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Abstract

The relationship between Sparting zonation and tidal heights was dete:rmined by comparing direct

tide measurement and marsh surface elevations to plant distribution a: five locations on Long

Island, New York. HNeither species distribution nor plant vigor corre.ated closely with any spe-

cific tidal elevation. 1In some areas Spartina alterniflora was found growing well above the

plane of mean high water. BSince the observed elevation limits for S. alterniflorae varied among

the five marshes, factors other than the tide-elevation effect must contribute significantly to

plant zonation. Because vegetation is not a precise indicator, it should not be used to deter-

mine the mean high water line. The upland border of the five marshes in this study also failed

to coincide with any particular tidal datum.

If a tidal plane is used to define a wetlands, it

should be only cone of several criteria and should be related to the local tide range of each area.

Introduction

That salt marshes are both ecologically and
economically important to coastal areas is by
now undisputed and well documented. Functions
that now seem obvicous are erosion control,
storm buffer, sediment trap, oxidation basin
for breaking down pollutants, wildlife habi-
tat, estuarine nursery, recreation, educa-
tion, and aesthetics (Green, 1972).

More recently, the indirect benefit of marsh
productivity has received attention. Esti-
mates ranging from 4.4-8.9 tons dry organic
matter per acre per year in Georgia to 1.3
tons per acre in New Jersey, with 2.9 tons
per acre for Neorth Carclina, 3.0-7.0 tons per
acre for Virginia, 2.0 tons per acre for
Delaware {Wass and Wright, 1969), and 2.3-3.7
tons per acre for Hempstead Bay marshes
(t1dell et al, 1969) compare to l-1.5 tons per
acre average yield of wheat and one-third ton
per acre production in open oceans {Teal and
Teal, 1969}).

Why has the emphasis shifted to productivity?
Teal (1962) believes that tidal currents
transport 45 percent of the primary produc-—
tion of a salt marsh to nearby estuarine
waters. This organic material forms the base
of complex food webs. MNearly two-thirds of
the total commercial fishery catch in the At~
lantic area are estuarine-dependent species

{McHugh, 1966}. Shellfish depend on marshes

not only for food, but as a mechanism for re-
moving excess turbidity and pollutants from
the water. Wass aixd Wright (1969} estimated
an average tangibl: benefit of $78 per year
for each acre of salt marsh.

Long Island marshes, in the middle of the mi-
gration route knowa as the Atlantic Flyway,
are especially impoartant to waterfowl. The
coastal marshes ani shallow water habitats cf
Long Island are amsng the most valusble mi-
gration and wintering grounds on the Atlantic
Coast (US Department of the Interior, 1955).

An important, often overlooked reason for pre-
serving the remaining wetlands is that they
are essentially ncnrenewable (Hawkes, 1966).
Redfield (1972} estimated that the mature
marsh at Barnstable, Massachusetts required
500 to 1,000 years to develop.

Awareness of the importance of wetlands is
becoming more widespread, but it is relatively
new., Instituting the iegal means to protect
wetlands has not feen gquick or easy.

Table 1 shows the significant loss of coastal
wetlands in Nassau and Suffolk counties be-
tween 1954 and 19€8. The original data for
1954=1964 come frem the US Department of the
Interior wetlands inventories. The 1968 data
come from the NYS Department of Environmental

Conservation (EnCen). 'The most recent



inventory lists 9,363 acres of marsh left in
Nassau and 12,725 acres in Suffolk (0'Connor
and Terry, 1972}, While most of the loss
between 1954 and 1964 ocecurred in Nassau
County (US Dept Interior, 1%70), this trend
shifted between 1964 and 1971: sSuffolk
County lost about 4,300 acres, or 25 percent
of its 1964 acreage, while Nassau lost only
120 acres—-approximately 1 percent cf the
1964 figure (0'Connor and Terry, 1%72}.

TABLE 1 Declining Acreage of Salt Marsh
Meadowe, Nassau and Suffolk Counties

1354 1958 196¢ 1968

Nassau County 14,130 11,911 9,485 9,462
Suffolk County 20,590 19,208 17,008 12,930
TOTAL 34,720 31,119 26,503 23,392

Source: Office of Planning Services (1972).

The major reason for marsh destruction appears
tc be landfill for real estate, with dredging
second {Qffice of Planning Services, 1972)}.
Mt. Sinai Harbor alone lost 140 acres, or &0
percent of its marshes, to continued harbor
dredging {Qceanographic Committee, Nassau-
Suffclk Regional Planning Board, 1966).

Ownership is an important factor: privately
owned wetlands are more vulnerable to destruc-
tion than are public wetlands. According to

the Regicnal Marine Resources Council (1%73}),
96 percent of Nassau's remaining tidal marshes
is owned by some level of government, while in
Suffolk, 34 percent to 47 percent remains in
private hands. The Of:ilice of Planning Serwvices
{OPsS) (1972) estimated that 46 percent, or
approximately 5,000 acires, in Suffolk and
slightly over 2 percen:, or 228 acres, in
Nassau are under priva:e ownership. Close to
one-half of the public.y owned marshes belong
to town and wvillage gorernments {(QOPS, 1972).
Table 2 shows a detailed breakdown of ownership.

TABLE 2 HNetlands Ownership in Naseau and
Suffolk Coun:iee

Nasaau Suffolk

Cunership Aereg Percentage Aeree Percentage

Federal 1,018 8
State 1,124 12 1,327 12
Manicipal 7,865 84 4,200 33
Private 187 2 4,326 - 34
Unknown 187 2 1,654 13
TOTAL 9,363 I00 12,725 100

Source: O'Connor and Teriy {(1972}).




Attempts at Land-Use Regulation

and Problems in Defining Wetlands

Public awareness that salt marshes are both
irreplaceable and rapidly disappearing has led
to the development of protective devices at
various government levels. Governmental ac-
gquisition is perhaps the most effective and
permanent means of protection, but lack cf
funds, coupled with increasing real estate

costs, makes this impractical on a large scale.

Land-use regulation to protect natural re-
scurces has become a powerful legal tocl in
wetlands preservation. Zoning, used most
often on a local level, is one method cf im-
posing restrictions. Cluster, agricultural,
and floodplain zoning have all been used fsr
wetlands preservation (see Appendix B: Wet-

lands Preservaticon at the Local Level).

Requiring permits to alter wetlands is another
form of land-use regulation now used exten-
sively at all government levels. The Rivers
and Harbors Act of 1899, administered by the
US Army Corps of Engineers, requires permits
for dredging, filling, and construction in
navigable waters of the United States. Origi-
nally designed to control activities affecting
navigation, this act, modified by the Fish and
wildlife Coordination Act of 1958, now re-
quires the Corps of Engineers to consult the
US Fish and Wildlife Service and the state
administrator of wildlife resources regarding
possible adverse affects on such resources
{Commission on Marine Science, Engineering and

Fesources, 1969).

Many coastal states have recently enacted wet-
lands legislation to supplement the federal

permit requirements. (New York State passed a
Tidal Wetlands Act in 1973.}

covered by these laws is mcre extensive and

The land area

regulation is more restrictive than under
State
On a local level, most

federal jurisdiction (see Appendix A:
Wetlands Legislation).
Nassau and Suffolk towns reguire permits for
dredging and filling (see Appendix B).

Most problems in adriinistering these laws stem
from the common belijef that land-use regulation
is contrary to the principle of private owner-
ship. Navigation, lealth, and public welfare
are generally accepted as valid geoals of regu-
lation, while conservation and aesthetics are
still questioned. IDietermining the extent of
contrel, establishirg equality among land-
owners, and potenti:l loss of property value
are difficulties interent in any such restric-
tive legislation (Comm. Mar. Sci., Eng. and

Res., 1969).

A4 major problem in :mplementing wetlands
legislation is estalb lishing boundary lines.
Legally, "no one knows what they are or where
they are" {(Hawkes, ..966). Definitions vary
greatly in state lavs and even more in local
laws. Vagueness, a.l-inclusiveness, ambiguous
terminology, and di:'ficulty in delineating
boundaries combine 1.0 weaken the power of wet-

lands legislatien.

Concerning this problem, Hawkes (1966) summa-
rized some criteria used for defining wetlands:
1} presence of unde:’lying peat; 2) position of
land-water interface: 3) tidal elevations;

4) vegetative zonat.on; 5) level of nutrient
production; and 6) toil salinity. After dis-
cussing at length the inadequacies in wetlands
definitions, Wass and Wright (1969} suggested
including the areas between mean higher high
water {(the mean of -the higher of the two daily
high tides) and mean lower low water (the mean
of the lower of the two daily low tides) as
determined by surve:r or, in undisturbed areas,
by vegetation plus .ny contiguous areas "deemed
necessary to the stability of wetlands and the
security of their b.ota." The difficulty and
expense of extensive survey, the uncertainty
in using vegetation. and the ambiguity of con-
tiguous zones are erident flaws in their defi-

nition.



A related prchlem is ascertaining the boundary
of private ownership. Garretson (1968) empha-
sized that because of "the uncertainty as to
the extent of a state's power to regulate the
use of privately owned tidelands on grounds
other than navigation, the question of title
becomes of great importance." If, for exam-
ple, under current regulatory laws an appeals
court considered a restriction a compensable
taking, the extent of ownership would deter-
mine the amount of compensation due.

Historically, under English common law all
lands below the "ordinary high water mark"
were under the dominion of the king (Shalo-
witz, 1962). With independence, the states
retained ownership of the tidelands, to be
held in trust for their people (Comm. Mar.
Sci., Eng. and Res., 1969). After much legal
controversy, the courts generally accepted
the borderline dividing upland from tideland
as the US Ceocast and Geodetic Survey defini-
tion of mean high water {(Shalowitz, 1962}.

Rhode Island, Connecticut, New York, New Jer-
sey, North Carolina, and South Carclina

continue to claim title to the land extending
up to mean high water. Massachusetts, Maine,
New Hampshire, Delaware, Pennsylvania, Vir-
ginia, and Georgia have partially relinquished
this right, permitting the upland owner to
hold land down to the low-water mark, subject
to the rights of navijation commerce and fish-
ing (Garretson, 1968).

Although New York State claims ownership to
mean high water, on L>ng Island some townships
hold title to the tid:lands within their
boundaries under coloaial patents granted prior

to statehood. For initance, the Dongan patents,

issued in the 1680s, delegated to the trustees
of several towns on Long Island the preserva-
tion of marshes, beaclies, harbors, inlets,
creeks, etc., for the public good (Taormina,
1973). In an important case challenging the
Town of Southampton's right to restrict wet-
lands development, Jwlge William Geiler de-
termined that by virtue of the Dongan patents
the town did own the tidelands, and that the
boundary line between private and town owner-
ship, through precendents set in other tide-
lands cases, was the rwean high water line.*

* Dolphin Lane Associates, Ltd. v. Town of Southampton, 1971.



The Difficulties in Determining MHW

Not only has mean high water (MHW) been used
to determine riparian ownership, but also te
define the limits of regulatcry jurisdiction.
A prime example is the Corps of Engineers’
regulatory power in navigable waters, which
extends to MHW.
tional legislation regarding structures

Several states have addi-

placed in navigable waters, and some recent
wetlands legislation defines the upper limit
of a "wetland" as a specific elevation above
MHW.

‘There are two guestions to consider before
using this tidal datum in wetlands preserva-
tion: 1} can MHW be accurately determined by
zocnes of wvegetation, and 2} does the land be-
low the horizontal intersection of MHW include
all of the low marxrsh, Spartina alterniflora
(salt marsh cordgrass}) zone, or is there sub-

stantial growth above this plane?

Using a tidal datum as & boundary line has
several shortcomings. The terminology de-
scribing the tidal planes is not standardized.
"High-water line," "high-water mark," and
"line at ordinary high water" may all refer

to the plane of MHW or may vary considerably
in elevation, depending on interpretation.

In Maine the "high-water mark," defined as the
line which the tide usually reaches at high
water (Parks, 1967), is not necessarily
equivalent to MHW--the average of all the

high waters over a 19-year periocd.

While such an inconsisterncy is contrived by
man, others result from natural processes.
Tidal datums "are ncot unambiguous, time in-
variant lines" (Comm. Mar. Sci., Eng. and
Res., 1969). Where the slope of the flood-
plain is irregular, the tidal bhoundary line
may show extreme lateral sinuosity (Lynch,
1969} .
level mean further irregularities.

Erosion, accretion, and rise in sea

Measuring the intersection of a tidal plane

on a land surface may be pessibkble, but, in

terms of time anc¢ money, it is highly imprac-
tical (Garretson, 1968).
mination of a tical datum regquires measure-

The accurate deter-

ment within its immediate vicinity {Hawkes,
1966} .
Survey definitior, values must be derived from

According to the US Coast and Gecdetic

19 years of observations or corrected to long-
term mean values (Marmer, 1951). - Hawkes (1966)
described finding¢ mean high tide in a salt
marsh as "an attempt to plot an altitudinal
variant on to an essentially flat surface
which can easily be distorted even by the
weight of a transit and the man operating it."
Accuracy is extremely important: & difference
of only 0.1 feet in elevation could mean
several hundred feet of land lost or gained

(Garretson, 1968).

A method not inveclving survey techniques is
Salt
marshes, although rich in preductivity, are

using vegetation zones to determine MHW.
low in species diversity. The few species
tolerant of the alternating periods of sub-
mergence and expcsure are distributed in re-
lation to the amcunt of tidal inundation.
One such species, Spartina alterniflora,
characteristically grows nearest the water's
edge, where flcoding is greatest. This growth
is cften referred to as the low marsh. Fur-
ther inland the high marsh consists of
Spartina patens (salt meadow hay}, usually
directly above the &. alterniflora zone, and
two other species, Digticklds epicata (spike
grass) and Juncus gerardi (black grass), nearer
the upland border. Other species eoccur com-

monly, but not as abundantly.

Attempts have been made to correlate species
distribution with tidal datums. 1In the State
of Washington the "mean high tide line" is

the vegetation line where land can no leonger
support agriculture (Comm. Mar. Sci., Eng. and
Res., 1969).
Assoclates v, Town of Southampton, Judge

William Geiler ruled that MHW could be deter-

In the case of Dolphin Lane

mined as the line where 5. glterniflora and



5. patens intermix. Because of this ruling,
the town decided to use multispectral aerial
photography, which highlights different plant
species, to determine the extent of town-

owned wetlands (Incantalupc, 1973).

_éhe Southampton case is net the only one eqgua-
ting the 5. alterntiflora zone with land below
MHW. According to the Office of Planning Ser-
vices (OPS) (1972), New York State's claim of
ownership up to MHW "definitely includes the
salt-marsh intertidal 2one of 5. aglternti-
flora." Green (1972) reported that the Corps
of Engineers' jurisdiction up to MHW includes
the §. alterniflora marsh.

This implies that public ownership encompasses
the 5. alterniflora zone and that this area is
is under the protection of navigable waters
legislation. Hawkes {(1966) warned against such
assumptions because "a surveyed mean high tide
in Rhode Island freguently falls near the outer
edge of the salt marsh." Thus, most of the

marsh could be cutside the protected area.

'Ceneral literature on salt marshes supports
the idea that 5. altermiflora grows in the
intertidal zone up to MHW (Green, 1972;

Spagrnoli, 1971; Wass and Wright, 1969: OPS,
1972; O'Connor and Terry, 1972).
ficial survey of basic research on salt

A super-

marshes substantiates this generalization.
Miller and Egler (1950), Bourn and Cottam
{195C), Reed {1947), and Taylor (1938) all
noted that the 5. gqlterniflora zone is
flooded twice daily at every high tide.
Redfield (1972), working at Barnstable,
Massachusetts, characterized 5. glterniflora
as the exclusive intertidal higher plant,
growing throughout two-thirds of the tidal
range, from 3 feet above mean low water
(MLW) to MHW. Conard (1935) reported the
elevation range of 5. alterniflora at Ccld
Spring Harbor, lLong Island at 5 to 7 feet,
where MHW equaled 7 feet. Chapman (1960)
divided salt marshes into upper and lower
sections, with the line of demarcation at
MHW .

But there are important gqualifications and
substantial inconsisteacies. The upper limit
of the intertidal zone flooded at every high
tide does not coincide with MBW. The area

up to MHW may not be all-inclusive of §. alter-
ntflora or all-exclusise of other species.
Ganong (1503} describel the Spartinag stricta
association in the Bay of Fundy as a belt

from just above to bel>w ordinary high tide.
Reed (1947) claimed 5. alterniflora is "best
developed” between MIW and MHW. Marsh (1969)
stated that 5, alterniflora becomes "less
abundant" above MHW, aid Johnson and York
(1915} found S. qltermnifliora growing "exactly
between mean low water and mean high water"
without stating the uppjer limit of growth as
MHW. Additionally, th2se studies show in-
consistencies in the elevation ranges of
several plant species in relation to tidal

heights.

The dissension over th: specific causes of
plant zonation adds fu:ther doubt as to how
precisely MHW actually sets an upper limit to
Although the tide-
elevation relationship is generally considered

S. altermiflora growth.

the primary controlling factor, Chapman (1940)
listed other influentiil factors including
water table, drainage, aeration, and salinity.
Hinde (1954} mentioned aeration, salinity,

and substrate in addit.on to the tides.

Miller and Egler (1950

catastrophic events and man-made alterations

contended that past

are partially responsibile for the condition
of a marsh. Harshberger (1909), Johnson and
York (1915), Penfound and Hathaway (1938},
and Taylor (1938) foun:d that vegetation cor-
related with salinity.

Such controversy leads one to suspect that
several factors combined influence zonation.
The effects of any one factor such as tide-
elevation may be highlrr modified by other con-

ditions such as salini-:y or type of substrate.

Using the upper limit of the 5. aelterniflora
zone to indicate the l.ne of MHW {or deter-
mining any tidal datum using position of



vegetation) reguires a precise and consistent
correlation between the two. Such a correla-
tion, although often referred to in the 1lit-
erature, is not actually supported. The
actual methods of determining tidal data and
locating them as a specific line on a marsh
were often inadeguate to support such a con-

sistent correlation. Generalizations on other

marshes cannot be nade from results obta{ned
in one specific location. The vague descrip-
tions of MHW as the: upper limit, the diver-
gent opinions over causes of zonation, and
inconsistencies amcng previous studies suggest
the uncertainty of using MHW as a precise
borderline.



FIGURE 1 How to Determine Tidal and Marsh Surface Elevations

— National Geodetic Survey BM (re SLD)

Gauge

B Tronsect Level

-

Marsh Surface

!
lllllllllllllll]lllllll]
{

—_— _ s
Diaphragm | mis |—
Staff
A = gauge reading
B = staff reading
A + B = measure point (MP) [a constant]
MP - A = distance from top of staff to water level

for any gauge recording
BM (re SLD) - C = top of staff (re SLD)
top of staff - D = transect level (re SLD)

transect level - E = marsh surface elevation (re SLD)




Fieldwork Methods

The five salt marshes studied here were chosen
on the basis of location, tidal range, charac-
teristic vegetation, available information,

and accessibility. I did original tide cal-
culaticns in only three of the areas, as recent
tidal data on the two other locations were

available.

In the three marshes where I needed tidal in-
formation, Bristol continuous recording tide
gauges were installed and operated over a
three-month period. The gauge records the
height of the water column above a pressure-
sensitive diaphragm. Water pressure on the
inflated diaphragm, connected by an airtight
tube to the gauge, moves a stylus which marks
the rise and fall of the tide on a rotating

chart.

James Kuntz, tidal specialist for the Corps
of Engineers, New York District Office, helped
install and operate the tide gauges. Leveling
was done with a Craftsman transit under the

direction of Robert Adler, civil engineer.

A staff graduated in tenths of feet, and long
encugh to include the maximum range of the
tide, was secured near the gauge. Simulta-
necus measurements of the distance from the
top of this staff to the water level and of

the height of the water coclumn recorded by

the gauge could then detect errors in the tide
record, because the sum of the gauge reading
and the staff reading should yield a constant—-
the measure point. A change in the measure
peoint over a period of time would indicate a
malfunction such as leakage. Charts were re-
placed and the measure point checked at least

once a week.

The top of the staff was later leveled toc the
nearest National Geodetic Survey bench mark to
obtain a reference to sea level datum (SLD).
Subtracting any height on the gauge chart from
the measure point indicated the distance from
the top of the staff to the water level for

that gauge reading. Subtracting this distance
from the elevation >f the top of the staff

(re SLD) gave the h2ight of the water level
with respect to SLD (Fig. 1).

reading could be ex>ressed as an elevation

Thus, any gauge

with respect to SLD.

Because the more imjortant variations in tide-
producing forces hare a period of approximately
1% years, the US Ccist and Geodetic Survey
defines mean high witer as "the average height
of high waters over a l9-year period." Values
derived from a shor: series of observations
may vary considerably from mean values and
must be corrected to long~-term records.
{Marmer [1%51] give: the complex calculations

used to arrive at corrected MHW.)

For this study, the short-term or cbserved
values for MHW, MLW. half-tide level (HTL),
and mean range (Mn) were computed directly
from gauge recordings. The observed records
were corrected to long-term observations,
using simultaneocus comparisons to primary
stations at either ilontauvk, New York, or
Bridgeport, Connect.cut, or Sandy Hock, New

Jersey for the 1941--1959 period.

An approximate valu: of mean spring high water
{SpEW) was calculated for those areas having

a nearby National Oaean Survey tide station
with a comparable mean range and a given
spring range by the formula:

Spiw = mmLy + 1, SPELNG Tande
(Marmer, 1951). For: the observed mean SpHW,
HTL; was the observ:d half-tide level and Mn,
the observed mean ringe from the gauge record.
I calculated the ra:io of spring range to
mean range from the National Ocean Survey
1973 Tide Tables (U Dept Cormerce, 1972)
values for the nearhy station. The long-term
SpHW was derived by substituting the corrected
values of HTL; and !iny previously obtained by
simultaneous compar:.son to a primary tide sta-

tion. SpHW represents .the mean of high waters



of spring tides occurring within a day or two

after the moon is new or full (Marmer, 1951).

I took weekly salinity readings at several
stations in each area, using an American Op-
tical Corporation refractometer to detect any
large differences in salinity among the

marshes.

I used two methods to determine marsh surface
elevation. Line transects from the marsh-
water edge to the upland using a string and a
line level to maintain a constant elevation
gave a measure of the overall contour of the
marsh. At l-meter intervals I recorded the
distance from the marsh surface to the string
along with the type of vegetation, height,
percent cover, and notes on plant vigor, such

as color and flowering condition. To obtain

10

the elevation of the s:ring in reference to
SLD, I leveled the str.ng to the top of the
Knowing the height
of the staff in relation to gauge recordings,

staff using the transi-:.

I could apply any tida. datum to the marsh

surface (Fig. 1). Two transects, selected
on the basis of charac:eristic zonation and
proximity to creeks aml ditches, were com-

pleted at each marsh.

The second means of de:ermining marsh surface
elevation involved using the transit to cbtain
several point elevations in the various vege-
tation zones, which conuld then be used to de-
tect any errors in the transect elevation,
In addition, transit elevations include areas
not directly along the transect as well as
upland zones where the transect method was

impossible.



FIGURE 2 Locatione of Study Areas and National Ocean Survey Tide Stations
Used for Simultaneous Comparisons
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Results

Figure 2 shows Flax Pond, Mattituck Inlet, is designated "observed MEW." Thus, an eleva-
Orient Point, Iron Point, Gunning Point, and tion for 5. alterniflcra of 0.8 feet above MHW
the primary tide stations used in simultaneous {0.5 feet above observed MHW} means that this
comparisons. Table 3 summarizes the results species was found 0.8 feet above the corrected
of the tide records for each area. Tidal MHW and 0.5 feet above the chserved MHW, where
datums refer to elevation in feet above or the difference in the two datums is 0.3 feet.

kelow SLD, except for Flax Pond, where the

values represent height in feet above the Both MHW datums are included because the cor-

corrected plane of MLW designated as the 0 rected value of MHW is the 19-year mean, which

has legal significance, whereas the vegetation

level.
TABLE 3 Summary cof Tidal Datums (Feet re SLD)
Obgerved Values Corrected Values
Mn Mn

Location MHEW MLW HTL {feet) SpHy MHN MLW HTL {feet) SpHW
Mattituck 3.00 -2.17 0.42 5.17 3.40 2.76 -2.34 0.21 5.10 3.15
41°01'N; 72°33'W
Iron Point 1.81 =-0.97 0.42 2.78 2.07 1.48 =~1.23 ¢.13 2.72 1.74
40°55'N; 72°37'W
Orient Point 1.72 -0.55 0.59 2.27 1.95 1.40 -0.84 0.28 2.24 1.62
41°08'N;72°19'W .
Gunning Peoint l.61 0.20 0.91 1.41 1.14 =0.26 D.44 1.40
40°47'N;72°41W
Flax Pond* 5.16 0.14 2.70 5.02 5.59 4.73 0.00 2.386 4.73 5.08
40°58'N; 73°09'W
* Flevations for Flax Pond are in feet above MLW.

At all five areas the obgerved means are orn the marsh may more :closely reflect the
greater than the corrected values. The dif- short-term value of MHA.
ference between observed MHW and corrected

MHW ranges from 0.24 feet at Mattituck to
Table 4 shows negligible. From the three areas sampled,

Salinity differences batween the marshes are

0.47 feet at Gunning Point.

the difference between the two planes of MHW mean values from open vater stations were:
Orient Point - 23.8 + 1.45 °/,, (6 samples)
Iron Point - 23.9 + 0.38 (10 samples)

Mattituck - 24.6 + 1.75 {10 samples)

for each area.

In subsequent discussions of the relation of

tidal datums to species distribution, I con- TABLE 4 Differences Bstween Observed and

sidered bhoth the corrected plane of MHW and Corrected Plazes of MHW

1 . : ; ) i
the observed plane in relation to species Location Observed MW  Corrected MW  Difference

distribution. All elevatiocns referring to

vegetation are given in feet above or below Mattituck 3.00ft (reSLD 2.76ft (reSLD) 0.24 feet

both datums. The elevation in reference to Iron FPt. 1.81 1.48 .33
the corrected MHW appears first as the height Orient Pt. 1.72 1.40 0.32
Gunning Pt. 1.61 1.14 G.47

above or below "MHW." Neither "corrected" nor

"long—term“ precedes the term "MHW." n Flax Pond 5.16ft (reMLW 4.,73ft {(xreMILW) 2.43

parentheses is the same elevation given as a
height above or below the observed MHW. 'This

12



Analysis of variance for these three areas

showed no significant difference between the
means, At Iron Point, however, paired com-
parisons between Reeves Bay and the Peconic
River on the opposite side of the marsh dif-

fered significantly at the 0.05 level.

Since data were already available, I took no

salinity recordings at either Flax Pond or

Mattituck Inlet

Mattituck Inlet (41°01'N;72°33'W) is on the
northeastern shore of Long Isiand. Ownership
of the marsh there is unknown. The study

area, on the eastern side of the inlet, is
flooded with water from Long Island Sound.
Over 90 percent of the 15-acre area (excluding
filled portiens) is Spartina alterniflora,
Other

species, including Spertina patens (salt mead-

most of which is under 50 cm in height.

ow hay}, Distichlie apicata (spike grass),
Juncus gerardi {(black grass), Salicornia euro-
pea and Salicornia virginica (saltwort}, Aater
tenuifolfue (salt marsh aster), Limoni{um nashii
{sea lavender), and Solidage sempervirens (sea-
side goldenrod} are common in the marsh. Iva
frutescens (marsh elder), Baccheris halmifolia
{(groundsel), and Phragmites communis (reed)
predominate in the bordering upland. One main
creek drains the marsh; mosquito ditching is

minor.

Man's impact is conspicucus in the filled areas
along the shoreline and the extensive erosion

of the marsh edge caused by successive dredying
of the inlet.
ment forms the marsh~water horder.

Presently, a four-foot escarp-

The tide gauge, placed on a dock on the west-
about 200 feet from the
1873 through
Gauge readings totaled 152

ern side of the inlet,
study area, ran from August 24,
December 14, 1973.
high waters and 147 low waters. The unequal
number of high and low waters was due to
breaks in the tide record. The gauge was lev-
eled to bench mark BM B374 (1%56) on the in-
let's west jetty, about one-half mile away

from the gauge.
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Gunning Point., At Flax Pond several transi-
tions from fresh to salt water have cccurred
with the opening and cleosing of the inlet.
At present, normal salinity is about 26°/,,
1973). Data from the

Corps of Engineers' study at Gunning Point

(Woodwell and Pecan,

indicated an average salinity of 26°/,,

{Suszkowski, 1973).

Long-term values of MHW, HTL, MLW, and Mnh were
based on 63-day conpariscons to National Ocean
Survey's Bridgepor: station (US Dept Commerce,
1974) . Corrected ralues for the tidal datums
were lower than th2 short-term record. The
corrected value of MHW at 2.76 feet (re SLD}
was 0.24 feet belov the cbserved MHW at 3.00
feet (re SLD).

To compute SpHW, I used the predicted mean
range and spring range for Mattituck Inlet
(US Dept Commerce, 1972) to obtain a corrected
spring value of 3.l5 feet (re SLD) and an ob-
served SpEW of 3.4) feet (re SLD), 0.4 feet

above their respec:ive planes of MHW.

Mattituck has a large tidal amplitude. The
The tidal

data obtained in thiis study were similar to

mean range is sligitly over 5 feet.

National Ocean Surey observations at Matti-
tuck Inlet from 4/39 to 10/70:

MHW = 2.99 fe:t (re SLD)
HTL - 0.44
MILW - =2.11
Mn - 5.10 fea2t (US Dept Commerce, 1971b).

Figure 3 shows the Mattituck Inlet area and
the location of th: two transects, where the
shown

results were similar. Transect 1,

graphically in Figaire 4, extended 165 meters

inland from the marsh edge to the shrub bhorder.

Tall 8. alierntflo-a
a narrow belt alony the marsh edge from 1.6
feet below MHW (l. 35 feet below observed MHW)
to 0.15 feet below MHW (0.4 feet below observed
MHW) .
MHW as the marsh sirface becomes level. A

(1 meter high) grows in

The height »f the grass decreases near

conspicuous rise i1 elevation, probably the
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result of nearby filling, interrupts the tran-
gsect. Although high marsh species, including
8. patens, D. spieata, 4. tenuifolius, 5. sem-
pervirensg, and I. frutescens, dominate, single
plants of tall, flowering S. alterniflora are

scattered throughout this region.

Nearly 120 meters from the marsh edge, the
transect crosses the main creek. There is a
renewed growth of tall 5. altermiflora along
either bank. Beyond this, 5. alternifiora de-
clines in vigor, and 160 meters inland the

high marsh begins at 0.5 feet above MHW (0.25
feet above observed MHW); S. patens dominates,
followed by D. epicata and J. gerardi at 0.B5
above MHW (0.6 feet above observed MHW}. The
narrow high marsh zone ends abruptly in a

shrub growth consisting mostly of I. frutescens
and B. haimifolia. the surface slopes

rapidly upward toward the road.

Here,

No consistent relationship between species
distribution and ahsolute elevation is appar-
Elevation ranges of different species
overlap. alterniflora/s.
pateng are present 20 meters inland, at 0.03
feet below MHW (0.3 feet below observed MHW),
at 0.35 feet above MHW (0.1 feet above observed
MHW}, and at 0.45 feet above MHW (0.2 feet
above observed MHW} near the high marsh border.

ent.
Zones of mixed S.

There are alsc zones of short 5. alterniflora
at successively higher elevations, from 0.05
feet below MHW (0.3 feet below cobserved MHW)
nearest the marsh edge to 0.25 feet above MHW
(the level of observed MHW) further inland to
0,35 feet above MHW (0.1 feet ahove observed
MHW) beyond the creek.
vation are often accompanied by a change in

Rapid changes in ele-
vegetation, but a transition to any one

Iron Point

Iron Point (40°55'N;73°37'W) is a narrow strip
of land extending eastward between the Peceonic
River and Reeves Bay, about two miles east of
Riverhead, New York (Fig, 5). The area is
privately owned. The 20-acre marsh is 50

percent S. alterniflora; §. patens and D. spi-

eata are the next most abundant species.
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particular species deoes: not always occur at

the same elevation. Thus, the tide-elevation
effect may be modified by distance from the
water source or may operate relative to the
surrounding marsh elevation rather than on an

absolute basis.

Since the elevation zone of one species is
variable, the relationship between a species
and a constant elevation such as MHW also
varies. Except for the first 30 meters and
the creek banks, most of the marsh
the corrected MHW of 2 76 feet (re

exact location of the I1HW plane cn

ig above
SLD). The
the marsh
surface is difficult to determine, because as
the marsh surface reaches the elevation of
The

intersects at several

the corrected MHW it becomes very level.
corrected MHW, however.
points within a zone of short S. alterniflora.
Where the final transi:ion to high marsh occurs,
the surface is 0.8 fee: above the corrected

MHW datum.

The observed plane of HW at 3.00 feet (re SLD)
is above the first 45 neters of marsh surface
including zones of tall-to-shert S. alterni-

flora, mixed 5. alternifilora/S. patens, and

some D. epicata. Behind the elevated region

a zone of short 5. glt:rniflora resumes at the
same level as the obsesved MEW. As the marsh
surface rises 0.1l to 0.2 feet abave this,
Toward the upland
is 0.6

of the

planes of

5. patens again appears.
border the transition =o high marsh
feet above the observel MHW.
tall 5.

MHW, but most of the marsh surface,

Zones
aqiterniflora are below both
including
substantial amounts of short 5. alterniflora,

is above these two plazies.

Both Suaeda maritima (szea blite) and A. tenui-
foliue are more common than in the four other
study areas. Salt marsh pools surrounded by
dense stands of 5. agltzrniflora are numerous,
and several mosquitoc ditches drain the marsh.
Landfill has destroyed the western porticn of

Iron Point, forming an abrupt end to the
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vegetation growth. Iron Point is particularly
interesting because it is close to a densely
pepulated area (and therefore exposed to much
pollution) and it is adjacent to the fresh-

water Peconic River.

The tide gauge was installed in Reeves Bay

(Fig. 5), giving a short-term record from
September 21, 1973 through December 14, 1973
of 150 high waters and 144 low waters. The

gauge was leveled to BM G336 on State Highway
24, 0.75 miles away from the gauge.

Correction to long-term records at National
Ocean Survey's Montauk station (US Dept Com—
merce, 1974} for 56 days' comparisons indi-
cate that the observed MHW of 1.81 feet (re
SLD) was 0.33 feet above the corrected MHW at
1.48 feet (re SLD}.

SpHW, computed from the ratio of spring range
tc mean range from National Ocean Survey pre-
dictions for South Jamesport in the Great
Pecconic Bay (US Dept Commerce, 1972), is 2.07
feet (re SLD} for the observed period and 1.74
Both
are 0.26 feet above their respective planes of
MHW .

feet (re SLD) for the long-term pericd.

Tidal datums given for the South Jamesport
station are comparable to data obtained from
gauge records at Iron Point:

MHW - 1.56 feet (re SLD)
HTL - 0.24
MILW - -1.14
Mn - 2.70 feet (US Dept Commerce, 1969g)

Figure 5 shows the loecations of the transects.
The west transect (Fig. 6}, nearest the gauge,
extends 75 meters inland through an exclusively
8. alterniflora zone, a mixed 5. alterniflora/
§. patens zone, and a !. patens/D. spieata

high marsh. The east i:ransect, 60 meters

long, is mostly mixed !, alterniflora/S. patens.
Neither transect inclwies upland, since the
elevation declines toward the opposite shore

of Iron Point.

5. alterniflora grows 1o heights exceeding 1
meter in a narrow belt along the marsh-bay
edge beginning at 0.8 ifeet below MHW (1.1 feet
below cbserved MHW) on the east transect and
0.5 feet below MHW (0.¢
MHW) on the west.
clines in height to 60-70 cm as the marsh be-

feet below cbserved
This vigorous growth de-
comes level, There is a flat l0-meter zone
of short 5. alternifiorq (40-50 cm)} at 0.6
feet above MHW (0.3 feet above observed MHW}
on the west transect.

While the east transect lacks this typical
short 5. alterniflora z2one, from 8 meters to
45 meters inland it cortains an extensive
ecotone of flowering . alterniflora (60-70 cm)
This
mixed zone begins at 0.3 feet above MHW (ap-

mixed with a dense growth of §. patens.

proximately the level of observed MHW) and
reaches a height of 0.6 feet above MHW (0.3
feet above observed MHW).

Along the west transect the tyansition to high
marsh occurs at 0.6 feet above MHW (0.3 feet

10m 20m
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above observed MHW). There is no difference

in elevation from the mixed zone. A mosquito
ditch supporting a vigorcus stand of 5. alter-
niflorag interrupts the high marsh, which re-

sumes growth at the same elevation on the op-
posite side of the ditch.
transect the transition to high marsh immedi-
ately follows a ditch at an elevation of 0.45
feet above MHW {0.15 feet above observed MIW).

Along the east

Elevations surveyed with the transit correspond
to the transect results (Table 5). The high-
est elevation of 2.90 feet above MHW was along
the 5. patensg/Phragmites border.

Almost the entire marsh surface is above the
corrected MHW. Along both transects this plane

intersects the mars:s in the middle of the
Most of the high
marsh is nearly one foot above this datum.

tall 5. alternifiora zone.

The observed plane >f MHW intersects the
marsh near the begianing of the mixed zone
on the east transect and, on the west tran-
sect, at the point vhere 5. alterniflora
starts decreasing i1 height from over 1 meter
to 70-80 cm. Thus,
the same marsh, the observed MHW has quite a
The

stands of

at two locations within

different relationsiip to vegetation.
zone of short 5. alterniflora,
5. alternifiora 60-30 cm high, and the tran-

sition to high marsi are all above this datum.

TABLE 5 Elevations Determined With Transit at Iron Point

Vegetation Felation to MAW Relation to Qbserved MAW
Tall 5. alterniflora 0.26 ft below 0.59 f: below

0.15 ft above 0.18 £f: below
Short &. aiterniflora 0.74 £t abave 0.41 £: above
S. patene 0.50 ft above 0.17 f£: above

0.60 £t above 0.27 £: above

0.75 ft above ¢.42 f: above

2.90 ft above 2.57 f£: above
S. pateng/D. spileata 0.94 ft above 0.61 f: above

Orient Point

The Orient marsh (41°08.5'N;72°19'W) is a pri-
vately owned tract of iand approximately fcur
miles west of Orient Point. Water from Orient
Harbor on Gardiner's Bay enters and floods the
marsh. Only a small portion of the 30-acre
marsh and water complex was studied. This area
adjoins the upland border, a shrub zone sepa-
rating the marsh and State Highway 25 (Fig. 7).
The marsh is predominantly S. alterniflora.
Both the Mattituck and Orient marshes have a
very narrow belt of high marsh. Mosguito
ditches supplement a complex natural drainage

system.
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The tide gauge, inctalled in a lagoon near

the upland border, measured the fluctuation
of water within the: marsh. The short-term

record from August 24, 1973 through Decem-

ber 14, 1973 showed 155 high waters and 141
BM U3.!5 on State Highway 25,

0.5 miles from the gauge, was used as a ref-

low waters.

erence elevation.

The long-term daturis were computed from 53
days' comparisons 1.0 Montauk (US Dept Com—
merce, 1974). The corrected MHW is 1.40 feet
{re SLD}), 0.32 feel. lower than the observed
MHW of 1.72 feet (1e SLD).
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The values for mean range and spring range at
Orient Harbor (US Dept Commerce, 1372} were
used to calculate SpHW. The corrected SpHW
at 1.62 feet (re SLD) and the observed SpHW
at 1.95 feet (re SLD) are both approximately
0.2 feet above their respective planes of MHW.

Comparisons of the tide record to stations in
the vicinity indicate that the 2.24 feet tidal
amplitude within the marsh is conly slightly

less than that of nearby open waters (Table 6).

TABLE 6 Datume at Tide Stations
Near Orient (Feet re S5LD)
Location MAW HTL MLW Mn(Feet)
Orient Harbor 1.62 0.37 =0.88 2.50
Plum Gut Harbor 1.52 0.22 =-1.08 2.60
Greenport Harbor 1.34 0.14 -1.06 2.40

Source: US Dept Commexce (1969 b,c.d}.

The two transects were located to include as
much high marsh as possible. ©On the west
transect (Fig. 8), tall S. alterniflora begins
at 0.8 feet below MHW (1.1 feet below observed
MHW), mixes with 5. patens by 0.4 feet above
MWW {0.l1 feet above observed MHW}, and ends

as the elevation rises another 0.1 feet. The
emergent zone of tall S. alterniflore on the
marsh edge of the east transit is also narrow
and ends at the same elevation as on the west
transect.

Beyond the narrow zone of §. patens on the

west transect, short §. alterniflora (30 cm)

grows at 0.6 feet ajove MHW (0.3 feet above
observed MHW) and e<tends for 15 meters until
the transect crosse: a salt pan in which the
S. altermifleore grovs taller and the elevation
drops to the level >f MHW (0.3 feet below ob-
served MHW). Along with this depression the
transect includes a permanent pool surrounded
by 5. alterniflora >ver 1 meter in height.

B ditch with its us:al vigorous growth of

8. alterniflore intarrupts both transects.
Beyond each ditch tie high marsh begins. On
the east transect ti1is occurs at 0.65 feet
above MHW (0.35 feet above observed MHW),
while on the west transect the transition to
high marsh is 0.9 fz2et above MHW (0.6 feet
above cbserved MHW). Single plants of

S. alterniflora, often higher than 60 cm and
flowering, are scattered throughout the latter
high marsh. Along zoth transects the shrub
border is nearly 0.3 feet above MHW (0.6 feet
above observed MHW) .

Surveyed elevations corrcbhorate the transect
results {(Fig. 9).
than 10 feet above zither plane of MHW, the

From State Highway 25, more

elevation declines rapidly toward the marsh
surface. There is a 0.65 foot vertical rise
from the high marsh-shrub border to 1 foot
within the shrub growth, indicating the steep
slope of this area. East of the gauge, the
elevation in the dense stand of Phragmites is
lower than most of the high marsh and less
than 0.1 feet above 5. alterniflora.
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This last finding emphasizes the fact that
elevation cannot be the sole consideration
in species distribution. At Orient, as in
other areas, species elevations overlap.
2ones of a single species occur at different
alevations. The strip of 5. patens near the
marsh edge is 0.3-0.4 feet below the high
marsh 8. patens zone. The corrected MHW,
intersecting the marsh in the middle of the
tall 5.

alterniflora, 3 meters from the marsh

Flax Pond

Flax Pond (40°58'N; 73°09'W) is located in

the Village of 0l1d Field, an the north shore
of Long Island {Fig. 10).
jointly owned by State University of Wew York
at Stony Brook and the New York State Depart-

The marsh is

ment of Envirommental Conservation (EnCon)
for research purposes. Since 1971, Broock-
haven Naticnal Laboratory has operated &
continuously recording tide gauge in the cen=-
tral channel of the marsh, in conjunction
with an extensive study on nutrient exchange
in salt marsh ecosystems. I included Flax
pond in this study because of the large vol-
ume of available information, large tidal
range, and particularly vigorous growth of

g. alterniflora.

The marsh is 60 percent §. alternifiora, mach
of which exceeds 1 meter in height. D.
and §. pateans form the marginal high marsh
arcas. {(Wocdwell and Pecan [1973] give 2
complete list of plant species.) Water en-
ters and exits Flax Pond through a narrow
channel stabilized by two jetties. There is
a two-hour lag in low tide between Flax Pond
and Long Island Sound, mainly because the
channel bottom isg higher than most low tides
in the Sound. Consequently, the tide in the
marsh £loeds for four hours and ebbs for

eight hours {Woodwell and Pecan, 1973).

Tidal datums were computed from 12 months of
regords {not continuocus) from March 1972 to
October 1973. Gauge readings gave the water

level on a graduated tide staff.

spicata
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edge, bears little relationship to vegetation.
The high marsh renges between 0.7 and 0.9 feet
above the MHW plene.

Most of the marst surface is also above the
cbserved MHW, which intersects the marsh
slightly below tile upper limit of tall

5. alterniflora. Short 5. alternifiora is
0.2-0.3 feet above cbserved MHW; the high

marsh is 0.4-0.6 feet above observed MHW.

Measurements, or..ginally in meters, were con-

verted to feet. The data were not leveled to
e1D and all the 1eights cf tidal datums at
in feet above the correc-

11).

Flax Pond are gizen
ted MLW, designated as the 0 level {Fig.

The corrected mean range at Flax Pond is 4.73
feet--substantially less than the mean range
of 6.60 feet for the nearby Port Jefferson
Harbor Entrance station (US Dept Commerce,
1972} .
probably

The restricted opening to Flax pond
accounts for the smaller tidal am-

plitude.

Using 56 days oil comparisons to Bridgeport

for the months of September and October 1973
(US Dept Commeroce, 1274},
rected MHW of 4.73 feet (re MLW} -
0.43 feet lower than the observed MHW of 5.16

feet (re MILW).

I obtained a cor-

This is

I used the ratic of mean
range to spring range at Port Jefferson (US
Dept Commerce, 1972}, giving a corrected SpHW
of 5.08 feet (r= MIW) and an observed SpHW of
5.59 feet (re MLW).

The results of both transects, one west and
one east of the channel bridge, are given in
Figure 11. The unstable substrate made it
impossible to cbtain the lower limit of

8. alterniflore growth, although I estimated

it at about 3 Jeet below MHW.

The . alterni'lora zone at Flax Pond has the
most luxuriant growth of all areas included
in this study. On the west transect the sur-

face elevation increases rapidly from the
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marsh edge, leveling at approximately the ele-
vation of MHW (0.4 feet below observed MHW).
The tall 5.
inland, ending as the marsh surface rises 0.15
feet above MHW (0.25 feet below observed MHW)

and the height of the grass decreases to 50-70

alterniflora zone extends 9 meters

cm. Twenty-five meters inland, there is a

4-meter transition zone of mixed S. aqlterni-
flona/S. patens/D. spieata at 0.25 feet above
MHW {(0.15 feet below observed MHW).

this is the 0,

Beyvond
spteata high marsh.

tall 5.

ending in a mixed

Along the east transect, alternifliore
extends 25 meters inland,
8. altermiflora/S. patens growth 0.25 feet
below MHW {0.65 feet below ohserved MHW}.

alterniflerae is dominant to

In
this ecotone, 5.
0.1 feet below MHW (0.5 feet below ohserved
MIW) .
pure §. patens, mixed 5. patens/D. spiecata,

Towards the upland border, zones of
and pure D. sgpicata occur at successively

higher levels.

Beyond this typical high marsh is a zone pecu-

liar to Flax Pond, in which the 7. spicata is
sparse, patches devoid of vegetation are nu-
merous, and Salicormia virginiea is prevalent

in many places. Mest unusual is the presence

Gunning Point

Gunning Point (40°47'N; 72°41'W), on the bay
side of Westhampton Beach, is ahout three miles
east of Moriches Inlet. Approximately 50 per-
cent of the privately owned marsh is 5. aglter-
niflora, with 5. patens the next most abundant
species. Salicornia eurcopea is prevalent,
often occurring in extensive salt pans devoid
of cther vegetation. There 1s no D. spiecata

A dense stand of Phrag-
The

narrow strip of marsh is flanked by fill along

zone or shrub zone.
mites separates the marsh from Dune Rocad.

koth sides, and mosquitoc ditching is extensive

{Fiq. 12).

Guniing Point is a south shore marsh with

small tidal amplitude. The vegetation shows
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of an anomalous zone of tall, flowering

$. ailterniflora directly above this depauper-
ate region. On the west transect this renewed
growth forms a narrow belt from 0.65 feet
above MHW (0.25 fect above observed MHEW) to
0.9 feet above MHW (0.5 feet

MHW) and separates the marsh

above observed
from the shrub
zone. While less proncunced on the east tran-
tall,
the shrub border as high as 0.6 feet

MHW (0.2 feei. above observed MHW),

sect, flower: ng plants are scattered
along

above

The corrected MHW on the west transect marks
the decrease in he:ght of 5. alterntfiora.
The short 5.

feet akove the corrected MEY.

alter»:iflora zone is only 0.1-0.2

Most of the marsh surface is below the observed
MHW.

this plane and the marsh surface occurs only

In both transects the intersecticn of
toward the end of the high marsh. This is in
contrast to the other four locations, where
most of the marsh csurface is above both planes.
At Flax Pond, excluding the anomalous 5. alfer-
the observed MHW includes all of the
$. alterniflora andl most of the high marsh,

and the corrected !HW includes all of the tall

ntflora,

3. alterniflora amd scme transitional high

marsh area.

distinctive zonation patterns, and the high

marsh area is subsiantial. In addition, as
part of a comprehensive study of the area, the
US Army Corps of Engineers recently camputed
tidal datums and surveyed marsh-surface eleva-

tions.

The short-term tide record,
through Qctober 1973, showed 280 high waters
and 27% low waters.

running from May

Corrections for long-term

means were made from 261 days of comparisons

to Sandy Hook. Ther corrected MHW is 1.14 feet

{(re SLD). This is 0.47 feet below the cbserved
MHW of 1.6 feet (ro SLD) 1973).

0f the five locations in this study, Gunning

{Suszkowski,

Point shows the lalgest difference between the

two datums.
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Tidal datums at Gunning Point are similar to
those of Eastport, Moriches Bay, where MHW is
1.17 feet {(re SLD) and the mean range is 1.2
feet (US Dept Commarce, 1969%e).
in Moriches Bay (Potunk Point and Mastic

Other areas

Beach) have a range of only 0.5 feet (US Dept
Commerce, 1972). SpHW could nct be computed
because the spring range for the Eastport

station was not giwven.

Two transects, one 10 meters west and one 5
meters east of the main drainage ditch, extend
340 meters inland from Moriches Bay. They
have similar vegetation zones and elevations
(see Fig. 13 for data on east transect).

Along both transects S, alterniflora begins

growing at 0.15 feet above MHW (0.3 feet below
observed MHW).
niflopa extends 120-125 meters inland. Within

The primary zone of 5. alter-

this region, plants range from 70-80 cm high
nearest the bay to 40 cm or less further in-
land. The usual elevational sequence is re-
versed; the short 3. aglterniflora, most of

which is 0.45 feet above MHW {the level of
chserved MHW)}, is 0.2-0.3 feet below the
taller growth.

The transition to l'igh marsh is abrupt and
forms a strongly demarcated borderline.

There is no corresgponding change in elevaticn.
S. patens grows at the same elevation as does
the short 5. alterriflora. The 4. patens is
commonly stunted or dying out in extensive
pans between mosguito ditches. Occurrence of
these pans is not specific to any one eleva-
tion but seems to depend upon the relative
Further
inland, as the surface rises another 0,1-0.2
feet, so that it is 0.6 feet above MHW (0.15

feet above observed MEW), the 5. patens be-

elevation of the surrounding marsh.

comes more vigorous.

Perhaps the most interesting aspect of the
Gunning Point marsh is the secondary zone of
S. glterniflora beyond the 5. patens high
marsh. Again, ther:z is a distinct borderline
with no marked chanjye in elevation. Most of

~FIGURE 13 CGunning Point, Fast Transect
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this zone is 0.6 feet above MHW {0.15 feet
above observed MHW) .

Elevations surveyed by the Corps of Engineers
support the transect results. Most marsh ele-
vations are between 0.35 feet above MHW (0.1
feet below observed MHW) and 0.65 feet above
MHW (0.2 feet above observed MHW) and do not
correspond to any particular type of vegeta-
tion. The Phragmites zone along the marsh
border is about 1.5 feet above MHW (1 foot
above observed MHW). Fifty feet from the

start of this growth, the elevation rises 1
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foot, and at Dune Roud the elevation is only
about & feet above MIW (Suszkowski, 1973).

The corrected MHW, below the entire marsh sur-
face, shows little relationship to vegetation
zones. Furthermore, the overlap in elevations
of §. alternifliora ard 5. patens is so great

that it is hard to define any specific eleva-

Both short S. alterni-

tion separating them.
florg and S. patens crow at approximately the
MHW level, and taller 5. alternifiora [70 cm}
grows as much as 0.6 feet above this plane on

the berm near the marsh edge.



Comparison of Results With Other Research

The results of previous research, the possible
influence of factors other than the tide, and
certain technical characteristics of tidal
measurements must be considered in evaluating
the correlation between vegetaticon and a tidal
datum.

1t is widely accepted that the primary factor
controlling the distribution of salt marsh
vegetation is the relationship between the
tide and the marsh surface elevation. My
findings support the general concept that
species are distributed according to elevation.
$. altermiflora usually occurs at lower ele-
vations than do high marsh species. What re-
mains unanswered is the extent to which tide
jevels control zonation and the consistency of
the relation between a specific tide-elevation
{such as the intersection of MHW} on the marsh

and vegetation.

Comparing plant distribution in several North
carolina marshes, Adams (1963) concluded that
gspecies occur primarily in response to tide-
elevation influences. He hypothesized that

for every marsh, each species occurs within a
narrow elevation range, which has a specific
relationship to the tide in that area. Despite
a lack of data to support this hypothesis,
Adams still claimed that some species have a

constant tide-elevation relationship.

Several studies on the tide-elevation factor
were conducted at Cold Spring Harbor, New York.
The assumpticn that MHW is the upper limit of
5. alterniflora seems to originate mainly from
these investigations. But variations in the
results of different reports shed doubt on the
validity of this assumption. Measuring the
tide with a graduated stake, Johnson and York
(1915) found 5. alterniflora growing between
levels of 1.5 and 6.5 feet above MLW. The
tide range at Cold Spring Harbor is 7.63 faet
{Chapman, 1940). This places MHW 7.63 feet
above MLW, 1 foot above Johnson and York's

estimate of the upper margin of 5. alterniflora.

Chapman (1940} separated the marsh into upper
and lower divisions, based on the relative
periods of submergence and eXposure, at 7.75
feat above MIW. This elevation, 0.1 feet
ahove MHW, corresponds to a change in species

composition.

At the same location, Conard (1935) reported
that §. alterniflcra grows between the 5- and
7-foot levels (no reference elevation given)
where MHW is 7 feet. ©Not only is the upper
limit at MHW different from the previcus
values, but the 2-foot range of growth is
only cne-half of Johnson and York's 1915

aestimate.

Elevationg reported for high marsh species in
these studies are as variable as those for
Johnson and York (1915)
found 5. patens and D. spfcata between 6.5
foet and 8 feet above MLW. This extends 1
foot in elevation below MHW. Conard (1935)

5. alternifiora.

found D. epicata ‘rom 7 to 8 feet and
5. patens from 7.5 to 8 feet. Both are above
his 7-foot level >f MHW.

although these redorted elevations imply that
the zones of §. alternifloru and high marsh
are mutually exclasive, Johnson and York
{1915} found S. alterniflors as high ag 7.5
feet above MLW, and Conard {1935} found

5. patene growing as low as 3.5 feet. This
suggests that factors other than tide-eleva-
tion influence vegetation--an important con-
gideration when attempting to eguate the upper
l1imit of & species with cne particular elava-

tion.

Other investigations also show substantial
overlap between £. alterniflora and other spe-
cies. At Mispillion, in Delaware, Bourn and
Cottam {(1950) reported a vertical range of
1.88-2.93 feet for §. alterniflora and 2.58-
3.32 feet for §. patems. This indicates that
at 0.4 feet, eitler species can occur. Al-

though Adams (1963) found species occurring



within narrow elevation limits, 5. alterni-
florg did extend into the range of 5. patens

and I. spieata.

My findings show that, excluding mixed zones
(where species must occur at the same eleva-
tion), even monospecific zones overlap. At
Gunning Point, the highest elevation of

S, alterniflorg is 0.7 feet above the lowest
elevation of 5. patena. A 2one of S§. altermi-
flora at Flax Pond occurs above the 5. patens

and D. spicatae high marsh.

Still other findings suggest that the tide
relationship is not solely responsible for
Chapman (1940} found

5. alterniflora more tolerant of submergence

species distribution.

further south in its gecgraphical range.
Mosquito ditching altered the elevations of
species in Mispillion, Delaware (Bourn and
Cottam, 1950). (1952} found that
throughout a single marsh, zones of one spe-
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cies may occur at different elevations: this
ig apparent at Mattituck and Orient, where
zones of one species occur at higher eleva-
tions further inland than zones of the same
species near the marsh edge.

Measuring other factors |that influence plant
distribution was beyond [the scope of this
project. Salinity measurements were only
intended to detect any major difference among
the marshes--not to describe the effects of

salinity within a marsh.

There is little agreement over the influence
In
North Carolina, Reed (1947) found a decreasing

exerted by other factors like salinity.

gradient in salt concentration from 5. alter-
niflora to higher levels, and concluded that
salinity was partly responsible for species
Both Chapman (1940) and Adams
(1963) found no constant differences in salin-

distribution.

ity among plant communities.

Such factors as aeration, drainage, soil char-
acteristics, and nutrient concentration may

all influence species distribution or growth
glterniflora

form. The ocourrence of tall 5.
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along ditches and crieks may be due to good
drainage. Chapman (1940) believed that drain-
age was not responsisle for its presence in

these areas, but could considerably affect the

height and vigor of the plants.

The variations in height of &. alterniflora
At Mattituck, plants of
this species range from 20 cm to 150 cm high.

are often striking.

There are several theories on the cause of

such variation. The short §. glterniflora may
be a genetic subspecies (Merrill, 1202), or it
may be stunted by environmental factors
{Mooring et ai., 1971). In addition to the
drainage factor, high nutrient concentrations
along creeks and near the low tide line may be
responsible for increased vigor (Marsh, 1969) .
adams (1963) wrote that 5.
high iron requiremert which is best satisfied
Taylor {1938} re-

ported that salinity influences height.

alternifiora has a

where flooding is greatest.

This growth variatien is important because it
suggests a relationship to tidal planes and,
therefore, may possibly be used to indicate a
porderline. In the case of Dolphin Lane As-
Ltd. v. Town of Southampton (1971},

an expert witness testified that the area

spociates,

where 5. alternifiora is lush and almost en-
tirely in blossom i: congruent with the area
flooded at every hiuh tide. If this were true
generally, all areas with tall §. alterniflora

would definitely be below the elevation of MiW.

My observations ind.cate that this is not true.
5. alterniflora does seem to grow best at lower
elevations, near th: marsh edge or along creeks
and ditches. Most of the taller growth is be-

low the observed MHN? at all the locations, but
only at Flax Pond and Mattituck is most of this
2one included below the corrected MIW. Even
at Flax Pond, flowe:ing §. alterniflora grows

over 1 meter tall along the upland border, more

than 0.5 feet above either plane of MHW.

A difficulty in using vigor to indicate a bor-
derline is deciding how tall is the "tall”
form of 5. Height differences

At Flax Pond,

alterniflora.
are relative in eacn marsh.



tall 8. alterniflora grows up to 2 meters,
while at Gunning Point the tallest plants are
Mixed 5. alterniflora/
5. patene zones often exhibit increased vigor
Although
the taller form usually blossoms, flowering is

only I meter high.
over surrounding moncspecific zones.

a poor criterion for determining the tall form
because some of the shortest plants also £low-
er.

Plant zonation is complex;
tation a nebulous indicator of a tidal datum.
one must also consider certain

tion, however,

characteristics of the tidal phenomena.

Any tidal datum is an artificial construct de-

signed to describe a characteristic of the

tide in a specific area. Mean high water is
simply an average height of all the high wa-
ters over a given period. The value of high
water varies greatly, and, as with any mean,
extremes affect its value. I found individual
high waters at Mattituck differing by as much

as 5,9 feet.

It would be incorrect to assign a precise

physical value to such a mean, e.g., the line

that the tide usually reaches, or the zone
covered twice a day by the tide. Describing
the $. alterniflora zone as "intertidal,"
"flooded each day.," or "extending to the high-
water mark" cannot be interpreted as meaning
that the upper limit of 5. alternifiora is
MHW .
Boston in 1968, only 316 were predicted to
reach or exceed the level of MHW (Redfield,
1972). Thus, less than one-half of the high
tides there actually reached the line of mean

For instance, of the 707 high tides at

high water.

Determining a tidal datum incurs further dif-
ficulties. Monthly and even yearly high wa-
ters are subject to periodic and nonperiodic
variation. Monthly averages of high waters
from Atlantic City, Los Angeles, and Pensacola
for two years (1946-47) varied from a few
hundredths of a foot to 0.8 feet (Marmer,

1951). In my study the minimum variation in

this alone makes vege-
Ta
evaluate any correlation between MHW and vegeta-

3z

a monthly averag: was 0.1 feet at Orient, and
the maximum was (.6 feet at Iron Point.

Because of such ‘'rariations, short-term mean
values are corrected to a tide station where
observationz ove:: a 19~year period have been
recorded. According to Marmer (1951), a cor-
rected datum fron one month's cbservation is
generally within 0.1 feet of a well-determined

value.

Using a l9-year average, however, introduces
the preoblem of variations in relative sea

level over this cxtended period, On the east
coast of North Anerica, two factors--a world-
wide trend in sea level rise and coastal sub-
sidence--have contributed to the change in

Since 1930 the

apparent rise in sea level in the New York

the value of mea: sea level.

area determined ‘rom tide gauge records has
averaged 3.5 mm per vear (Meade and Emery,
1971).

This increase is obvious in the observed tide
gauge records fo.: the National Ocean Survey
station at Montaak.
{half-tide level. which approximates mean sea
level) were 4.51 feet for 1924-42; 4.74 feet
for 1941-59; and 4.84 feet for 1951-6% (US
1374},
value of HTL use} for comparisons to short-

Observed values of HTL

Dept Commerce, The accepted l19-year

term records is oresently 4.68 feet.

Sea level rise pr-robably accounts for the fact
that observed values of MHW are conspicuocusly
Other fac-
tors may alsc coitribute to this difference.

higher than the sorrected values.

Some of it may b2 periodic, resulting from
astronomical cycles. The opening and main-
tenance of Moricies Inlet surely have influ-
enced the tides at Gunning Point. Dredging
the boat channel could have affected the
tidal amplitude at Mattituck. The National
Qcean Survey tidz predictions for MHW at
Mattituck Inlet showed an increase from 5.0
1971a} to

5.2 feet in 1973 (US Dept Commerce, 1972).

feet in 1972 (US Dept Commerce,



Corrected MHW

The corrected MHW, approximating a 19-year
averadge, is impertant in legal matters be-
cauge it is the accepted definition of MHW.
The vegetation, however, probably more
closely reflects the recent tidal phenomena.
For instance, the abnormally high value of
MHW at Cunning Point over the 1972 growing
season may have caused the depauperate growth
of 5. patens. Unfortunately, few long-term
studies have been conducted to determine how
rapidly vegetation reacts to such phenomena.
Harrison and Bloom (1974} reported that over
a l0-year period the ecctone of 5. alterni-
flora and §. paterns in Connecticut marshes

did not reflect changes in sea level.

Observed MHW

Excluding the filled area, at Mattituck the
chserved MHW coincides with the lower margin
of a short 5. alterniflora zone, but nearer
the marsh edge, zones of both §. patens and
short 8. alterniflora occur beneath this
plane. At Orient, the observed MHW marks the
upper limit of the tall 5. alterniflorq. Ob-
served MHW intersects the marsh at Iron Point
within a mixed zone on one transect and at
the point where §. glterniflora decreases in
height on the other. At Flax Pond, observed
MUW intersects the marsh in the middle of the
high marah region, and at Gunning Point, this
plane is level with much of the marsh surface,
intersecting the marsh surface in several ap-

parently random spots.

Establishing an Upland Margin

There is a final question important in legal
definitions of wetlands: What relationship,
if any, exists between the upland margin of
the marsh and the tide? At this border,
definition by vegetation creates problems.
Typical plants along the upland region in-
ciude I. frutescens, Phragmites, B. halmi-
folia, and Typha spp. (cattails). But some

At Mattituck all of the tall 5. alterniflora
is below the correct:ed MHW. Intersection of
this datum with the marsh surface coincides
with a mixed 8. ailternifiora/S. patens zone.
Orient is similar to Iron Point: only the
first 3 metera of marsh are below the cor-
rected MHW. At both marshes, this plane in-
tersects within the tall 5. alternifiora
growth. At Flax Pond, the corrected MHW
coincides with the upper border of tall

8. alterniflora on cne transect and at the
transition from §. citerniflora to S. patens
on the other. At Gunning Point the entire
marsh surface is above the corrected plane
of MHW.

Each marsh is unigque in terms of tidal influ-
ence, water source, formation, and human inter-
vention, so that sone modification of the
tide-elevaticn effect is to be expected. The
very narrow zone of tall 5. alternifiora at
Mattituck, for example, may be the result of
mechanical removal of part of the marsh edge
during dredging. L.mited water exchange
through the narrow outlet at Flax Pond may re-
duce nutrient loss nd perhaps account for the
high vigor there. ither the inequality of
flood and ebb interrals or the large tidal am-
plitude at Flax Ponl could alse influence vege-
tation vitality and zonation. Gunning Point,
located on a barrie: beach, is probably subject
tc the effects of s:orm overwash and beach

erosicn.

of these plants are not restricted to growth
along the salt mars1 border. .

Because these plant3: can grow elsewhere, their

upper elevation limits have little meaning.
More significant is their lowest elevation
{i.e., where they first appear). At Cold
Spring Harbor, Johnson and York (1915) found



I. frutescene 0.1 feet below MHW. Thig is
only 1 foot above the zone of §. alterniflora.
At Mattituck, the beginning of the shrub zone
is 0.9 feet above the corrected MHW and 0.6
feet above the observed MHW., One point along
the shrub-high marsh border at Orient is 0.6
feet above the corrected MHW and 0.3 feet
above the observed MHW. This elevation is
lower than some of the D. spicata, 5. patens,
and even 8. alterniflore at Orient.

Phragmitee at Orient begins growing at 0.7
feet above the corrected MHW and 0.3 feet
above the observed MHW. The border between
§. patens and Phragmites at Iron Point is
almost 3 feet above either plane of MHW.
Corps of Engineers survey data at Gunning
Point indicate that the lower edge of the
Phragmites zone is about 1.7 feet above the
corrected MHW and 1.1 feet above the observed
MHW (Suszkowski, 1973}.

Rather than define the upland margin using
gspecies whose distribution is variable, it
might be better tc describe the marsh border,
where applicable, in terms of a change in
growth form from grasses to woody shrubs and
to define a specific distance inland from

this border as a contiguous buffer zone.

Another way of establishing an upper margin
is to estimate an elevation that would include
most of the highest tides. Redfield (1972}
reported that flooding by only one percent of
the tides for two hours affects vegetation,

This indicates that such a margin must include
even extreme tides. Table 7 shows the eleva-
tion reached by the highest tide observed

over the three-month period for the three lo-
cations where I ran tide gauges. Storm tides

could go considerakly higher.

Several states currently define such an upper
margin in terms of an elevation above MHW.

In Delaware, a wetland inclades all the land
up to 2 feet above the local MHW,!

Perhaps the most defensible use of a tidal
datum in defining the upper margin of a marsh
is expressing that datum as a proportion of
the local tide ranc¢e. Virginia uses such a
method: wetlands extend to "an elevation
above the mean low water equal toc the factor
1.5 times the mean tide range at the site."?
This compensates fcr varying tide ranges.
Bpplying virginia's 1.5 factor would make the
upper border at Gurning Point 0.7 feet above
MEW, while at Mattituck it would be 2.5 feet
above MHW. This elevation would be ahove most
of the marsh surface at Gunning Point and well
within the shrub growth at Mattituck.

Determining an optimal range factor or height
ahove MHW requires a thorough study of pre-’
dicted tides. Tab e 7 includes the height of
the extreme observed tide above MHW and its
proportion of the f.ide range, and it gives an

1 pelaware Code <.66, Section 6603.

2 vyirginia Code, Section 62.1-13.2.

TABLE 7 Highest Tides Recorded Over Three Months' Observation Period

Height Hetght Above MHW Proportion of Tide Range*
Loegtion Date (re SLD) Corrected Obgerved Corrected Chaerved
Mattituck 12/9 5.43 2.67 2.43 1.52 1.47
Iron Point 12/9 4,23 2.75 2.42 2.0L 1.87
Orient Point 12/9 3.87 2.47 2.15 2.10 1.95

* ralculated as the height of the tide above MLW divided by the tide range.
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idea of what only three months of cbservations
indicated.

Although a tidal datum provides an exact bor=
derline, it should be used with extreme cau-
tion in defining wetlands. For conservation

purposes, a definition should include all of
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the wetlands, but sho>uld also upholéd the right
of private ownership. A definition of wet-
lands that also applies to large amounts of
l1and other than wetlands jeopardizes the pri-
vate owner's rights and weakens the effect of

the legislaticn.



Conclusions and Recommendations

Vegetation cannot be used to indicate the
line of MHW on the marsh surface. WNeither

species distribution nor plant vigor exhibits
a consistent relation to the corrected MHW or
the cbserved MHW.
terniflora cannot be equated with either

plane of MHW.

The upper margin of 5. ql-

Therefore, I do not recommend using the

8. alterniflopa/S. patens ecotone as the

boundary between public and private owner-
ship or as the upper limit of jurisdiection
in navigable waters. ‘he transition from
5. alterniflora to high marsh could occur
below the line of MHW,
publicly owned wetlands. But more likely,

the line of MHW on the marsh surface would

reducing the area of

be below the ecotone, resulting in an injus-
tice to the private owner.

Much of the 5. alterniflora growth in the

five marshes studied was above both correc-
ted and observed MHW;
not assume that most of the 5. alterniflora

therefore, we should

marsh is under the protection of public owner-
ship or navigable waters.

It is apparent from this study that other
factors modify the tide-elevation influence.
The combined effects of salinity, substrate,
tide, and so on are unigue in each gsalt marsh.
The tide-elevation factor may influence vege~

tation more in connection with slight changes

in marsh topography than as an absolute species-

elevation relationship. Thus, an area sur-
rounded by higher surfaces may support vegeta-

tion usually found at lower elevaticns.
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Because a tidal da:-um offers a distinct and
indisputable borde::, it can strengthen the
definition of wetlinds used in legislation.
Choosing a tidal height indicative of the
upper margin of th: marsh, however, presents
problems akin to those of using vegetation as
The shrub zone does not
appear to correspoid to a specific elevation
in relation to the tide. A tidal datum of a
certain number of ‘eet above MHW or a height

proportional to th:e local tide range is only

an indicator of MHW.

an egtimate based npon the expected amount of
tidal inundation.

For this reascn a -:idal datum, if used in a
wetlands definition, should be only cone of a
number of criteria  The primary hasgis for
determining the prosence of a wetland might
be a much-reduced number of plant species
spieata,
salt

like 3. ailternifloia, 5. patena, D.
J. gerardi, and Sa.icornia spp. Second,
marsh peat at the nurface level could be preof
of a wetland. As i last recourse, an upland
border could be de:lined as a height above
mean low water equial to a predetermined fac-
tor times the loca.. tide range. This need
only be used for areas where the other cri-

teria are inadegua:e to define the wetland.

I recommend that a wetlands definition in-
clude all tidal we:lands and still protect
the private owner :rom unjust restriction
on lands other than wetlands. State wetlands
legislation should also be coordinated, and

local laws should he made uniform.
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Appendix A: State

Recognizing that salt marshes are "in jeopardy
of despoilation by perscns unmindful of the
economic and aesthetic consequences of such
(1),
enacted regulatory legislation "to preserve

spoilation” several coastal states have
and protect the productive public and private
wetlands and to prevent their despoilation

(2).
prohibit any unauthorized alteration of

and destruction” Basically these laws

coastal wetlands. The extent of restriction,
process and standards of review, provision

for compensation, and definition of wetlands
differ among the states. A brief summary of
some of the Atlantic coastal states' wetlands
legislation highlights these differences and
may provide a basis for comparison and evalu-

ation of wetlands laws.

In 1963 Massachusetts became the first state
to enact legislation regulating the use of
coastal wetlands by impesing conditions on
removing, £illing, or dredging of material in
any "bank, flat, marsh, meadow, or swamp bor-
{3). Neither the

exercise of eminent domain nor compensation

dering on cocastal waters"”

was provided for; municipalities still re-
tained the right to exercise their own regu-
latory authority.

Subsequent Massachusetts legisiation, enacted
in 1965, gave the commissioner of natural re-
sources the power to "“adopt, amend, modify, or
repeal orders regulating, restricting, or
prohibiting dredging, £illing, removing, or
otherwise altering, or polluting, coastal

(4).
compensation and taking by eminent domain

wetlands” This law does provide for
when an appeals court finds a restrictive
order to be an unreasonable exercise of

police power (5}.

In 1965 Rhode Island established a program
for wetlands protection, authorizing the
director of the Department of Natural Re-
sources to "designate coastal wetlands or
parts thereof, the ecology of which shall

Wetlands Legislation
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not be disturbed :nd the use of which shall be
restricted to those uses compatible with the
public policy [praserving the purity and in-
tegrity of wetlands] of this state" (6).

When a superior court finds a restriction
causes an owner to suffer damages, the owner
may reccver compensation paid either from
funds appropriated specifically to carry out
this act or from i1 recreation and conservatiecn

land acquisitiom :fund (7).

Both Maine and New Hampshire enacted dredging
in 1967.
permit, approved y both a Wetlands Control

and filling laws Maine requires a
Board and the affacted municipality, to con-
duct such activities. An owner may appeal a
permit denial or -estrictive condition to
determine if the regulation deprives him of
the lawful use of his property, but no pro-
vision is made for compensation or the exer-
cise of eminent domain (8). New Hampshire's
original excavation and dredging law has
undergone several amendments since its incep-
As in Main=, the state requires per-
fill,
"any bank, flat, marsh, or swamp in and adja-
The

reviewing body is the Water Resources Board.

tion.

mits to excavate, remove, or dredge

cent to any waters of the state" (92).

If, upon appeal, a superior court determines
that a regulation constitutes an unjust taking,
the state may draw upon special funds to pur-
chase the land or interest therein (1€).

In 1969 Connecticut became one of the first
states to enact & comprehensive wetlands bill
requiring an inventory of all wetlands {in—~
cluding freshwater wetlands) within the state.
After a wetland is designated by the commis-
sioner of envirormental protection and a sub-
sequent public hearing on such designation,
permits are required to conduct any regulated
activity in that area. Regulated activities
include: drainirg, dredging, excavation, or
removal of any m:terial; dumping, filling, or
depositing any meterial; and erecting struc-

tures, pilings, or obstructions. TIf a higher



court should find a regulation unreascnable,
it may award damages or rescind the restric-
tion (11}.

Modeled after Connecticut’'s bill, New Jersey's
1970 Wetlands Act regulates similar activities
and initiated a two-year inventory of the

state's wetlands (12). the Board

of Commerce and Navigation reviewed and usu-

Previously,

ally approved all plans for waterfront devel-
opment {13). The 1970 act does not allow for

taking or for compensation. Instead, if a
superior court determines the restrictions are
equivalent to taking, it waives the regulation

{14).

Florida, faced with rapid, expanding develcp-
ment, has dealt with the problem of wetlands
loss with a series of restrictive acts re-
garding the sale or conveyance of tidelands,
the establishment of bulkhead lines, and the
filling or dredging of tidal lands. Permits
to conduct such activities require an ecolog-
ical, biological, and, when necessary, hydro-
graphic survey undertaken at the owner's

expense (15}.

Virginia's wetlands legislation combines state
and local contrel. The state Board of Marine
Resources, in conjunction with the Virginia
Institute of Marine Science, maintains a con-
tinuing inventory of the state's wetlands.
The board establishes standards and policies
for wetlands and adopts regulations to en-
force them {16).

governments to adopt a wetlands zoning ordi-

The act authorizes municipal

nance, the terms of which are set forth in the
state law. Permits from local wetlands boards
are necessary to conduct any activity other
than those specifically permitted by the law
(17} .

Conservation, Development,

The commissioner of the Department of
and Natural Re-
sources reviews the decisions of the local
boards and may, under certain circumstances,
modify or repeal the order (18). The law
does not provide for taking or for compensa-

tion.
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Maryland's Wetland: Act of 1970 differs from
the previous laws :.n that it divides wetlands
into two categories: "state wetlands" and
"private wetlands" (12). A license is required
from the Board of IPublic Works to dredge or

fill in any state vetland {(20).

in consultation with the

The secretary
of natural rescurces,
Maryland Agricultural Ccommission, designates
the wetlands within the state and

rules and regulations for the use

promulgates
of private
wetlands, based upon the value of each parti-

cular area. A pernit is required in private
wetlands to conduc: all but certain activities.
among these are th: right to make improvements
on the land, the right tc preserve access to
waters adjacent to the land, the right te
prevent erosion, and the right to reclaim
"fast" land (21).

land's first substantial change in riparian

This act represents Mary-

ownership law in 170 years (22) and reflects
the state's reluctance to obviate any right
of private ownership.

With the passage in 1973 of the Delaware Wet-

lands Act, Delaware joined the ranks of states
regulating wetlands use. While this law re-
guires permits for alterations and orders a
state wetlands inventory, its emphasis on

private rights is similar to Maryland's. The

declaration of pelicy specifically states that
presexvation of wetlands must be "consistent
with the historic right of private ownership
of lands" (23}).

act created the Wetlands Appeals Board, con-

10 protect these rights, the

sisting of seven [elaware residents represen-
{24).
by restrictions or. the use of their land must

ting variocus interests People affected
first appeal to tt.is board, and then, if un-
satisfied with the decision, they may appeal
to a superior court. The law provides for fee
simple or lesser acquisition of the land when

the court rules in favor of the owner (25).

New York State's 7'idal Wetlands Act of 1973
{26) made New Yorl: the last northeastern
coastal state to cpact coastal wetlands legis-
the state had little

lation. Prior to this,



power to protect wetlands. As elsewhere, re-
view of Corps of Engineers dredging notices
provided some control, but this extended only
ag far as the corps' jurisdiction--to mean
high water. New York does have a law which
prohibits excavation and filling in "marshes,
estuaries, tidal marshes, and wetland" adja-
cent to, or contiguous to, navigable waters
of the state (27).

tion of "navigable waters" does not include

Unfortunately, the defini-

those of Nassau and Suffolk counties {28) -

New York's first major attempt at coastal
wetlands
Wetlands Act.

preservation was the 1959 Long Island
This act encouraged local gov-

ernments to enter into cooperative agreements
with the

Under such agreements, & municipality could

state to protect wetlands (29).

dedicate a wetland to conservation and the
Department of Environmental Conservation
(EnCon) would aid in the development of the
area and would finance one-half the cost of
maintaining it (30}. Since the law was en-
acted, the towns of Oyster Bay. Hempstead,
Islip, and Brockhaven have entered inte coop-

erative agreements with EnCon (31).

This cooperative system has several drawbacks.-
Much of
gsuffolk County's wetlands are still undex

Agreements are subject to revision.
private ownership. The projected annual ex-
penditure of only $15,000 also limits the
act's efficacy (32}.

2 more permanent and more expensive approach
The
Environmental Quality Bond Act of 1972 pro-
vided 518 million from the total $1.15 billion
bond issue for acquisition of tidal wetlands
{33).
wetlands over a three-year pericd, but a 10-

to wetlands preservation is acquisition.

The goal was to acguire 5,000 acres of

to-15 percent inflation in real estate costs
reduced this goal to 4,500 acres (34).

While acquisition may be the most effective
means of preserving wetlands, lack of funds
limits its scope. New York still needed a

comprehensive program for all its coastal
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wetlands. In Marca 1972 the state legislature
passed a wetlands Dill introduced by State
Senator Bernard Smith. Governor Nelson Rocke-
feller vetced this bill in June 1972 on the
grounds that it was restrictive to state utili-
The Tidal Wetlands Act,

drafted to meet Rozkefeller's cbjections, was

ties development.

introduced by Assenblyman Peter J. Costigan

and passed by the state legislature in Decem-
her 1972.
effective 1 Septerber 1372 (35).

The governor signed this into law,

In providing for an inventory of the state's
wetlands and the regulation of their use, New
york State's Tidal Wetlands Act is similar to
other states' wetlands legislation. The law
authorizes the conmissioner of EnCen to adopt
land-use regulaticns compatible with the pub-
lic policy of preserving wetlands and with the
all

regulated activities are prohibited without a

value of each particular wetland (36).
permit (37). A significant addition is the
establishment of : two-year moratorium on all
wetlands alterations; this allows EnCon to
conduct a thorough survey of New York's wet-
lands prior to designating land-use regula-

tions (38).

The act upholds tiie rights of the private owner
by providing for :ompensation when regulations
are considered unjust (3%}, and by basing tax
assessments, afte: the adoption of land-use
regulations, upcn the limitations imposed by
such regulations (40).

The law dces not indo previous progress in
wetlands protectisn. Both special moratorium
permits (41) and those required afterwards
{42) are in addition to--not in lieu of--those
required by municipalities. The cooperative
program begun by the Long Island Wetlands Act
ig continued in a new provision for such agree-

ments (43).

The enactment of this law gives New York the
game status as its neighboring states. Vari-
ations exist amorg the laws, but the activi-

ties regulated are similar. Nost of the laws



ine¢lude exemptions such as mosquito control,
soil conservation, hunting, shellfishing,

agquaculture, and maintenance of navigational
alds. New Jersey and Delaware explicitly ex-
clude haying and other agricultural activities
from regulation {44). Virginia excludes
(45},

after much controversy, exempted the state

"governmental activities" and New York,

and its agencies from restrictions (46}).

While the above differences are minor, d4dif-
ferences in the definition of
and therefore, the extent of jurisdiction, are
significant. Here, one word can mean a con-

siderable amount of land included or excluded

from the law.

In Massachusetts, wetlands are simply:

any bank, marsh, swamp, meadow, flat,
or other low land subject to tidal
action or coastal storm flowage and
such contigucus land as the commis-
sioner reasonably deems necessary (47).

Maine also uses a broad definition, including:

any swamp, marsh, bog, beach, flat,

or other contiguous low land above

extreme low water which is subject

to tidal action or normal storm

flowage at any time excepting periods

of maximum storm activity (48).
Fhode Island uses two criteria to define a
"salt marsh”: the presence of any of certain
plant species (19 species); and "the occur-
rence and extent of salt marsh peat at the
undisturbed surface." The salt marsh, to-
gether with a contiguous upland zone extending
no more than 50 yards from the salt marsh
border, comprise a "coastal wetland" upon

which requlation is imposed (49).

virginia, Connecticut, New Jersey, and New
Hampshire supplement vegetation with tidal
datums. Virginia‘'s "wetlands" lie "between
and contiguous to mean low water and an ele-
vaticon above mean low water equal to the

factor 1.5 times the mean tide range at the
site" and support, as of 1 July 1972, a

growth of at least one of 35+ plant species
(50).
now or formerly bordering on or lying beneath

In Connecticut a "wetland" is an area

"ceoastal wetland"
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tidal waters:

whose surface is at or below an ele-
vation of one foot above local ex-
treme high weter; and upon which may
grow or be cépable of growing some,
but net necessarily all, of the fol-
lowing: [74 species including those
of freshwate: wetlands} (51).

Thisg is said to irclude more area than any

other coastal state's definition (52). New

Jersey's definiticn is similar, except that
only 19 species of plants are listed {53).

In New Hampshire, restrictions apply wherever
the tide ebbs and flows to:

all lands sutmerged or flowed by mean
high tide as locally determined, and,
in addition, to those areas which
border on tical water, such as, but
not limited to banks...whose surface
is at an elevation not exceeding
three and one¢—half feet above local
mean high tice and upon which grow or
are capable ¢f growing some, hut not
necessarily 11, of the following:
[L9+ species] (54).

Limiting this is ¢ statement similar tc one in

Rhode Isiand's definition:

The cccurrence and extent of saltmarsh
peat at the vndisturbed surface shall

be evidence ¢f the extent of jurisdic-
tion hereunder within a saltmarsh (55).

Delaware adds to the confusion by using still
another tidal datum in its definition. There,
"wetlands" are those areas above mean low
water, now or in this century connected to
tidal waters:

whose surface: is at or below an ele-
vation of twc feet above local mean
high water, :nd upon which may grow
or is capable of growing any, but not
necessarily :11 of the following
plants: [29 species] (56).

Perhaps the most <onfusing definition is in
Maryland's Wetlancs Act of 1970.
lands™ refers to 'all land under the navigable

"State wet-

waters of the Stale below the mean high tide,

which is affected by the regular rise and fall
of the tide" (57}.
transferred by the state by valid grant, lease,

These lands which have been

or patent are contidered "private wetlands.”
These include:

all lands noi. considered "State wetlands"
bordering on or lying beneath tidal
waters, whicl are subject to regular

or periodic f:idal action and which support
agquatic growih (58).



The law does not say what constitutes "aguatic
growth" or what determines "regular and peri-

odic tidal action.” As stated, the definition

suggests that the law applies only to lands
below mean high water.

New York's Tidal Wetlands Act adds one more
definitien of "wetlands"; it is based primar-
ily on vegetation and does not use a tidal
"Tidal wetlands"

a} those areas which border on cr
lie beneath tidal waters, such as,
but not limited to, banks, bogs,
salt marsh, swamps, meadows, flats
or other low lands subject to tidal
action, including those areas now
or formerly connected to tidal
waters; b) all banks, bogs, meadows,
flats and tidal marsh subject to
such tides and upon which grow or
may grow some or any of the follow-
ing: [l3+ species] (59).

The definition of "tidal wetlands" published

datum. includes:

in the proposed moratorium permit procedure
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Appendix B: Wetlands Preservation at the Local Level

Prior to Massachusetts' 1963 law regarding
dredging and filling lands abutting on coastal
waters (1), wetlands preservation was primarily
a local effort. Local contrel continues as a
means of preventing wetlands loss, but it
lacks the uniformity of statewide legisla-
tion. A brief survey of the development of
local preservation programs, including some
of the municipal laws in Nassau and Suffolk
counties concerning wetlands use, illustrates
the extent of variation in both the degree of
emphasis placed on wetlands and the methods

vsed to prevent their destruction.

The establishment of local authorities respon-
sible for natural rescurces was a major step
In 1957,
Massachusetts became one of the first states

toward wetlands preservation.

to pass legislation permitting the establish-
ment of such authorities (2). The Municipal
Conservation Commissions in Barnstable, Massa-
chusetts succeeded in setting aside 3,300
acres of tidal marsh and appropriating an ad-

ditional $15,000 for open space acquisition (3).

New York has similar legislation authorizing
town boards to appoint a town conservation ad-
visory council. One of the specified dQuties
of such a council is to keep an inventory of
"all open marsh lands, swamps, and a&ll other
wetlands" and to recommend "a program for eco-
logically suitable utilization of all such
(4).

areas"

As concern over destruction increased, munici-
palities began placing restrictions on the use
of wetlands. In New York such authority de-
rives from the Town Law together with the
Municipal Home Rule Law; these give the power
to preserve the general welfare of local resi-
dents. The local governments can thus enact

laws and ordinances to protect wetlands (5).

One method of local regulation is using certain
types of zoning restrictions te reduce the im-

pact of development on wetlands. This has not
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always proved successful. Wetlands zoning in
Connecticut was inva.idated by a 1964 court
decision that the zoning ordinance was an un-
lawful restriction on land use (6). In New
York, legislation passed in 1956 allows muni-
cipalities to adopt :‘loodplain zoning (7)
like the Town of Eas: Hampton's and the Vil-
lage of Lloyd Harbor's, which require minimum
fill elevations for .cesidences built in the
tidal floodplain (8} .

land portions of sho-efront property is another

Cluster zoning on up-

type of zoning useful in wetlands management.
This permits an owne: full use of his property,
while the wetlands r:amain undeveloped (9).

Along with institutisg zoning restrictions,
municipalities can also enact ordinances regu-
lating the alteratica of wetlands. These can
include & dredge and fill ordinance, a marine
law, or a specific watlands ordinance. Most
towns in Nassau and 3uffolk have such ordi-
nances which, althoujh variously worded, are

similar in scope and intent.

Many of the town ordinances were originally
designed to regulate activities within the
town's waterways and have since been modified
In 1966 Babylon became
the first town on Long Island to establish a

to include wetlands.
dredging ordinance (10). Brockhaven developed
a comprehensive marine law in 1967 and estab-
lished a Board of Waterways and Natural Re-—
sources to oversee activities within the
coastal zone (11). The Town of Hempstead de-
clared a public policy cof preserving the
town's wetlands in 1968 {12).
soon followed suit.

Other towns

The intent of these laws is to provide for the
"protection, preservation, proper maintenance,
(13), thereby

preventing "unreasorable erosion of soil, in-

and uze of [the towr's] wetlands"

creased turbidity, the loss of fish and aqua-
tic wildlife, and tre destruction of natural

habitat" (14). In £1ll1 such laws, the justifi-
cation for regulaticn is that the watercourses



and wetlands are essential to the health,
safety, economy, and general welfare of the
town's residents.

Basically these laws require permits for re-
moval (of soil), filling, dredging, depcsit-
ing, dumping, discharging, and construction
in the private or public wetlands and water-
courses of the town. At least one person from
the town conservation advisory council, the
town board, the town trustees, the planning
board, or the board of waterways reviews the
permit applications. The beoard or boards may:
issue the permit if the proposed activity does
not adversely affect watercourses, wetlands,
and adjacent land; impose conditions on the
manner and extent of such activities; or deny

the permit.

A few of the laws, such as Islip's "Coastal
and Interior Wetlands of the Town of Islip,"
provide for condemnation when limitations re-
strict use unlawfully (15). This law encour-
ages private owners to grant the town conser-
vation easements by explicitly allowing for
real estate valuation based on imposed limita-
tions (16). East Hampton's "Flood Control and
Wetlands Preservation COrdinance" alsoc mentions
acguigition as a consideration, should denial
of a permit deprive an owner of the lawful use

of his property (17).

East Hampton's ordinance prohibits outright
Should a
property owner wish to make some alteration,
he must apply directly to the Board of Appeals.
If the board finds that the limitations im-

all activities altering wetlands.

posed by the ordinance deprive the owner of
the use of his property, it may either grant
a "special permit" or refer the matter to the
town board to consider acquisition (18). 1In
this way the owner must prove that restriction
is equivalent to a taking before obtaining a

permit.

The Town of Hempstead has a different system
of wetlands protection: it has laws requiring

permits for dredging and construction in the
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town's waterways (.9). The laws do not spe-
cifically pertain 1o wetlands, but as they
apply to the town': watercourses and adjacent
upland, wetlands cin be included in these laws.
Because the town ovns most of its wetlands,

such inclusion is superfluous.

Instead, Hempstead passed an ordinance dedi-

cating all town-owred tidal wetlands and under-
water lands to recreation and conservation (20).
The intent of the law is most eloguently stated:

to forever guirantee to the people of
the Town of Hempstead the sanctity of
such natural resources for their bene-
fit and enjoynent and for the benefit
and enjoyment of generations yet
unborn® (21).

Lesser differences among these town laws per-
tain tc penalties for wviolation, application
procedures, fees, reviewing bodies, and exemp-
tions from regulations. Usually mentioned in
the last category are shellfishing, hunting,
aquaculture, and mcsquito contrel, but both
the towns of Smithtown and Shelter Island ex-

plicitly exclude themselves from regulation (22).

A more important difference among the various
laws is that of definition. A wetland ends
where jurisdiction ands, and so the amount of
land designated "wetlands" is significant.

Of the ordinances discussed here, none uses a
tidal datum or specific elevation in defining
a wetland. Islip's and East Hampton's defini~
tions include an extensive list of plants,
while Shelter Islani mentions only two species,
Spartina altermiflora and §. patens {(23).
Huntington, Smithtown, and Brookhaven laws

lack any reference :to vegetation (24). Am-
biguous terms such as "generally covered,"
normally,” "some," and "capable of growing,"
and undefined lay t:rms like "thatch meadow,"”

"salt meadow," "bog:," and "swamps" are common.

The towns of Islip and East Hampton have sepa-
rate definitions forr a tidal marsh and wetlands.
“Wetlands" is the more general term: in Islip
these include lands covered by normal or peak
lunar tides (25); in East Hampton, "wetlandg®

refers to those lands now or formerly connected



to tidal waters and upon which 13+ species
grow or may grow (26). In both laws, a
"tidal marsh" is inundated by tidal waters,
exhibits salt marsh peat at its surface, and
27 .
Restrictions apply egually to "wetlands" and

*tidal marsh."

supports growth of certain plant species

Definitions of "“upland," often delineating
the landward boundary of the marsh, are also
"ypland™ is land
In

inconsistent. In Smithtown,
above the mean high water mark (28).
Brookhaven and Huntington, regardless of the
local tide range, "upland" is land above the
National Geodetic Survey 5-feoot contour above
SLD (sea level) (29).

almost & feet on the north shore,

With a tide range of
this would
place upland about 2 feet above mean high
water., Where the range is only 1 foot along
portions of southern Long Island, the 5-foot
contour would lie approximately 4.5 feet

In both Islip and

"upland” is land either above

above mean high water.
East Hampton,
peak lunar tides or above the landward edge
of the tidal marsh (30).
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