. Krasnowiecki and James C. N. Paul, »Tbe Presex-
tk D 8 I," 0~92

f P~

2 Michael E, Gleeson et al,, Urban Growth Mana ment ~Ss-
tene; An Evaluation of ~nomic Related Renearcb Rinneapoltn:
School of Public Af f iars, Univ, of Minnesota, 1974!, p. III-
52,

3 Jon A. Kusler, "Open Space Zoning. 'Valid Regulation or
Invalid Taking?» 57 Minnesota Law Review 74 �972!.
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IV.G. Begional Anti-Exclusion Techniques

Many land use and envixonmental regulations may have the
effect, deliberate or not, af discriminating against low in-
come and minority groups. Courts have somet imes invalidated
ordinances on the graunds that they were discriminatory, par-
ticularly when they appeared to discriminate on the basis of
race. When a caurt finds that regulations are motivated by
racial discrimination, they will be struck down as violatians
of federal and/or state constitutions and laws. Some courts
have gone further than just prohibiting discriminatary palicies
and have impased on lacalities an affirmative obligation to
consider regional housing needs in the exercise of their land
use regulat ions. 1 A regional perspect ive on housing needs
would appear to be supported by a recent decision in which it
was held that the Department of Housing and Urban Develapment
 HUD! abused its discretion in permitting community develop-

ment block grants to seven suburban communities in the Hart-
ford area.> Six of the seven communities reported that hous-
ing needs of low income people expected to reside within their
barders were "zera." The decision emphasizes the illicit na-
ture of local planning approaches that are exclusionary.

Two a f the basic techniques that have evolved to ensure
that a lacality meets its obligation to accommodate low income
residents are fair share a1location plans and inclusionary
housing ordinances  discussed above in Section IV.C,5., Man-
datory Low Income Housing Construction Ordinance!. These con-
cepts have generally been applied to low income housing, but
the motivating principle is also applicable to other planning
approaches  including land use and envixonmental regulations!
that are d iscr iminat ory.

Patent discrimination against minority groups is clearly
unjust and illegal, but often discrimination is more subtly
achieved by using regulation to increase the cost af develop-
ment. Such "economic" discrimination may be to some extent
inevitable where effective land use and environmental controls
are instituted, but wise planning can keep these effects to a
minimum. Furthermore, one objective of local planning should
be to provide the necessary public facilities to ensure that
all residents have access ta the natural amenities that coastal
environmental planning is designed to protect.

IV, 6, l. Aut hor ity

Anti-exclusion measures are primarily voluntary and re-
quire no special legal authority.
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IV.G.2 ~ Viability

Systematic exclusionary practices are probably not a
large-scale problem in the coastal area because there are no
large urban areas. The political acceptability of affirma-
tive efforts to provide housing or other lower incom pro-
grams depends to a great extent on the availability of fed-
eral grants. Local governments are the primary actors in
this area. In larger metropolitan areas, the regional approach
sometimes becomes necessary.

IV.G.3. Where It Has Been Vsed and to
What Extent

Most anti-exclusionary approaches adopted to date have
been in large metropolitan areas, The Miami Valley Regional
Planning Commission in Ohio and the Metropolitan Council of
St. Paul, Minnesota have established housing allocation
plans.>

IV.G,4. Coastal Application

As coastal cities and counties are stimulated to under-

take comprehensive planning for environmental purposes, they
should use ihe opportunity to plan for social problems also.
Affirmative efforts should be made to provide housing and pub-
lic facilities, and to see that new land use and environmental
regulations do'not cause hardship to any particular group.4

Southern Burlington NAACP v. Township of Mount Laurel,
119 N.J. Super. 164, 336 A.2d 465, V.S. Sup~erne Court review
denied  October 1975!.

2 City of Hartford v. Hills, CA H-75-258 �975!.

nb . '.,~  *
The Potomac Inst it ute, 1974!, pp. 164-169.

p'or i'urther discussioa, see Pair ~Housin and Hxclu-
~sionar Land Use  Washington, D.C.: Urban Land Institute and
National Commit tee Against Discrimination, 1974! .
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IV.H. Building Inspection

All Narth Carolina cities are authorized to have a build-
ing inspection department and must appoint building inspectars,
electrical inspectars, plumbing inspectars and ather inspec-
tors as appropriate to enforce State and local laws relating
to: �! the canstruction of buildings and ather structures;
�! the installation af such facilities as plumbing systems,
electrical systems, refrigeration systems and air-conditioning
systems; �! the maintenance of buildings and other structures
in a safe, sanitary and healthful canditian; and �! other mat-
ters that may be specified by the city cauncil. 1 Counties
also are authorized ta establish building inspection depart-
ments, but are nat required ta do so,2

IV.H, 1, Authority

The authority for cities ta enact building inspection
departments is found in N.C.G.S. 160A-411 to 438, and for
count ies in N.C. G, S. 153A-350 to 375.

IV.H.2. Assisting Autharity

The North Carolina Building Code Council is authorized to
establish a North Caralina State Building Code, which has the
farce of law and must be confarmed to by all localities having
a building inspection program  N.C.G.S. 143-138! . The Building
Code Council also is responsible far making changes in the State
Building Code and for reviewing building laws. The Insurance
Commissioner, through the Division af Engineering of the De-
partment of Insurance, is responsible for enforcing the State
Building Code throughout the State  N,C. G, S. 143-139!, A
recent opinion of the Attorney General, however, stated that
the Cammissioner of Insurance did not have jurisdiction in
those counties that had not established building inspection
departments. Coastal communities without a building inspec-
tion department, however, are able to qualify for the emergency
program of the National Flood Insurance Program  see below,
Section V.C.2., National Flood Insurance Program! through a
specially devised flood insurance permit program. It should
be noted that this program is separate from the State Building
Inspection pragram and does not fall under tbe !urisdication
af the State Building Code.3

IV.H.3. V iabi lit y

Building cade provisions are generally politically ac-
ceptable except in rural areas where governmental regulations
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of any type are frowned upon, Building inspection x'equires
professional competence and the ability to recognize defec-
tive structures. In coastal areas this is especially impor-
tant because of a number of provisions in the State Building
Code that are particularly applicable to coastal areas. All
structures built within 150 feet of the ocean, for example,
must be constructed on pilings. In addition, the Code spells
out precise standards for the size, spacing and means of
structure att achment f or pi lings, The Code also details re-
quirements for areas that are subject to winds of over 75
miles per hour.4 Unfortunately, most coastal areas lack the
staff to administer these px'ovisions adequately.

Building inspection is carried out almost totally at the
local level because it requires specific on-site evaluation
of structures on a case-by-case, continuing basis.

IV,H.4, Where It Has Been Used and to
What Effect

North Carolina has long recognized the importance of
building code provisions in minimizing hurricane damage. A
State report issued after a series of devastating hurricanes
in the mid-1950's stated that: "Such of this destruction
could have been prevented through proper placement and con-
struction of buildings."> Nevertheless, of the 20 coastal
counties, only 7 had building inspection programs as of
February'1975 6

ln the past, enforcement of building codes in coastal
areas throughout the United States has been sporadic, and de-
velopers of second-home cottages have been notorious for shav-
ing code requirements. The upshot of inadequate coastal con-
struction has been that during heavy storms cottages have been
separated from theix pilings to float at the whim of the
storm, inflicting damage on more stable structures.7 Sub-
standard cottage construction also increases community and
private costs if and when, these cottages are used as full-
time residences.4

IV. H. 5, Legal Issues

Legal challenges generally involve applications of the
standards of the State Building Code that have led to denial
of bu.ilding permits. The State Building Code has the force
of law � Drum v Bisaner, 252 N.C. 305, 92 S.E,2d 189 �956!
and Lindstr m v Ch sn tt, 15 N.C. App. 15, 189 S.E.2d 749
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IV.I, Regulation of Mobile Homes

There are several ways to xegulate mobile homes, includ-
ing licensing, inspection, taxation and zoning. Uniform
standards regarding the construction and sale of mobile homes
are contained in N.C.G.S. 143-144 through 143-148. Local
building inspectors are charged with enforcement of the stat-
utes, The focus here is on ihe use of zoning and local ordi-
nances relating specifically to the use of mobile homes and
mobile home parks,

Due to the general feeling of hostility toward mobile
homes, communities often enact ordinances which prohibit
mobile homes in all areas except mobile home parks, or re-
strict the location of mobile home parks to nonresidential
district.

IV.I. l. Authority

The authority to regulate mobile homes stems from the
North Carolina zoning enabling legislation and from legisla-
tion granting counties and towns the power to enact ordinances
which protect the general health and safety � N.C.G.S. 153A-121
for counties and 160A-174 for cities,

IV. I.2. Viability

In spit e of the improvement s in des i gn and construct ion
of mobile homes, they are not popular with residents who live
in conventional housing, Local resistance to mobile homes may
be diminished somewhat by requiring that they be located in
mobile home parks. This technique does not require special
expertise or staffing.

IV,I.3, Where lt Has Been Used and to
What Effect

Restrictions on the use of mobile homes for residential
purposes are in widespread use.

IV.I.4. Legal Issues

The different types of mobile home ordinances face dif-
ferent legal problems. Ordinances that limit the use of mo-
bile homes to mobile home parks have generally been upheld.l
These provisions provide for easier enforcement of health and
safety standards. In State v Martin, 7 N.C. App. 18, 171
S.E.2d 115 �969!, the court upheld the validity of an
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ordinance prohibiting the location of a mobile home anywhere
in the town except in a mobile home park and sustained a convic-
tion for violation of the ordinance by placing a mobile home
on a lot behind a service station.

Ordinances that restrict the number of mabile home parks
that may be operated in the community ax'e often upheld. The
ordinance in State v Martin restricted the number of parks ta
those in operation on the date that the ordinance was passed,
If the ordinance has the effect of excluding all mobile home
parks, it is subject ta the same constitutional objections as
a straightforward attempt to exclude all mobile homes.

A community may not ban the use of mobile homes. Neither
the use of a mobile home for residential purposes nor the op-
eratian of a mobile home park is inherently a nuisance when in
compliance with reasonable sanitary and safety regulations.>
If the use is not inherently detrimental to the public wel-
fare, its absolute pxohibition is a denial of equal protection
of law and due process of law.3 The North Caralina decision
in Town af Canaver v Jail, 277 N.C. 439, 177 S.E.2d 879
�970!, held that a mobile home is not a nuisance, per se, and

that the tawn could not prahibit the use of mobile homes as
pexmanent residences when the homes were constructed, equipped,
located and used so as to present na threat to the health or
safety of its occupants ar of any other person. The court
found a lack of authorit y for the ordinance without reach ing
the issue of whethex' the ordinance violated the State Cansti-
tution's due process clause.

Often municipalities restrict the location af mobile home
parks to nonresident ial districts, The fundamental residen-
tial character of the use pases serious questions as to the

~ «*, ~f
v. Morand, 247 N.C. 363, 100 S.E.2d 870 �957!, the court up-
%T
px'ohibited the constructian and maintenance of a mobile home
park in an area zoned for residential purposes.

There are cases gaing bath ways in other jurisdictions
on whether a, mobile home parked in a single-family detached
zoning district is permissible.5 There daes not appear to be
North Carolina case law on this subject.

IV. I. 5. Coastal Application

Mobile homes are popular in coastal areas, and local gov-
ernment must decide on appropriate regulations for their use.
The hazards pased to residents of mobile homes in terms af
wind and storm damage and passible adverse effects on the
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environment due to their use should form the basis of their
regulation. In some coastal areas, such as washovers, the
susceptibility of mobile homes to flooding is sa great that
their use should be prohibited.

Most mobile homes are dependent on septic tanks. Where
the soil is not suitable to septic tank use, development of
a park or mobile home site can be denied or conditioned on
the use or provision of sewerage facilities.

Where mobile homes are located in parks to facilitate
health and safety regulation and where the environment can
tolerate their use, there appears to be no valid reason for
excluding mobile homes from a community.

Barnett Bodes and G. Gale Robersan, The Law af Mobile
Homes  Wash inst on, D.C.: Bureau of Nat ional Affairs, ~1974
p. 172 .

Ibid,, p. 113.

Ibid., p. 116,

4Ibid,, p. 191.

>Ibid., p, 230.
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IV. J. Munic ipa1 Enforcement of
Restrict ive Covenants

Restrictive covenants are private agreements between the
landowner and the person to whom the land is sold or trans-
ferred. Generally restrictive covenants create negative ease-
ments governing how the land may be used. When used on a
large scale, restrictive covenants can become an important
land use contxol mechanism even in the absence of municipal
enforcement.

Restrictive covenants are often used by subdivision de-
velopers who set the terms of the covenants for all the prop-
erty in the subdivision. Frequently the terms govern archi-
tectural requirements, cost of construction, maintenance of
the lot and exterior of the home and other controls not nor-
mally found in zoning ordinances.l This technique is often
used in areas where zoning regulations apply.

Normally, only the landowners who benefit from the cove-
nants can enfox'ce them. There appears to be only one state
 Texas! that allows municipalities to enforce these private
contractual agreements. Advocates of municipal enf orcement
view this technique as a replacement for zoning. They claim
that the rigidity and centra1ized decision-making of zoning
is eliminated through the use of this technique. The system
is decentx'alized in that land use decisions are initiated at
the neighborhood level and f low upward to a centralized city
enforcement machinery. It permits unique neighborhood develop-
ment rather than imposing uniformity. Municipalities take
on the burden of enforcement because unless they are regularly
enforced the covenants cease to be binding. If uses not al-
lowed by the covenants are permitted to exist, the covenants
lose their ability to xestrict how the land may be used in
the f uture.

Municipal enf orcement provides f or equal enf orcement
throughout the restricted areas, despite the f inancial capa-
bilities of local residents who may not be ab1e to afford
going to coux't to enforce the restriction.2

Obviously this technique can be applied on1y when there
is a widespread system of restrictive covenants already in
force. It gives the local govexnment very little control over
the nature of new residential development, leaving most of
the decision-making in the hands of the developer.

IV.J. 1. Authority

Noxth Carolina municipalities would not have the author-
ity to enforce private restrictive covenants absent express
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enabling legislation. It wauld be ill advised to assume that
the courts wauld find implied authority for this technique in
the zoning enabling legislation.

IV.J.2. Viability

Developers vill probably welcome the use of this tool as
a replacement for zoning. In areas where there is strong
resistance to any land use contrals, this may be a politically
accept able alt ernat ive t o zanin g.

The legal resources required for enforcement are probably
not great once the local residents are certain that the local
government is serious about enfarcement. There should be
some coordinatian between the legal department and planning
department which may try ta influence the terms that develop-
ers write into the covenants.

IV.J.3. Where It Has Been Vsed and to
What Effect

In Houston, Texas, citizens for generations have relied
on restrictive cavenants as a means of controlling land use
and have refused to adopt zoning. The land use pattern af the
city is nat a great deal dif ferent fram other cities, However,
the city does have subdivision controls, a minimum housing
ardinance and a building code.>

IV,J.4. Legal Issues

Because of the uniqueness of this technique, many of the
legal questions surrounding its use are nat resolved. The use
of the technique can be expected to be challenged on many
grounds even where statutory autharity exists.

.,~. IV.J. 4. a. Due Process--Ta withstand j udic ial scrut iny,
the municipal enforcement of deed restrictions must bear a
rational relationship to a legitimate objective. There is no
argeement that the technique will survive this challenge. One
argument is that since the objectives af enfarcement are iden-
tical to the objectives of zoning, the technique will not be
invalidated as having an impermissible objective. It is un-
likely that a court would say there is no rational relation-
ship between enforcement of the restrictions and the objec-
t ives. 4

The countervailing argument is that enforcement of pri-
vate restrict ive covenants without planning or standards is
haphazard, If zoning must be in accordance with a comprehen-
sive plan, then enforcement af covenants must also be in



314

accordance or it will not be reasonable, To circumvent this
objection the city cauld, for example, specify a set of uni-
farm requirements with which restrictions must camply before
the city will participate in enforcement of the private cov-
enants. Xt could also map out and draw the restrictions far
different areas of the city and present these to the develop-
ers as the only restrictions that the city would be willing
to enforce in that area.~ Politically, this could present a
problem in that if residents are generally opposed to zoning,
they would probably find this too close to zoning to be ac-
cept able .

IV.J.4.b. Public Pur se � The expenditure of public
funds to enfarce private deed restrictions raises the public
purpase issue. The argument for upholding this technique as
having a valid public purpose is that a benef it is given to
the entire community when decay and deterioration of neighbor-
hoods are prevented. On the other hand, if the dominant bene-
fit is to relieve a neighborhood civic association or a pri-
vate individual from the burden of paying for litigation to
restrain breaches of covenants, municipal enforcement may be
regarded as an expenditure for a private purpase.6

IV.J,5. Coastal Application

If authorized under North Carolina law, municipal en-
forcement of restrict ive covenants can be used as an addit ion
to or as a replacement for traditional zoning. This tech-
nique could be used to prevent environmental damage if land-
owners were persuaded to agree to covenants which restrict
the uses of their property or incorporate design standards or
simplif ied impact standards,

Where zoning is currently used, restrictive covenants may
prove to be usef ul, even though the municipality does not try
to enforce them. It may be possible for local governments to
introduce this concept of private regulat ion  at least in
addition to the traditional restrictive covenants that are

used! to local landowners and developers. This would offer
more protect ian than existed before, even though the system
is haphazard.

In short, whether or not the municipality can participate
in enfarcement, local landowners can bind themselves to cove-
nants that would be very similar to many of the regulatory
tools discussed in this Appendix. Restrictive covenants
would probably not be a goad substitute far zoning unless
there was a system of municipal enfarcement.
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Bernard H. Siegan, Land Uee Withont ~Zonin  Lexington,
Mass.: Heath and Co., 1972!, p, 34,

2 John C, Allen, "The Municipal Enforcement of Deed Re-
strictions: An Alternative to Zoning," 9 Houston Law Review
838 �972!.

3 Siegan, p. 24.

Allen, p. 822.

Thomas M. Susman, "Municipal Enforcement of Private
Restrictive Covenants: An Innovation in Land Use Control,"
44 Texas Law Review 764 �966!.
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V, ZNV IRONMZNTAL RZGULAT ION

V.A. Locally Administered Regu lat ion

V.A. l. Local Health Regulation

The purpose of local health regulation is to protect and
enhance the public health and to enforce state laws pertain-
ing to public health, rules and regulations of the State Com-
mission for Health Services and of local health boards. Pub-
lic health services are provided on a county basis by a county
health department, by a contract with the State or by a joint
multi-county district health department.

.*.
sponsibility of local health departments. Authority exists
in North Carolina for the establishment of local health de-
partments in N.C,G,S. 130-13 et s~e, The Department of Human
Resources, Division of Health Services is authorized to es-
t ab lish reasonable st andards f or govern ing public he alt h ser-
vices provided by local health departments  N.C.G.S. 130-9!

V.A.l.b. Administration and Enforcement--Local health
departments have policy-making boards which make rules and
regulations not inconsistent with state laws pertaining to
the pr otect ion and advancement of t he public healt h. Accord-
ing to the legislation, subject matter already covered by the
rules and regulations of the State Commission for Health Ser-
vices can be augmented by more stringent local board rules and
regulations if there is an emergency or a condition peculiar
to that locality that requires such action in the interest of
public health. If a conflict exists between a local board
and the Commission, however, the rules and regulations of the
Commission prevails

A local board can also enact rules and regulations per-
taining to only one municipality within its jurisdiction if
conditions peculiar to that municipality warrant more but not
less stringent rules and regulat ions. If municipal ordi-
nances deal with health matters already covered by rules and
regulations of the local board; the municipality can enact an
ordinance more but not less stringent than the rules and regu-
lations of the board if an emergency or conditions peculiar to
that municipality exist and require such action.

The administrative head of a local health department is
the health director who performs duties prescribed by law, the
local board of health, and the Department of Human Resources
and the Commission for Health Services.
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V,A.l.c, Coastal A lication--Several localities in the
coastal area do have more stringent rules and regulations for
certain health problems than those of the Commission for
Health Services. For example, sept ic tank regulat ions are
more stringent in several areas. If would seem that the adop-
tion of stricter rules and regulations governing health prob-
lems that are peculiar to the coastal area would be a viable
regulatory tool for local governments to use in dealing with
estuarine pollution problems caused by heavy reliance on sep-
tic tanks. However, the political feasibility of using this
legal power may not be possible or desirable in areas where
no other alternative sewage treatment method exists.  See below,
Section V.G.7., Regulation of Septic Tanks.!
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V. A . 2 . Sand Dune Prot ect ion Or d inances

The Sand Dune Protect ion Act is des igned to enable
coastal counties ta prohibit destruction and alteration of
sand dunes oceanward af a shore protect ion line unless a per-
mit is abtained fram the county, The Act also prohibits con-
struction of grains, jetties, piers and other similar struc-
tures unless a permit is obtained from the Department of
Nat ur a1 and Economic Res our ce�s� .

mI. "'
local Board of County Commissioners to establish a shore
protection line and to designate a shoreline protection of-
ficer to administer and enforce the permit system. Decisions
made by the shareline protection officer may be appealed ta
the County Commissioners  N.C.G.S. 194B-4! . The Environmental
Management Commission of the Department of Natural and Ecanomic
Resources is empowered to establish shore protection lines and
to designate shareline protection officers in any county that
had not adopted a sand dune protection ordinance by December
31, 1971  N.C. G. S, 1948-6! . The Environmental Management Cam-
mission is also authorized to give assistance to counties in
their shore protection program  N.C.G,S. 194B-15! . The De-
partment of Natural and Economic Resources is authorized ta
prohibit construct ion of grains, jett ies, piers and similar
structures without a permit  N. C. G, S. 194B-ll! .

.*.
authorized to delineate shore protection Lines and establish
permit programs in 1965, only two counties had done so by 1971,
which prompted the amendment that authorized the Office of
Water and Air Resources--whose sand dune pawers now lie with
the Enviranmental Management Commission--ta establish shore-
line pratection programs by December 31, 1971 in those caun-
ties that had nat already done so. 1 Consequently, all remain-
ing coastal counties hurriedly drew shore protection lines to
avoid state intervent ian, As a result, generally, the shore
protection lines were drawn narrowly by the counties to pra-
tect anly the frontline dune in minimum compliance with the
Act.2 The effectiveness of the Act was further weakened be-
cause at the time mast of the coastal counties had neither
planning controls ta complement the shoreline program nor cri-
teria ta fallow in enforcing sand dune ordinances. In prac-
tice, share line protection officers are generally local build-
ing inspectors untrained in coastal ecology and sand dune dy-
namics and subject to pressures by developers to issue per-
mits. 3 Consequent ly, the sand dune protect ion program has
been applied inconsistently. This is not to belittle the posi-
tive achievements of the Sand Dune Protection Act, but to sug-
gest that the tool could be given new life within the context
of the Coastal Area Management Act. If counties elected to
redraw and expand their shore protection lines and had trained
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personnel to enforce the ordinances, sand dune protection
could take on greater significance in protecting coastal
ec asystems . 4 The potent ia1 a f t he Environment al Management
Commission's exercising its power of providing informatian and
assistance to localities and developers could also affect the
f ut ure v iability of t his tool.

V.A.2.c. Where It Has Been Used and to I'hat Effect--The
Sand Dune Pratection Act is in effect in all counties border-
ing the ocean but has been enforced inconsistently from one
coastal county to the next, depending upon the political will
of the Caunty Commissioners and the capabilities af the shore-
line protection officer.

Act has not been challenged. This might be explained partially
by the canservative application of the Act by most coastal
counties. Potential legal challenges would parallel those ap-
plicable to regulation of development in areas of environmental
concern.

V.A.2.e. Coastal A licatians � Sand Dune Protection ardi-
nances are specifically directed toward preservatian af beaches
and sand dunes. It appears that designating most or all of the
dune area behind primary dunes to be covered within an ordinance
is legally sound, Preservation of the beach and dunes will
also facilitate management of development in maritime f orests,
by maintaining protection provided by the dunes against wind-
blown salt, on washover areas by maintaining only the natural
buffer to storm surge, and depending on how far back the line
is drawn, in inlet areas by direct control of propased devel-
opment .

Regulation under a dune protection ordinance can be very
thorough, and such an ordinance has great potential to accam-
plish thorough environmental protection in the regulated
areas.

Robert Morgan, "On the Legal Aspects of Narth Carolina
Coastal Problems," 49 N C. Law Review 865 �971!.

2 The case of Dare County is typical. See U,S, Depart-
ment af the Interior, Environmental Assessment C~a Hatteras
National Seashore  Denver, Colo.' .Denver Service Center,
National Park Service, 1974!, p, 4,

For an anlysis of the limitations of building inspec-
tore, eee Narh L. Shaffer and Kenneth G. Silliman, ~fm lenen-

t
Prred OFfioe: ~North n~rol na Department of Natural and
Ecanomic Resources, August 8, 1975!, pp. 18-20. For an
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example of dune destruction that occurred despite the Sand
Dune Protect ion Act, see Orrin H. Pilkey, Jr., et a1., How
to Live With an Island: A Handbook to ~Bo ue Banks, North
Carolina  Raleigh: N. C. Department of Natural and Economic
Resources, 1975!, p. 32.

Carteret County has already moved in this direction by
revising its sand dune protection ordinance to include the
entire Outer Banks, See Pilkey et al., p. 101; and David R.
Godschalk et al., C~arr in C~aacit: A Basis for Coastal
P~lannin ? TChapel Hill: Center for Urban and Regional Studies,
Univ, of North Carolina, June 1974!, p. 50.
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V.A.3. Local Environmental Impact Ordinances

The North Carolina Environmental Policy Act of 1971 en-
ables North Carolina localities to require detailed environ-
mental impact statements from developers of "major development
projects. "1  See be low, Sect ion V. B. 21., North Carolina En-
vironmental Policy Act of 1971, ! Like the federal and state
environmental impact statement requirements, local environ-
mental statements must generally include a discussion of the
environmental impacts af the proposed development, of mea-
sures to mitigate adverse environmental effects, of alterna-
tives to the proposed actions, of relationships between short-
term uses of the environment and long-term productivity and
of irreversible environmental changes,~ The purpose of such
a statement is to give localities the authority to encourage
environmentally sound land use patterns by requiring develop-
ers to account for environmental values in project design
and site layout,

Policy Act of 1971, N.C.G.S, ll3A-8 to 10, authorizes locali-
ties to require environmental impact statements from developers
of major development projects,

The North Carolina Environmental Policy Act of 1971,
N.C.G.S. 113A-1 et ~se ., and procedures adopted to implement
this act may affect~ocal environraental impact statement re-
q u ire ment 8 .

mental impact ordinance is appealing to many localities as a
way to control large development projects, the use of the tool
has not been widespread. Generally, this limited use reflects
a lack of understanding of the potential flexibility and
adaptability of the tool, as well as a fear that such an en-
vironmental impact ordinance might add yet another burdensome
procedural requirement to t he development approval process.

For a local environmental impact ordinance to be effec-
tive, a locality must have the professional capabi1ity to re-
view impact statements and to assist developers in laying
out projects that adequately account for ecological processes.
This review process would not necessarily be cumbersome, how-
ever, and environmental considerations probably could be read-
ily incorporated into the existing subdivision and planned
unit development review process  see above, Section IV.D,1 ~,
Planned Unit Development, and Section IV.D,2., Traditional
Subdivision Regulation! .
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V.A.3,c, Where It Has Been Used and to What Effect � Like
the State 's requirement o environmental impact statements,
tbe enabling Legislation for local environmental impact state-
ments bas been largely ignored, despite its potential for im-
proving coastal land use patterns and involving the public
in lacalit ies ' decision-making process. Only ane coast al
county, Carteret, has passed a local environmental ordinance
and it ultimately repealed tbe ordinance. Tbe attempt is
said to have foundered upon a misconception that the Narth
Carolina Environmental Policy Act was useless for local pur-
poses witbaut specific statutary direction of what an envi-
ronmental impact statement was ta contain.3 Here the confu-
sion resulted largely because of the lack of state guidelines,
There is no reason a locality could not adopt a simple, short-.
form environmental impact statement  EIS! format to comply
with its needs as long as the major subject areas listed in
tbe description above are covered.4

The only coastal locality Chat has an environmental im-
pact ordinance in effect is the small community of Halden
Beach, North Carolina, which passed the ordinance primarily
as a way to control a State-approved development that the
lacality opposed. One analysis of the Holden Beach case con-
tends that "the ordinance raises questions whether such a re-
quirement is viable unless the local government has the staff
expertise to monitor accuracy of any statement, the political
will to enforce the requirements for comprehensive statement,
or adequate land use standards.">

*

in North Carolina, no lawsuits have occurred involving local
environmental impact ordinances. However, several other
states require that local governments conform to enviranmental
impact procedures.6 The highest court of California, for ex-
ample, bas held that the locaL environmental impact ordinance
procedure is required upon a locality's issuance of a special
use permit where the project would significantly affect the
e nvironment . 7

V. A.3. e, Coastal A licat ion--The local environmental
impact ordinance is most useful in those coastal environments
or parts of coastal environmenCs that are likely sites for
maj or development proj ects, such as mar it ime f arests, dune
f islds, marsh areas, and swamps, The local environmentaL
impact ordinance could potentially assist in protecting
coastal processes by mimimizing unnecessary alterations of
coastal Cerrestial environmenCs and by reducing the indirect
adverse effects they have on the estuarine system.
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1N.C,G.S. 113-9 �! states that the term "major develop-
ment project shall include but is not limited to shopping
centers, subdivisions and other housing development, and in-
dustrial a,nd commercial projects, but shall not, include any
projects of less than two contiguous acres in extent."

2 See below, Section V.C. 1., National Environmental Policy
Act of 1969  NEPA!, for the requirements,

Charles E, Roe, «The North Carolina Environmental Policy
Act: Neglected Planning Tool," ~Po ular Government 41  Fall
1975!, 46.

Thomas Schoenbaum and Ronald Rosenberg, "The Legal im-
plementation of Coastal Zone Management: The North Carolina
Model," Duke Law Journal �976!, to be published,

5
Roe, p, 47.

6 Nicholas C. Yost, «NEPA's Progeny: State Environmental
Policy Act," Environmental Law R~e orter 3 �973!, 50090-50098.

7Friends of Mammoth v. Board of Supervisors, 8 Ca.3d
247, 104 Cal. Rptr. 761, 502 P.2d 1049 �972!,
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V ~ B. State-Administered Regulations

V.B.1. Regulation of Public Drinking
Water Supplies

This tool provides for the regulation and inspection of
all public drinking water supplies including watersheds where
drinking water is obtained and for the prevention of contami-
nation of these supplies by sewage and industrial waste.

and sewer sanitation has been granted to the Department of
Human Resources, Commission for Health Services by N.C.G.S.
130-157.

V. B. l. b. Assist in Authorit --Under the Safe Drinking
Water Act of 1974, EPA is authorized to establish national
standards for drinking water for protection of public health.
The states are supposed to enforce these standards and super-
vise water supply systems and sources, In addition, they may
set secondary standards for taste, odor and appearance of
drinking water.>

V. B, 1. c. Admin ist rat ion and Enforcement--Before a water
supply system can be constructed or altered, plans, surveys
and inf ormat ion required by t he rules and regulat ions of t he
Commission for Health Services must be submitted. The plans
must be approved and the water supply system inspected by tbe
Division of Health Services before a board, authority or per-
son may enter into a contract for an existing or new water
supply system.

public water supply systems also must meet the standards,
criteria and requirements adopted by the Commission to secure
plan approval.

To prevent contamination of public drinking water sup-
plies, all sewage and industrial wastes are required to be
treated by a system of purification approved by the Commission
for Health Services and the Environmental Management Com-
mission before discharge in areas upstream from or affecting
a public drinking water supply. The statute also prohibits
anyone from damaging a public water supply,

Drinking water supply standards are set by the Commis-
sion for Health Services. These standards are enforced
locally by the local health departments which are required
to employ sanitary engineers and other specialists to inspect
water supplies and approve plans,
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V,B. l.d. Coastal A lication--The quality of drinking
water supply has been a problem in coastal areas where septic
tanks have contaminated the groundwater supplies, To ensure
high quality drinking water, localities should strictly en- .
force septic tank regulations, If a locality continues to
have septic tank contamination problems with the drinking
water quality, the local health boards should consider adopt-
ing more stringent regulations than those of the Commission
for Health Services. Drinking water standards may provide
an additional compelling reason for imposing limitations on
septic tanks in many coastal areas.

Environmental Protection Agency, "The Safe Water Drink-
ing Act of 1974," Environmental Information  Washington, D,C,:

~Of, ~9
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V.B.2. Mosquito Control

This regulation is concerned with the control of mos-
quitos by maintaining mosquito control districts, by accept-
ing and allocating federal grants-in-aid and state funds to
local units for controlling mosquitos, and by administration
of adopted rules and regulations for mosquito control pro-
grams, including inspect ion, spraying, draining, filling and
dredging of land.

is authorized to maintain control districts and allocate aid
in accordance with the rules and regulations adopted by the
Commission of Health Service by N.C.G.S. 130-206 et sece.

V. B.2.b. Administrat ion and Znf orcement--'Mosquito con-
trol districts an loca governmen s are generally respon-
sible for direct regulation of mosquito control. Adminis-
tration is the responsibility of the Division of Health
Services,

V.B.2.c. Coastal A lication--The rules and regulations
adopted by the State Commission of Health Services enabled by
the Mosquito Control Act of 1957 authorized the construction
of wide, steep-sided, deep ditches in the coastal salt marshes
to drain ponds which, when f looded, bred mosquitos. Those
were later discontinued because of adverse effects on the
environment surrounding these ditches in Pamlico, Carteret,
Onslow and New Hanover counties, At the present time, the
State Commission of Health Services has no plans to construct
additional ditches,
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V.B,3, Prohibited Discharges to Water

A permit must be obtained from the Environmental Manage-
ment Commission to discharge either directly or indirectly or
cause to mix with the "waters of the State" any waste which vi-
olates water quality standards of the stream classification or
which violates the effluent standards established for the point
source. "Waters of the State" are def ined in N.C.G.S. 143-
213�! to include all bodies or accumulations of water, surface
or underground, public or private, and natural or art if icial
which flow within or through the State. Thus the water quality
of the State is regulated by the non-point source approach of
water quality standards for each stream classification and by
the point source approach of effluent standards for each type
of point source discharge.

.3. ~ . ~b
215 to the Environmental Management Commission.

The effluent standards and stream classification standards
are set by the U.S. Environmental Protection Agency in accor-
dance with 33 U.S.C, 402. However, the regulatory power can be
granted to the state if it meets the requirements of the Na-
tional Pollutant Discharge Elimination System permit program.

V.B.3.b, Administration and Enforcement--North Carolina
has met the requirements of the NPIRS permit program and soon
will have the authority to enforce federal water quality regu-
lations along with State regulations.  See below, Section
V ~ C.3., National Pollutant Discharge Elimination System.!

V,B.3.c. Coastal A licaiion--The fragile and sensit ive
estuarine waters make water quality regulation essential to the
coastal area. More shellfish areas are closed each year due to
the poor quality af estuarine waters polluted by inland streams,
Strict enforcement of point source discharge from businesses,
industries, treatment plants and others can reduce the problem
of point source pollution, leaving more time to deal with the
more difficult problem of non-point source pollution from septic
t ank, stormwater and agricult ural runof f .
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V.B.4. Regulation of Solid Waste
Disposal Sites

Regulation of solid waste disposal sites may take the form
of standards for the establishment, location, operation, mainten-
ance, use and discontinuance af sites and facilities. Regula-
tian is for the purpose of preventing pallution of surface and
groundwater, air pallution through burning and undesirable ef-
fects fram special types of wastes.

Cammissian of Health Services is the designated agency for pro-
mulgating rules and regulations for disposal sites and for ap-
proving of sites pursuant to N.C.G. S. 130-166. 16. The Depart-
ment of Human Resources can also accept and distribute funds
fram sources including the federal government for providing
solid waste dispasal sites, In accordance with the Federal Solid
Waste Disposal Act  P.L. 89-272!, EPA has established standards
for solid waste disposal sites. These federal standards are ad-
ministered along with the State standards by the Department of
Human Resources, Division of Health Services.

V.8.4.b. Administration and Enforcement � Statewide stand-
ards for the establishment, location and maintenance of solid
waste disposal sites and facilities are set by the Commission of
Health Services. Local governments and county health departments
are generally responsible for direct regulation of these stand-
ards. Before a solid waste disposal site and facility can be
utilized, the standards must be met and the site approved by the
Commission of Health Services.

~M
the State Commissian of Health Services have made open dumps il-
legal. Throughout the State, 469 open dumps have been replaced
with 169 sanitary land fills. The State rules also require each
county to develop a plan including an approved disposal site and
a containerized system for rural areas. The plans are evaluated
quarterly 1

V. 8.4. d, Coast al A 1icat ion � A 1 1 20 coast al caunt ies have
approved solid waste sposa plans, including a disposal site
and cantainerized system. All plans are presently in operation
except in Tyrell County, where the demand is not great enough to
operate a system of its own. Waste disposal plans can be a tool
to ensure that waste disposal sites are not lacated where they
will adversely affect groundwater supplies or the quality of
surface runoff into wetlands or productive estuarine areas.

Conversation with Jan Usry, Division of Health Services,
N. C. Department of Human Resources, July 1975.
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V.B.5. Prohibited Discharges  Ocean Disposal!

Discharges of waste including thermal discharges into
the Atlantic Ocean are prohibited by statute. However, the
Environmental Management Commission  DNKR! has the power to
adopt regulations t o permit except ions,

mission is given the regulatory authority in N.C.G.S. 143-
214.2. On the federa1 level the Environmental Protection
Agency has the regulatory authority for discharge from point
sources under Section 402  National Pollutant Discharge
Elimination System! of the Federal Water Polution Control Act.
This includes point sources such as ocean outfalls, Under
the Marine Protection, Research and Sanctuaries Act of 1972
 P.L. 92-532!, EPA has the authority to issue permits for
ocean dumping of all waste based on criteria established by
EPA, by the U,S. Army Corps of Engineers, and by the Office
of Coastal Zone Management jointly,

V.B,5.b. Administration and Enforcement--So far the
State Environmental Management Commission has not adopted
regulations to permit exceptions to ocean disposal. The
EPA has not yet set guidelines for either ocean aut falls under
the National Pollutant Discharge Elimination System's efflu-
ent standards or for ocean dumping under the Marine Protection
Research and Sanctuaries Act. The State's policy at present
is to prohibit discharge to the ocean until EPA establishes
guidelines. When EPA sets the guidelines, the State Environ-
mental Management Commission will use them to issue permits
under its Nat ional pollutant Discharge Eliminat ion System
authority,

V,B.5.c. Coastal A lication--Local governments do not
have direct jurisdiction over ocean waters, and therefore must
appeal to the state and/or federal agencies to regulate pri-
vate activities of those waters. Although there is not yet
substantial dumping of refuse in the acean off the North Caro-
lina coast, there is the possibility that this method of dis-
posing of wastes will be increasingly used as an alternative
to present methods which have proved ta be damaging to the
environment, Any locality that plans to use ocean dumping or
wants to see that ocean dumping by private persons or nearby
jurisdicatians is properly analyzed and regulated may need to
invoke the state and federal ocean dumping permit process,
 See below, Section V.C.4., Ocean Dumping Permit! .
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V, B. 6. Regu 1 at ion of Construct ion of
Water Wells

This type of regulation may be used to control the con-
struction of water wells with a withdrawal capacity great
enough to affect significantly groundwater or wells of any
size in an area where groundwater resources require special
protection. Permits may be denied upon finding that a well
is or may be a source or channel of contamination of under-
ground water supplies ar aquifers. Regulation may be ex-
tended to periodic inspection and/or monitoring of water re-
sources to assure that. the wells function without damage to
those resources,

Carolina purusant to N.C.G.S. 87-88. The Division of En-
vironmental Management in the Department of Natural and Eco-
nomic Resources is responsible for administering this regu-
lat ion.

V.B.6.b. Administration and Enforcement--A permit is
required from the Division of Environmental Management for
the construction of any well with a capacity of 100,000 gal-
lons or greater, or any well in a hydrologically sensitive
area. Before a permit is given, a water well must meet cer-
tain construction standards set out in rules and regulations
adopted by the Environmental Management Commission. Specif ic
requirements include testing and chlorination of water supply
wells, equipping artesian wells with valves so they can be
shut off when not in use, and prohibiting the use of wells for
recharge or injection of waste without permission from the
Environmental Management Commission with recommendat ions from
the Commission for Health Services.

Violation of these regulations is subject to a penalty
of $I00. If violat ions are willf ul, a person may be f ined
for each day as a separate violation,

V.8,6.c. Coastal A lication--Most of the water supply
sources in the coastal area are water wells, The regulations
concerning construction of water wells can be used to pro-
tect groundwater sources f rom excess ive withdrawal which can
increase saltwater intrusion. Regulations can also protect
water sources from contaminat ion by improper waste disposal
and other pollutants,
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V.B.7. Regulation of Septic Tanks

these f ac i 1 i-

subsurface
of surface
sanit at ion

Regulation of septic tanks can ensure that
ties are not permitted in areas where soil type
conditions, groundwater conditions or proximity
water dictate a high likelihood of malfunction,
problems or environmental pollution.

exists in North Carolina pursuant to N,C,G,S. 130-160 et ~se

V.B.7,b, Administration and Enforcement � Owners of
single or multi-fami1y residences, places of business, and
places of public assembly are required to provide sanitary
systems such as an approved privy, an approved septic tank
system or a connection to a public sewage system. The juris-
diction for regulat ion of sanitary systems, including septic
tanks, is split between two dif ferent departments. The Com-
mission for Health Services in the Department of Human Re-
sources approves all sanitary systems with a capacity of less
than 3, 000 gallons. This would apply, f or example, to all
single-family systems, For systems with a capacity of 3,000
gallons or more, approva1 must be obtained from the Environ-
mental Management Commission in the Department of Natural and
Economic Resources,

For septic tank installment or improvement of a system of
less than 3,000 gallons capacity, a permit must be obtained
from the Commission for Health Services. Before such a permit
is granted, a determination must be made that the land is suit-
able for the system, based on soil porosity, topography, depth
to the water table and other appropriate factors. This per-
mit must be obtained before the construction or improvement of
a building can commence. Failure to obtain such a permit is
a misdemea,nor and is punishable by a f ine not greater than
$200.

Resources, now the Environmental Management Commission, adopted
disposal and septic tank regulations of importance ta the
coastal area,. The regulations apply only to septic tanks
within the Commission's authority and so apply to sewage sys-
tems greater than 3,000-gallon capacity, which include many
motels, restaurants, condominiums and industrial plants. In-
cluded in these adopted regulations is the prohibition af
septic tanks in areas that produce more than 1,200 gallons
of waste water per acre per day or in areas with a present
density of three residences per acre. These regulations ef-
fectively broaden the powers of the Commission and give it
the potential power to limit and control growth in the coastal
area 1
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V,B.7.d. Coastal A lication--At present, septic tanks
are an important concern of coastal local government. Much
of the development in the area utilizes septic tanks and most
of the coastal soil types are not suitable for septic tank dis-
posal systems. New, stricter septic tank regulat ions have
recently been adopted by both the Commission for Health Ser-
vices and the Environmental Management Commission. However,
because af the dependence on septic tanks for waste disposal
and the few sail types suitable for their use, these new
regulations will not be implemented until more studies are
made. Through the local health boards  see above, Section
V,A.1., Local Health Regulation!, local government can adopt
and enforce more stringent regulations on septic tanks than
those of the Commission for Health Services if health condi-
tions peculiar to that locality exist,

Robert Bode and William Farthing, Jr., Coastal Area
Mana ment in North Carolina: Problems and Alternat ives

Chapel Hill: Xnstitute of Civil Education, The Law Center,
Univ. of North Carolina, 1974! .
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V, B.8. Obstruct ion o f Nav igab le and
Open Waters

The puxpose of this pool is to regulate the dumping of
waste and the erection of signs or other structures in navig-
able waters. Also prohibited without a permit is the will-
ful obstructian of streams, creeks and drainage ditches re-
sulting in the impedance of stream flow.

. ~ . ~ � h
navigable waters is given to the Department of Natural and
Economic Resaurces and inland navigable watexs is given to
the Wildlife Resources Commissian pursuant to N.C.G.S. 76-40.
Authority for regulation of streams, creeks and drainage
ditches is found in N.C.G.S. 77-12 thraugh 14.

Permits to dump waste or erect structures other than
bridges in navigable waters must alsa be obtained from the U.S.
Army Corps of Engineers pursuant ta the Commerce Clause of the
U.S. Const itut ion. Permits for erect ian of bridges must be
obtained for the U,S. Coast Guard.

V.B.8.b. Administration and Enforcement--Before any
structure can be built in State navigable eaters a permit must
be obtained from the Department af Administration subject to
appraval from the Department of Natural and Ecanamic Re-
sources cancerning environmental effect. The purpose of the
permit is ta regulate structures in the water and to assign
the responsibility for xemoval ance the structures have been
abandoned. Under the permit the holder is required ta remove
the structure 30 days after abandanment.

Violation of these regulations is a misdemeanor and is
punishable by a fine not greater than $500 and/ar imprisan-
ment not to exceed six months,

V ~ B ~ 8.c. Coastal A lication--Bath inland and caastal
eaters in the coastal area are used for fisheries activities.
Those activities sometimes require fishnet stakes, small dams,
piers and other structures that can obstruct the water caus-
ing degradation of downstream areas and difficulty in navi-
gation. The permit for obstructing structures is necessary
to prevent these adverse effects.

ln addition, this permit px'events adjacent landowners
from building restaurants, houses and other shelters over
public waters.
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V.B.9. Air Pollution Control Permits

Regulation af air pollution can be administered and en-
forced by a state agency and/or by local air pollution control
boards. Regulation may be accamplished by monitoring sources
of pollution and evaluating impacts on the environment. These
effects are then related to ambient air standards which are de-
veloped by the Environmental Management Commission. Monitor-
ing may involve sampling of ambient air and of smakestack emis-
sions, and sampling of vegetation impacts of air pollution.

Environmental Management Commission pursuant to N.C.G.S.
143-2 15. 108.

The Environmental Protection Agency is responsible for
setting the national air quality standards and administers
the state implementation programs pursuant to the Clean Air
Act af 1970 as amended.

V.B. 9.b. Administration and Enforcement--The Division
of Environmental Management in the Department of Natural and
Economic Resources is responsible for administering the air
quality permit program. This pragram is the enforcement mech-
anism for achieving national air quality standards, including
class if icat ian of air contaminant sources, emission control
standards, and motor vehicle emission standards, After these
standards and classifications have been adopted, the Environ-
mental Management Commission may issue a special order ta any
person found responsible far causing air pollution in an area
where standards are established. Permits must be obtained
from the Enviranmental Management Commission for establishing
or operating a stationary air cantaminant source, using equip-
mnt that may cause emission of air contaminants, altering the
operation af a process or equipment that emits or may emit air
contaminants, and altering the generation af a process or equip-
ment of an air-cleaning device. The Commission is empowered
to grant permits with condit ions attached, grant temporary per-
mits and adopt rules for the permit system.

Air pallution regulatian can also be performed at the
local level through air pollution control programs certified
by the Commission. Before a local program can be certified,
it must meet the requirements set forth in N.C.G.S. 143-215. 112,
including an ordinance compatible with state standards, rules
and regulations; an adequate enforcement of such requirements;
an adequate administrative staff; and other requirements set
forth by the Commission.

Penalities for violation are stiff. Civil penalities may
be assessed in the amount of $5,000 per day. Criminal penal-
ties, for willful or negligent violation, may be assessed in
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the amount of $15,000 per day. Any person vho knowingly makes
any false statement, respresentation or certif ication to the
RMC or tampers with an ZMC monitoring device may be assessed
a fine of $10,000 and a term of six months' imprisonment.
Injunctive relief is also available  N.C.G.S. 143-215.6! .

~b
the Clear Air Act are being considered by Congress. Depend-
ing on which is passed, the State program vill be altered to
accommodate the changes. It is unlikely that the General
Assembly vill elect to legislate air quality standards more
stringent than the federal standards.

V.B.9.1, Coastal A lication � Ai this time air quality
is not a major problem in the coastal area, except in the
vicinity of specif ic power plants, f ish-processing f acili-
ties, or other industries. Concern may increase if a deep-
water oil terminal and its associated petroleum-based indus-
tries are located in the coastal area. Local governments
concerned about maintaining good air quality should consider
adopting a local air pollution ordinance to qualify for cer-
tif ication to enforce air pollution regulation locally. In
this way localities can better control air pollution,
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V.B.10. Licensiag and Regulation of
Pest ic ide App1icat ion

Regulation of pesticide applicatioa may be direct, by
establishiag regulations concerning both the type of pesti-
cide and the method or use, or indirect, by licensing of ap-
plicators. Regulations concex'ning the method of application
may be those deemed necessary to prevent damage to plants,
wildlife, f ish and aquatic life, and other persons, animals
or beneficial insects. For further effectiveaess in achiev-
ing these purposes, x'egulations should be related ta such
factors as the natural characteristics of affected land, the
proximity of water, the properties of the pesticide itself,
and the potential for runoff ar mixing with groundwaters.

K d
ticides and applicators exist in North Caralina pursuant to
N.C.G.S. 143-434 et ~se . These regulations are administered
by the Pest Contral Division of the Narth Carolina Department
of Agriculture. The EPA Off ice af Pesticides registers all
insecticides, fungicides aad other economic poisons that are
involved in interstate and intrastate commerce, It also es-
tablishes the "safe tolerance" or the amaunt of each pesti-
cide that may safely be left on raw food crops. In additian,
it can give technical assistance ta state agencies for admin-
istering pesticide control pragrams and is responsible far
approving state cert if icatian af applicators ' programs. 1

V. B. 10, b. Administ rat ion and Eaf orcement--The Commis-
sianer of Agriculture is responsible for the administration
and enforcement of the North Carolina law. Regulatioas govern-
iag the use af pesticides placed an the "restricted use" list
and the issuance of dealers' aad applicators' licenses are
determined by a Pesticide Board, The Baard is empowered to
adopt such regulations as will restrict or prohibit the sale
and use of pesticides in designated areas during specified
periods af time to prevent damage or injury by drift ar mis-
application to �! plants, including forage plaats, or adja-
cent or nearby land; �! wildlife in the adjoining or nearby
areas; �! fish aad other aquatic life in waters ia reasaa-
able praximity ta the area to be treated; �! other animals,
persans or beneficial insects, Also, all pesticides dis-
tributed, sold, or offered for sale ia the State must be
registexed with the Department of Agriculture.

Violators may have their applicator's license suspended
or revoked, and violatioa of any provision of the act will
be judged a misdemeanor and subject the violatar to fines of
4100 ta $1000 per day.

~b«
checked to assux'e prapex licensing aad applicaiian. The
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emphasis is on application conformance rathex than the effects
of pesticides on the environment.2

North Carolina has submitted its program for the certi-
f ication of applicators to ZPA for approval. When the pro-
gram is approved, the North Carolina Pesticide Board will
have the authority to license pesticide apylicators.

V.B.10.d. Coastal licatian--With the emphasis on ap-
plication compliance rather han environmental effects of
pesticides, it is virtually unknown what effects present
pesticide use is having on estuarine, especially shellfish,
waters, Xn the past before it was banned, D9f and other
chlorinated hydrocarbon pesticides were found in high con-
centrations in North Carolina shellf ish, making them inedible.
However, nothing is known about the concentrations of the new
pest icides in sbe11f ish.3

Hope does exist in the new federal pesticide regulations
which are supposed to consider effects on the environment as
well as to the applicator.4  See below, Section V.B. llu y
Envtronmental Pest icide Control. !

John K. Gamman et al., Federal Involvement in the Cali-
fornia Coastal Zone � h T~oical Index to k~e~nc r Res nsibilit
Tgerhele~y: nstitution of Urban and Regional Develop~at,
Univ. of California, 1974!, p. 137.

2Conversation with Pesticide Control Division of the
North Carolina Department of. Agriculture, July 1975.

R~eion  Raleigh: Water Resources Institute, R. C. State
University, September 1975!, p. 78.

i S. I... t C~lb
Control Law  Chapel Hill: Institute of Government, Univ.
of North Carolina, 1975!, Part III.
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V.B. 11. Environmental Pest icide Control

The purpose of this tool is to regulate the use of pesti-
cides so as to protect human life and the environment. This
can be achieved by registering pesticides, restricting their
use and by licensing dealers and applicators.

*

trator of the Environmental Protection Agency by the Environ-
mental Pesticide Control Act of 1972. The states are respon-
sible for licensing applicators and may further impose restric-
tions on pest icides. North Carolina's Department of Agricul-
ture, Pest Control Division is authorised to administer N.C.G.S.
143-452, 143-458 and 143-440 b!,  See above, Section V. B. 10.,
Licensing of and Regulation of Pesticide Application.!

V.B. ll.b. Administration and Enforcement--The Environ-
mental Pesticide Control Act of 1972 regulates the use of pesti-
cides to protect humans and the environment. It also extends
the authority of the Federal Insecticide, Fungicide and Rodenti-
cide Act to regulate not only pesticides moving in interstate
commerce, but also intrastate commerce. All pest icides must
be labeled to prevent harm to man and the environment before
they can be registered or sold. Use of the pesticide is pro-
hibited if use is inconsistent with the labeling.

Pesticides are also classif led for either �! general or
�! restricted use. Restricted use pesticides can be used by
or under the supervision of licensed applicators. Applica-
tors are certif ied under approved State programs. Funds are
also appropriated for the implementation of the Act. 1

I
authority to control over all pesticides and prohibition of
misuse of pesticides, These additions seem to make regulation
more effective in protecting both man and the environment.2
The deadline for state programs to be submitted to EFP for ap-
proval was October 21, 1975. Thus, the state licensing of
applicators is not yet in effect.3'

V.B. ll.d. Coastal A lication--In the past before it was
banned, DDI' and other chlorinated hydrocarbon pesticides were
found in shellfish in amounts sufficient to close several North

Carolina shellf ish waters. It is not presently known if the
pesticides that replaced MZ and others are also accumulating
in shellf ish in concentrations sufficient to cause them to be

inedible, So by the addition of regulations protecting both
man and the environment, in the 1972 Act, it is hoped the con-
tamination of shellfish can be brought under control.
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S,, J
Control Laws  Chapel Hill: Inst it ate of Government, Univ.
of Nort h Carolina, 1975!, Part IV.

~Ibid,

Comment by Donald Hayne of the North Carolina Pesti-
cide Advisory Council, November 1975.

4

~Rs ion  Raleigh: Water Resources Institute, North arolina
State University, 1975!, p. 78.
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V.B.12. Hegulatian of Oil Ref ineries

Regulatian of ail refineries is based on recognition oftheir particularly high patential to pallute and possibly per-
manentlyy damage environmentally fragile areas. Permits and
regulations should take into consideration certain character-istics of tbe area for which the refinery is proposed, includ-
ing proximity to fragile and valuable ecosystems, tbe assimi-
lative capacity of and the laad already placed on affected
water, and other considerations appropriate in a general
benef it-cost analysis.

V.B. 12. a. Autharit � Autharity ta regulate oil ref iner-
ies exists in North arolina pursuant to N.C.G,S. 143-215.99.
The permit program is administered by the Division of Environ-
mental Management in the Department of Natural and Econamic
Res ources  DNER! .

V.8.12.b. Administration and Enforcement � Under these
statutes the Secretary of the DNER is g ven authority to issue
or deny permits for construction of new facilities by N.C.G.S.143-215,000 «nd far cantinuation of existing facilities by
N.C.G.S. 143-215. 101�! . The Secretary may impose appropri-
ate terms and conditions and may deny permits upon finding that
such facilities will have adverse effects on wildlife or fresh-water, estuarine or marine fisheries; on air or water quality; or
on the public health safety and welfare which outweigh the
project 's benefits. The Secretary may require the installationof such facilities and protective measures as are necessary to
prevent oil discharges ta waters or lands of the State. Tbestatute assesses civil penalties in the amaunt af $10,000 per
violation and criminal penalities for knowing vialat ion in the
amaunt of $10,000 and six months' imprisonment  N,C.G.S. 143-
215. 102! .

V.B. 12.c. Coastal A licat ion--At this time, no permitshave been issued. However, should refineries desire to la-
cate in the coastal area, this regulation does grant the power
to ensure that tbe location chasen is compatible with the re-
finery. This could be important if the proposed location is
nat in an area of enviranmental concern and therefore not re-quired by the Coastal Area Management Act to obtain a develop-
ment permit, and if tbe local jurisdiction bas not adopted landuse controls which regulate the locatian of the refinery,

1Conversation with North Carolina Division of Environ-mental Management aff icial, July 1975.



342

V.B,13. Control of Coastal Wetlands
Act ivit ies

This regulation allows the Secretary af Natural and Eco-
nomic Resources to adopt, modify or repeal orders controlling
activities in coastal marshlands and contiguous areas for the
purpose of promoting public safety, health and welfare, and
protecting property, wildlife and marine f isheries, Activi-
ties in coastal wetlands that can be affected by such orders
include dredging, filling or other alterations such as removal
of materials.

nomic Resources, with the approval of the Marine Fisheries
Cammission, is authorized by N.C.G.S. 113-230 to make such
orders after holding a public hearing and giving notice to
each affected landowner and interested state agencies.

V.B.13.b. Administration and Enforcement--This statute
authorizes the Secretary of ENER, with the approval of the
Marine Fisheries Commissian, to adopt, amend, modify or re-
peal regulatians restricting or prohibiting the dredging,
f illing or otherwise altering of coastal wet lands  primarily
def ined as marshlands! under N.C.G. S. 113-229  n! �! . Viola-
tion of such regulations is a misdemeanor and carries a pen-
alty of six months' imprisonment and $500. The statute also
authorizes inj unct ive relief . Since its enactment, the
statute has never been used by the Secretary.

V.B. 13.c. Coastal A licat ion � Th is statute adds in two
significant ways ta the State's power to require permits for
development in caastal marshlands under dredge and fill regu-
lations  N.C,G.S. 113-229! . First, the Secretary or his agents
may, through proper procedure, adopt more regulations or guide-
lines for activities in marshlands rather than reacting to
propased activities on a case-by-ease basis. Second, such reg-
ulation is explicitly authorized to extend to "designated
contiguous areas," thus giving additional geographical juris-
dictian. The amount of such contiguous area that can be desig-
nated for regulation is, of course, limited by the ability to
show that such regulation aver an area af such size is reason-
ably necessary to protect the adjacent marshlands. This ex-
tension of the regulatory power to contiguous areas offers
substantial patential for protecting coastal marshlands from
damage due to septic tanks, sedimentation-producing projects,
and other damaging activities adjacent to but not actually in
the marshlands.
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V.B.14, Dredge and Fill Permits

A permit must be obtained from tbe Marine Fisheries Com-
mission before dredge and f ill activities can begin in estu-
arine waters, including bays, sounds, rivers and tributaries
seaward of the line dividing coastal and inland f.ishing
waters; tidelands; marsblands, including "any salt marsh or
other marsh subject to regular ar occasional flooding by
tides"; and State-owned lakes, including man-made as well as
nat ur al lakes .

authorized by N.C.G.S. 113-229 to let dredge and fill permits.
The U.S. Army Corps of Engineers is authorized by 33 U.S.C. 403,
the Rivers and Harbors Act, to let permits for dredge and fill
activities in navigable waters and by 33 U.S.C, 404 to let per-
mits for discharge of dredged materials into navigable waters,
so a permit from the Corps is necessary for dredge and fill
activity in navigable waters.

V.B.14.b. Administration and Enforcement--This statute
requires that before any person begins any excavation or fi11-
ing project in any estuarine waters, t ide lands, marsh lands
or State-owned lakes, be must obtain a permit from the Marine
Fisheries Commission. Such a permit does not relieve that
person from obtaining an Army Carps of Engineers permit as
well � N.C.G.S. 113-229�!. The Commission may deny the per-
mit where it finds that �! there will be a signif icant ad-
verse effect on the use of the water by the public; �! that
there wil.1 be a signif icant adverse effect on public health,
safety or welfare; �! there vill be a signif icant adverse
effect on the conservation of public and private water sup-
plies; or �! there wil.l be signif icant adverse effect on wild-
life or freshwater, estuarine or marine fisheries--N.C.G.S.
ll3-229 e!. Issuance of the permit is deemed to be conclusive
evidence of compliance with the statute and prevents any sub-
sequent cha11enge. In addition, a certificate of water quality
must, be obtained from the Environmental Management Commission
to show that stream classif ication and ef fluent standards
will not be violated  see discussion above, Section V.B.3.,
Prohibited Discharges to Water! .

Failure to comply with the Act leaves the operator open
to suit by tbe Secretary of the INER for injunctive relief and
damages, and for the payment of a $500 per day fine.

V.B.14.c. Coastal A lication--Administration of the
dredge and f ill permit program by the Marine Fisheries Commis-
sion is generally considered to be a successful program. The
State program is coordinated with the federal Corps of En-
gineers program, although the latter is generally cansidered



344

to have broader jurisdiction. In any event, this program
covers practically all dredge and fill activities in the vast
and very important marsh and estuarine areas of the coast,
and is therefore important in protecting coastal wetlands,
waters and wildlife. All tbe areas now covered by the State
dredge and fill permit program are suggested for AKC designa-
tion by the Coastal Area Management Act guidelines. If these
areas are not designated Areas of Environmental Concern under
tbe Coastal Area Management Act, and the local regulatory
achene duce not include a neane of evaluating ~ever project
in these areas, then local cooperation with State officials
in enforcing the dredge and f ill regulations can help ensure
protection of these crit ical wetlands.



V.B. 15. Regulation of Water Capacity
Use Areas

The purpose of regulating water capacity use areas is ta
detect areas that have limited groundwater supplies and to
regulate water withdrawal according ta those limitations. If
an area is declared a water capacity use area, f uture water
withdrawals above a specif ied amount will require permits.
In deciding whether to issue a permit, consideration is given
ta the nature and size of the aquifer; the chemical and physi-
cal nature of any resulting impairment and tbe duration of any
public injury resulting from that impairment; the importance
and necessity af the uses and the kinds of activities to which
they relate; diversion from other water courses or aquifers;
and other relevant factors.

5. ~ .
Carolina pursuant to N.C. G.S. 143-215. 15. Administration is
by the Environmental ILanagement Commission of the Department
of Natural and Economic Resources.

V.B. 15, b. Administ rat ion and Enf arcement � The Environm-
entall Management omm ss on s empowered a delineate capacity
use areas where it finds that the use of groundwater or sur-
face water requires caordination and limited regulations for
protect ion of public and private interests. Such interests
are deemed to have been threatened when the aggregate uses af
waters have been develaped or threatened ta develop ta the
point where there is a danger of impairment af the renewal ar
replenishment af such waters.

The Environmental Management Commission may hold a public
hearing in the area in which it has reason to believe that the
withdrawal of water or the discharge af pollutants inta the
waters is having an unreasonably adverse effect on those waters,
whether in a designated capacity use or not. Where the Com-
mission f inds such adverse ef f ects, it may prohibit by N.C. G. S.
143-215 d! the withdrawal of water in excess of 100,000 gal-
lons a day,

Following the designation of a capacity use area, the En-
vironmental Management Commission may issue regulations for
the withdrawal of water from surface and groundwater sources
and require the submission of reports on the activities of water
users  N, C, G, S. 143-215. l4!,

With regard to enforcement, the Environmental Management
Commission has the right to direct investigations necessary
ta carry out its duties, to enter upon private or public land
f or the purpose of invest igat ion of withdrawal facilities, and
ta require written statements or the f iling of reports under
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oath  N,C,G.S. 143-215.19! . Civil and criminal penalties may
be assessed and fines levied of between $100 and $1,000 per
day, as authorized by N.C.G.S. 143-215.15 b!. The Environ-
mental Management Commission is further empowered by N.C.G.S.
143-215.15 c! to seek injunctive relief in appropriate cir-
c umst ances.

V.B.15.c. Coastal A lication � The only water capacity
use area at this time is in Pamlico and Washington counties,
covering the area in which large phosphate mining operations
withdraw very large amounts of groundwater.l This regulation
could be of increasing significance to the coastal area as
groundwater problems are invest igated and detected. However,
its usefulness seems limited in that it comes into play late,
after significant damage is done to water supplies in an area.
Under present rules, only very large extractions of ground-
water are regulated, thus leaving uncontrolled the aggregate
damage due to smaller users.

Conversation with North Carolina Environmental Manage-
ment Commission official, July 1975.
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V.B.16, Dam Approval

Before dam construction, repair or alteration can begin,
an application must be approved and a permit issued. While
the purpose af this law is primarily to ensure the safety of
persons and property directly threatened by the physical pres-
ence of impounded water, the legislatian also recognizes the
importance of the maintenance of minimum stream flows  N.C.G.S ~
143-215.24! . Thus, to be approved, applications must meet
conditions which ensure safety and satisfy minimum stream flow
requirements. Approval involves dam supervision and design
by a qualified engineer, inspection, supervision over main-
tenance and operation and review by specified State agencies.

mission in the Department of Natural and Economic Resources
is authorized by N.C.G.S. 143-215.28 to approve dam construc-
t ion, repair or alterat ion.

V.B. 16.b. Administrat ian and Enforcement � An applicat ian
t o canst ruct, modi y or repa r a am mus i led wit h t he
Environmental Management Commission  N,C.G.S. l43-215.26 and
215.27!, which has the power to apprave or disapprove such ap-
plication  N.C,G, S. 143-215.28! . The Environmental Management
Commission must provide for the final inspection of the project
at its camplet ion and certify that minimum stream flow require-
ments are being met  N,C.G.S. 143-215.30! .

The Department of Natural and Economic Resources is au-
thorized to inspect any dam upon receipt of a written request
fram any affected person or agency, or from the Environmental
Management Commission, If the dam daes not satisfy minimum
stream-flow requirements upon inspectian, the Commission may
order the owner to take steps to alleviate the injurious can-
dition  N,C.G.S, 143-215.32! .

Criminal and civil penalties may be assessed for viola-
tion of any regulations under the Act, and fines assessed in
the amount of $100 to $1,000 per day. Injunctive relief may
be sought in apprapriate circumstances  N.C.G.S. 143-215.36!,

V.B, 16.c. Coastal A lication--The dam safety program
has recently been given an augmented staff, which should per-
mit effective enfarcement of the program, Dam construction
has not been a major activity in the coastal area, and this
regulation may not be of great use to local planners. If ex-
tensive impoundment of marshes or wet Lands threatens to alter
the water mixing properties of the estuaries, the provisions
of the dam approva1 program could perhaps be a way of limit-
ing such modifications to acceptable levels.
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V, B. 17. Regu lat ions Pursuant to Erosion and
Sedimentation Control Plans

North Carolina General Statute 113A-54 authorized a Sedi-
mentation Control Commission under the Department of Natural
and Economic Resources which is to set up rules and regula-
tions for the control of erosion and sedimentation from land-
disturbing act ivities. The Commission is further charged with
developing a local erosion control ordinance and assisting
local governments in the development of their own ordinances.
The Secretary of the Department of Natural and Economic Re-
sources is responsible for the administration, implementation
and enforcement of the Act.

erosion and sediment control plans exists in North Carolina
under N,C.G.S, 113A-60 or N.C.G.S. 113A-61. The North Caro-
lina Sedimentat ion Control Commission approves local erosion
control projects and the sponsoring locality may then develop
ordinances and other regulatory tools. The local ordinances
must be at least as strict as the State statute. If the local
government does not decide to adopt such ordinances, then the
Division of Resource Planning and Evaluation in the Department
of Natural and Economic Resources shall enforce the State
statute.

V.B,17.b. Administration and Enforcement � The Act author-
izes both general and mandatory standards. The general stand- .
ards apply to all "land-disturbing activity," which is any use
of the land that results in a change in the natural cover or
topography and that may contribute to or cause sedimentation.
The Act appears, however, to exclude agricultural and forestry
activities  N.C.G.S. 113A-52 �! ! . The Act includes mandatory
standards for land-disturbing activities  N.C.G.S. 113A-57!,
including: �! leaving an adequate buffer between such activ-
ity and a natural watercourse or lake area; �! the revegeta-
tion of sloped areas; and �! erosion control on land adjacent
to any land-disturbing activity undertaken on a tract of
greater than one acre.

The Act specifically empowers both the State and local
governments to sue for injunctive relief where there is a rea-
sonable cause to be lieve that t here has been a violation of
a State or local program. In addition, civil relief is made
available to any person injured in the violation of a State
ar local program  N.C. G, S. 113A-66!, Finai.ly, civil penal-
ties in the amount of $100 per day may be assessed against
a violator.

sion caused by land-disturbing activities can be developed
with litt le technical dif f iculty. Surveillance and enforcement
will require some additional administrative burden, but this
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should nat be excessive if these duties are cambined with the
administration of other regulatory programs such as subdi-
vision regulation and building permits, At any rate, it is
clear t hat wit h t he available work af t he U.S. Soil Conserva-
tion Service, it ie possible to estimate the runoff from any
specific site under natural conditions. 1 Thus, the technical
capability is available if organizational and administrative
problems can be overcome.

The apprapriate level of government far this taal is
local, where individual site inspection is feasible. It
would be difficult for the State to enforce this statute with-
aut great staf f additions.

V.B.17,d. Where It Has Been Used and to What Effect--
Many lacalities throughout the nation have employed various
types af sedimentation and erosion cantrol ardinances,2 Mast
efforts seem to be so recent that analysis of effectiveness is
not yet available. Some states have mandated such plans in
coastal areas.3 The potential effectiveness of erosion con-
trols on maintaining the quality of coastal waters can be
understood when it is understood that erosian yields from de-
velopment sites are three to one hundred times greater than
from nat ural areas . 4 In North Carolina ' s coastal area, New
Hanover County has implemented an erosion control ordinance.

V.B.17.e. Coastal A lication &antral of erosion and
sedimentation is important in the coastal areas. The sandy
and silty soils of this area are highly erodible and can cause
much sedimentation in streams if proper controls are not em-
ployed. An increase in sedimentation could ser iously disturb
shellfish and highly productive plants in the tidal creeks,
estuaries and marshes. Since the State staff is so small,
enfarcement of State standards will be almost impassible and
coastal communities will stand to lose or damage valuable
natural resources unless localities adapt erasion and sedi-
mentat ion ordinances.

1See Charles Thurow et al., Performance Controls far Sen-
d: G

III 'GG S
p. 17.

2Id., pp. 12-I8.

Washington and Wiscansin,

4Paul hcKee, Problems of the Potomac ~Eatuar  Wasbiua-
ton, D.C.: Interstate Commission an the Potomac River Basin,
1964!, pp. 40-46.
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V.B. 18, Oil Pollution Control Program

The oil pollution control program allows the Environ-
mental Management Commission  DNER! legally to enter facili-
ties of any nature and inspect for unlawful discharges of oil
into land or waters. It is unlawful for any person, regard-
less of fault or intent, to discharge oil into any lands,
waters, sewers or surface water drainage systems unless a
permit has been obtained as req uired under North Carolina
water pollution laws.

V,B, 18.a. Authorit -Wi1 pollution inspection programs
are administered y e nvironmental Management Ccemission
Q!NER! under authority granted by N.C.G.S. Chapter 143, Arti-
cle 21A. Oil discharge permits are required under N.C.G.S.
143-215.1 and are also administered by the Commission.

The U.S. Coast Guard enforces the oil spill controls,
including accidental and deliberate actions and faulty con-
s'truct ion. It also determines the responsibi 1ity f or a spi ll
and determines what actions are necessary for cleanup. The
Fifth District, which includes North Carolina, has the Atlantic
Coast National State Team for oil spill clean-up at its sta-
tion in Elizabeth City, North Car olina. At this time the Oil
Pollution Liability and Compensation Act has passed one house,
is pending in the other and may pass this year or next.

V.B.18.b. Administration and Enforcement--In addition to
investigating a sc arge, t e Env ronmen a anagement Com-
mission can conduct any project or activity to contain, col-
lect, disperse or remove any discharge or perform any restora-
tion  N.C.G.S. 143-215. 79! .

Any discharge of oil or its by-products upon waters or
land of the State is unlawful unless a permit has been issued
under N.C.G.S. 143-215.83 c!, or unless the discharge is due
to circumstances such as an act of God or war  N.C.G.S. 143-
215.83! . Both the person having control over the oil dis-
charged and the Environmental Management Commission are charged
with the removal of discharged oil and restoration of the af-
fected area to its former condition  N.C.G,S. 143-215.84! .
Any person who violates any provisions of the act is liable
to the State for the cost of restoring all affected areas to
their prior condition  N.C.G,S, 143-215.90! and civil penal-
ties of up to $5,000 per day may be assessed  N.C.G.S, 143-
215.91! .

V.B. 18.c. Coastal A lication � This regu latian consti-
tutes a potent too or e err ng oil discharges and for f i-
nancing the restoration of damaged areas to their prior condi-
tion. It thus has particular potential for protecting coastal
waters from pollution, but this is a remedial power rather than
a planning tool.
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V.B.19. Regulation of Mining Operations

Regu lation of mining operations, generally through a per-
mit process, may be employed to prevent or minimize potential
adverse environmental effects. Initial review of plans and
periodic inspection of the mine perimeter drainage to adjacent
land and/or waterways can determine whether erosion or other
pol lution is being induced by the operation.

V.B.19.a. Authorit --The North Carolina Mining Commis-
sion in the Departmen o Natural and Economic Resources
 DNER! is given the authority by N.C.Q.S. 74-51 to issue or
deny permits for any mining operation  def ined in N.C.G.S.
74-49�! ! . Under N.C.G.S. 74-50, all mining operations must
have been issued such permits. The DNER may deny the permit
upon finding, among other things, that: �! the operation
will have unduly adverse effects on wildlife or freshwater,
estuarine or marine fisheries; �! the operation will violate
standards of surface water quality or groundwater quality that
have been issued by the Environmental Management Commission
 DNER!; �! the operation will have a significantly adverse ef-
fect on the purposes of a publicly owned park, forest or rec-
reation area; and �! previous experience with similar opera-
tions indicates a definite possibility that the operation will
result in substantial deposits of sediment in streambeds or
lakes, landslides or acid water pollution. No permit is
granted until a reclamation plan is approved by the DNER.

The applicant is required to post a bond  N.C.G,S, 74-
54! with the DNER and such bond is subject to forfeiture if at
any point the operator violates the rules and regulations under
the Mining Act  N.C.G.S. 74-59!.

Further, criminal penalties may be assessed for willful
violation of the statute and a fine of fil00 to $1,000 may be
levied against a violator.

V.B.19.b. Coastal A lication--The Mining Act was writ-
ten so explicitly t at only one regulation has thus far been
necessary to clarify its requirements. The permit process seems
realistically functional, since it was devised and is admin-
istered by a balance of mining and conservation interests.l
The primary impact of this regulation. in the coastal area is
on phosphate mining operations and other smaller open-pit oper-
ations for extracting sand, marl, etc. The authority provided
is a broad one, allowing control of mining through environmen-
tal impact assessment on a case-by-case basis. Such project
analysis can be vital when the local regulatory scheme does not
provide for environmental impact analysis and regulation of in-
dividual projects.

1Conversation with Craig McKensie, Land Quality Section,
North Carolina Environmental Management Commission, July 1975.
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V, B,20. Regu lat ion of Oi 1 and Gas Wells

Under a series of statutes, N.C.G.S. 113-378 et ~se ., the
Secretary of the Department of Natural and Economic Resources
 DNER! is given a broad range of regulatory powers over oil
and gas wells f or the protection of the surrounding environ-
ment and resources during the exploration state or the opera-
tion stage, or both. More specifically, regulations and or-
ders may be made to protect the surrounding environment from
damage due to faulty drilling or operation.

V.B.20.a. Authorit --Authority to regulate oil and gas
wells at the exp oration stage exists in North Carolina pur-
suant to N.C.G.S. 113-391. An applicant f or a permit to drill
is required to post bond and submit to inspection until the
well is plugged and abandoned. This regulatory process is
administered by the Uivision of Resource Planning and Evalua-
tion in the DNKR.

V.B.20.b. Administration and Enforcement--The Secretary
of the DNER can requ re e ri ling, operating and closing of
wells to be done in such a manner as to prevent the pollution
of freshwater supp1ies by oil, gas or saltwater, or to protect
the quality of the water, air, soil or any other environmental
resource against injury or damage. hlonitoring and periodic
inspection can be continued until the well is safely plugged
and the threat of damage is terminated.

The DNKR is empowered to maintain an action for injunc-
tive relief, damages or any other legal or equitable remedy
where violations have occurred  N.C.G.S, 113%99! . Penalties
may be levied in the amount of $1,000 per day per violation.

V.B.20,c. Coastal A lication--This regulation has been
rather successfu ly a mxnistere, mainly because there are so
few wells to inspect in North Carolina. Although some explora-
tory drilling has been done in the sounds, few producing sites
have been found. Unless oil is found in the coastal area, a
prospect considered unlikely, this regulation seems to be of
only minor value in that area.
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V,B.21. North Carolina Environmental Policy
Act of 1971

The North Carolina Eaviroameatal Policy Act is modeled
after the National Environmental Policy Act of 1969  see be-
low, Section V.C.1,, National Environmental Policy Act of
1969!. Like the federal statute, the State Environmental
Policy Act recognizes the value of the human environment aad
requires State agencies to prepare detailed environmental
statemeats for every "recommendation or report on proposals
for legislation and actions involving expenditure of public
moneys for projects and programs significantly affecting the
quality of the environment of this State."1

V.B.2l.a. Authorit � Authorization for the North Caro-
lina Environmenta o cy Act is found in N.C.G.S. 113A-1 to
10. The Act also specifies that copies of environmental state-
ments, together with comments made by agencies with jurisdic-
tion by law or special expertise, be submitted to the Gover-
nor, to agencies designated by the Governor, and to multi-
county regional agencies, and that they shall follow the
North Carolina clearinghouse review process  see below, Sec-
tion V.B.22., A-95 Review!. Copies must also be made avail-
able to localities, institutions aad the public  N.C.G.S.
113AM!.

Authority to review State environmental statements was
assigned to the Council on State Goals and Policy, aa execu-
tive board of prominent citizens created by the Governor of
North Carolina ia 1972.

V.B.2l.b. Viabilit --Despite its potential for improv-
ing coastal plann ag rough iatergovernmental coordination aad
increased public participation, the North Caroliaa Environmental
Policy Act has been largely ignored. Thus ao guidelines or
criteria were promulgated to assist State agencies in develop-
ing environmental statement procedures . The Council on State
Goals and Policy reviewed only one project in 1972 and "has
aever again initiated a proposed review or has been asked to
do so by a sponsoriag agency ." Only two State agencies have
elected to file environmental statements regularly--the Depart-
ment of Natural and Economic Resources and the Department of
Traasporation. If the North Carolina Environmental Policy Act
is to be revived, such action will have to develop prior to
September 1, 1977, when the Act expires.4

V,B.21.c. Where It Has Been Used and to What Effect--In
addition to Nort aro na, o er states ave environmental
policy acts that require environmental impact statements. A
recent review of state environmental policy acts by the Coun-
cil on Environmental Qua1ity concluded:
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forts in some states to achieve compliance with the Law
are hampered by inadequate enf orcement authority, Where
adequate statutory authority does exist, Lack of ex-
pertise in handling environmental affairs and inadequate
funding frequently pose critical problems to effective
implementation. In addition, some states are finding it
necessary to make adjustments in both statutory require-
ments and administrative procedures to reflect the par-
ticular organizationaL, environmental, political, and
other needs of their respective jurisdictions. In all
cases, the next few years will witness important tests
of the new state policies and procedures for environ-
mental assessment.5

V.B.2l,d. Le al Issues--In contrast to the large number
of court suits invo ving t e federal NEPA, only one suit has
used the North CaroLina Environmental Policy Act as a basis
f or a legal challenge. In Lewis v. White, the North Carolina
Supreme Court ru led that no ng n e tate Environmental
Policy Act makes the f i ling of an environmental impact state-
ment a "precedent to the commencement of construction of a
building f or which State funds have been appropriated."6

V.B.21.e. Coastal A lication--The North Carolina Envi-
ronmental Policy Act coul serve as a mechanism for the State
government to assert a leadership role in showing other levels
of government and the public how coastal ecological processes
can be protected through a coordinated public policy . The
State has a myriad of programs and pol icies, ranging from con-
struction of State facilities and roads to protection of
marine resources, that direct ly or indirectly affect the
coastal area. The comprehensive nature of the State Environ-
mental Policy Act makes it a potentiaLLy important tool in all
of the coastal environments. However, if the Act is neither
enforced by the State nor monitored by the public, then the
Act will remain a mere paper recognition of environmental
va lues .

N.C.G.S. 113AM�! .

2
Maynard M. Hufschmidt, Environmental Statements and Water

Water Resources Research Institute, Univ. of North Carolina,
June 1974!.

Charles E. Roe, "The North Carolina Environmental Pol-
icy Act: Neglected Planning Tool," ~Po alar Government 41
 Fa l l 1975!, 45.
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Council on Environmental Quality, The Sixth Annual Re-

~ ~
ort oi' the Connoi I. on Xnvironnental QnaTR W~as s~ng on,W C.:

II.. ~EI ~ !.. 6

287 N,C. 625, 216 S.R.24 134 �975! .
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V,B,22, A-95 Review

The A-95 review process is intended to provide a system-
atic opportunity f or units of government to review and comment
on a variety of programs and projects involving federal fund-
ing. The process includes four aspects. The first is Project
Notification and Review of project applications to assure their
consistency with state and local plans and programs. To achieve
this review the State Clearinghouse contacts the appxopriate
Lead Regional Organization and state agencies affected by the
yroposed project and reviews their comments.

The second part concerns direct federal development.
When the federal agency is planning or constructing a build-
ing, or is acquiring, using or disposing of land, it must con-
sult the appropriate state and local officials by means of
the Clearinghouse.

The third part is intended to assure that State Plans and
Multisource programs are appropriately related to othex' fed-
derally assisted programs. This involves giving the Governor
the opportunity to review and comment on State Plans in regard
to other state, regional and local activities and allow state
and Lead Regional Organization Clearinghouses to comment on
mu 1tisource programs.

Coordination of planning f or Multi-Jurisdictional Areas
to avoid overlap, duplication and competition in federally
assisted state and local planning programs is the fourth part.
This involves a ~ritten agreement between the federal agency
and the Lead Regional Ox'ganization to carry out planning and
to divide the responsibilities of the planning activities.

V.B.22.a. Authorit --The A-95 Review process is autho-
rized by the 196 ce of Management and Budget Circular
A-95. The Clearinghouse for North Carolina is part of the
Off ice of Intergovernmental Relations in the Department of
Administration. The Councils of Government act as the sub-
state or Lead Regional Ox'ganization C lear inghouses.

V.B,22.b. Administration and Enf orcement--Tbe State
Clearinghouse is a m nis ere y e ce o Intergovern-
mental Relations, In addition to the A-95 Review process,
the State Clearinghouse handles all environmental impact
statement drafts and final reviews by sending them to appro-
priate State agencies for comment. Environmental impact
statements, public hearing notices and bid calls are published
in the Environmental Bulletin. The Bulletin is published and

request by the Of f ice of Intergovernmental Relations.
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To keep informed of projects proposed in the coastal area,
each county and locality should make sure it is on the C lear-
inghouse's mailing list. If a locality is not on the mailing
list, it should keep in close contact with its Council of
Government or Lead Regional Organization so that it can re-
view and comment on proposed projects that affect its juris-
dict ion,

V.B.22,c. Coastal A lication--No clear standards exist
for clearing projects, and many State off icials admit that
they only make perfunctory review comments. When county plans
and environmental regulations are more clearly established in
the coastal area, there will be a potential for the Coastal
Resources Commission, local governments and other involved
agencies to review porposed projects against more clearly
delineated land use and environmental standards.

lState Clearinghouse and Information Center, The A-95
Review Process in a Nutshell  Raleigh, H. C.: Off ice of
Intergovernmental Relations, 1975! .
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V.C. Environmental Regulat ion  Federal!

V.C. l. National Environmental Policy Act
of 1969  NEPA!

The National Environmental Policy Act of 1969 recognizes
the value that natural ecological systems provide and mandates
that all federal agencies incorporate the consideration of en-
vironmental values into their administrative procedures. The
Act mandates consideration of the environment by federal agen-
cies by requiring that an environmental impact statement  EIS!
be filed on all "major Federal actions significantly affect-
ing the quality of the human environment."1 In practice, the
courts have held that federal licensing, permits, loan pro-
grams and construction activities as well as other actions are
covered by the NEPA.2 Environmental impact statements must
include a detailed discussion on: �! the environmental im-
pact of the proposed action; �! any adverse environmental ef-
fects that cannot be avoided should the proposal be imple-
mented; �! alternatives to tbe proposed action; �! the rela-
tionship between local short-term uses of man's environment
and tbe maintenance and enhancement of long-term productivity;
and �! any irreversible and irretrievable commitments of re-
sources that would be involved in the proposed action should
it be implemented. 3

Act of 1969, P.L. 91-190, 42 U.S.C, 4321-4347, authorizes the
Council on Environmental Quality to carry out the purposes of
the Act, to prepare an annual report on the state of the nation's
environment, and to issue guidelines to implement the require-
ments of the Act  Title II of P.L. 91-190. For "Preparation of
Environmental Impact Statement Guidelines," see Code of Fed-
eral Regulations in Title 4, Part 1500! . Title I of the NEPA
authorizes federal agencies to incorporate environmental val-
ues into t be ir decision-making process.

Environmental impact statements are reviewed by federal,
state and local agencies, and by the public, Specific review
varies according to special expertise needed and the environ-
mental impact involved.4  See above, Sect ion V. B.22., A-95
Review,! The Environmental Protection Agency  EPA! has the
authority to review and comment on environmental impact state-
ments with respect to air or water quality, noise abatement
and control, pesticide regulation, solid waste disposal and
radiation. Although the Council on Environmental Quality has
the approval power, the EPA is relied upon for impact analy-
sis in the above areas,5

vironmental Policy Act can be primarily attributed to the
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courts, which through lawsuits brought bv public-interest
groups have evolved as the prime enforcers of NEPA. She
Council on Environmental Quality recently evaluated the ef-
fect the NEPA has had on public decision-making:

Federal agency procedures to build NEPA into their plan-
ning and decision-making now af feet all levels nf govern-
ment, from field and project planning and operating lev-
els to agency administrator or department secretary. The
resu lt ing analys is of environment al e f f ects and alterna-
t ive proposals--and the public disclosure of such in-
f ormat ion--have proved workable and crit ical parts of
env ironme nt al protect ion policies. The E IS itself is
intended to be, and often is, the tip of an iceberg, the
visible evidence of an underlying planning and decision-
making process that is usually unnoticed by the public,6
V,C. l.c. Where It Has Been Used and to W'hat Effect--

Consideration of the requirements of the NEPA is a mandatory
component of all federal agencies ' planning process. The pro-
visions of the Act, however, are not complied with uniformly
by all agencies, and the effectiveness of the Act varies con-
siderably on a case-to-case basis.

interest lawsuit is the prime enforcer of NEPA, and not sur-
prisingly the litigation concerning an environmental impact
statement requirement of the NEPA has been considerable.
Calvert Cliffs Coordinatin Committee v Atomic Ener Commis-
sion was the watershed case in determining the wide scope of
judicial review for NEPA and ensuring that federal agencies
consider environmental values "to the fullest extent possible"
in their decision-making process.7 Other major court cases
have held that an KIS must be prepared when a federal agency
grants permits and licenses or leases land to private par-
ties,8 approves and funds state and local projects,9 or di-
rectly undertakes a project itself,lo Environmental impact
statements must give full considerat ion to all reasonable
alternatives to proposed actions, and environmental impact
statements should be prepared as early as possible in the de-
sign phase of a project. 11 Moreover, some courts have held
that a mere paper compliance with the procedural requirements
of an ELS is not sufficient to satisfy the mandate of the
NEPA; i,e,, "courts have an obligation to review substantive
agency decisions on the merits,">> Nevertheless, it is not the
court 's function to impose its opinions on a federal agency,
and the contents of an EIS do not hold a veto power over any
given project. 13

V.C, l.e. Coastal A licat ions--NEPA applies to any fed-
eral actions in the coastal area that can have a dramat ic ef-
fect on a locality's environmental quality and future develop-
ment pattern. Many environmental statements involving the



360

North Carolina coast have already been undertaken. Such activ-
ities as the U,S. Army Corps of Engineers' beach and inlet
stabilizat ion and protect ion program as well as its dredge and
f ill permit program  see below, Sect ion V,C,6., Permits f or
Dredge and Fill and for Structures Other Than Bridges in or
over Navigable Waterways! have a great ef feet on both the
barrier island and estuary-lagoon systems. The Department of
Transportation highway program and the Farmers Home Adminis-
tration funding program for community facilities are examples
of other major federal actions that can have a significant
direct ef feet on coastal ecological processes. Localities
should make sure that their voices are heard when environmen-
tal impact statements are prepared. Frequently, federal agen-
cies are not accustomed to dealing with the peculiarities and
dynamics of the coastal environment, and unless localities
monitor the environmental statements, an inadequate evaluation
of the primary and secondary effects on coastal ecosystems may
result . 14

P, L. 91-190, Sec. 102  C ! .

2For a review of NEPA interpretations, see Council on En-
vironmental Quality, The Fifth Annual ~Ne ort of the Council
on Environmental ~unlit  Washington, D.C.: U.S. Government
Printing Of f ice, December 1974!, ppe 37l-426; and Frederick R.
Anderson, NEFA in the Courts: A ~le al Anal sis of the National
Polic Act of l969  BaTEimore, Md.: Jo ns op ins Press,
1

P. L. 91-190, Sec. 102  C! .

40 C.F.R, 1500.

540 C.F,R, 1500.9.

Council on Environmental Quality, The Sixth Annual Re-
Eort of the Council on Environmental Quu~lit r  Washington, D.C.:
U, S. Government Print ing Of f ice, December l975!, p, 628,

449 F .2d 1109 �971!; P. L, 91-190, S&c. 102  C! .

Natural Resources Defense Council, Inc., v, Morton, 458
F e2d 827 �972! .

Jones v. Lynn, 477 F.2d 885  l973! .
1 At.0Environmental Defense Fund, Inc., v. Corps of Engineers,

470 F.2d 289 �972! .



361

Natural Resources Defense Council, Inc. v. Morton,
458 F.2d 827  l97Z!; Scientists' Institute for Public In-
format ion, Inc. v. Atomic Energy Commissian, 381 F,2d 1079
�973!,

12Environmental Defense Fund, Inc. v. Corps of Engineers,
470 F.2d 297 �972!,

13 Ibid., 293-296.

14Unless local cancern for a project is shorn, federal
agencies may neglect to prepare an environmental impact state"
ment ar use the EIS to justify a project that has already been
decided upan. See for example, General Accounting Off ice,
Envtronmentnl Assessment Efforts for P~ro oned 9~ra cote Have

D.C.: 99
99
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V.C.2. National Flood Insurance Pxogram

This program is designed to provide flood insurance at
rates subsidized by the federal government where private in-
surancece is e it her unava i lab le or unaf f ordab le . Insurance is
only available to individuals in flood-prone communities that
will adopt and administex local f laod control measures for
new construction in identified places of special flood hazard,
According to a Senate Repart accompanying the Flaod Disaster
Px otect ion Act af 1973.

The initial land use measure required of a cammunity
under the program entails merely the adoption of a build-
ing permit system  if one does not already exist! and a
commitment to evaluate flood hazards insafar as they are
known loca11y at the time of the issuance of any local
building permits.>

Communities must apply in arder to qua1ify for the pro-
gram. When a community qualifies for flood insurance under
the "emergency program," then it receives insurance at subsi-
dized rates. After a Flood Insurance Rate Map is completed,
which defines the boundary lines of a flood having a 1 percent
chance of occurring in any year  a 100-year frequency flood!,
and after additional land use controls are adopted, the com-
munity qualif ies for the "regular program," which provides
more comprehensive insurance at either a subsidized or actu-
arial rate.

*

of the Department of Housing and Urban Development administers
the flood insurance program pursuant ta the National Flood
Insurance Act of 1968 �2 U.S.C, 4001 et ~se,! as amended by
the Flaad Disaster Protection Act of 1973~P, I . 93-234 et ~se .!,

The State coordinating agency for f laod insurance in North-
Carolina is the Division of Community Assistance in the Depart-
ment af Natural and Econamic Resources. The Regional Flood
Insurance Specialist for Narth Carolina is'. Region IV, 1371
Peachtree Street, N.E., At1anta, Georgia 30390, �04! 526-3291.

b»' K�
is usually quite populax' po1itically among thase most 1ikely
to benefit from it,,i.e., "property owners at risk in flood
hazard areas; insurance agents; realtors; and lending agen-
cies."2 Some local governments, however, resent the land use
contxols imposed by the Program. Othex coastal localities
assert that the Flood Insurance Program, by subsidizing de-
velopment in high-risk areas, cantradicts their efforts to
control development in those areas. In this vein, the Islip,
New York Department af Planning, Housing and Development as-
serted that the Flaod Insurance Px'ogram undermined their land
use policies by
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subsidizing the insux'ance of flood-prone housing.
Ostensibly, the Flood Insurance Program attempts ta pro-
tect ot herwise uninsurable homes and businesses built
in f laodplains, What the program does on F ire Island,
however, is to take the financial gamble out of build-
ing on the shifting sands of the Atlantic Ocean.3

Although the Flood Insurance Administrat ion establishes
minimum standards and land use controls for participation in
the Flood Insurance Program, it is the responsibility of local
communities ta adopt and administer these standards. Conse-
quent ly, if a locality lacks the persanal and pal it ical will
to enfox'ce the required land use controls, then the purpose
of minimizing flood damage of the Flaod Insurance Px'ogram will
not be achieved, In practice, most coastal communities are
readily eligible for the emergency Flood Insurance Program,
even if they have little planning capability or effective land
use controls  see above, Section IV.H., Building Inspection!.

Another technical issue invalves the difficult business
of drawing coastal flood hazard lines. A recent report of
the National Academy of Sciences concluded that the present
approaches used by the U.S. Corps of Engineers, the National
Oceanic and Atmospheric Administration and the U.S. Geological
Survey for determining the heights and areal extent of inland
f looding f ram coastal sur ges are inadequate. The import of
the report is to question the adequacy and accuracy of all
coastal flood insurance rate studies, and to question the de-
limitation af flood hazard areas subject to coastal f looding.4

V.C.2.c, Where It Has Been Used and to What Effect--
The Flaod Insurance Program is naw in effect throughout the
United States. However, a clear distinction shauld be drawn
between the inland applications of the pragram and the effect
flood insurance has on coastal areas. There are special limi-
tations to the applicability of flood insurance in the caastal
area. Wharves, piers, bulkheads and roads, for example, are
not eligible f ar coverage. 5 In addit ion, the Program:

is not intended to provide coverage for the losses
incurred when properties bui1t too close to shorelines
are eventually damaged as a result of normal and con-
tinuous wearing away of land by ordinary wave action.6

Storm-induced coasta1 erosion, however, is covered by the acts.

A recent study of three Rhode Island coastal communities
revealed a number of serious questions concerning the coastal
Flood Insurance Program:
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Among the causes for concern in coastal areas are that
the availability of flood insurance sustains already
hish demand for shore properties, substantially reduces
the f inancial risks of property owners, tends to in-
crease the value of property and of structures placed
in such areas, and acts as a counterforce to effective
floodplain management efforts in the area. The concern
is fed also by the greater than normal potential for
high percentages of structural damages to residences and
other buildings from hurricanes, storm-driven waves, and
erosion.7

~a ~
emerges from the Flood Insurance Program concern whether the
local land use controls used to implement the program ef-
fectively "take" private property withaut payment af just
compensat ion  see above, general legal issues re levant to
local regulatory techniques, Section IV.I., Regulatian of
Mobile Homes! . Generally, if the local land use control is
reasonably related to the promotion of a public purpose, the

Manhattan Beach the caurt upheld a beach zoning district that
prevented all but beach recreational uses in a flood hazax'd
area,9 In S ie le v Beach Haven the court sustained a build-
ing setback ordinance that prohibited construction of homes
oceanward of a building line because such construction was
"unsafe."10 Nevertheless, in Daole v Town Plannin and
Zonin Commission of Fairf ield, a "floodplain district" classi-
fication as applied to a marshland subject to tidal and hurxi-
cane f loading was invalidated because it prohibited all reasan-
able uses of the land.>> In short, ~bile floodplain ordinances
to mitigate storm damage will general ly be upheld, some appli-
cations of the police power may be held as unreasonable,
depending an the individual circumstances of a case.

V.C.2,e. Coastal A licat ion--The Flood Insurance Pro-
gram patentially applies to all of the coastal area that falls
within the flaad hazard line of the Flood Insurance Adminis-
tration. Thus, with the exception of those parts of coastal
environments that occupy relatively high ground, such as mari-
time forests and swamps, the coastal environments should be
eligible for flood insurance, The Flood Insurance Program, how-
ever, is geared primarily to the minimization of damage to
structures from f looding, and as a result other management
taols will be needed to complement it in order to protect eco-
logical processes within these caastal flood hazard areas,

U.S. Department of Housing and Urban Development, "Major
Provisions af the Flood Disaster Protection Act of 1973,"
National Flood Insnrance ~pro ras  Washington, 0 C.: U.S.
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Government Printing Off ice, January 1974!, p. ll, as taken
from Senate Report No. 93583  Committee on Banking, Housing
and Urban Affairs!, pp. 9-22. See 24 C.F.R. 1910-3 for
details of required land use control measures,

2H. Crane Miller, "Coastal Flood Plain Management and
the National Flood Insurance Program: A Case Study of Three
Rhode Island Communit ies," Environmental Comment  November
1975!, p. 6.

In "Readers Write," ~Plannin 42  February 1276!, 2. See
also Orrin H. Pilkey, Jr,, et al, How to Live With an Island:
A Handbook to ~Bo ue Banks, North Carolina Raleigh: North
Carolina Department of Natural and Economic Resources, 1975!,
pp. 92-93.

Miller 2 pp. 13-14. See also Panel on Coastal Surges

tice of Coastal ~Sur es from Hurricanes Washington, D.C.:
Building Research Advisory Board, Nationa1 Academy of Sci-
ences, 1975! .

5U. S. Department of Housing and Urban Development,
"Questions and Answers National Flood Insurance Program,"
HUD NEWS  March 10, 1975!, p. 7.

6U,S. Department of Housing and Urban Development,
"Major Provisions " pp, 6-7. See P,I . 90-448, Sec. 1302 g! .

Miller, pp. 2-3.

C, ~H
Flood Hazard Areas to ~Reduc Flood Losses � vole.; Washing-
ton, D.C.: U.S. Government Printing Office, 1972!, See
especially Volume Xi, Part VI, "Coastal Regulat ions to Reduce
Flood Losses," which includes a discussion of legal issues
and coastal flood problems as well as examples of local and
state ordinances dealing with control of coastal flooding.

41 Ca.2d 879, 264 P.2d 932 �953! .

1046 N J 479, 218 A.2d 129 �966!,

11151 Conn, 304, 197 A.2d 770 �964!.
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V.C.3. Nat ianal Pollutant Discharge and
Elimination System  NPDZS!

The Environmental Protection Agency is authorized through
Section 402 of the Federal Water Pollutian Control Act to set
up and administer a permit program for point source discharge.
This can be accomplished by certifying state permit programs
or by a federal-level permit program. The EPA has published
its regulatians on the program companents a state is required
to have before it can receive approval to administer the
NPKES permit program. These can be found in 40 C.F.R. 124.
After a state's permit pragram is approved, it assumes the
autharity ta issue federal permits subject ta EPA veto,

V.C.3.a. Administration and Enforcement � When Narth Cara-
lina is granted approval ta administer the MPHES permit pra-
gram, all present federal and state water quality permits will
be granted by North Caralina through the NPHES permit system.
Thus permits such as far water supply systems, sewage disposal
systems greater than 3,000-gallon capacity, water well con-
struction, oil spills, ocean dumping and point source discharge
of pallutants will be administered by the Division of Environ-
mental Management with rules and regulations adopted by the
Environmental Management Commission, Department of Natural
and Economic Resources. Each of these is discussed indi-
vidua,lly.

.C.
NPDES permit program requirements and soon will have the
authority to enforce federal water quality regulations in addi-
tion to state water quality regulations.

V.C.3.c. Coastal A lication � When North Carolina is
certified ta administer the NPDES permit program, the Divi-
sian of Environmental Management will be able to move compre-
hensively to enforce water quality regulations in the coastal
area where the potential for water pollution is high due ta
the sensitive shellfish waters and the potential for saltwater
intrusion of water supply aquifers.
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V.C,4. Ocean Dumping Permit

The purpose of the ocean dumping permit is to regulate
ocean disposal of waste other than dredged material. The En-
vironmental Protection Agency, along with the U.S. Army Corps
of Engineers and the Office of Coastal Zone Management, is
to establish criteria for reviewing and evaluating permits
and site selection for ocean dumping. The EPA, in addition,
is to develop and conduct a manitoring and enforcement pro-
cedure.l

� ""' I
the permit system and the Corp of Engineers and Office of
Coastal Zone Management are authorized to work with EPA on
the establishment of criteria by the Marine Pratection, Re-
search, and Sanctuaries Act af 1972  P. L. 92-532! .2

Via the Nat ional Pollutant Discharge E 1iminat ian System,
North Carolina's Division of Environment Management will ad-
minister the acean disposal permit when the EPA has estab-
lished the criteria and procedures.3 North Carolina also has
a statute regulating discharge to the Atlantic Ocean within
its three-mile j ur isdict ion.

"� "n -"
for Narth Carolina has been partially funded by EPA. From
this study it is hoped that enough information will be obtained
to develop ocean disposal regulations.

V.C.4.c. Coastal A lication--Since many of the coastal
waters are sa fragile that little waste can be assimilated in
them without damaging shellfish waters and since few coastal
sails are suitable for septic tanks, ocean autfalls have
recently been viewed as a possible alternative waste disposal
system. Before ocean out falls can be approved, EPA regula-
tions concerning their use must be established.

1Office of Management and Budget, Environmental Pra-
tection Agency, 1974 ~Catalo of Pederal Domestic Assistance
 %ashington, D.C.: Executive Off ice of the President, 1974! .

2 Marine Prot ect ion, Research and Sanct uar ies Act, P, K .
92-532 �972!.

Conversation with Mr. Puett, Enforcement Officer, North
Carolina Division of Environmental Management, July 1975.
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V,C.5. Regulat ion of Bridges Over
Navigable Waterways

This regulation involves the alteration of obstructing
bridges above navigable waters and the location of bridges
over navigable wat erways .

regulate alterations of obstructing bridges and to approve
the location of bridges in navigable waterways.

North Carolina also requires a permit from the Depart-
ment of. Administration for obstruction of navigable waters
within the State by the authority of N.C.G.S. 76-40.

V.C.51. Coastal A lication--Bridges constructed in
coastal waters may obstruct the natural flow of a stream
enough to endanger estuarine wildlife. Thus the permit sys-
tem provides a review process by which adverse environmental
impacts to fragile waters can be avoided.
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V.C,6. Permits for Dredge and Fill and For
Structures Other Than Bridges in or
Over Navigable Waters

A permit must be obtained from the U.S. Army Corps of
Engineers for any structure in or over navigable water. Also
required is a permit to dredge and/or fill, to discharge
dredged materials, to alter the course or locatioa of a port,
harbor, canal or enclosure within a channel of navigable water.

other than bridges in or over navigable waters and to regulate
alterations of navigable water channels is found in the commerce
clause of the U.S. Constitution. Authority for dredge and fill
regulation is granted to the Corps of Engineers in Section 10 of
the Rivers and Harbors Act. Authority for regulation of dredged
material discharge is granted to the Corps of Engineers in Sec-
tion 404 of the Federal Water Pollution Control Act as amended
and to the Environmental Protection Agency to work with the Corps
of Engineers on water quality aspects of dredged materials.

North Carolina has a similar dredge aad fill pexmit pro-
gram which applies to coastal waters and coastal wetlands.
Coordination between federal and state dredge and fill permits
does exist in cases where the two overlap.

V,C,6,b, Administration aad Enforcement � Navigable waters
are defined narrowly as traditionally navigable waters for each
of the above except for discharge of dredged materials, The
discharge of dredged materials permits are authorised by Sec-
tion 404 of the Federal Water Pollution Control Act, which de-
defines navigable waters broadly to include practically all
coastal waters and adjacent coastal wetlands, all tributaries
and adjacent freshwater wetlands. This definition of navi-
gable waters virtually covers all waters, Since any dredge and
f ill activity involves discharge of the dxedged material, the
broad definition applies to slmost all dredge and fill activi-
ties. Therefore, if an applicant is required to obtain a dredge
and fill permit, he jshe is also required to obtain a permit to
discharge dredged materials. In addition, applicaats who are
not required to obtain a dxedge and fill permit may be required
to obtain a permit for discharge of dredged material because the
latter defines navigable rivers more broadly than the former.

The Corps of Engineers plans to expand its authority in
navigable waters as defined in the Federal Water Pollution Con-
trol Act using a three-phase schedule. By July 1, 1977, all
navigable waters up to their headwaters w'ill be regulated by
the dischaxge of dredged materials permit. However, dredge and
fill permits are required only for activities in traditioaally
navigable waters.
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V,C.6.c. Coastal A lication � The federal dredge and fill
program depends on coordination w th the similar state program
for the field surveillance and reporting aspects of administra-
tion, and is thus lees capable than the state of carrying out
the program on its own. in fact, the Corps of Engineers reserves
comment until the State Biologist has made a decision on the proj-
ect. Lf the state denies a permit, the Corps of Engineers «ill
also deny. But if the state allowed the permit, the Corps may
analyze the project further by submitting it to several federal
agencies for comment. l However, the jurisdiction of the Corps
includes some areas not covered by the state program. This may
becomes more signif icant as jurisdiction is increased under the
Federal Water Pollution Control Act, Thus, «here local capacity
to regulate all development in wetlands is lacking, and the de-
velopment is for some reason outside of state jurisdiction, local
officials might invoke the federal dredge and fill permit proc-
ess for the protection of wetlands. This may be the case, for
instance, where the wetlands in question are landward of the line
dividing coastal and inland f ishing «aters.

lConversat ion with the Wilmington  North Carolina! Dis-
trict of the U.S. Army Corps of Engineers and the Division of
Marine Fisheries, July l975,
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VI . RZGULAT ION OF IXVELOPMENT IN AREAS
OF ENV IRONKÃZAL CONCERN

VX,A, Introduction

Regulation of development in areas of environmental con-
cern is a tool for mitigating or preventing the detrimental
impacts of development on certain critical environmental
areas, Such critical areas must be defined and delineated,
and guidelines then set forth reasonably relating regula-
tians on development procedures to the environmental charac-
teristics of particular concern. A permit may then be re-
quired before the proposed development may proceed. A
description of the proposed development is scrutinized by
the administering agency or governmenta,l body, and a permit
may be denied, issued, or issued with conditions according
to the ascertained effect on the critical area in question.
Major and minor developments may be distinguished for the
purpose of either exempting minor developments, or for the
purpose of separating the power to regulate them,
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VI. B. Authority

Authority to regulate development in areas of environ-
mental concern exists in North Caralina pursuant to the
Coastal Area Management Act. 1 This Act provides that majar
develapment in areas of environmental concern shall be re-
quired to receive permits from the Coastal Resources Commis-
sion, a regional administrative bady made up of members
appointed by the Governor.2 Permits for minor development
may be administered by the city or county in which the de-
velopment is proposed, if that city or county has developed
an approved enforcement program.3 If an enforcement program
has not been approved, the permit application is to be sub-
mitted to the Coastal Resources Commission. An applicatian
may be denied upon finding that the development would contra-
vene certain existing orders concerning development of wet-
lands or estuarine waters; result in loss of long-range
productivity; result in major ar irreversible damage to his-
toric, cultural, scient if ic, environmental or scenic values;
jeopardile public rights; unreasonably endanger life ar prop-
erty; or be inconsistent with state guidelines  especially in
areas impacted by key facilities! or local land use plans.4

The power to require permits will became effective when
final designation of areas of environmental concern has been
made, at which time the Secretary of the Department af Natu-
ral and Economic Resources shall designate the date for
initiation af the permit procedure.

The Federal Caastal Zone Management Act af 1972  P.L. 92-
583! encourages the enactment and implementation of state and
local coastal planning techniques by providing such incen-
tives as f inancial grants for various planning activities and
the promise that federal coastal management efforts will
defer to states and localities that have developed acceptable
planning programs.

N,C.G, S, 113A-128 �974! .

2 For def inition of major develapment, see N.C.G.S.
113A-118 .

3 Id,, for definition of minor develapment.

4N.C.G,S. 113A-120,
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VI,C. Viability

The process of regulating areas of environmental concern
has at least initially proved its palitical acceptability as
evidenced by its inclusion as ane of the two majar techniques
for management in the Coastal Area Management Act, Popular
acceptance at the local level may safely be said ta depend
on several factors, among which probably the mast important
are the total amount of area that is designated, and the
demonstrability of the fragile nature and value of the desig-
nated areas.

The advantage of this Cool is that it focuses directly
an the natural characteristics of areas that are intended to
be regulated, The biggest technical problems are likely to
arise in formulating the regulations to affect the processes
in the manner desired, and in delineating the areas so that
the boundaries are recognizable and nat arbitrary in relation
to the ecalagical processes to be protected. But as more is
learned about the natural characteristics of these areas, more
accurate, reasonable and standardized guidelines can be ap-
plied to facilitate delineatian and regulatian. The problem
is that this information is as yet only partially available.

The appropriate Level of government to use the taol is
somewhat debatable. Although in theory the designation of
areas of environmental concern is a technique whereby an
issue of "greater than local interest" may be identified,
thereby justifying regional or state regulation, in practice
local governments resist relinquishing to higher governmental
level cantrols over the use of land. Localities are ofCen
not equipped with the staff or information to handle the tech-
nique, while higher levels of government are subjected to the
not unf ounded cr it ic is m of bureaucrat ic ine f f icie nc y and lack
of understanding of local problems. Florida and North Caro-
lina have placed much of the responsibility for administra-
tion in regional bodies created specifically for this pur-
pose, but the experience thus far in North Carolina is that
the responsibility has been substantially returned ta the
local governments. Local implementation and enforcement ac-
cording ta state guidelines seems to be a realistic approach.
Experience indicates, however, that the initiative and authar-
ity, both legislat ive and administrative, must came from the
state level.



VI.D. Where It Has Been Used and
to What Ef fact

The regulation of Areas of Environmental Concern has been
in effect for some two years in Florida. The experience there
is similar to that encountered thus far in North Carolina, in
that the following lessons have been learned: massive edu-
cation of the public is needed; local governments must par-
t icipate in designat ing the areas; more inf ormat ion is needed
to formulate reasonable guidelines and boundaries; and staff
needs are great, at least at the state and regional levels.l

Phyllis Myers, Slow Start in Paradise: An Account of
'92 I

~ l~ gh
t ion Foundation, February 1974! .



V I,E. gregal Issues

Potential federal constitut ianal challenges are those
which pertain to all land use regulations, "Takings" claims
will be related to the degree of regulation af the land in
question and the resultant reduction in the value of the
regulated land, balanced against the degree of public benefit
derived from the regulation.l Equal protection claims may
result from inconsistencies in designating areas with similar
ecological characteristics, thus failing to ensure that simi-
larly situated landowners are subjected to similar regula-
t ions. 2

If the method of regulating Areas of Enviranmental Con-
cern involves delegat ing permit lett ing or other regulatory
powers to regional or lacal nonelective bodies, the entire
scheme may be attacked as an invalid delegation of legisla-
tive power.3 The "non-delegation doctrine" is based on the
requirement that legislative, executive, and judicial powers
be kept separate and distinct, and that the legislative power
of the State be vested in the General Assembly. There is na
quest ion that signif icant powers must be delegated to admin-
istrative bodies in order that any legislative scheme may be
accomplished. Judicial determination of whether any such
delegation of power is unconstitutional focuses on the adequacy
of standards set forth by the legislature to guide the admin-
istrative bady's use of the power, Simply put, the transfer
of power to the agency must be accompanied by adequate "guid-
ing standards" to govern the exercise of the power. The key
ta intelligent applicatian af the doctrine is an understand-
ing that such transfers of power must be closely monitored
to prevent arbitrary and unreasonable decision-making by the
agency. Decisions by the courts unfortunately have involved
only superficial and incansistent examination af verbal for-
mulas without any signif icant ef fart to explain results in terms
of underlying policy. The issue of nondelegat ian may arise
concerning several aspects af AEC regulation, including the
processes of determining what categories of areas shall be
designated as AEC's, what the planning guidelines for these
areas shauld be, and on what basis development permits should
be approved or denied.

Other forms af legal attack will generally be based on
the closeness with which the administering agencies or local
governments adhere to the purpases and techniques of the en-
abling legislatian. The areas must be af the types def ined
within the Coastal Area Management Act.4 Delineation of the
borders of the area must be recagnizable and reasonably cor-
related with the natural characteristics which make the area
one of environmental concern. The extent and nature of
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regulation in the area must be reasonably related to the pro-
tection of those particular characteristics. Regulations and
guidelines must be promulgated and followed with some degree
of cons istency. Procedural requirements, including not ice and
hearing, must be adhered to.

Peter Glenn, "The Coastal Area Management Act in the
Courts: A Preliminary Analysis," 53 N C. Law Review 303, 327-
338 �974!,

2Id pp 313 314

3I 1,, pp. 313-327.

N.C,G.S, 113A-113 �974! .
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VI.F. Coastal Application

Designation and regulation of Areas of Environmental Con-
cern  AEC! are already mandated by law and in process in the
coastal area of North Carolina. The scope of their usefulness
in accomplishing the desired level of protection of the vital
coastal processes is affected by several factors and consider-
at ions.

The f irst cons iderat ion is that f inal designat ion of AEC
is charged to the Coastal Resources Commissi.on, and is thus
not a local option, There is no way yet for the locality to
determine, for purposes of establishing a regulatory scheme,
just what the scope of the designations will be, It is there-
fore difficult to anticipate the potential of the tool for
ef feet ing the des ire d process .

Secondly, even if the broadest designat ions feasible
under the Coastal Area Management Act are made, all of the
impacts on the vital coastal systems and environments will not
be covered, This is because the individual AEC are all linked
with each other and ultimately with all aspects of the coastal
environment. Therefore, management tools must be applied out-
side of AEC, even in their broadest applicat ion, to protect
these vital systems and environments.

Finally, in spite of the above 1imitat ions, the AEC tool
has much potential for coastal management, The Act does per-
mit designation of large portions of the most critical areas
in the coastal environment. Furthermore, the Coastal Re-
sources Commission will certainly have an open ear for recom-
mendat ions for AEC des ignat ion from local of f icials, planners
and citizenry--and indeed all of these factions should make
their opinions known. Regulation through the AEC permit sys-
tem is the most pervasive and comprehensive tool available for
those areas actually designated. Although other management
tools consistent with permit guidelines may be used within
AEC, the permit process itself is broad and powerful enough
to accomplish substantially the purposes of any or all of
these other tools. The capacity to review all development,
whether major or minor, and deny a permit when that develop-
ment is "inconsistent with State guidelines or the local land
use plans" is a powerful and flexible tool,





379

SELECTED BIBLIOGRAPHY

I, COASTAL ZONE MANAGEMENT

e

Management Inst itute, November 1974,

Brennan, William J, "Balancing Man's Demands of the Sea and
Shore," N~O, 4  October 1974! . Unpaged Reprint.

Coastal Plan. Hearing Draft, March 1975. San Fran-
cisco: California Coastal Zone Conservation Commission,
1975.

California Coastal Zone Conservation Commission. California
C
Conservat ion Commiss ion, '1975.

Cassidy, Helen A., and Sultana Kaldis. "The Environmental
Protection Agency and Coastal Zone Management: Striking
a Federal-State Balance of Power in Land Use Management."
Houston Law Review, ll  July 1974!, 1152-1193,

Coastal Planning Group, An Introduction to the Maine Coastal
Plain. Augusta: State Planning Office, Maine Executive
Department, October 15, 1974.

Crooks, Geoffrey, "The Washington Shoreline Management Act,"
~Ore on law Review, 54, No, 1 �675!, 35-66,

Franklin, Neil E,  ed. !, Patricia S, Peterson and W i 1 liam
Walker. "Saving tbe Coast: The California Coastal Zone
Conservation Act of 1972," Golden Gate Law Review, 4
 Spring 1974!, 307-352,

Gamman, John K., et al. Federal Involvement in the California
Coastal Zone: A T~oical Index to i~ac Res onsibilit
Berkeley' .Inst itute of Urban and Regional Development,
Univ, of Cal if ornia, November 1974.

Hershman, Mare J,, and James C. Folkenroth, "Coastal Zone
Management and Intergovernmental Coordination," 0~re on
Law Review, 54, No, 1 �975!, 3-13.

Hite, James C., and Eugene A. Laurent. Environmental Plan-
nu!�

Zone. New York: Praeger Publishers, 1972.



380

Hite, James C., and James M. Stepp  eds.! . Coastal Zone
b

Ketchun, Bostwick H.  ed.!, T~h ~wat r' E~de: C~rtti al
Problems of the Coastal Zone. Coastal Zone Workshop,
W~oods ole, ilassachusetts, 1972. Canhridge: llassachu-
setts Institute of Technology Press, 1972,

Lewis, Sylvia. "Coastal Plan Runs Aground," ~Plannin Qoves-
ber 1975!, pp. 14-17.

Mandelker, Daniel R., and Thea A. Sherry. ttThe National
Coastal Zone Management Act of 1972," Urban Law Annual,
7 �974!, 119-137,

National Commission on Marine Science, Engineering and Re-
sources, Our Nation and the Sea. Washiagtan, D.C.:
U.S. Government Printing Office, 1969.

Office of Coastal Zone Management, State Coastal Zone Man-
~assnt Activities. Washington, D.C.: National Oceanic
and Atmospheric Administratian, U.S. Department of
Commerce, October 1974. Preprint.

Olsen, Stephen B., aad Malcolm J. Grant. Rhode Island's
b

Prohles and an Evaluation of O~tions. Earine Technical
Report No. 4, Kingston: Coastal Resources Center, Univ.
af Rhode Island, n.d.

Power, Garrett. "The Federal Rale in Coastal Development."
Federal Environmental Law, edited by Erica L. Dolgin
and Thomas G. P. Guilbert. St. Paul, Minn.: West Pub-
lish ing Company, 1974.

Resource Planning Section. The Value and Vulnerabilit af
Coastal Resources. At lant a: Georgia Department of
Natural Resources, 1975.

Romera, Richard, and James Schenkel. "Saving the Seashore:
Eanageseat Planning for the Coastal Zone," ~Hastin s
Law Journal, 25  November 1973!, 191-211.

Ross, James F. "Land Use Planniag and Coastal Zane Manage-
ment � The Oregon Stary," Environmental Law, 5, Na. 3
�975!, 661-673.

Roy Mann Assaciates, Inc, Aesthetic Resources of the Coastal
Zone. Prepared for the Office of Coastal Zone Manage-
ment, Natianal Oceanic and Atmospheric Administrat ian,
July 1975.



381

Schnidman, Frank, and Susan Kendal1. "Coastal Zone Manage-
ment: An Overview," Environmental Comment, April 20,
1975,

8edway/Cooke. ~Re ional Ocean Coastline Plan for tbe San
Francisco ~Ba Area. Prepared for the Association of
Bay Area Governments, Berkeley, California; adopted
July 19, 1973. Berkeley, Calif .: Associat ion of Bay
Area Governments, 1973.

Strang, Mary Lee. "Coastal Zone Management Program," Cur-
rent Focus. Washington, D.C.: League of Women Voters
Educat ion Fund, April 1975.

Activities, Washington, D.C.: Off ice o~foastal Zone
Management, National Oceanic and Atmospheric Adminis-
t rat ion, Oct ober 1974. Preprint,

U.S. Department of the Interior, National Park Service.
Fire island National Seashore Master Plan Draft.
Washington, D.C .. V. S. Government Print ing Of f ice,
March 1975,

Werk, Edward, Jr, The Politics of the Ocean. Seattle:
Univ. of Washington Press, 1972.

II. LAND USE CONTROLS AND LEGAL ISSUES

Allen, John C. "The Municipal Enforcement of Deed Restric-
tions," Houston Law Review, 9 �972!, 81B-840,

I!
Proposed Off icial Draft, April 15, 1975.

American Society of Planning Of f icials, Transferable De-

No. 204. Chicago. American Society of Planning Of-
ficials, 1975,

New York: Matthew Bender, 1974.

Ausness, Richard C . "Land Use Controls in Coastal Areas,"
California Western Law Review, 9  Spring 1973!, 391-428.



382

Baade, John A. "Required Low-Income Housing in Residential
Developments: Const itutional Challenges to a Community-
Imposed Quota," Arizona Law Review, 16 �974!, 439-464.

Babcock, Richard F., and Fred P, Bosselman.
� "X'
New York: Praeger Publishers, 1973 ~

Benner, Richard. "The Taking Issue: Potential Obstacle to
Natural Resource Nanagement Legislation," ~Ore on Law
Review, 54, No. 1  i&75!, 67-79.

"Bonus or Incentive Zoning � legal Implications," ~S recuse
Law R view, 21  l970!.

Bosselman, Fred, and David Callies. The Quiet Revolution in
Land Use Control. Prepared for the Council on Environ-
mentall Quality, Wash ingt on, D.C.: U. S. Government
Printing Off ice, 1971.

Bonne lman, Fred, et al. The T~akin Issue: An ~Anal sis of tbe
Constitutional Limits of Land Uee Control. Written for
the Council on Environmental Quality. Washington, D,C,:
U.S. Government Printing Office, 1973.

ment T~lmln . Prepared for The Off ice of State Pleasing,
North Carolina Department, of Administration. Chapel
Hill: Center for Urban and Regional Studies, Univ. of
North Carolina, May 1974.

Bucks County Planning Comsission. Performance ~Zonin
. IW

ties American ~gt le. New Brunswick, N. J.: Rutgers
Universit y, 1972.

G
Control of Growth: Issues-Techni ues-Problems-Trends,
Vol. I. Edited by R. W. Scott et al. Washington, D.C.:
The Urban Land Institute, 1975.

Carman, Hoy F v F and Jim G. Poison. "Tax Shifts Occurring
as a Result of Differential Assessment of Farmland:
California 1968-69," National Tax Journal, 24, No. 4
�971!, 449-456.

Carmichael, Donald I. "Transferable Development Rights as a
C,- 1

Law Review, 2 �974!, 35-107.



383

Chanin, y. Stuart, Jr. Urban Land Use ~Planners . 2nd ed.
Chicago: Uaiversit y of Illinois Press, 1985.

Costonis, John J. »Development Rights Transfer: An Explora-
tory Bssay,» Yale Law Journal, 83 �&73!, 75-102.

Council on Environnental Quality. The yifth Annual ~Bt ort
of the Council on Envixonnental Quu~lit r. Washington,
D.C.: U.S. 'Government Printing Office, December 1974.

Council on Environnental Quality. The Sixth Annual ~Re ort
of the Council on Environnental Quualit . Washington,
D,C,: U. S. Government Print iag Of f ice, December 1975.

Department of Planning, Housing and Development, Is lip, New
York. "Readers Write," ~Plannin 42  February 1976!, 2.

Bckert, Robert J. »Acquisit ion of Development Rights: A
~U« fI

23 �969!, 347-365.

E«l,, h ~a
tems. ASPO Planning Advisory Service Reports Nos. 309
aad 310v Chicago'. American Society of Planning Of-
f ic ials, 1975.

Blliott7 Donald H., and Norman Marcus. "From Euclid to
Ramapo; New Direction in Laad Development Control,"
Hof stra Law Review, 1 �973!, 56-91.

Brber, Ernest, aad John Prior. "The Trend in Housing Density
Bonus," ~blannin , 60  Novesber 1974!, 7-14.

D.C.:
Urban Land Institute and National Committee Against
Discrimiaation, 1974,

Walk D,avid, and Herbert R, yranklin. Local Grosth I~lang e-
nent: A ~La al Priner. Washington, D.C.: The Potosac
Inst it ute, 1975.

Fishman, Richard P. "Public Land Banking: Examination of
G

Issues-Techni ues-Problems-Trends, Vol. I I. Edited
by R. W, Scott et al, Washington, D.C.: The Urban Land
Institute, 1975.

G

~D..: The Potosac Institute, 1974.



384

General Account ing Of f ice Dist r ibut ion Sect ion. Env iron-
mental Assessment Efforts for P~ro used ~pro sets Have
Been Inef feet ive--HUD, Washington, D.C.: General
Account ing Of f ice, 1975.

"� sa � m � '
An Evaluation of ~polio Related Research. Ilinneapolis:
School of Public Affairs, Univ, of Minnesota, 1974.
Reprinted as ASPO Planning Advisory Service Reports
Nos, 309 and 310. Chicago: Amer ican Society of Plan-
ning Officials, 1975.

trol Law. St. Paul, Minn.: West Publishing Company,
~197

Hagman, Donald G.
D~*
1972,

Public ~plannln and Control of Urban Land
St. Paul, Minn.: West Publishing Company,

Henke, Joseph T. "Preferential Property Tax Treatment for
Farmland," 0~re on Law Review, 53  Winter 1974!, 117-130.

Hades, Barnet t, and G. Gale Roberson. The Lay of Mobile
Homes. Washington, D.C.: Bureau of Nat ional Af f airs,
1974.

T~hrou h Urban ~plannin and Controls. Prepared for the
U. S. Environmental Protect ion Agency, Washington, D.C.:
Office of Research and Development, U.S. Environmental
Protect ion Agency, 1974,

Kamm, Sylvan. "The Realities of Large Scale Public Land

Techni ues-Problems-Trends, Vol, II I. Edited by R, W.
co e a . as n on, D.C.: The Urban Land Insti-

t ut e, lll75 .

Kleven, Thomas. "Inclusionary Ordinances... Policy and
Legal Issues in Requiring Private Developers to Build
Low Cost Housing," 0 C L A. Law Review, 21 �974!,
1432- 1528,

Freilich, Robert 8, "Development T iming, Moratoria, and Con-
G : « t."

Control of Growth: Issues-Techni ues-Problems-Trends,
Vol. II. Edited by R. W. Scott et al, Washington, D.C.:
The Urban Land Institute, 1975,



385

Kranowiecki, Jan Z., and James C. N, Paul, »The Preserva-
tion of Open Space in Metropolitan Areas," Universit

2,   !, 7- 7.

Kurtz, W. Gary, "The Dilemma of Preserving Open Space Land-
How to Make Californians an Offer They Can't Refuse,"
Santa Clara La goer, 13 �972!, 284-30S.

Kusler, Jon A. »Open Space Zoning: Valid Regulation or In-
valid Taking7" Minnesota Law Review, 57 �972!, 1-81.

Little, Charles E. Challen of the Land. New York:
Pergamon Press, 1 8.

Xcgee, Paul. Problems of tbe Potomac R~stuar W.asbington,
D.C.: Interstate Commission on the Potomac River Basin,
1964.

Sandelker, Daniel R. ~liana in Our Urban Rnvironment. 2nd ed.
Indianapolis: Babbs-Merrill Company.

Miller, H. Crane. "Coastal Flood Plain Management and the
National Flood Insurance Program: A Case Study of Three
Rhode Island Communities," Environmental Co~nt
 November 1975!, pp. 1-14.

Mix, Averill Q. »Restricted Use Assessment in California:
Can It Fulfill Its Ob3ectivesv" Santa Clara ~Law er, 11
�971!, 259-279.

Moore, M. »The Acquisition and Preservation of Open Lands,"
  ! -2

Myers, Phyllis ~ ~ >~t~ in ~P~~.: ~ @g~gst ~o t~
Dsvelo neat, P~assa e and Im lementation of State Land

~ '« . 2 6,'1I.2.: *
Conservat ion Foundat ion, 1974.

Note. »Protection of Environmental Quality in Nonmetropoli-
tan Regions by Limiting Development,tv Iowa Law Review,
57 �971!, 126-170.

Office of Management and Budget, Environmental Protection
Agency. 1974 C~atalo of Federal Donestic Assistance.
Washington, D.C.: Execut ive Of f ice of the President,
1974,



386

C
Rat imatin the Characteristics of Coastal ~Sur es from� E
Hurricanes. Washington, D.C.: Building Research Ad-
visory Board, Nat ional Academy of Science, 1975.

Real Estate Research Corporation. T~h Costs of ~Srawl.
Washington, D.C.: U. S. Government Print ing Of f ice,
April 1974.

Rhodes, Robert M, "Property Rights: Yours, Mine, Ours
F~lo ~1 Rnvi on nt 1 Rnd ~Upas ~isues, 11  August 1975!,
3-16.

Ripley, Wayne E,, et al. "Environmental Land-Use Control:
Common Law and Statutory Approaches,«Universit of
Miami Lax Review, 28  Fall 1973!, 135- 08.

m � "m�
A Literature Review of Innovative Methods. Exchange
Bibliography No. 8 96. Washington, D.C.: Counc i 1 of
Planning Librarians, 1975.

Rose, Jerome G, "Transfer of Development Rights: A Preview
of an Evolving Concept," Heal Estate Law Journal, 3
�975!, 330-358,

Growt h. Issues-Techni ues-Problems-Trends. 3 vols.
Washington, D.C,: The Urban Land Inst itute, 1975.

Siegan, Bernard H. "Controlling Other People's Property
Tbrough Covenants, Zoning, State and Federal Regulation,"
Environmental Lay, 5, No. 3 �973!, 385-474.

Sleeth, T, R. «Area of Critical State Concern: Its Potential
I

Review, 26  Summer 1974!, 858-872.

Smith, Clyn, II I. "Easements to Preserve Open Space Land,"
  c, -4.

8,, U
Planning Advisory Service Report No. 291. Cbicago.
American Society of Planning Of f icials, 1973.

Spagna, Neno J, «Can 'ST ' Save Collier 's Unspoiled Lands?"
Florida Environmental and Urban Issues, 2  June 1975!,
4-6.

Sieges, Sernard R La.nd Use Without ~Rosin . Lexington, Rase.:
D. C, Heath and~ompany, 1972,



387

Susman, Thomas M. "Municipal Enforcement of Private Restric-
tive Covenants: An Innovatian in Land-Use Control,"
Texas Law Review 44 �966!, 741-768.

Sussna, Stephen. "Resident ial Densit ies: A Patchwork Placebo,"
Fordham Urban Law Journal, 1 �972!, 127-147.

Thurow, Charles, et al. Performance Controls for Sensitive
Lands: A Practical Guide for Local Administrators. Pre-
pared for the U,S. Environmental Pratection Agency,
Washington, D,C.: U, S, Government Print ing Of f ice, 1975.
Reprinted as ASPO Planning Advisory Service Reparts Nos,
308 and 309. Chicago. American Saciety of Planning
Officials, 1975

U.S. Department of Housing and Urban Development, "Maj ar
Provisians of the Flood Disaster Protection Act of 1973."
National Flood Insurance F~ro ramW,ashington, D.C.:
U, S. Government Pr int ing Of f ice, January 1974.

U.S. Department of Housing and Urban Development. "Questions
and Answers � National Flood Insurance Program," HUD News
 March 10, 1975!, pp. 1-10,

C
Areas to Reduce Flood Losses, 2 vols, Washington, D.C.:
U, S. Government Print ing Of f ice, 1972.

Wershaw, James S. "Agricultural Zoning in F lorida � Its Impli-

13 �960!, 479-492 .

Whyte, William S. ~Securin ~0 en ~S ace for Urban America:
Conservat ian Easements. Technical Bulletin No. 36.
Washington, D.C.: Urban Land Inst itute, 1959,

Williams, Norman, Jr. American ~Plannin Law: I.and Uss and
the Police Power. 5 vols. Chicaga: Callaghan and
Company, 1974.

Wilsan, Leonard V, "Precedent Setting Swap in Vermont,"
American Inst it ute of Architects, 59  March 1974!,
52-53.

Yost, Nicholas C. "NEPA's Progeny' .State Enviranmental policy
Act," Environmental Law ~Ne orter, 3 �973!, 50090-
50098.



388

II I, COASTAL PLANNING IN NORI'8 CAROLINA

'"", ~ "   .!. ' ~D
ronmental Concern. Proceedings of a Symposium Held at

c
March 5, 1975. Rale igh: Univers it y o f Nort h Carolina
Sea Grant Project, September 1975,

Barick, Frank B,, and T. Stuart Critcher. Wildlife and Land
Use ~Plannin With Particular Reference to Coastal Coun-
ties. Raleigh: Interagency Wildlife Coordination Sec-
tion, North Carolina Wildlife Resources Commission,
April 1975.

Bode, Robert V., and William P, Farthing, Jr. Coastal Area
b *1

Chapel Hill: Institute of Civic Education, The Law
Center, Univ. of North Carolina, February 1974,

mendations for the Selection of Areas of Environmenta1
Concern. Raleigh, N. C.: Land Policy Council Staf f,
Office of State Planning, 1974.

Brough, Michael B. "Flexibility Without Arbitrariness in the
Zoning System: Observations on North Carolina Special
Exception and Zoning Amendment Cases," The North Caro-
lina Law Review, 53 {June 1975!, 925-958.

Campbell, William A, "Conservation Easements an Effective
Tool in the Environmentalist 's Kit," ~Po ular Government,
39  April 1973!, 36-38,

Carr, Frederick. "The North Carolina Humble Case and Its
impact on Planned Unit Oevelopment" Carolina P ~lannin
1  Summer 1975!, 44-50.

Center for Marine and Coastal Studies. "Information for
Buyers and Owners of Coastal Property in North Carolina."
Center for Marine and Coastal Studies, North Carolina
State University, Raleigh, n. d.  Brochure. !

Cooper, Arthur, and Stuart George. "Coastal Area. Management
Act: Regional Planning for the State's CoastaI Area,"
Carolina P~lannin , 1  Bummer 1975!, 33-37.

Environmental Education Program. A ~Listin of Beam Current
~h

ling and Se lect ed Publications f rom Ut her&past al States .
Greenville, N. C.: East Carolina University, June 1975.



389

Glenn, Peter G. "The Coastal Area Management Act in the
Courts: A Preliminary Analysis," The North Carolina Law
Review, 53  December 1974!, 303-343.

Godschalh, David R., et al. ~Carr in C~aacit: A Basis for
Coastal ~piannin 7 Chapel Rill: Center for Urban and
Regional Studies, Univ. of North Carolina, June 1974.

Green, Philip P., Jr, ~Plannia Lav and AWinistration.
P i ~,%T

Caro 1 ina, 1962,

Heath, Milton S., Jr. "A Legislative History of the Coasta1
Area Management Act," The North Carolina Law Review, 52
 December 1974!, 345-398.

S.,J~ ~ «C
Lav. Chapel Hill: Institute of Governme~nt, Un v. of
North Carolina, 1975.

Neath, Hilton S., Jr., and H. Glenn Duns. ~Re ort to the Sec-
~retar of Natural. and Economic Resources Concernin
c-.......
Area Sana ament ct Cha 1 Hill: Inst it te ~GoveA . pe u o rn-
ment, Un v. of North Carolina, February 1975.

Raleigh: Water Resources Inst tate, North arolina State
Un ivers it y, 1975,

Hinkley, James R. "A State's Approach to Land Use," Water
~Sctrum, 9, No. 2  Reprint 1974!, 1-9.

Hufschmidt, Maynard M. Environmental Statements and Water
s II Yl.

Raleigh: Water Resources Research Institute of the
University of North Carolina, June 1974.

Morgan, Robert. "On the Legal Aspects of North Carolina
Coastal Problems, I> North Carolina Law ~Rvi<~w, 49  Au-
gust 1971!, 857-865.

North Carolina Hurricane Rehabilitation ~pro ect. Raleigh:
North Carolina Council of Civil Defense, December 1955.

Nugent, Michael. "Water and Sewer Extension as a Technique
for Guiding Development," Carolina ~Plannin, 1  Buaer
1975!, 4-11.

Green, Philip P,, Jr, Z~onln in North Carolina. Chapel Hill:
Institute of Government, Univ, of North Carolina, 1952,



Patterson, Lee A., II, «Planned Unit Development and North
Carolina Enabling Legislation, «North Carolina Law
Review, 51 �9T3!, 1455-14TS.

Pilkey, Orrin H., Jr,, et al. How ta Live 11th an Island:
A Nandhook to ~Bo ue Banks, North Carolina. Ka~le gh;
North Carolina Department of Natural and Economic Re-
sources, 1975,

PIanners, Inc. A Socio-E onomic Environmental Baseline Sum-
~acr for the .Bth t lant c Re ion Betweee~agatterae,
North Carocp a and ~a anavera, F~or da; o u~ne
Socio-Rconon c Tsventor . Frepared~or the Bureau of
~d... f I
Gloucester Point: Virginia Institute of Marine Science,
September 1974.

Roe, Charles E. '"The Demise of a State Environmental Policy
Act: The North Carolina Environmental Policy Act.«An
unpublished report of the Center for Urban and Regional
Studies, University of North Carolina, Chapel Hill,
April 1975.

Roe, Charles E . «The North Carolina Environmental Policy Act:
Neglected Planning Tool," ~Fo ular Governeent, 41  Fall
1975!, 44-48,

Schoenbaum, Thomas J. «Public Rights and Coastal Zone Man-
agement, ~ 4 The North Carolina Law Review, 51, No. 1
�972!, 1-41.

Schoenbaum, Thomas J,, and Ronald H. Rosenherg. "The Legal
Implication of Coastal Zone Management: The North Caro-
lina Model," Duke Law Journal �976!, To be published,

Sean, Lawrence. "Note," The North Carolina Law Review, 46
�968!, 663-669.

Sbaffer, lkark Leg and Kenneth G. Silliman. Im lementation of
P1 ~

fice: North Carolina Department af Natural and Economic
Resources, August 8, 1975.

Soucie, Gary. "Here Today, Gone Tomorrow," Audubon, 76
 January 1974!, 70-93.

Soucie, Gary. «Coastasaving: Developers Covet Highest Dune~-
Jockey's Ridge," Audubon, 76  May 1974!, 94-95.

Soucie, Gary. «Fare-Thee-%e 1 1, Curr ituck Banks," Audubon,
78  January 1976!, 22-35.



391

State Clearinghouse and Inforaat ion Center. T~ A~ ~Bevi w
Process in a Nutshell. Raleigh, N. C,: Office of Inter-
governmental Re lat ions, 1974.

*d d

dRaleigh: Center or rine an Coastal Studies, North
Carolina State University, June 28, 1974.

Tillsy, Willian S. ~Plaaain for North Carolina's Coastal
~Inlet: An ~Aaa1 sis of the Present Process and Mecon-
mendations for the Future. Report No. 73-4. RMaeMgh:
Center for Marine a~nd oastal Studies, North Carolina
State University, September 12, 1973.

d.. d « . ~
d « ., d

d, d, lid

IV. ECOLOGICAL SPROCKSSES OF THE COASTAL ZONE
AND FRAMEWORKS FOR ANALYSIS

Acadeny of Natural Sciences. The Delaware E~stuar ~Satan,
~K � M d

Report to the National Science Foundation RANN Pxogram,
New Brunswick, N. J.: Water Resources Research Institute,
Rutgers University, January 1974,

Anderson, Frederick R. NEPA in the Courts: A ~Le al A~gal sis
of the National ~Folic Act of 1969. Balt inore, lid.:
Johns Hopkins Press, 1964.

Beacon, Willard. Waves and Beaches. Anchor Books. Nsw
York: Doubleday and Coapany, Xnc., 1964.

Carson, Rachel. The E~d of the Sea, New York: Signet, 1955.

d ~: ~d
f ~ ~ ~ d d d . *
The Conservat ion Foundation, 1974.

d d d
~he local ~PXannin , Mew York: Praeger Publishers, 1974.

P
mental Im act. Circular No. 645. Washington, D.C.:
U.S. Geo ogical Survey, 1971.

Ncgarg, Ian L. ~Desi n With Mature. New York: Doubleday/
Natux'al History Press, Doubleday and Company, Incd y
1974.



I « . 1
d~ld I ~ . C ' .d I

and Rarine Resources Department, 1174,

SS L.,
Rvalu tin Rauufacturin Rnvironmeutal ~im act State-
ments for Delaware's Coastal Zone to the State of' Dela-
ware, June 1973. Columbus, Ohio: Battelle Columbus
Laboratories, 1973.

Odom, R. T., Rt ~.  eds.! . Coastal Rcolo i al ~8stems of
the ~Unit d ~Stat s. 4 voTe. Wash ngton, D.C.: The Von-
servat ion Foundat ion, 1974.

Sorensen, Jens C. A Framework for Identif ication and Control
of. Research Degradation and Conflict in the Multiple
Use of the Coastal Zone. Master's thesis, Department
of Landscape Architecture, University of California
at Berkeley, 1970.

Steintiz Rogers Associates, Inc. The Santa Ana River Basin:
An R~aam I of the Use of C~om Rttr ~Gra hics in ~gs ional
Plan Evaluation. Report to the U.S. Army Engineers In-
st it ut e f or Water Resources, Fort Belvoir, V irginia.
Springf ield, Va.: National Technical Information Ser-
vice, June 1975.

Teal, John, and Mildred Teal. Life and Death of the Salt
Marsh. Boston' .Litt le Brown, 1969,

Tremaine, J. Richard. "I mplement ing Environment al Policies.'
A Systematic Approach to Specif'ic Site Review."

Problems-Trends, Vol. III. Edited by R. W. Scott et
al. Wash ingt on, D.C .: The Urban Land Inst it ute, lW75.

1, ~IC
us �"

~plannin . Report No. 88. Raleigh: Water Resources
Research Institute af the University of North Carolina,
December 1973.




