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INTRODUCTION
Purpose

This study was initiated to determine how the community structure and func-
tion of a natural salt marsh would be affected by development. We did this
by comparing an existing lagoon housing complex and an adjacent, undisturbed
salt marsh. The results of that work have been compiled in a two volume set
entitled, "Comparison of Natural and Altered Estuarine Systems, The Field
Data - Volumes I and IL," and it is selected portions of this document which
serve as the primary data source for the following analysis.

This analysis which is entitled, '"Comparison of Natural and Altered Estua-
rine Systems, Analysis," consists of three parts. The first part is a descrip-
tion of the general New Jersey salt marsh environment and a delineation of cer-
tain physical and chemical aspects of the study area proper. The second part
is a food web analysis. The important populations and interactions from a
trophic standpoint are reported in this section. Finally, the third part is an
assessment of the salt marsh functions and characteristics which are not speci-
fically trophic in nature, such as the providing of habitat, erosion control,
etc. Throughout the analysis, the comparison between the natural and developed
areas of the salt marsh is emphasized.

Although undeveloped estuarine areas are legislatively defined as valuable
(Wetlands Act of 1970), studies are necessary to verify this viewpoint. Such
studies are also required to meet New Jersey's obligations under existing en-
vironmental regulations. These would include the Rules and Regulations Esta-
blishing Surface Water Quality Criteria pursuant to the Federal Water Quality
Act of 1965; the provisions for riparian leases and grants approval; and the
Coastal Area Facilities Review Act of 1973.

Organization

The project was a cooperative venture between Rutgers University and the
New Jersey Department of Environmental Protection (NJDEP). Dr. Norbert P. Psuty
administrated the Rutgers University elements. Mr. Paul Hamer served as Dr.
Psuty's counterpart for the NJDEP participants and acted as overall project
coordinator. The personnel involved were as follows:

I. Rutgers University principal investigators and theit associates

A. Dr. James E. Applegate
1. Dr. John Blydenburg
2. Dr. Steven A. Salmore
3. Mr. Stephen L. Stermer
B. Dr. James B. Durand

1. Mr. Teruo Sugihara

2. Mr. Charles Yearsley



C. Dr. Ralph E. Good

1. Mr. William Brown

2, Mr. Barry Frasco

3. Mrs. Katherine Smith
D. Dr. Harold H. Haskin

1. Mr. Michael Hogan

2., Mr. Bruce Kiesel

3. Mr. Gary Ray

4., Mr. William Ressler

5. Df. Diana Ward

II. NJDEP - New Jersey Division of Fish, Game, and Shellfisheries (NJDFGS)
investigators

A. Bureau of Fisheries Management
1. Mr. Patrick Festa
2. Mr. Peter Himchak
3. Mr. John Makai
4, Mr. John McClain
B. Bureau of Wildlife Management
1. Mr. Fred Ferrigno - Wetlands Ecology section leader
2. Mr. Robert Bosenberg
3. Mr. Joseph Penkala
4, Mr. William Shoemaker
5. Mr. Dennis Slate
6. Mr. Joseph Sweger
7. Mr. Earl Tomlin
8. Dr. J. Richard Trout

9. Mr. Lee Widjeskog

]



While the length of participation by the individuals varied, the separate
lines of investigation were maintained for a minimum of 2 years and as long as
4 years. Throughout this analysis, these years will be referred to as study
years I-IV. June 1973 - May 1974, June 1974 - May 1975, June 1975 - May 1976,
and June 1976 - May 1977 are termed study years I, II, III, and IV, respectively.

The broad areas of investigation and the principal investigators associated
with them were as follows:

I. Hydrography, nutrients, and water quality
A, Dr. James Durand
B. Mr. John Makai
II. Primary production, vegetation, and/or decomposition
A. Dr. James Durand
B. Mr. Fred Ferrigno
C. Dr. Ralph Good
D. Mr. Dennis Slate
E. Mr. Earl Tomlin
F. Mr. Lee Widjeskog
III. Benthic invertebrates and zooplankton
A. Dr. Harold Haskin
Iv. Finfish, finfish food web, and/or shellfish
A, Mr. Patrick Festa
B. Mr. John McClain
V. Marsh surface animal populations and/or activity
A. Mr. Robert Bosenberg
B. Mr. Fred Ferrigno
C. Mr. Joseph Penkala
D. Mr. Earl Tomlin
"E. Dr. J. Richard Trout
F. Mr. Joseph Sweger

G. Mr. Lee Widjeskog



VI. Use and/or harvest
A. Dr. James Applegate
B. Mr. Fred Ferrigno
C. Mr. Peter Himchak
D. Mr. William Shoemaker

The apparent overlapping of the research areas resulted from a particular
study effort being subdivided between different investigators on a geographical
or organismal basis.

The editing and compilation of the "Comparison of Natural and Altered Es-
tuarine Systems, Field Data - Volumes I and II" and the examination of the
data ("Comparison of Natural and Altered Estuarine Systems, Analysis' ) were car-
ried out primarily by Teruo Sugihara with supervision by Drs. Durand and Psuty.
This portion of the project was done in cooperation with the Division of Fish,
Game, and Shellfisheries and the Division of Coastal Resources (in particular
the Bureau of Coastal Planning and Development.)




THE SALT MARSH ENVIRONMENT
The Estuarine Zone: An Overview

The estuarine zone encompasses areas both aquatic and terrestrial in na-
ture. It is composed of the waters of an estuary and the tidal wetlands asso-
ciated with these waters. The aquatic portion of the estuarine zone was ini-
tially defined using Pritchard's definition of an estuary, "a semi-enclosed
body of water with an unimpaired connection to the open sea and within which
seawater is measurably diluted with freshwater derived from land drainage"
(Pritchard 1967). The lateral limits of the estuarine zone were defined as
the terrestrial areas subject to tidal influence by these waters. Under Prit-
chard's definition, the upstream limit of the estuary is determined by the
inland penetration of seawater. However, to be consistent with the definition
of the lateral boundaries, the upper limit of the estuary in this report was
also fixed at the limit of tidal influence, including freshwater areas in the
extremes of the individual systems. Thus, salt marshes, freshwater wetlands,
and former wetlands were encompassed by the terrestrial zone. Under these
conditions, New Jersey has approximately 1.6 x 109 ha (3.92 x 105 acres) of
estuarine waters (Eisele pers. comm.)l and roughly 1.1 x 105 ha (2.63 x 105
acres) of former or existing wetlands (Ferrigno et al. 1973).

Vegetation of New Jersey salt marshes are dominated by two grasses, Spar-
tina alterniflora and Spartina patens, as is true for all the salt marshes be-
tween New England and the Carolinas. 1In New Jersey, other species include those
in Table 1.

Table 1. The vegetation species found in New Jersey salt marshes after Moul
(1973).

Submerged flowering plants
1. Zostera marina L.
2. Ruppia marina L.

3. Potamogeton pectinatus L.

Dominant grasses and rushes
1. Spartina alterniflora Loisel.
2. Spartina patens (Ait.) Muhl,
3. Distichlis spicata (L.) Greene
4. Juncus gerardi Loisel.
5

. Panicum virgatum L.

lWilliam Eisele is head of the Bureau of Shellfish Control of the New Jersey De-
partment of Environmental Protection. Data as of 1976.



Table 1.

Continued.

6.
7.
8.

Phragmites australis Trin.*

Festuca rubra L.

Agrostis alba L. var. palustris

Important herbs with dominant grasses and rushes

1.
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11.
12.
13.
14,
15.

Shrubs
1.
2.

Limonium carolinianum (Walt.) Britt.
Solidago sempervirens L.

Suaeda maritima (L.) Dumont

Suaeda linearis (E1l.) Mogq.

Salicornia virginica L.

Salicornia europea L.

Salicornia bigelovit Torr.

Aster tenuifolius L.

Pluchea purpurascens (SW.) D.C. var. succulenta Fern.
Ptilimnium capillaceum (Michx.) Raf.
Plantago oliganthos R. and S.

Atriplex patula L. var. hastata (L.) Gray
Spergularia marina (L.) Griseb.
Triglochin maritima L.

Eleocharis parvula (R. & S.) Link

Iva frutescens L. var. oraria (Bartlett.) Fern. and Grisc.

Baccharis halimifolia L.

Plants of the transition, brackish to freshwater border of the marsh

Hibiscus palustris L.

Seirpus americanus Pers.

Elymus virginicus L. var. halophilus (Bickn.) Wieg.
Eleocharis spp.

Lobelia cardinalis L.

Lythrum salicaria L.

Amelanchier spp.

* Phragmites australis will be used in this report as the proper name for Phrag-

mites communis based on Clayton (1968).



While annuals like Salicornia, Suaeda, and Atriplex are present, most of
the salt marsh plants are perennials. Large areas of the marsh are generally
monotypic in composition. There is a sequence in which these communities are
distributed on the marsh. The area nearest the tidal water body is generally
occupied by Spartina alterniflora, tall form (SAT). Behind this community
and dependent on their height above mean low water are found communities domi-
nated by Spartina alterniflora short form (SAS), Spartina patens (SP), and
Distichlis spicata (DS) (usually in conjunction with SP). Juncus gerardi may
be present in areas of even higher elevation. Next to the upland is located a
transition zone where Panicum virgatum and species of shrubs are found. Note
that where drainage pattern or elevation variations exist, disjunct distribu-
tions of species do occur.

The major freshwater wetlands are associated with the Delaware River,
its tributaries from Salem to Trenton, and the upper ends of the Cohansey,
Maurice, Great Egg Harbor, and Mullica rivers. The freshwater wetlands would
include areas vegetated by the species listed in Table 2.

Table 2. The vegetation species typical of New Jersey freshwater wetlands after
Robichaud and Buell (1973) and Walton and Patrick (1973).

1. Typha angustifolia 13. Iris versicolor

2. Typha latifolia 14. Polygonum punctatum
3. Pontedaria cordata 15. Aenida cannabina

4. DNuphar advena 16. Hibiscus spp.

" 5. Peltandra virginica 17. Polygonum sagittatum
6. Sagittaria latifolia 18. Polygonum arifolium
7. Eleocharis spp. 19. Phragmites australis
8. Sparganiwn spp. 20. Panicum virgatum
9. Zizania aquatica 21. Rumex verticillatus

10. Scirpus spp. 22. Lythrum salicaria

11. Other members of the Cypera- 23. Ambrosia trifida

ceae family 24. Impatiens capensis

12. Decoden verticillatus

Former wetlands are those tidal areas diked, filled, or developed. Ferrig-
no et al. (1973) estimated 23% of the wetlands existing as of 1953 were in this
category. Estimates of losses over the last 2 centuries range as high as 507%
(Robichaud and Buell 1973).

The New Jersey estuarine zone extends from the lower Hudson River south to
Cape May and then northwest along the Delaware Bay - River system as far as Tren-
ton. This encompasses 10.6 x 10% ha (263,050 acres) of former or existing wet-
lands. The Atlantic Ocean division of this zone contains 6.1 x 104 ha (151,188
acres) of this area while the Delaware Bay - River division includes 4.5 x 104



ha (111,862 acres) (Ferrigno et al. 1973). Both divisions have over 200 km
(125 miles) of coastline. Parts of Bergen, Hudson, Union, Essex, Monmouth,
Ocean, Burlington, Atlantic, and Cape May counties are found in the Atlantic
Ocean division. The Delaware Bay - River division counties are Cape May, Cum-
berland, Salem, Gloucester, Camden, Burlington, and Mercer. Table 3 provides
a description of existing and former wetlands for each of the counties within
their respective divisions.

Table 3. Tidal marsh parameters for the 1953 - 1973 period after Ferrigno et
al. 1973.

1953 1973 Marsh
marsh marsh area
area_ area lost
County (ha)*® (ha) (ha) % loss

Atlantic Ocean division:

Bergen 2,018 987 1,031 51
Hudson 1,688 657 1,031 61
Union 979 0 979 100
Essex 248 0 248 100
Middlesex 2,167 1,365 802 37
Monmouth 1,542 818 724 47
Ocean 14,977 10,554 4,423 30
Burlington# 2,979 2,921 58 2
Atlantic 19,482 17,465 2,017 10
Cape May# 15,105 13,280 1,825 12

Delaware Bay - River division:

Cape May# 5,213 3,685 1,528 29
Cumberland 21,861 17,409 4,452 20
Salem 14,115 9,935 4,180 30
Gloucester 2,881 1,487 1,394 48
Camden 224 120 104 46
Burlingtont 656 490 166 25
Mercer 322 322 0 0

*To comvert to acres multiply hectares by 2.471.

4
#area contained within the relevant division and not the total for the entire
county.



We subdivided these two divisions into five smaller regions based on degree
of development, geology, and biological considerations. The regions were (Fig-
ure 1): (1) Region I, northeastern New Jersey to South Amboy; (2) Region II,
South Amboy to Bay Head; (3) Region III, Bay Head to Cape May; (4) Region IV,
Cape May to the Delaware Memorial Bridge; and (5) Region V, the Delaware Memor-
ial Bridge to Trenton.

Region I, the northeast New Jersey/New York City sector, is one of the
most heavily developed and densely populated areas in the United States. Domes-
tic and industrial discharges provide the major insults to the estuaries which
include the lower Hudson, the lower Passaic, the Hackensack, the Elizabeth, the
Rahway, and the Raritan rivers, as well as the Arthur Kill, the Kill Van Kull,
and the Newark and Upper New York bays. The major terrestrial estuarine feature
is the Hackensack Meadowlands. Basically, a Phragmites marsh, it has been high-
ly impacted by landfill, industrial activity, and transportation facilities as
has the remainder of the estuarine zone in Region I. Geologically, Region I
lies mainly within the Piedmont province.

Although not heavily industrialized, much of the shoreline of Region II
is residentially developed. Overall population densities exceed 3.6 x 103 peo-
ple per square kilometer (p.km~2) and are indicative of highly utilized areas
(Rivkin Assoc. 1976). This region includes the Navesink, Shrewsbury, Shark,
and Manasquan Rivers, in addition to parts of Sandy Hook, Raritan, and Barnegat
Bays. Much of the pollution originates from Region I sources, although local
sewage discharge has been a significant problem in the past. Region II marks
where the Inner and Outer Coastal Plains first intersect the Atlantic coastline,
and there is a consequent shift in soil types present.

Typical of Region III, Bay Head to Cape May, is the barrier island chain
which has allowed the formation of an extensive back bay system connected by
channels and creeks and bordered by extensive areas of salt marsh. Ocean County,
which forms a large portion of the northern sector of Region III (the Mullica
River and north) has been subject to increased residential use. Its population
has increased by 91.27% over the 1950-1960 period, 92.6% between 1960 and 1970,
and a 50% increase is expected in the 1970-1980 period (Oross Assoc. 1973).
Nieswand et al. (1972) reported the construction of 62 lagoon home complexes in
Ocean Qounty. Referred to as '"one of the fastest growing counties in the United
States (Queale and Lynch 1976). gcean County certainly is one of the fastest
developing in New Jersey. Approximately 30% of the original 14,977 ha (37,007
acres) of wetlands present in 1953 were destroyed in the subsequent 20 year per-
iod (Ferrigno et al. 1973). Significantly, lagoon home complexes occupy 3,366
ha (8,317 acres) of altered wetlands (Walton et al. 1976). Associated with
development is a degradation of water quality indicated by condemnation of water
areas for shellfish harvest. Previously, this was attributable to the use of
septic tanks for waste disposal.

The southern part of Region III is more intensely developed than the nor-
thern part, egpecially the barrier islands. Here, population densities range
from 4.5 x 10° - 19.5 x 103 p'km_2 (Rivkin Assoc. 1976). Wetlands losses over
the 1953 - 1973 period totalled 3,841 ha (9,492 acres) in Atlantic and Cape
May counties (Ferrigno et al. 1973). In the past, sewage outfalls have been
responsible for decreased water quality in the area reflected by the condemna-
tion of much of the area waters for shellfish harvest.



The Five Geologic Provinces
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Creeks draining the Pine Barrens are the usual sources of freshwater for
the back bay systems; however, there are larger river systems also present
(Toms, Mullica, and Great Egg Harbor rivers). From the Mullica River north,
the streams feed into the Barnegat Bay, Manahawkin Bay, and Little Egg Harbor.
These are relatively large, open water bodies. South of the Mullica River, the
bays are smaller and the salt marsh more extensive per unit area. Reed Bay,
Absecon Bay, Lakes Bay, Great Egg Harbor, and Great Sound are some of the lar-—
ger bodies of water.

Region IITI lies entirely within the Outer Coastal Plain and represents the
largest wetlands system in New Jersey.

Region IV includes the parts of Cape May, Cumberland, and Salem counties
bordering Delaware Bay and based on population density is the least developed
of all the regions. The existing industries are primarily oriented towards the
harvest of the area's natural resources, and the shellfish industries figure
prominently in the local economy. The oyster industry annually harvests around
106 dollars of oysters, Crassostrea virginica. Blue claw crabs, Callinectes
sapidus, are also important with landings greater than 4 x 10° dollars annually
for Cumberland County alone (U.S. Department of Commerce 1974b, 1975b, 1976b).
Another natural resource oriented industry is salt hay farming.

The marshes in Region IV are extensive and are associated with three main
tributaries of Delaware Bay, the Maurice, Cohansey, and Salem rivers, as well
as numerous smaller streams. Water quality in the bay at present is good and
1s not seriously degraded by local sources because of the lack of heavy indus-
try and major population centers other than Bridgeton and Millville. Sources
in Philadelphia and Camden probably provide the major pollution threat. This
is indicated in part by the condemnation of all Delaware River waters above the
Cohansey River with respect to shellfish harvest.

Region V includes part of Salem, Gloucester, Camden, and Burlington coun-
ties which border the Delaware River. Parts of the shoreline are heavily
industrialized with many petrochemical and manufacturing plants present. The
shipping facilities are also extensive. Associated with these commercial and
industrial centers are large populations. As a result, water quality is poor
in the Camden/Philadelphia area compared to the rest of Region V.

The estuarine zone in New Jersey can be described as an area undergoing
population growth faster than the rest of the state. It is becoming more and
more a year-round residential area as opposed to its former seasonal status.
Economically, it is oriented towards utilization of its natural resources and
surrounding environment. The availability of water related activities has
been a prime attraction for the tourism and recreational industries upon which
a significant portion of the economy rests. It is estimated recreational fin-
fishing and shellfishing alone generate 217.2 x 10% and 158.6 x 106 dollars of
annual income, respectively (Bonsall 1977). The income derived from the com-—
mercial fishing industries is another way in which the estuarine zone economy
is dependent on natural resources. These industries provided 30.4 x 106 dollars
of revenue in 1976. Associated with them is a 60 x 1006 dollar fishery products
processing industry (Bomsall 1977). Obviously, the preservation of these sour-
ces of income are necessary to protect a major part of the local estuarine zone
economy. Logically, the maintenance of the biological systems supporting these
activities is equally as critical.
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Choice of Study Site and Description

Walton et al. (1976) reported lagoon development construction was a con-
sequence of a series of events occurring from 1950 on. The greater highway
access by the increasingly affluent populations of New York City and Philadel-
phia contributed to the creation of a large housing demand in the New Jersey
coastal zone. In addition, the post war increase in investable funds combined
with favorable tax and housing legislation provided the profit incentive to
finance the construction to satisfy this need.

The location of the new construction, however, was contrary to previous
trends, probably because of land acquisition costs. Prior to this, Island
Beach, Lakewood, and Toms River were the major commercial and population centers.
Now development efforts were concentrated in the Garden State Parkway - Route 9
corridor (Oross Assoc. 1973). One of the end results was the creation of 62
lagoon systems in Ocean County with a total of 13,612 houses by the spring of
1970. Nearly 73% of this was a direct result of the housing boom of the 1960's
with only 27% being constructed prior to 1960. In comparison, 527% of the per-
manent residences in the rest of Ocean County were built prior to 1960 and 487%
in the 1960's (Nieswand et al. 1973).

The study area is located near Manahawkin, New Jersey at 39019'N and 74°
13'W (Figure 2). The site consists of three sectors, the undeveloped marsh, a
lagoon complex, and the bordering back bay waters. The terrestrial sectors
are roughly bounded by Route 72 on the north, Route 9 on the west, and Westecunk
Creek on the south. Upland areas are also present within these boundaries, but
the tidal areas are the primary focal points of interest. Specifically, we
selected Village Harbour (at the time of the study known as Beach Haven West)
as the developed salt marsh area to be studied. The adjacent salt marsh to the
southwest served as the comparison undeveloped site. The back bay sector ex-
tended from Beach Haven Inlet in the south to Sandy Island in the north (roughly
the same latitude as Harvey Cedars). We delineated a back bay zone extending
beyond the immediate marsh and lagoon complex sites in order to encompass the
entire adjacent hydrographic unit.

We divided the undeveloped portion of the study area into "aquatic' and
"terrestrial' zones. Those areas associated with the water column proper, the
benthic sediments, and the periodically exposed mudflats were included in the
aquatic zone. In contrast, the bank and marsh surface were considered as "ter-
restrial™ irrespective of their periodic inundation by tides (Figure 3). In
further describing the study area, we adopted certain conventions. The term
"system" refers to the terrestrial and aquatic elements composing a hydrographi-
cally defined unit. The terms "mouth", "mid", and "upper" refer to portions

of the waterway or system located nearest to, intermediately from, and farthest
from the bay, respectively.

SALT MARSH SITE —— The salt marsh site extends from the southwestern border of
the Village Harbour development to the southwestern boundary of the Dinner Point
Creek system. The upland forms the western border while Manahawkin Bay and
Little Egg Harbor comprise the eastern border. Because the tidal range is
small, there are only limited areas of Spartina alterniflora tall form, and
these are restricted to the edges of creeks and ponds. Most of the marsh is
covered by Spartina alterniflora short form and a combination of Spartina

12
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NATURAL SYSTEM
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Fig. 3. Cross section of a natural marsh.

patens and Distichlis spicata. There is an understory of algal mats over much
of the marsh surface. Submerged vegetation is also found in the numerous salt
pools, both permanent and temporary, on the marsh.

The marsh itself is relatively undisturbed. Mosquito ditching is the
major disturbance. There are a small number of houses on the marsh, and these
are generally along the roads that extended to the bay from the upland. The
other primary use of the marsh is for hunting. The adjacent bay is extensively
used for shellfish harvest and for recreational fishing and boating.

The marsh site includes a number of waterways with varying amounts of up-
land drainage: (1) Mill Creek system; (2) Oyster Point Creek-Mud Cove system;
(3) Meyers Creek system; (4) Cedar Run system; (5) Channel Creek system; and
(6) Dinner Point Creek system.

All of these streams were studied except Channel Creek. The Meyers Creek
and the Oyster Point Creek — Mud Cove systems received the most extensive in-
vestigation. Accordingly, much of the data reported as representative of a
salt marsh were derived from these systems. Each stream has features which made
it unique. Whether it is degree of tidal influence, freshwater input, configur-
ation, or the types and sizes of the various zones in the system, variability
between systems exists. Consequently, no one system was considered as totally
representative of a "typical salt marsh.

Based on the analysis of aerial photographs, the size of the marsh study
site 1s roughly 1,370 ha (3,385 acres) excluding the surface area of the major
waterways. Partitioning this into drainage basins yielded the breakdown in
Table 4.

1f the upland portions of the drainage basins are included (Brush and Flynn
1974), the following increases would occur: (1) Mill Creek system, 6,060 ha
(14,974 acres); (2) Cedar Run system, 1,596 ha (3,944 acres); and (3) Dinner
Point Creek system, 498 ha (1,231 acres).

14



Table 4. Marsh surface estimates for the various water systems.*

System ' _Marsh surface (ha)#
Oyster Point Creek - Mud Cove 312.3
Meyers Creek 95.5
Cedar Run 213.8
Channel Creek 155.7
Dinner Point Creek 591.5
Total marsh surface 1,368.8

*Mill Creek has only minimal marsh drainage which was determined to be negligible
., Tor the purposes of this analysis.
#To convert to acres, multiply hectares by 2.471.

Dinner Point Creek system -- The Dinner Point Creek system encompassed the largest
amount of salt marsh (Figure 4). The waterway consists of two major tidal tribu-
taries each over 2 km (2.4 miles) long draining into a main channel over 4 km (2.5 miles)
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Fig. 4. The Dinner Point Creek system.
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in length. The surrounding marsh is primarily composed of Spartina alterniflora
short form and Spartina patens. The marsh is ditched and the drainage network
connects to both the tributaries and the main channel. Because the creek is
shallow and the drainage basin restricted to the marsh zone, tidal influence

is the major hydrographic force present. The large amount of marsh surface
associated with the mosquito ditches provides a large tidal prism storage capa-
city. Other than the ditching, there is not evidence of dredging or filling
along the major tributaries or main channel. There are only a few man-made
structures present. The Dinner Point Creek system represents a region of minimal
disturbance in the study area.

Meyers Creek System -- The Meyers Creek system is a large pond connected to the
bay by a winding channel approximately 1.4 km (0.9 miles) in length (Figure 5).
The marsh vegetation consists of roughly 55.0 ha (136 acres) of S. altermniflora
short form, 0.8 ha (2 acres) of S. alterniflora tall form, and 34.6 ha (85 acres)
of 5. patens. It is the smallest of the natural marsh systems studied. Like Din-
ner Point Creek, Meyers Creek is undeveloped, tidal in nature, restricted pri-
marily to the marsh zone, and ditched. Additional bathymetric and physical

data are listed in Table 5.

D
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Fig. 5. The Meyers Creek, Oyster Point Creek - Mud Cove, and Cedar Run systems.
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Table 5. Bathymetry and other features of the Meyers Creek system (after Durand
et al. 1977).

Parameter Meyers Creek Meyers Pond
Mean depth (m)* 1.2 0.42
Perimeter (m) 2,348 1,255
Tide range (m) 0.46 0.46
Water surface area (m2) 23,000 43,000
Volume (m3):

High water 22,000 18,000

Low water 12,600 7,500

Tidal prism 9,400 10,500
(Tidal prism - High water“l) 0.43 0.58

"To convert to feet, multiply meters by 3.281.

Oyster Point Creek - Mud Cove System —-- The second largest natural marsh system,
the Oyster Point Creek - Mud Cove system, is similar in nature to the Meyers Creek
system (Figure 5). Ditch drainage is directed into Little Egg Harbor as well as
Oyster Point Creek. The area between Oyster Point Creek and Mill Creek showed
evidence of lagoon construction at the time of the study. The Popular Point area
has since been converted into a low level tidal impoundment for mosquito control
purposes by the Ocean County Mosquito Control Commission.

The creeks and waterways of the study area were placed in three different
categories or types which reflected their degree of development. These types were:
(1) natural or undisturbed creeks; (2) partially disturbed waterways; and (3)
fully lagooned waterways. The three systems just described, Dinner Point Creek,
Meyers Creek, and Oyster Point Creek — Mud Cove, belong to the natural or undis-
turbed type.

Cedar Run System —- Of the natural marsh sites, Cedar Run is the most disturbed
system (Figure 5). Situated on the northern shore of the stream are a number of
small homes, docks, and an access road. Most of the surrounding drainage basin,
however, is typical of the other marsh sites. The system is approximately 2.5

km (1.6 miles) in length and has no major branches. Its tidal marsh drainage area
is intermediate in size; however, a significant portion of its drainage is derived
from the upland. Cedar Run would be considered a partially disturbed waterway.

LAGOON HOME COMPLEX SITE -- Village Harbour was chosen as a study site for a number
of reasons. It was constructed using the same techniques and basic design as most
other lagoon systems in New Jersey. It also is the largest of its type. It is
located in a rapidly developing area of New Jersey, Ocean County. Finally, it is

situated on a back bay salt marsh system which is the most prevalent New Jersey wet-
land type.
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The basic design of Village Harbour and the other Ocean County systems is a
network of dead-end canals branching off a main channel. These channels and canals
were created by the dredging of salt marshes to provide navigable waterways and
spoil which was used to elevate the home sites surrounding the waterways. The
canals were often dredged deeper than was necessary for navigability by small water
craft. Generally, this depth exceeds that of the parent water body. Bulkheading
frequently was constructed to retard the effects of bank erosion and secondarily
to allow convenient boat anchorage.

Single~family homes are the usual structures in the complexes. As of 1973,
septic tanks and/or sewers were utilized for waste handling in these developments.
Although sewers are preferable because of the high soil porosity and water table
conditions, septic tank systems were present in many Ocean County complexes. Vil-
lage Harbour is now completely sewered and regionalization of the area's sewage
disposal systems is in progress. Nonpoint source pollution occurs in these com-
plexes as road and surface runoff.

Village Harbour is composed of five separate housing systems of varying age
and configuration. We designated these as Lagoon Systems A, B, C, D, and E (Fig-
ure 6). We also applied a numerical code to each lagoon (Figure 6). Each lagoon
is identifiable by a letter and number combination representing the system it be-
longs to and the individual lagoon itself. For example, the number 08 lagoon in
Lagoon System A was called Lagoon AO08.

83828149 4 0 LAy

ro

0.5 1

Kilometer

Fig. 6. Village Harbour complex.

The lagoon systems are variable with respect to their configuration. The
most compact of Lagoon Systems A, B, C, and D is Lagoon System A which has 13 la-
goons radiating off a relatively straight and short main axis at regular intervals.
At the other extreme is Lagoon System B with one of the longest and most convoluted
main axes in the entire complex. In addition, there are 14 lagoons branching off
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the main channel and these are primarily located in the distal half of the system.
The last system in the development, Lagoon System E, is unique because it separates
the main portion of Village Harbour from the adjacent salt marsh control sites.
Because the system is not entirely developed and marsh areas adjoined the system,
it has characteristics of both areas. Lagoon System E contains the greatest num-
ber of canals. With Mill Creek as its central axis, it has a significant and con-
tinuous freshwater input not present in the rest of Village Harbour. In addition,
Lagoon System E extends into the upland and has the greatest remote point distance
from the bay in the complex. Another distinguishing feature is the discharge in-
to Mill Creek of all Village Harbour sewage by the local treatment plant. Lagoon
Systems A, B, C, and D would be classified as fully lagooned waterways; whereas,
Lagoon System E because of its dual nature would be categorized as a partially dis-
turbed creek or waterway.

Lagoon Systems A, B, and C are fully developed whereas D and E are partially
developed with construction ongoing. As of January 1978, much of this activity
was centered on the southwest side of Mill Creek. There were 10 lagoons still un-
developed in this general area. There were also 8.5 lagoons undeveloped in the
lower part of Lagoon System D. Altogether there are 3,100 (plus or minus 100)
homes already constructed (Slavin, pers. comm.).2 Of the 455 homes built in Staf-
ford Township during 1977, around 300 were in Village Harbour (Weller, pers. comm.)3

The conventions used to describe the parts of the lagoon system are similar to
those used for the undeveloped marsh. The area was divided into "aquatic" and
"terrestrial" zones. Again the water column proper and the benthic sediments were
considered part of the aquatic zone. The terrestrial zone was composed of the bulk-
head and bank areas adjacent to the waterways and the elevated spoil areas upon
which houses and roads were constructed. Because of the nonbiological nature of
this latter area, most of the terrestrial zone research was restricted to the bulk-
head and bank area. Specifically, the productivity of the algal community on the
pilings and bulkheading was studied. This community is considered as the equiva-
lent to the algal community of the creek bank and Spartina alterniflora tall form
areas. An idealized cross section of a lagoon is depicted in Figure 7. The aqua-
tic zone investigations comprise the bulk of the research in the developed area.
Particularly extensive work was done with phytoplankton productivity, the benthic
invertebrate populations, and the physical and chemical factors of the lagoon water
columns.

Lagoon Systems A, B, and E were the focal points of the study in the developed
area. The variations between these systems provided a range of conditions repre-
sentative of most New Jersey lagoon systems. Physical characteristics of Lagoon
Systems A and B are listed in Table 6.

BACK BAY ZONE -- The bay section of the study area includes Little Egg Harbor, Mana-
hawkin Bay, and the southern part of Barnegat Bay. Extending from Beach Haven In-
let to the Harvey Cedars area (Sandy Island), its length is approximately 25.6 km

2This data is from the Stafford Township Municipal Sewage Authority and is based on
the number of sewer hook-ups as of January 1978.

3This data is from the Building Inspector and Zoning Office of Stafford Township
and is based on the number of building permits.
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Table 6. Physical characteristics of Lagoon Systems A and B.

Lagoon Lagoon

System System
Characteristic A B
Mean depth (m)* 3.06 3.06
Length of waterways in the system 4,370 5,452

(m)

Perimeter (m) 8,287 11,526
Lagoon surface area (m2) 148,566 160,063
Drainage surface area (m2) 284,720 339,400 #
Total surface area (m2) 433,286 499,463
Volume (m>3-103) 263.0 272.5

*To convert meters to feet, multiply by 3.281.

#This figure was calculated using a different method. Total surface area equals
the sum of the lagoon and drainage surface areas and ignores the discrepancy
in methods.

(15.9 miles). Other parameters are as follows: (1) maximum width, 7.4 km (4.6
miles):; (2) surface area, 10,345 ha (25,563 acres); (3) volume, 1.1 x 108 m3
(28.9 x 109 gal); and (4) mean depth, 1.1 m (3.5 ft.) (McClain et al. 1976). Fig-
ure 8 shows the depth profiles for five bay transects.

The tides are semidiurnal with two flood and two ebb tides occurring over a
24 .8 hour period. Near the study area, the tidal amplitude is not large. Little
Egg Inlet has the greatest mean tide range at 1.1 m. Moving northward, the mean
tide range progressively decreases to 0.2 m at Harvey Cedars and then increased to
0.9 m as Barnegat Inlet is approached (U.S. Dept. of Commerce 1977).

Weather

New Jersey's climate is classified as humid continental warm summer (Critch-
field 1966). Temperature variations exist or occur on seasonal, diel, and day to
day bases. Minimum air temperatures are generally detected during the January per-
iod. Maximum air temperatures are generally attained in July. The seasonal tem-
perature changes are generally greater than 20°C (36°F). Biel (1958), citing the
mean daily extremes for a 37 year record at New Brunswick, New Jersey, verified
differences in daily extremes normally were 9 - 13°C (16 - 23°F).

One manifestation of the climatic variability is the occurrence of rapidly
moving rain and thunderstorms. Yearly precipitation between 50 and 130 cm (20 -
50 in) is normal for this type of climate. The 1976 total precipitation varied
from 75.8 to 135.7 cem (29.85 - 53.42 in) statewide. It was somewhat unusual that
the precipitation was distributed uniformly over the entire year. A monsoonal re-
gime is normally expected in humid continental climates in interior areas.

The climate varies within the state and to obtain a weather picture more re-
presentative of the study area, we selected three stations near the study site
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for further analysis. The three were Toms River to the north, Tuckerton to the
west, and Atlantic City to the south. These three stations were chosen for their
nearness and their coastal zone location and provided the most complete weather
picture for the study area. They exhibited continental weather characteristics,
however, there was some station variation (Table 7).

Table 7. Weather characteristics for the stations surrounding the study area during
the period 1973 - 1976. Data source was the U.S. Dept. of Commerce, NOAA, En-
vironmental Data Service (1973, 1974a, 1975a, 1976a)

Toms Atlantic
Variable River Tuckerton City
Maximum temperature
(°C) 37.8 37.8 35.6
(°m 100.0 100.0 96.0
Date 8/3/75 8/3/75 8/28/73
Minimum temperature
(°c) -17.8 -16.7 ~12.2
(°F) 0.0 2.0 10.0
Date 2/18/74 1/19/76 1/19/76

Maximum monthly mean temperature

°c) 24,2 24.3 24,2
°F) 75.6 75.8 75.6
Date 7/73 8/73 7/74

Minimum monthly mean temperature

(°c) ~1.9 -1.7 0.4

°rF) 28.5 29.0 32.7

Date 1/76 1/76 1/76
Difference between maximum and minimum

(°C) 26.1 26.0 23.8

(OF) 47.1 46.8 42.9

Average rainfall 1941 - 1970

(cm) 117.3 104.4
(in) 46,18 41.11
Rainfall
1973 (cm) 135.3 123.1 98.4
(in) 53.26 48.45 38.75
1974  (cm) 106.8 100.9 83.8
(in) 42,04 39.74 33.00
1975  (cm) 143.9 117.8 101.3
(in) 56.64 46.39 39.89
1976  (cm) 96.1 90.5 76.9
(in) 37.83 35.62 30.29
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Physical and Chemical Characteristics
of the Study Site:
Salinity in the Aquatic Zone

The salinity (S%/oo0) or salinity gradients observed at any particular station
are the result of several factors which modify the initial seawater input. These
include land drainage, precipitation, evaporation, and tidal circulation. The
freshwater input is via the creek systems which drain the bordering upland areas.
Creeks which drain only the marsh also serve to collect and channel any precipita-

tion into the system, but thelr contributions are smaller. Although groundwater
input occurs, its significance at the study site is unknown.

Salinity studies in the Manahawkin system provide information on: (1) input
of drainage via the creeks; (2) the vertical circulation patterns in natural and
altered waterways; and (3) the horizontal circulation patterns in the bay.

MATERIALS AND METHODS ~- Salinity was measured using a silver nitrate titration
after Harvey (1957). The data sets used in this analysis were selected because of
their completeness (spatially or temporally), compatibility (methodology, sampling,
or purpose), and/or comnection with data used in other sections of this report.

The Durand group provided the core of the natural marsh and lagoon complex
data while the back bay data were derived from the work of Makai (NJDFGS). Study
vear II (1974-1975) was chosen as the focal point of the evaluation whenever possi-
ble because of the amount and types of sampling done. Additional information was
also incorporated from other years (particularly study year I) to account for fac-
tors such as yearly variation and alteration of vertical profiles and/or to pro-
vide a data base when uone was available in study year II.

The sampling routine employed by the Durand group varied over the 3 years of
the investigation. Initially, the sampling was twice a month with more intensive
sampling in the summer and less in the winter. During study year II, selected
major stations were sampled twice a month and selected minor stations monthly. The
last year, the Meyers Creek system, the Lagoon System A, and Marker 21 were the main
experimental sites. Monthly testing was generally employed for the standard physi-~
cal and chemical measures at this time. Sampling stations are shown in Figure 9.

Diel studies were performed in the two system types which permitted analysis of
the variations occurring over a 24 hour period. System-wide surveys were also con-
ducted in the lagoon system at different times of the year to establish a frame of
reference for the more frequently sampled statioms.

The NJDFGS sampled at least monthly for part of the study year I and all of
study year II in an effort which encompassed the entire study area (Figure 10).
The back bay sampling program involved data collection at nine major statiomns.
When possible these sites were sampled on at least a monthly basis. Surface and
bottom measurements provided the bulk of the data; however, long term continuous
temperature records were also made. The data selected was primarily from study year II.

More detailed information on methods and materials are in the reports of
Durand et al. (1974, 1975, 1976, 1977) and McClain et al. (1976).

RESULTS AND DISCUSSION -- Dinner Point Creek —- During study year II, Dinner Point
Creek had a limited freshwater flow for most of the year. Differences in the
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monthly mean surface salinities of the creek mouth and upper end stations amounted
to as much as 11.75 parts per thousand (ppt or ©/oo). In all cases, the monthly
means at the mouth station exceeded the corresponding values at the upper end sta-
tion.

At the creek mouth, the monthly mean surface salinities ranged from 20.35
(March 1975) to 26.08 %/oo (September 1974) with an annual monthly mean of 24.15
9/00 (an annual monthly mean refers to an average of all the available monthly
means). The upper end station exhibited a monthly mean range of 9.16 (January
1975) - 23.56 /oo (December 1974) with an annual monthly mean of 16.69 ©/oco. The
upper end was more variable than the lower regions of the system because the upver
station was influenced more by transient hydrologic and climatic factors.

The water column was well mixed in the lower and middle regions of the creek.
However, there was a salt wedge at the upper end which resulted from the freshwater
input offsetting the local mixing forces. The remote location of this salt wedge
and its rate of incorporation with the bay water within the creek system suggest

the freshwater flow is limited and the halocline weak and of relatively small
consequence.

The salinity data from study year I are also consistent with the above inter-
pretation. The creek mouth station demonstrated a relatively stable surface salin-
ity level approximating the study year II values. Not unexpectedly, the upper end
location deviated from the trends and values of study year II. While there is
yvearly variation in the salinity differences between the creek mouth and upper end,
the creek mouth salinities still exceeded the upper end values in study year I.

Diel studies at Dinner Point Creek in August 1973, October 1973, December 1973,
and May 1974 revealed a cyclic variation in the salinity concentrations over a 24 hour
period (Figure 11). Maximum salinities were reached during high tide stages and
minimums during low tide stages. For studies run in August, October, December, and
May, the salinity variation over the 24 hour test period was 3.5, 4.8, 5.9, and 8.3
ppt, respectively. There was essentially no difference between the surface and
bottom values, confirming the lack of salinity stratification in the lower portion
of the system.

Meyers Creek -— Surface salinities at Meyers Creek mouth exceed those in Meyers
Pond (Figure 12), however, the differences did not approach those between the Din-
ner Point Creek mouth and upper stations. In study year IIL, monthly means at the
two stations differed by less than 5 ©/o0o. Despite an extensive drainage ditch
network, the freshwater input is limited relative to the tidal influence. This

is consistent with the bathymetry data which shows the tidal prism of the Meyers
Creek system to be about 0.5 of the high tide volume. Monthly means ranged from
14,76 to 24.10 /oo and 10.81 to 24.21 9/oo for the creek mouth and pond, respec-
tively. The annual monthly mean of the mouth station (21.63 ©/oo0) exceeded the
upper end site (19.41 ©/00).

Vertical salinity data are not available for Meyers Creek. However, salinity
stratification was considered unlikely to occur because of the high ratio of tidal

prism to high tide wvolume, the relatively shallow nature of the majority of the
system, and the lack of a significant freshwater input.

Like Dinner Point Creek, Meyers Creek salinity data for study years I and II
indicated more annual variation at the upper end than at the mouth station. There
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is a tendency for summer and fall salinities to exceed winter and spring values.
This pattern is related to the evapotranspiration pattern for the Manahawkin area.
Using the Thornthwaite method (1948) of estimating potential evapotranspiration
(PE), we find, despite ample precipitation throughout the year, there are relative
dry and wet seasons (Figure 13). These seasons correspond to the periods of high
and low salinity.

The occurrence and duration of these dry and wet seasons are determined by
rainfall and other climatic factors which vary annually. This, in turn, contri-
butes to the year-to-year changes in the salinity patterns. For example, the
failure for monthly mean salinities to decline in the last half of study year IIIL
as expected based on data from study year I and II coincided with below average
rainfall.

Oyster Point Creek —-- The data for Oyster Point Creek was from study year I. The
Oyster Point Creek salinity pattern was similar to that of Meyers Creek. The por-
tions of each creek near the bay had monthly mean salinities differing by no more
than 2 ©°/oo. The two upper end stations exhibited comparable values as well, al-
though the largest difference was around 5 ®/oo. Considering this, Meyers Creek
and Oyster Point Creek probably are alike in being primarily influenced by tidal
forces.

Cedar Run —-- Although the data for Cedar Run are limited, certain trends are sug-
gested. During study year II, the surface salinity range was 1.5 - 24.8 ©/oo with
a gradient of decreasing salinity from the creek mouth to the upper regions. Bot-
tom values ranged from 1.7 to 25.8 9/o0o. Annual monthly means for lower, mid, and
upper portions of the stream were 20.46, 12.48, and 8.99 /oo, respectively. The
corresponding values for the bottom of the water column were 22.09, 15.69, and
11.53 ©/co. This decreasing progression of values in an upstream direction indi-
cates a continuous freshwater flow. Despite the shallow nature of the creek (less
than 2 m (6.6 ft) deep), a salt wedge was present periodically. Surface and bot-
tom salinities differed by as much as 10 /oo at the upper station. However, these
large differences were usually not observed at the creek mouth.
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Mill Creek —-- The three stations on the Mill Creek main axis (Lagoon System E mouth,
Lagoon E68, and Lagoon E87) had a surface salinity range of 0.2 - 26.35 %/oo. The
most remote station, Lagoon E87, ranged from 0.02 to 6.14 ©/oo during study years

I and II. The mid creek and creek mouth stations had values of 4.28 - 19.10 °/oo
and 8.05 -~ 26.35 0/oo, respectively for the same period.

Based on the monthly means, there is a general tendency for higher salinities
in the summer and fall followed by a decline. However, the data at times also
reflects the increased importance of freshwater flow in the system which results
in a more irregular seasonal pattern.

Between stations, the seasonal trends are consistent for a given time period
if the freshwater influence is considered. The major difference between the sta-
tions are increases in salinity and in the range of values as the bay is approached
(Figure 14). Of course, the effect of the large freshwater input at Lagoon E87 is
to eliminate most seasonal salinity shifts and maintain a relatively constant, low
salinity regime.

E Mouth

E 68

salinity (%)

1973 1974

Fig. 14. Monthly mean salinities for Mill Creek in study
year |.
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Bottom monthly mean salinities at Mill Creek mouth were generally 23 - 24
O0/oo during July - November of study year II and approximately 21 ©/oo during the
following January - April. This pattern is probably a reflection of the bay water
influence which would be particularly strong at this station and depth. Bottom
monthly mean salinities at Lagoon E68 (the mid creek station) were generally
around 17 - 18 9/00 reaching a maximum of 20.81 ©/co in December.

Table 8 provides a summary of the Lagoon System E (Mill Creek) data.

Table 8. The Mill Creek salinity data summary. Means are expressed in parts per
thousands.

Annual No. of

Mill Creek Study Range of the monthly obser-
location Depth year monthly means mean vations
Lower end or Surface I 8.79-24.68 19.05 12

mouth i1 12.11-24.09 18.33 11
{Lagoon System Bottom IT 20.05-23.70 22,01 8

E mouth)
Mid Surface I 5.57-15.64 10.13 12

’L“ 68 I 4.28-14.29 9.28 11
(Lagoon E68) Bottom  II 15.70-20. 81 17.64 10
Lagoon E81 Surface II 4.80-14.80 10.39 12
(NJDFGS) Bottom II 9.90-19.75
Lagoon E98 Surface II 2.55-11.20 7.65 12
(NJDFGS) Bottom II 10.40-17.20 13.69 12
Upper end Surface I 0.43~ 2.69 1.36 12
(Lagoon E87) II 0.52- 6.14 2.06 10

The surface and bottom salinity levels indicate an appreciable halocline is
present during most of the year. The upper and mid creek stations demonstrate
the most persistant gradients. Of all the systems discussed so far, the most
sharply defined halocline is found in Mill Creek.

The vertical and upstream gradients suggest a large freshwater input is pre-
sent throughout the year, unlike in the other waterways. This is supported by
Brush and Flynn (1974) who estimated the Mill Creek freshwater flow (1.02 m3°sec'l)
to be several times that of Cedar Run (0.28 m3-sec'1) or Dinner Point Creek (0.16
m3-sec~l)., The large salinity shifts at the Mill Creek mouth confirm the influ-
ence of the freshwater input on Mill Creek (Figure 15). The large upland drainage
area of Mill Creek is probably responsible for the size of the freshwater flow.

Brush and Flynn (1974) estimated the average tidal discharge for Mill Creek
(12.8 m3-sec‘l), Cedar Run (7.0 m3-sec'l), and Dinner Point Creek (9.8 m3-sec'l).
Their estimates for tidal flow exceed their estimates of freshwater flow by more
than a factor of 10. Therefore, despite Mill Creek having the largest freshwater
input, it, like the other creeks, is dominated by tidal forces.
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Fully Lagooned Waterways -- The remaining systems within the Village Harbour com-

plex were created entirely by dredging.

The stations studied in these systems

differ primarily in depth and distance from the bay which affects their hydro-

graphic features.

ABD is under the greatest bay influence whereas Lagoon B24 is least affected

because of its remoteness from the bay and its depth

plex). Lagoons A02 and AO8 are

(deepest site in the com-
intermediate in terms of bay influence to these

two and are probably more typical of New Jersey lagoon communities.

At the ABD station, the mean monthly surface salinity ranged from 20.34 to

26.00 ©/oo with an annual monthly mean of 23.17 °/oo during study year II.

Again,

there is a tendency for higher levels to occur in the summer and extend through

the fall with minimum values occurring around January.

In fact, all the surface

waters in Lagoon Systems A and B had seasonal salinity patterns nearly identical

to ABD:

Of the lagoon stations, the mouth of Lagoon A02 is nearest to the bay.
During study year III, Lagoon AO2 mouth had a surface salinity range (monthily

means) of 20.99 - 27.12 %°/oo and an annual monthly mean of 22.84 ©/oo.

The bot-

tom of the water column had a similar monthly mean salinity range of 21.50 - 27.61
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®/oo and an annual monthly mean of 23.86 ©/oo. Surface and bottom monthly mean
salinities normally differed by no more than 0.8 ©/oo. Vertical salinity profiles
based on 1 m (3.3 ft) interval sampling confirmed the absence of a halocline. With
a depth of over 6.0 m (20 ft), the salinity gradient was usually less than 1.0 0/oo
for the entire water column.

The annual monthly means at the surface of Lagoon A08 were 22.72, 23.23, and
23.10 %/oo for study years I, II, and III, respectively, while corresponding bot-
tom values were 23.76, 24.50, and 24.03 ®/oo. Based on the monthly means, surface-
bottom salinity differences were less than 3.5 ©/oo with most of these differences
less than 1.0 9/oco. However, during the winter (January in particular), there was
a sharp halocline located at 3-4 m (10-13 ft). In study year II, when surface
bottom differences of 3.39 (January) and 3.50 (February) ©/oo occurred, the sharp-
est gradient existed in the 1 m (3.3 ft) directly above the bottom.

Lagoon B24 exceeded 8.0 m (26 ft) in depth in areas and was sampled down to

6.0 m in this study. The salinity gradient was very pronounced most of the year
(Figure 16). Differences between the surface and bottom monthly mean salinities
reached 6.68 ©/oo. Only around the June and the October-November period were
they less than 1.0 ©/oo. The annual monthly means at the surface were 21.51
(study year I) and 21.94 9/oo (study year II). The corresponding bottom (6.0 m)
values were 23.99 and 24.73 ©/oo. The monthly mean bottom salinities were typi-
cally confined to a narrow range between 23 and 25 ©/oo. Corresponding surface
values varied over a much wider range, 19 - 24 ©/oo.

25 O~.d°"° ’,,o_—-o-o—o-.o_o_o__o_/o
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Fig. 16. Salinity levels at the surface and
bottom of Lagoon B24 during study year 11.

Diel studies were also done at Lagoon AO8 in August 1973, October 1973, De-
cember 1973, and May 1974. 1In contrast to Dinner Point Creek, there was almost
no variation in the salinity during any of the 24 hour test periods (Figure 17).
This reflects low flow and limited circulation.
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Surveys throughout the Village Harbour system on 9 July 1974 and 8 February
1975 indicate salinity stratification is particularly strong in the Mill Creek
system (Lagoon System E) and the more remote stations (Figure 18).
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Bay -— In the bay, there were nine stations (MB 1, MB 2, MB 5, MB 6, MB 7, MB 8,

MB 9, MB 10, and MB 11A) which are shown in Figure 19. A summary of the salinity
data for each station is given in Table 9. Although the salinity varied, the sea-
sonal patterns at all the stations were similar. The salinities were higher in

the summer and fall than in the winter and spring (Figure 20). This again coin-
cided with the dry and wet season regime established by rainfall and evapotranspir-
ation.

No steep haloclines were observed; however, horizontal gradients were pre-
sent. Along the main axis, salinities increased as the distance to Beach Haven
Inlet (MB 1) decreased. Monthly mean salinity at the sites along Long Beach Is-
land, MB 8, MB 5, and MB 1 increased 2 - 3 ©/oo between each station proceeding
in a southerly direction. Salinities at stations MB 9, MB 7, MB 6, MB 2, and MB
1 along the western margin of the bay exhibited the same trend. This indicates
the principal source of saline water for the entire back bay study area was Beach
Haven Inlet. 1In a cross-bay direction, salinity values were relatively uniform.
MB 5 and the parallel MB 6 station showed relatively small differences in salinity
levels. On this basis, the bay is considered well-mixed. However, data from
stations MB 7 and northward indicated the areas adjacent to the streams and wes-
tern shore are subject to greater freshwater inputs.

The influence of tidal forces was emphasized by surveys made on flood (June
1975) and ebb (July 1975) tides (Figure 21). Salinities at a station varied &4 - 5
©/0o0 and isohaline were displaced sevetal km with a change in tides. These sur-
veys also reinforced the concept of strong freshwater influence along the western
bay margin, particularly around Mill Creek.

Overall, the stations MB 11A, MB 10, MB 9, and MB 8 represent the region of
low salinity in the study area. MB 1 represents the region of high salinity water.
Other sites are transitional between these two extremes. The freshwater drainage
mixed with the bay water adjacent to its point of entry into the bay. Through
tidal action, the water is eventually transported out of the inlet. The net efféect
is a gradient with the less saline water temporarily retained in the remote end of
the study area or near its point of entry. Note that a similar situation could be
expected in the region between Barnegat Inlet and Sandy Island and would impede
any rapid northward movement of the accumulated freshwater.

Physical and Chemical Characteristics
of the Study Area: Soil Salinity

Soil salinity is a product of tidal flooding, precipitation, and evapotrans-
piration among other factors. It has been implicated along with tidal inundation
(Adams 1963; Good 1965, 1972) as a possible cause for the growth height differences
in Spartina alterniflora. The potential exists then for salinity to exert influ-
ence on the productivity of the emergent macrophyte community.

The purpose of this study is to: (1) examine the soil salinity levels and
their seasonal patterns in the major vegetation types present, and (2) evaluate
the differences in soil salinity between the vegetation types.

METHODS AND MATERIALS -- During the period October 1973 - April 1976 in the general
area of Mud Cove, soil salinities within five major vegetation types were measured.
These types were Spartina patens {(SP), Spartina alterniflora short form (SAS),
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Table 9. Summary of the salinity data for the bay sites during study year IT,.

Annual
monthly No. of
Monthly mean mean observations
Site Depth range (°/00) (°/00) {(months)
MB 1 Surface 31.80-28.35 30.44 12
Bottom 31.80-29.40 30.60 12
MB 2 Surface 30.80-26.60 28.73 12
Bottom 30.30-26.45 28.62 12
MB 5 Surface 29.20-25.10 27.39 12
Bottom 29.00-25.30 27.56 12
MB 6 Surface 28.70-23.60 27.06 12
Bottom 29.60-24.30 27.28 12
MB 7 Surface 27.63-23.58 26.07 12
Bottom 27.93-23.78 26.26 12
MB 8 Surface 26.80-22.85 24.96 12
Bottom 26.90-22.95 25.23 12
MB 9 Surface 26.80-21.83 24.38 12
Bottom 26.73-22.00 24.53 12
MB 10 Surface 26.50-21.90 24.74 11
Bottom 26.40-21.90 24,75 11
MB 11A Surface 26.15-21.90 24.66 11
Bottom 26.70-21.50 24,72 11
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Spartina alterniflora tall form (SAT), Distichlis spicata (DS), and Distichlis
spicata - Juncus gerardi (DS-JG). The method used was after Good (1965) and em-
ployed a RB4-250 Beckman Solubridge conductivity meter. Surface samples were taker
throughout this time. During 13 October 1975 - 26 April 1976, samples at the sur-
face and at 10 cm depth were taken. Precipitation and tidal inundation data were
also collected.

RESULTS AND DISCUSSION -- Mean surface salinities for five major vegetation types
are given in Table 10. Large short-term variations occurred. These changes re-
flect the influence of precipitation and tidal flooding. However, there is an
overall seasonal pattern. The summer and fall seasons were the periods of maximum
values and the winter and spring the seasons of minimal values. As with the aqua-
tic salinities, this pattern of annual variation correlates with the potential
evapotranspiration rainfall cycle for the Manahawkin area.

Mean salinity for the entire study period was greatest at the SAT stations
followed by SAS, DS, DS-JG, and SP stations. These data are consistent with the
flooding patterns of the various areas. Less frequent flooding and dilution ef-
fects by precipitation would favor lower soil salinities at the stations of higher
elevation. Height above mean low water for the SAT, SAS, and SP stations was 0 -
15, 35 - 37, and 44 cm, respectively. Consequently, the SAT stations flooded more
frequently than the SAS and SP.

Salinities varied most in the SAT area (coefficient of variation = CV = 49)
followed by SAS (CV = 43), DS (CV = 43), SP (CV = 35), and DS-JG (CV = 29). The
variability at the SAT stations is somewhat unexpected considering the moderating
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Table 10. Mean mud salinity values (°/oo) for the five major vegetation types
from 3 August 1973 to 21 April 1975.

S. S.
alterni- alterni-
S. flora flora Distichlis  D. spicata/

Date patens short tall spicata Juncus
8-3-73 16.6 26.2 37.5 22.1
8-9-73 25.1 49.9 53.6 18.5
8-16-73 12.6 23.0 22.1 21.4 13.9
8-23-73 18.0 18.4 24.0 9.5 19.7
8-30-73 18.7 24.9 36.0 24.4 21.2
9-7-73 32.6 36.0 93.3 46.4 22.9
9-12-73 30.7 38.5 61.2 58.4 26.3
9-19-73 14.9 18.7 24.0 23.4 18.1
9-26-73 13.1 19.7 20.3 22.0 18.8
10-3-73 14.8 19.8 30.6 24,1 21.3
10-20~73 25.6 43.6 67.0 31.5 35.1
10-27-73 18.6 22.3 28.8 35.7 21.3
11-3-73 19.4 25.0 30.4 26.2 18.4
11-7-73 23.1 28.0 25.3 26.4 25.8
11-14-73 15.0 21.5 31.7 22.1 17.3
11-21-73 26.0 37.3 21.9 21.3 20.0
11-28-73 16.5 20.5 24,4 19.3 18.8
12-8-73 18.6 21.5 27.1 13.7 18.5
12-12-73 15.7 20.6 22.5 33.1 20.5
12-26-73 11.6 15.4 18.2 17.3 11.5
1-17-74 9.7 14.2 12.8 15.1 10.7
1-23-74 5.9 11.1 12.5 12.7 10.4
2-20-74 10.3 13.9 15.4 14.3 13.5
3-6-74 13.5 16.9 19.5 15.2 14.3
3-27-74 il.1 23.6 33.0 10.5 15.0
4=3~74 11.2 17.2 15.7 17.1 13.2
4-17-74 10.3 24.6 33.2 18.7 15.4
4-24-74 14.9 24.7 32.5 14.4 29.1
5-7-74 20.8 25.3 29.7 11.5 16.4
5-16-74 14.5 42.5 36.7 19.4 29.3
5-23-74 16.3 48.6 27.9 18.9 20.1
5-30-74 15.1 25.9 30.5 22.7 23.0
6~5-74 14.2 26.6 23.4 21.7

6-11-74 19.1 43.5 28.1 13.8

6-17-74 29.2 58.7 55.1 31.8

6-25-74 16.1 23.4 25.7 18.0

7-1-74 15.2 19.0 28.7 23.3

7-8-74 18.1 40.7 33.3 58.7

7-15-74 20.1 56.9 56.3 22.7

7-22-74 22.3 34.9 68.3 27.4

7-29-74 28.3 52.5 61.7 29.7

8-5-74 34.3 58.3 69.8 31.5

8-14-74 15.7 29.5 24.8 23.6

8-25-74 15.9 21.4 25.6 21.8

9-9-74 11.7 18.6 17.6 23.4

10-2-74 16.6 32.3 31.5 34.5
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Table 10. Continued.

S. S,
alterni- alterni-
S. flora flora Distichlis D. spicata/

Date patens short tall spicata Juncus
10-20-74 16.7 24.9 28.8 32.8

11-6-74 11.3 25.5 20.9 27.6

11-27-74 18.7 27.5 27.6 24,6

12-30-74 18.2 21.7 23.0 25.7

1-28-75 6.8 12.7 14.9 12.0

3-5-75 11.0 21.1 22.3

4-21-75 13.3 24.1 27.7 22.2

Mean +1 Sp  17.3+6.1 28.2+12.2  32.3+15.8  23.9+10.2  19.445.6

influence of the creek waters. This apparent discrepancy was largely due to the
inclusion of data from a single aberrant station.

Soil salinity at 10 cm exceeded surface values at the SAS stations, but were
only slightly higher at the more flooded stations.

Physical and Chemical Characteristics
of the Study Area:
Temperature in the Aquatic Zomne

Like salinity, water temperature is an important environmental component.
We are primarily interested in temperature's role in relation to stratificatiom.

The purpose of the study is to determine: (1) seasonal water temperature
patterns; (2) site differences; (3) diel variation; and (4) the vertical grad-
ients present.

METHODS AND MATERIALS -- Yellow Springs Instrument thermistors, FT3 Marine Hydro-
graphic thermometers, and modified Model D Ryan thermographs were the devices used
in the study. Sampling was done concurrently with the salinity determinations ex-
cept for the thermographs which provided long-term continuous monitoring. Water-
way, vertical gradient, diel, and general survey studies were done. The selection
of the data sets used in this analysis paralleled those used in the salinity analy-
sis. Additional information on methods and materials are available in Durand et
al. (1974, 1975, 1976, 1977) for the marsh and lagoon systems and McClain et.

al. (1976) for the bay.

RESULTS AND DISCUSSION -- Listed in Table 11 are water temperature ranges for a
number of stations. All surface values followed the same seasonal pattern. Maxi-
mum values were measured during the July - August period, and minimum values were
detected during January or February. The seasonal temperature pattern at MB 9,

a bay station, is typical (Figure 22).

Local climate influenced the water temperature values, particularly in shallow
areas or in areas of the bay where tidal influences were reduced. Creeks because
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Table 11. Monthly mean water temperature ranges for study year II.

Ranges
Site Depth (°C) (°F)
Natural Creek:
Dinner Point Creek Surface <0.0 - 25.6 <32.0 - 78.1
mouth Bottom 0.1 - 24.2 32,2 - 75.6
Meyers Creek mouth Surface <0.0 - 24.8 <32.0 - 76.6
Bottom 2.2 - 24.8 36.0 - 76.6
Meyers Pond Surface <0.0 - 24.2 <32.0 - 75.6
Partially Disturbed Creeks:
Mill Creek mouth Surface 0.0 - 25.6 32,0 - 78.1
Bottom 0.0 - 25.4 32.0 - 77.7
Upper Mill Creek Surface 1.0 - 25.7 33.8 - 78.3
Fully Lagooned Waterways:
Lagoon AQ8 Surface 0.5 - 26.8 32.9 - 80.2
Bottom 3.5 - 23.0 38.3 - 73.4
Lagoon B24 Surface 1.2 - 26.2 34,2 - 79,2
Bottom 6.5 - 15.4 43,7 - 59.7
Bay:
Beach Haven Inlet Surface 4.0 - 21.7 39.2 - 71.1
(MB 1) Bottom 4.0 - 21.8 39.2 - 71.2
Marshelder Island Surface 3.5 - 25.9 38.3 - 78.6
(MB 5) Bottom 3.5 - 25.5 38.3 - 77.9
Marker 21 Surface 3.2 - 26.1 37.8 - 79.0
(MB 9) Bottom 3.0 - 25.8 37.4 - 78.4
Sandy Island Surface 3.0 - 27.7 37.4 - 81.9
(MB 11A) Bottom 3.0 - 27.3 37.4 - 81.1

of their shallow depth and well mixed nature could rapidly reach equilibrium with
the air temperature.

This explained why the creek water temperature ranges were among the largest.
The surface layers of the lagoons exhibited similar ranges, although there was a
tendency for the lagoons to be warmer than the creeks. Increased retention
time of the water in the lagoon systems and the consequent prolonged exposure with
minimum circulation would account for this.

Near the inlet, the bay water temperature range was minimized reflecting the

ocean water input. With increasing distance from the inlet, prevailing air temper-
atures exerted more influence and wider temperature ranges were observed.
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Fig. 22. Monthly mean temperatures at MB 9 (Marker 21) for study year II.

The majority of the study stations did not demonstrate a steep vertical tempera-
ture gradient because wind and tidal action kept their water columns relatively
well mixed. This was the case for the bay, creek, and Mill Creek stations; how-
ever, there existed a much different situation in the lagoon systems. Here, strong
thermoclines were detected primarily in the summer and to a lesser extent during
the winter. This was confirmed by lagoon system surveys on 26 June 1973, 7 March
1974, 9 July 1974, 8 February 1975 (Figure 23). The development and persistence
of these gradients seemed to be a function of the station depth and remoteness
from the bay. Table 12 lists examples of vertical gradient data found at the fully
lagooned waterway stations. Figure 24 shows the temperature contours at Lagoons
A02 and A08 for comparison.

The data supports the contention Lagoon AO02 has the weakest thermocline of
the three and Lagoon B24 the strongest. Only in the spring did a steep vertical
gradient exist in Lagoon A02. Except for periods in the fall and spring, a very
strong thermocline was present at Lagoon B24. This gradient was particularly
strong in the summer and during the winter took the form of an inverse thermocline.
Typically, the steepest part of the thermal gradient was located at depths around
2m (6.6 ft.) or greater and achieved surface bottom differences between monthly
means in excess of 14 and 5 °C (25.2 and 9 OF) during the summer and winter,
respectively. Lagoon A08 also had a strong thermocline in the summer and exhibited
an inverse thermocline in the winter; however, it was not as steep or persistent
a gradient as at Lagoon B24.
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Table 12. Vertical temperature gradients for lagoons with different total depths
and remote point distances.

Depth Lagoon A08 Lagoon B24
Date (m) (°C) (OF) (°c) (°F)
20 July 1974 0.2 27.0 80.6 25.8 78.4
1.0 26.5 79.7 25.6 78.1
2.0 26.0 78.8 25.2 77.4
3.0 24.5 76.1 22.0 71.6
4.0 20.0 68.0 19.1 66.4
5.0 17.8 64.0 16.9 62.4
6.0 14.5 58.1
7.0 13.0 55.4
8.0 12.0 53.6
22 October 1974 0.2 11.2 52.2 12.2 54.0
1.0 11.1 52.0 12.2 54.0
2.0 10.8 51.4 11.9 53.4
3.0 10.5 50.9 11.9 53.4
4.0 10.1 50.2 11.8 53.2
5.0 11.8 53.2
6.0 11.7 53.1
21 January 1975 0.2 0.5 32.9 1.2 34.2
1.0 0.6 33.1 2.0 35.6
2.0 2.0 35.6 4,2 39.6
3.0 2.8 37.0 6.0 42.8
4.0 5.5 41.9 6.2 43.2
5.0 7.2 45.0 6.2 43,2
6.0 6.5 43.7
22 April 1975 0.2 10.4 50.7 9.8 49.6
1.0 10.2 50.4 10.1 50.2
2.0 10.2 50.4 10.3 50.5
3.0 10.2 50.4 9.0 48.2
4.0 10.2 50.4 8.0 46.4
5.0 9.8 49.6 8.0 46.4
6.0 8.2 46.8
7.0 8.4 47.1
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Physical and Chemical Characteristics
of the Study Area: Soil Temperature
METHODS -- Soil temperatures were studied in the SAT, SAS, SP, and mudflat areas

during study year IV,

RESULTS AND DISCUSSION —- Surface soil temperatures are given in Table 13. Such
results reflect the seasonal pattern occurring in the adjacent Meyers Creek, with
maximum temperatures recorded in July and lowest temperatures in November. The
average temperatures recorded for the mudflat and the SAT area most closely ap-
proximated that of the creek, with occasionally higher temperatures observed in
the SAS and lower temperatures under the densely matted SP.
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Table 13. Surface soil temperatures. Source of data: Durand (pers. comm.).

SAT SAS sp Mudflat
Date °c) (°F) (°c) (°F) (°c) (°F) (°0) (°F)
20 May 1976 14.4  57.9  16.9 62.4  11.4  52.5  14.7 58.5
15 July 1976 24.7 76.5  25.7 78.3  21.7 71.1  23.0  73.4

13 September 1976 18.7 65.7 20.5 68.9 19.9 67.8 19.3 66.7
24 November 1976 0.4 32.7 0.0 32.0 0.4 32.7 0.0 32.0

12 May 1977 11.8 53.2 11.7 53.1 9.5 49.1 13.2 55.8

Physical and Chemical Characteristics
of the Study Area: Dissolved Oxygen in the Aquatic Zone

Dissolved oxygen is an important factor because of its requirement in the
metabolism of most biological life forms. Its study here serves a dual purpose
as an indicator of poor circulation as well as high respiratory demand.

The purpose of the study is to determine: (1) seasonal trends; (2) site dif-
ferences; (3) diel variations; and (4) vertical gradients.

METHODS -- Oxygen determinations were done using a modified Winkler titrationm.
Sampling was done concurrently with the salinity and temperature work already
discussed. Additional methods and materials information is available in Durand
et al. (1974, 1975, 1976, 1977) for the marsh and lagoon systems and McClain

et al. (1976) for the bay.

RESULTS AND DISCUSSION -- The solubility of oxygen in the water column is a func-
tion of temperature and salinity. Temperature is the most critical factor af-
fecting potential oxygen levels in this study, particularly in the case of the
surface waters. Oxygen concentrations were found to be inversely related to the
temperature. Generall{, dissolved oxygen levels in the surface waters ranged be-
tween 4 and 6 ml 09+17+ (5.7 and 8.6 ppm) in the summer and fall. Higher levels,
7 - 8 ml 02-1_l (10.0 - 11.5 ppm) occurred during the winter and spring. The bay
pattern in Figure 25 is typical of lagoon stations as well as natural and modified
creeks. One exception to this is Meyers Pond. The Meyers Pond summer values were
much less than expected based on the bay station data. Apparently, the high pro-
duction of the area and the benthic oxygen demand placed a large respiration

drain on the oxygen concentrations in the pond. Dissolved oxygen levels did not
drop to zero because the tidal exchange was sufficient to transport oxygen-rich
bay water into the pond on the flood tide. During the cooler portions of the year,
respiration was reduced and the drain on the oxygen stocks decreased.

The diel variation study at Dinner Point supported this explanation. In-

creased oxygen levels were associated more with high tide situations. This phe~
nomenon was not observed in diel studies at Lagoon A08 (Figure 26).
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August 1973.

Dissolved oxygen levels recorded during a 24 hour tidal survey,

At the deeper or more remote lagoon stations, bottom dissolved oxygen levels

were zero or very low during the summer.

levels appeared to be widespread (Figure 27).
during the cooler part of the year (Figure 28).

Based on the lagoon system surveys, such
Low levels were not as widespread

Lagoon AO8 maintained prolonged anaerobic periods in the summer at the bottom

and exhibited frequent oxygen level depres

this station, these depressions often occurred during the winter (Figure 29).
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July 1974,

Lagoon AQZ, however, was not like Lagoon AO8. Periods of low oxygen condi-
tions were limited in duration and occurrence compared to Lagoon A08 (Figure 30).
Apparently, despite an increased depth at Lagoon A02, the circulation is sufficient
to overcome the existing oxygen demand.

Lagoon B24 represents the most extreme gradient in the Village Harbour com-
Plex. Only during the late fall and winter did the bottom of Lagoon B24 become
oxygenated (Figure 31).

Stratification

Stratification is a density phenomenon which divides a water body into dis-
tinct vertical zones between which mixing is restricted. Such an occurrence can
exert great influence on the biota of a system because after a period of time
anoxia and hydrogen sulfide production often result.

Several factors may combine to produce a stratified water body. Water tem-

perature, salinity, and circulation factors are primary among them. Typically,
in lagoon systems, circulation is limited because of the complicated channel
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configurations which enhance the probability of a stratified water column. Strat-
ification and its effects have been recognized as a problem particularly in the
waterfront communities of the Gulf of Mexico and the South Atlantic (Barada and
Partington 1972; Lindall et al. 1975). They are not only restricted to coastal
zone lagoon complexes in warmer climates. Daiber (1972) has also observed strati-
fication and anoxia in Delaware systems.

In this study, the degree and seasonal pattern of stratification in the marsh
systems, the lagoon development, and the back bay system were evaluated. The re-
sults indicate stratification is largely confined to the developed portions of the
study area. Locations either relatively deep or removed from the bay are especi-
ally subject to this problem. In most cases, sharp temperature gradients were the
cause of the observed stratification. Steep salinity gradients periodically caused
or maintained stratification; however, they generally were only contributory.

Several structural features of the lagoon complex favor its formation. The back
bay system averages 2 m (6.6 ft) in depth and the lagoons in excess of 3 m. Because
they are deeper, the lagoons can trap and hold the water below 2m behind the sill
at the mouth of the lagoon network. In the Lagoon System A, over 20% of the vol-
ume is below 2m. The bottoms of the lagoons are irregular and depths in excess
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of 8 m exist. In Figure 32 are longitudinal sections down the midlines of Lagoon
System A which illustrate the variable nature of the bottom profile. Deep potholes
are a regular occurrence, and with increasing depth, the trapping effect on the
water is increased.

The great lengths of the lagoon networks also decrease the exchange of water
between the bay and the more remote stations. The main channel of Lagoon System
B is over 2,400 m (7,874 ft) long and has a convoluted configuration. The total
length of lagoons in the system is 5,452 m (17,888 ft). Lagoon System A has a
main channel length of 1,063 m (3,488 ft) and 4,370 m (14,338 ft) of lagoons.

During a tidal cycle, exchange of water over these distances will be limited, if
at all.

The dead end nature of the lagoons eliminates the possibility of flow through
circulation. Consequently, the flooding tide traps the waters in these dead ends.
Exchange requires several tidal cycles, and residence times of waters in these ends
are correspondingly long.

The narrow lagoon width, the surrounding structures, and the complicated la-
goon layout combine to reduce wind mixing.

The hydrographic features also help favor the formation of a stratified water
body. The primary factor is the tidal regime. The tidal amplitude in the area is
approximately 0.5 m (1.6 ft). Therefore, the tidal prism is small compared to the
remaining lagoon system volume, and the potential for exchange is reduced in compar-
ison to a system subject to a larger tide range. In a shallower area, like the Meyers
Creek system, the tidal prism encompasses a much greater percentage of the total
volume (Figure 33). The tidal prism in Lagoon System A is approximately 25% of
the total volume, whereas in Meyers Creek system, it represents around 50%. Another
point is the tidal prism of Meyers Pond approximates the Meyers Creek low water
volume. At low tide, Meyers Pond water constitutes the low water volume of Meyers

54



Di tho

ep

s [ AQb
- 3.2-

3.6 Mean Depth

im;

| SSU— |
100m

MAIN CHANNEL

Fig. 32. Longitudinal sections of Lagoon Sys-
tem A.

Creek, and at high water, a substantial portion of the creek must be bay water.

A smaller but appreciable fraction of Meyers Pond water at high tide is bay water
since the mixing of creek and bay water would occur during the flooding tide.
Similar exchange mechanisms operate in the other natural creeks and explain the
lack of persistent stratification.

In the Village Harbour complex, the generalized seasonal pattern of strati-
fication closely follows the temperature and salinity cycle. Stratification is
best developed in the summer when temperature gradients are steepest and to a
lesser extent in the winter. When the water is isothermal in the fall, stratifi-
cation typically breaks down. There is also an isothermal period in the spring,
but stratification can be maintained providing a halocline of sufficient strength
is present. Often in the lagoons, a halocline is present and serves to reinforce
the primary temperature effect.

The degree and persistence of stratification varies with distance from the
bay and depth. At Lagoon B24, the oxygen data indicate stratification is present
year-round except during the fall overturn, which begins in the late fall and ex-
tends into the winter (Table 14). At this time, temperature and salinity grad-
ients are weakest. Stratification is reestablished during the winter. Lagoon
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B24 usually becomes isothermal sometime during March - April; however, the halo-
cline is very pronounced at this time and anaerobic conditions are maintained on
the bottom. Surface and bottom salinity differences can reach 4 - 5 /oo around
this period. The largest density differences between the surface and the bottom
are established in the summer when the thermocline is strongest.

Lagoon A02 near the entrance to Lagoon System A, represents the opposite
extreme of Lagoon B24. Apparently, proximity to the bay decreases the likelihood
of stratification. Only once did the deep bottom waters become anaerobic, and

depressed levels of dissolved oxygen are infrequent (Table 15). Gradients when
present are usually transitory.

Lagoon A08 stratifies during the summer and to a much lesser extent the
winter (Table 16). Because it is neither as deep nor as remote as Lagoon B24, the
gradients formed are not as strong or as stable. Its intermediate nature between
Lagoons A02 and B24 is indicated by the gradients listed in Table 16.
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Table 14, Selected seasonal data for determining the degree of stratification
at Lagoon B24,

Surface Bottom Bottom Bottom

temp. minus S ©/oo minus St minus oxygen con- Oxygen

bottom temp. surface S ©/oo surface gt centration satura-
Date (°C) (°/00) (9/00) * (ml 05-1"1)#  tion (%)
7/23/73 13.5 6.48 0.008 0.0 0.0
11/20/73 -1.2 0.26 0.000 5.27 73.7
1/17/74 " -5.0 4.49 0.004 0.0 .0
4711774 0.9 3.92 0.003 0.0 .0
7/17/74 11.3 1.92 0.005 0.0 0.0
10/30/74 2.7 0.17 0.001 3.63 55.8
1/21/75 -5.3 5.16 0.003 0.0 0.0
4/22/75 1.6 3.93 0.003 0.0 0.0

*St is the specific gravity of seawater at temperature t (ambient).
#To convert ml 07-1-1 to ppm, multiply by 1.433,
tData are from Lagoon B22,

Table 15. Selected seasonal data for determining the degree of stratification
at Lagoon AQ2.

Surface Bottom Bottom Bottom

temp. minus S ©/oo minus S~ minus oxXygen con— Oxygen

bottom temp. surface $°%/oo surface St centration satura-
Date (°c) (°/o0) (©/00) * (ml 02-3-HY%  tion (%)
8/13/75 2.1 0.33 0.001 0.0 0.0
10/15/75 1.2 0.48 0.000 4.05 67.8
12/17/75 0.4 0.55 0.000 6.85 92.0
4/6/76 1.3 0.19 0.000 6.78 100.9
8/3/76 0.8 0.41 0.000 3.74 76.1
11/2/76 0.1 0.48 0.001 6.33 86.1
Lo
5/12/76 1.0 0.02 0.000 5.61 89.8

*St is the specific %ravity of seawater at temperature t (ambient).
#To convert ml 02°17+ to ppm, multiply by 1.433,
tNo data available due to ice cover.
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Table 16. Selected seasonal data for determining the degree of stratification
at Lagoon AQS8.

Surface Bottom Bottom Bottom

temp. minus S °/oo minus st minus ¢ OXygen con- Oxygen

bottom temp. surface S ©/oo surface S centration satura-
Date (°C) (°/00) (%/o0)* (@l 07:1-L)y#  tion (%)
7/17/73 5.5 3.27 0.004 0.0 0.0
11/8/73 ~-1.0 0.46 0.000 6.52 94.3
1/17/74 -4.8 3.45 0.002 1.01 13.5
4/11/74 0.8 1.32 0.001 1.53 21.3
7/17/74 .2 1.01 0.003 0.0 0.0
11/19/74 0.8 0.10 0.000 6.31 89.0
2/4/75 -3.8 3.38 0.002 0.0 0.0
4/1/75 0.9 0.39 0.001 6.08 82.1
8/13/75 2.3 -0.22 0.001 0.0 0.0
9/25/75 -0.2 0.74 0.000 2.19 40.1
2/26/76 0.4 0.86 0.000 0.57 7.7
4/6/76 .1 ~-0.09 0.000 5.85 88.3

*St is the specific gravity of seawater at temperature t (ambient).
#To convert ml 02-1-1 to ppm, multiply by 1.433.

The main axis of Lagoon System E stratifies; however, a strong halocline
rather than a thermocline is the primary reason it does so. This is unique and
reflects the importance of freshwater flow in Mill Creek. One noteworthy aspect of
this freshwater flow is that it does not prevent stratification in the lagoons
which branch off the main axis. In fact, the large downstream flow in combination
with the depth and dead end nature of the lagoons limits the exchange between the
main axis and these lagoons. Within the lagooned sections of this system, strati-
fication is produced by both a thermocline and a halocline.

Stratification seems to occur in the water column at 2 - 4 m depth ( 7 - 13 ft).
Areas in the lagoon, creek, and bay systems under 2 m in depth do not stratify.
Stratification can be considered a "patchy" phenomenon occurring in the potholes
and deeper channels of the lagoon systems. Its net effect is to seal off the
waters located below the 2 m sill level and restrict their circulation with the
overlying water layers, leading to anaerobic conditions on the bottom.

Physical and Chemical Characteristics
of the Study Area: Nutrient Cycling
Nutrient cycling is related to energy flow because of its connection with

material movement in the food web. This study focused on the movement of nitrogen
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because of its significance in limiting primary production in estuarine areas
(Harrison 1974; Ryther and Dunstan 1971; Gallagher 1975; Durand 1979).

Differences in nitrogen cycling are important because they have direct ef-
fects on productivity and energy transfers. This also makes them potentially
important in site comparisons.

The purpose of the nitrogen work is to: (1) determine the nitrogen forms
present; (2) investigate the processes involved; and (3) evaluate the differences
between systems.

METHODS —-- The inorganic nitrogen compounds, amnonia-N (NH3-N), nitrite-N (NO2-N),
and nitrate-N (NO3-N) and the organic nitrogen compounds (org-N: total, solu-
ble, and particulate forms) were sampled on the same schedule as temperature,
salinity, and dissolved oxygen during study years I-III. The concentrations were
determined by standard spectrophotometric analysis methods (Solorzano 1969; Bend-
schneider and Robinson 1952; Woods et al. 1967; Kjeldahl digestion after Strick-
land and Parsons 1968).

Nitrogen fixation rates were measured in study year III. A variety of sample
types were examined using the acetylene reduction technique (Stewart et al. 1967).
They included all the major vegetation substrates, the water column, and the ben-
thos. Sampling was done in the Meyers Creek system and Lagoon System A on a
quarterly basis with major types receiving more frequent testing.

Nitrogen in precipitation was monitored om a quarterly basis during study
year IIT. Runoff from roof and road surfaces throughout Village Harbour were
tested as well as direct rainfall,

The excretion study (Modiolus demissus, Ilyanassa obsoleta, and the zoo-
plankton) and the study of benthic sediment ammonification were also sampled
on at least a quarterly basis in study year III in Meyers Creek system and
Lagoon System A. Concentration changes were measured in the sample water
column after a 24 hour incubation period.

Additional information on methods and materials is available in Durand
et al. (1974, 1975, 1976, 1977) for the marsh and lagoon systems and McClain
et al. (1976) for the bay.

RESULTS AND DISCUSSION -- The inorganic nitrogen compounds in the surface waters
of the study area are generally in low concentrations. Much higher concentra-
tions occur at the bottoms of the deeper stations, such as Lagoon B24, where
anaerobic or low oxygen conditions are often present. Overall, NH3-N is the
predominant inorganic nitrogen compound observed, followed by NO3-N and then
NO2-N. NO3-N and NO2-N are confined to the aerobic portions of the water
column.

Ammonia-N -- Surface NH3-N levels at the natural creek mouths rarely exceeded 5.0
ug-at NH3—N'1'l (0.07 ppm) and were typically around 3.0 ug-at NH3-N-1-1 (0.04 ppm)
or less. The upper stations in these creeks exhibited‘higher concentrations, rang-
ing as high as 23.9 NH3—N-1'1 (0.33 ppm) but usually less than 10,0 ug-at NH3-N-1-1
(0.14 ppm). The seasonal NH3-N trends for the creeks were subject to variation
from year to year. There was a relationship between increased upper end NH3-N
concentrations and reduced surface salinities.
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The sewage outfall at Lagoon E68 and the large freshwater flow of upland ori-
gin are unique features of Mill Creek which greatly influenced the observed NH3-N
levels. Like the natural creeks, the surface NH3-N values at the mouth station
of Mill Creek were exceeded by the concentrations found at the upper stations.
However, unlike the natural creeks, this gradient resulted partially from the up-
land freshwater input. Following the fall reduction of upland community primary
production, increased levels of NH3-N were transported downstream, producing a
more extended interval of raised NH3-N concentrations at Lagoon E87 compared to
the upper ends of the other creeks. Vertical sampling at Lagoon E68 and at the
mouth of Mill Creek also indicated the freshwater was moving downstream in a layer
on top of the penetrating bay water. The bay related water was nitrogen poor
compared to the upper layer. The failure of the bay water to mix and dilute the
freshwater flow helped explain why the Mill Creek mouth was richer in NH3-N than
the other creek mouths. NH3-N trends were further complicated by the sewage out-
fall at Lagoon E68. This outfall probably accounted for the irregular nature of
the peaks and the high levels reached (over 50 ug-at NH3-N-1-1 (0.70 ppm) at one
time) at Lagoon E68.

At Lagoon E87, the highest NH3-N concentrations were observed in the winter
and reached values around 8.0 ug-at-17% (0.11 ppm). The mouth of the Lagoon System
E approximated the pattern at Lagoon E87 but incorporated some of the peaks from
Lagoon E68.

In the lagoons, surface NH3~N concentrations were generally less than 2.0
ug-at NH3-N-17% (0.03 ppm) and there was no evidence of a concentration gradient
leading to the bay.

Because the lagoons are deeper and vertical mixing forces are reduced com-
pared to those in the creeks, stratification occurs. NH3-N accumulates at these
deeper sites in proportion to the length and degree of stratification. The La-
goon AQ2 mouth station was infrequently stratified and showed only slightly
raised NH3-N levels. In contrast, Lagoon B24 had some concentrations in excess
of 200 ug-at NH3-N-1-1 (2.80 ppm) because of nearly continuous stratification.
Lagoon AO8 mouth was intermediate to these two sites with respect to stratifica-
tion and NH3-N concentrations. High concentrations of NH3-N were confined to
within 2.0 m of the bottom at Lagoon B24 and 1.0 m at the mouth of Lagoon A0S.

At Lagoon B24, peak NH3-N concentrations occurred at the bottom in the late
summer - early fall. Concentrations dropped to levels below 20 ug-at NH3-N-1-1
(0.28 ppm) at Lagoon B24 when stratification broke down in late fall. Following
the fall overturn, concentrations again increased to the late summer levels.

The main periods of stratification at Lagoon A08 were during the summer, when it
was strongest, and during the winter. Peak bottom concentrations ranged as high
as 265 ug-at NH3-N-1-1 (3.71 ppm) in the summer and 66.3 ug-at NH3-N-1-1 (0.93
ppm) in the winter. Concentrations were generally below 5 ug-at NH3-N-1-1 (0.07
ppm) for the remainder of the year. The nearly year-round low surface concentra-
tions in the lagoons resulted from several processes including photosynthetic
demand and nitrification. At the Lagoon B24 station, the surface values did in-
crease during the periods of destratification. Apparently, the bottom NH3-N
enriched the entire water column. The relation between lower surface salinities
and increased surface NH3-N concentration also suggests there was an input from
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runoff. The overall increase amounted to an additiomal 5 - 10 ug-at NH3-N.1-1
(0,07 - 0.14 ppm) at the surface. At Lagoon AO8 mouth, no similar increase was
detected. For the most part, surface concentrations remained below 2.0 ug-at NH3-
N-1-1 (0.03 ppm).

The surface NH3-N concentrations in the back bays were very similar to the
surface waters of the lagoons. Study year II data were less than 2.0 ug-at NH3-
N.1-1 (0.03 ppm), except on rare occasions.

Nitrite-N -=- NOo-N occurred in low concentrations and had little effect on the
level of available nutrients. Concentrations were usually below 0.5 ug-at NO2-
N-1-1 (0.01 ppm) and frequently were 0.0 ug-at NO2-N.1-1,

Nitrate~N -- NO3-N is the second most abundant inorganic nitrogen compound. In
general, most creeks and lagoons had surface concentrations of less than 2 ug-at
NO3-N.1-1 (0.03 ppm).

Most of the high NO3-N concentrations were associated with Lagoon System E.
Elevated values at Lagoon E87, up to 9.4 ug-at NO3-N-1-1 (0.13 ppm), suggest a
connection between NO3-N and upland drainage. Again, the outfall probably ac-
counted for the higher (as high as 57.6 ug-at NO3-N-1-1 or 0.81 ppm) and more
irregular values found at the Lagoon E68 station. If the extreme values are dis-
regarded, similarities between the two upper Lagoon System E stations suggest the
outfall represents an addition to the upland source of NO3-N.

NO3-N is also associated with periods of destratification at Lagoon B24. Ele-
vated concentrations, which reached over 8 ug-at NO3-N.1-1 (0.11 ppm), occurred
concurrently with elevated NO2-N levels.

Seasonal trends at all stations tend to vary from year to year, but there is
a tendency for winter values to exceed summer values.

The bay NO3-N data collected during the study employed a methodology different
from that used by the Rutgers group in the lagoons and creeks. To simplify the
analysis, another data set (Durand, pers. comm. )% collected concurrently and using
compatible methods was utilized. This data set is from six stations between the
Route 72/Manahawkin Bridge and Beach Haven Inlet (Marker 21, Marker 53, Long Point,
Marker 72, Jeremy Point, and Buoy F at Holgate on the U.S.C.G. navigation charts).

During most of the year, NO3-N concentrations in the bay were low. Fall -
winter concentrations typically were between 1 and 4 ug-at NO3—N-1"l (0.01 and
0.06 ppm). Spring - summer values were usually less than 1 ug-at NO3-N-1-1 (0.01
ppm). The station with the greatest NO3-N levels was the inlet station, Buoy F
at Holgate. Spring - summer values were again less than 1 ug-at NO3-N.1-1 (0.01
ppm), but fall - winter concentrations were 2 - 7 ug-at N03-N+1-1 (0.03 - 0.10 ppm).

Inorganic Fractions —— The occurrence of peak inorganic nitrogen concentrations
coupled with reduced surface salinities in the creek suggest the inorganic nitro-
gen concentrations are related to storm activity and/or upland drainage. Precipi-
tation, surface runoff, and upland drainage could depress the surface salinities

4This data is part of the CCES Offshore Powerplant Project headed by Dr. James
Durand of Rutgers University. The Marker 21 data supplementing the offshore pro-
ject material is from this study and was also collected by Durand's group.
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and transport nutrients. Alternately, storm related wind and wave disturbance of
the bottom could increase the amounts of inorganic nitrogen in the water column.
In either case, the seasonal trend would be irregular from year to yvear because
of the variability of storm occurrence. Any of these explainations could account
for the elevated NH3-N and NO3-N concentrations seen at the upper ends of the
creeks; probably a combination of them accounted for the observed levels.

These nutrient concentration gradients in the Dinner Point Creek, Meyers
Creek, and Mill Creek systems suggest that these streams are acting as nitrogen
sources for the bay. The lagoon systems show no evidence of a similar gradient
or function.

In the deeper lagoons, NO3-N and NH3-N had different distribution patterns.
The anaerobic conditions during periods of stratification favored the accumulation
of NH.,-N. NO3-N could be found in the lower layers when the water column was de—
strat%fied; however, the main concentrations usually were in the upper part of the
water column. Enrichment of the upper layers occurred following breakdown of
stratification. At such times, accumulated NH3-N circulated throughout the water
column, and nitrification resulted in elevated NO3—N and NO2-N values.

The situation at the mouth of Lagoon AO8 is different. Stratification was
intermittent at the Lagoon AO8 station and the water column vacillated between
stratified and nonstratified conditions. Perhaps the similarity between the sur-
face and bottom NO3-N concentrations was a result of this. Also, unlike Lagoon
B24, the surface NO3-N and bottom NH3-N concentrations did not maintain an inverse
relationship. For the winter - spring periods, the relation could even possibly
be interpreted as being direct.

Aside from diffusion and subsequent nitrification, a concurrent process in
the lagoons was nutrient addition associated with storm activity. Surface salin-
ity reductions in the lagoons could only result from freshwater input associated
with rainfall. The periods of observed salinity reductions in the winter and fall
coincided with elevated nutrient values. The implication was part or all of these
increased concentrations were attributable to runoff/precipitation. Such values
seemed possible based on the nitrogen runoff contributions determined in this study.

On an areal basis, the lagoon systems are much richer in nitrogen than the
other systems because of the greater depths in the lagoons. The increased depths
allows a greater volume of water per unit area. It also permits stratification
which leads to elevated NH3-N concentrations in the lower part of the water column.
Considering the nitrogen poor condition, the elevated levels would seem a poten-
tially beneficial attribute. However, the increased levels are confined to the
bottom of the lagoons. The inorganic nitrogen is available neither to the bay,
because of the lack of circulation, nor locally to the upper part of the water
column because of the presence of a thermocline and/or halocline.

Organic Nitrogen -- Organic nitrogen is by far the most abundant form of nitrogen
throughout the study area. During study year III, total org-N composed over 82%
of the nitrogen present within the Meyers Creek system and Lagoon System A (Table
17). Seasonal variation occurred and was partially due to irregular particulate
org-N concentrations. Soluble org-N exhibited high summer - fall and low winter -
spring values (study year I).
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Table 17. Nitrogen standing stocks in 106 ug-at for the Meyers Creek system and
Lagoon System A during study year III.*

Org-N Total Org-N
Station Quarter NH3-N NO2-N  NO3-N (total) N Total N
Meyers .
Creek 1 42.9 0.0 2.2 1,084.6 1,129.7 .96
2 152.9 2.2 28.6 841.5 1,025.2 .82
3 5.5 2.2 b4 804.1 816.2 .99
4 22.0 0.0 2.2 711.7 735.9 .97
Meyers ]
Pond 1 31.1 0.0 2.7 918.5 952.3 .96
2 120.6 1.8 22.5 982.8 1,127.7 .87
3 21.6 2.7 14.4 720.9 759.6 .95
4 22.5 0.0 1.8 629.1 653.4 .96
Lagoon
A02 1 13.9 0.2 4.7 655.6 674.4 .97
2 32.7 0.5 22.6 567.6 623.4 .91
3 6.9 2.8 9.0 619.2 637.9 .87
4 0.6 0.0 0.2 568.9 569.7 1.00
Lagoon
A08 1 44,2 0.1 4.0 684.0 732.3 .93
2 20.0 0.0 8.8 506.0 534.8 .95
3 13.2 0.8 2.7 679.8 696.5 .98
4 6.5 0.0 0.7 690.8 698.0 .99

*To convert ug-at N to ppm, multiply by 0.014.

During study year II, total org-N concentrations peaked during the summer with
surface levels over 100 ug-at total org—N-l"l (1.40 ppm) at some stations in the
natural creeks and fully lagooned waterways. Values in the bay (based on data
from the same six stations used in the NO3-N analysis) were also elevated with a
maximum of 90.1 ug-at total org-N-1-1 (1.26 ppm). Lower levels occurred in the
fall and winter throughout the study area. More typical concentrations in the
natural creeks and lagoons were 60 — 80 ug-at total org-N-l‘l (0.84 - 1.12 ppm)
during the summer of study year II and 20 - 40 ug-at total org-N-1-1 (0.28 - 0.56
ppm) during the colder periods. In the bay, values ranged around 40 - 60 ug-at
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total org-N-1"1 (0.56 - 0.84 ppm) in the summer and 20 - 40 ug-at total org-N-1~1
(0.28 - 0.56 ppm) during the lower level periods.

The total org-N component was important not only because it was the largest
nitrogen fraction but also because it represented a major nutrient reservoir.
Eventually, decomposition processes would convert the org-N into NH3-N. However,
the release of this utilizable form would be over a long time increasing its effec-
tive availability. There was an apparent relationship between the seasonal organ-
ic-N patterns and some of the primary production factors measured. TFor example,
the chlorophyll a variations in the lagoons seemed to be related to the total org-
N changes. While not the only source of org-N, primary production by the phyto-
plankton would probably be the major source in the water column.

Nitrogen Fixation -— Marsh surface samples were divided into algal and non-algal
(substrate) communities according to whether algae were or were not visible to

the naked eye on the surface. Typically, higher rates of ethylene production (i.e.
nitrogen fixation) were associated with the _algal mats rather than the substrate.
Rates were as high as 300 ug-at NH3—N~hour' -m~2in certain areas.

Algal mats were most often found in the SAS areas. Maximum algal cover oc-
curred in the spring and fall quarters. Minimum cover occurred in the winter quar-
ter. Although the winter minimum algal cover coincided with the seasonal low for
nitrogen fixation rates, times of maximum algal cover did not coincide with times
of maximum nitrogen fixation rates. Peak nitrogen fixation rates occurred in the
latter part of the summer. The SP/DS areas generally lacked algal mats on the
marsh surface. Apparently, the grass cover prevented the sunlight from penetra-
ting eliminating the possibility of algal growth. Only in the limited areas where
the macrophyte cover was degenerating were algae present. The Spartina alterni-
flora tall form/bank (SAT/B) area on Meyers Creek had little algae associated with
it. Meyers Pond bank areas, however, had large algal bands which were active ni-
trogen fixers.

The nitrogen fixation rates for the corresponding substrate communities were

low, usually below 5 ug-at Ni,-N-hour 1.2, Only twice did the rates exceed 50

ug-at NH3~N°hour'l.m 2 at any marsh site. These occurred during the fall quarter in
the bank community at Meyers Pond and in the SAS community.

On an annual basis, nitrogen fixation by the benthic sediment community and
the water column community were the lowest encountered in the marsh system. Essen-
tially, no nitrogen fixation occurred in the water ‘column.

The lagoon system differed from the marsh system because most marsh surface
fixation was eliminated by housing and associated construction. The SAS algal
mats were replaced by paved surfaces and house lots and the SAT/B zone communities
by bulkheading. Algal communities were present on the intertidal portion of the
bulkheading and we considered them to correspond to the SAT/B algal communities.

These bulkhead associations dominated the nitrogen fixation process in the
lagoon system. The upper portion of this zone was primarily a blue-green algal
crust and had a fixation rate as high as 575 ug-at NH3—N-hour‘1-m“2. As with the
marsh surface algae minimum rates were detected in the winter quarter. The lower
part of this zone, which was mostly green algae, had a peak rate of only 96 ug~
at NH3—N-hour'l-m— and generally, did not exceed 30 ug-at NH3~N°hour‘1-m“2.
Nitrogen fixation rates for the benthic sediments and water column communities
were minimal.
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The SAS zone contributed the greatest amounts of newly fixed nitrogen not
only because it had the highest combined algal/substrate fixation rate, but also
because it was the dominant cover type. This contribution was predominately from
the algal community which fixed 2.5 times more nitrogen annually than the substrate
community (7.1 x 107 and 2.8 x 107 ug-at NH3—N-day“1, respectively, for the Meyers
Creek system). The relatively low rate of the SP/DS substrate community was also
magnified by large distribution. This community was third highest in the contri-
bution of fixed nitrogen with 5.0 x 106 ug-at NH3-N.day-1l. Theremaining communities,
the SAT/B, benthic sediments, and water column, contributed a combined total in-
put of 4.4 x 106 ug-at NH3-N-day=l. Again, distribution modified the significance of
these processes. Only because the low benthic sediment and water column community
rates were applied to large portions of the system were they significant. Because
the SAT/B rates were representative of a relatively small region, the amount of
nitrogen fixed was low.

The algal SAS community fixed 2.5 times more nitrogen annually than the sub-
strate community in the Meyers Creek system. Similarly, in the SAT/B zone, the
algal components fixed twice as much as the substrate community along Meyers Creek,
despite very limited abundance, and nearly 7 times as much along the Meyers Pond
perimeter where algal mats were prevalent.

The high rates of the bulkhead algal community were applied to relatively
small areas. This minimized the importance of this type of nitrogen fixer and ex-
plained why only 5.5 x 105 ug-at NH3-N.day~l at Lagoon A02 and 2.5 x 105 ug-at NH3-
N.day~l at Lagoon A08 were fixed. On the other hand, the importance of the low
benthic sediment and water column rates was probably over magnified as it was in
the creek system. Nonetheless, algal nitrogen fixation still dominated the nitro-
gen contributions to the system.

Nitrogen fixation is a significant process despite the relatively low rates
observed. Its importance stems from its singular position as a mechanism for the
introduction of previously unavailable nitrogen into the system. Other processes
function only as recycling mechanisms of already fixed nitrogen. Only nitrogen
fixation increases the absolute standing stocks of fixed nitrogen. The reduction
of this capability in the lagoon systems is a major difference between the two sys-
tems and represents a drawback for the lagoon system. The importance of this dif-
ference is emphasized by the nitrogen poor condition of the surface waters in the
study area and the limitation this places on photosynthetic rates. This reduced
capability is primarily associated with the loss of the marsh surface in the de-
veloped areas. As measured, contributions via nitrogen fixation by the water
column and its boundaries are small relative to the existing nitrogen stocks in
both lagooned and natural systems.

Other Nitrogen Processes —— The nitrogen contributed by precipitation/runoff, ex-
cretion, and ammonification was measured in pilot experiments. The low sampling
frequency permitted only generalizations to be made. The parameters measured were
not necessarily representative of all the processes involved, e.g. Modiolus, Ily-
anassa, and zooplankton were not representative of all biological excretion oc-
curring.

The amounts of nitrogen introduced via precipitation and/or runoff are appre-
ciable. The larger the surface of a particular system the larger the total nitro-
gen quantity introduced. Consequently, the marsh areas receive the most nitrogen
via this pathway, averaging over 10 ug-at inorganic—N-day‘l-lO6 for both the Meyers
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Pond and Meyers Creek areas. The nitrogen contributed to Lagoon A02 and AO8 was
under 1 ug-at N-day-1.106,

In this study, excretion was defined as the elimination of metabolic waste
products. We measured the NH4-N component of these wastes to evaluate the nitrogen
recycling capabilities of the selected organisms. Only for a limited number of
experiments were total org-N contributions and, therefore, fecal deposition mea-
sured,

Modiolus excretion rates are higher in the cooler months than in the warmer
months. The rates ranged between 1.6 and 12.1 ug-at NH3—N-organism‘1-day‘l with
a mean rate of 5.44 ug-at NH3-N-organism‘l-day'l for study year III. It is esti-
mated there are 1,653,453 Modiolus in the Meyers Creek system. Appl{ing this pop-
ulation size to the rates obtained, approximately 9 ug-at NH3-N-day~ 106 was the
daily contribution made by Modiolus.

There was also a large amount of org-N introduced by excretion. At a mean
rate of 9.4 ug-at total org-N-organism-day~l, org-N accounted for more than 60%
of the total nitrogen introduced by Modiolus to the creek system. This would ex-
trapolate to a population contribution of 16 ug-at total org—N-day‘l-lO6.

Ilyanassa obsoleta excretion rates ranged from 0.4 to 2.8 ug-at NH3-N-organ-
ism‘l-day‘l. The trend at all experimental sites was for higher rates to occur
around April and the lower rates around October. The respective mean rates during
study year II1 for Meyers Creek, Meyers Pond, Lagoon A02, and Lagoon A08 were 1.12,
1.18, 1.22, and 1.35 ug-at NH3—N-organism“1-day‘1. Using the appropriate popula-
tion estimates, these mean rates extrapolated to 61 (Meyers Creek), 12 (Meyvers
Pond), 4 (Lagoon A02), and 4 (Lagoon A08) ug-at NH3-N-day~1.105,

About 70 - 75% of the total nitrogen excreted by Ilyanassa is org-N. Roughly
14, 32, 14, and 12 ug-at total org-N-day~l1.105 were excreted to Meyers Creek,
Meyers Pond, Lagoon A0O2, and Lagoon A08, respectively.

The local zooplankton populations had excretion rates between 0 and 140 ug-
at NH3—N'l‘l-day'l~10'3. The higher rates generally occurred in the spring and
summer. For the Meyers Creek system, Lagoon A02, and Lagoon AO08, the mean rates
for study year III were 22, 39, and 26 ug-at NH3-N.1-l.day-1.10-3, respectively.
These rates extrapolate to 4 (Meyers Pond), 5 (Meyers Creek), 6 (Lagoon AQ2),
and 4 (Lagoon A08) ug-at NH3—N-1'1-day'1-lO"3.

Differences between marsh and lagoon systems are largely a function of the
population sizes present. The absence of ModZolus in the lagoon complex means a
species with a large nitrogen recycling capability is unavailable. On the other
hand, the increase in the amount of waterways in the lagoon complex versus the

marsh allows the presence of a larger population of Ilyanassa or zooplankton which
magnifieg their contributions,

Ammonification was initially defined as the production of NH3-N from the de-
gradation of organic matter; however, the measured rates actually resulted from a
variety of processes in addition to decomposition. Excretion by benthic popula-
tions, adsorption (to sediment fractions by mineralized nitrogen), nitrification,
and denitrification would alsoc be included in the rate. These ammonification rates
then reflect the net degradation of organic matter to NH3-N on a community basis
and not by microorganismal populations alone.
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The mean rates for study year III ranged between 1 to 4 ug-at NH3—N-m'2'day‘l-
103. When extrapolated, these rates translate into nitrogen inputs of 23.9, 71.6,
33.6, and 6.1 ug-at NH3--N-day‘l'lO6 for Meyers Creek, Meyers Pond, Lagoon A02,
and Lagoon A08, respectively.

On a per square meter basis, ammonification is the dominant nitrogen pathway
studied. However, contributions of nitrogen by ammonification are small relative
to the existing nitrogen standing stocks in the water column.

Physical and Chemical Characteristics
of the Study Area: Solar Radiation

The sun is the ultimate source of energy in any ecosystem. This energy is
transmitted to the earth's atmosphere over a range of wavelengths from 100 nano-
meters (nm) to beyond 3,000 nm. The energy flux involves elements of the ultra-
violet, visible, and infrared regions of the electromagnetic spectrum. The rate
of input has been estimated to be approximately 2.0 cal'cm"z-minute"l extra-
terrestially.

In traversing the atmosphere,both the character and intensity of the flux is
altered. Atmospheric constituents such as ozone, oxygen, water vapor, carbon dio-
xide, and dust scatter or absorb portions of the spectrum. Those wavelengths less
than 300 nm, the ultraviolet, are primarily absorbed by the ozone layer in the at-
mosphere. Infrared radiation, wavelengths longer than 760 nm, is irregularly re-
duced as selective absorption by water vapor, carbon dioxide, and ozone occurs.
The visible light region between 380 and 760 nm also is attenuated, but in a more
uniform manner. The resultant energy input is primarily in the visible and infra-
red regions as shown in Figure 34. The angle of incidence of the radiation (a
function of latitude and time of year), reflection from surrounding surfaces, and
reradiation from nearby sources can further alter the input as well.

Theoretical curves of the energy input at the earth's surface have been
developed (Kimball 1928; List 1958). Only part of this input is utilized
in photosynthesis. The photosynthetically active radiation (PAR) falls with-
in the wavelengths range of 400 - 710 nm. Of particular significance is the
radiation between the wavelengths of 610 - 700 nm and 400 — 510 nm because
these are the main wavelengths absorbed by plants for photosynthetic purposes.
Talling (1957) has estimated that this PAR comprises 47% of the total solar radia-
tion input. Combining Talling's estimate with the total solar radiation curves
derived from the Kimball tables and Smithsonian tables, we can calculate a theoret-
ical energy input to the primary producers. It should be noted these curves are
estimates of potential flux for our approximate study area under specific condi-
tions. Cloud cover changes, varying levels of atmospheric components, and inter-
action with vegetation can cause deviations from the predicted values. On a
theoretical basis, maximum energy input is reached in June and minimums in Decem-
ber with sinusoid transitions between the extremes.

The purpose of our PAR research is to determine the actual solar energy input
to the primary producers and compare the results with theoretical estimates such
as those cited above.

METHODS -- The instrument used to obtain incident PAR light data was a LiCor LI-

500 integrator equipped with a calibrated LI-190S sensor. Located at the Rutgers
University Little Egg Inlet Marine Field Station, a distance of =15 km (9 miles).
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Fig. 34. Extraterrestial and terrestial light spectrums.

from the study site, this device was used to obtain multiple 24 hour estimates of
light energy input per month during the period August 1975 - May 1977. The mean
of these replicate observations was then extrapolated for the entire month. An-
nual totals were calculated by summing these derived wvalues.

RESULTS AND DISCUSSION -- The measured PAR levels exhibit the same pattern as the
corrected theoretical curves as seen in Figure 35. These levels also fall within
the range defined by the two theoretical curves corrected to PAR values. The
recorded values exceeded those of the Kimball curve, but were less than those pre-
dicted by the Smithsonian. The measured PAR values correlate well with the theor-
etical estimates. For the study year IITI data, high regression coefficients were
obtained when the measured data was compared to the corrected Smithsonian curve
(0.96) and Kimball curve (0.94). The recorded data is subject to short-term de-
viation from the predicted because of changing cloud conditions.

The cumulative monthly energy input was found to vary from a low around 1,900
cal-cm~2 in January 1977 to a high around 8,500 cal-cm™2 in July 1976 (Table 18).
Utilizing the two years of data, the annual input for each of the periods June
1975 - May 1976 and June 1976 - May 1977 was approximately 63,400 cal-cm2,

This level of energy represents the maximum energy available for utilization.
The actual available energy at a particular place is subject to reduction by sever-
al factors in addition to those atmospheric effects already discussed. These in-
clude shading by vegetation and attenuation by interposed mediums, such as water.

The major vegetation types, SAS, SAT, and SP-DS, have different 1light regimes.
SAS exhibits the highest marsh surface PAR levels. Below the SAS overstory, the
conditions ranged from 34 to 15% of incident light (%ZIy) with minimum values during
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Fig. 35. Actual incident energy (e—e) compared with

estimates based on Kimball (e---e) and Smithsonian (e—e)
curves.

Table 18. Cumulative emergy input on a monthly basis in (cal-cm™~2).
Date n Monthly total Annual total
1975

June 6,273.0%

July 8,438.2%

August 5 7,498.9

September 9 4,842.0

October 7 4,268.7

November 2 3,426.0

December 2 2,080.1

1976

January 1,912.7

February 8 3,233.5
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Table 18. Continued.

Date - n Monthly total Annual total
March 1 6,562.7

April 5 6,813.0

May 3 7,960.8 63,309.6
1976

June 8 6,273.0

July 1 8,438.2

August 7 7,954.6

September 13 5,163.0

October 4 5,006.5

November 6 3,093.0

December 5 1,987.1

1977

January 1,912.7#

February 5 4,331.6

March 13 5,294.8

April 8 7,113.0

May i0 6,882.0 63,449.5

*Assumed value based on second year data
#Assumed value based on first year data

the fall. The SAT overstory allowed a maximum %ZIo of 20% and a minimum of 6% in
the fall. The SP-DS overstory is the densest canopy of all and less than 1% of
the incident light reaches the marsh surface at any time.

PAR reduction by the water column is indicated by Secchi disc data (study
years IT and III). Data representative of bay, marsh, and lagoon complex stations
are shown in Figure 36. The shallower natural creeks were subject to greater wind
stirring and wave action which reduced their transmission qualities. Maximum trans-—
parency in the lagoon complex occurred in the late fall and early winter. At
Marker 21, transparency was usually higher during the summer and early fall. 1In
general, transparency in the bay was relatively high, especially near the inlet.

L]
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FOOD WEB: INTRODUCTION

The basic unit in ecology is the ecosystem, defined as an abiotic environment
and its associated biotic forms. A network of functional relationships exists not
only between the organisms, but between the biotic components and the environment
as well. Processes of energy flow and nutrient cycling, which provide the means
by which the ecosystem functions, are central to these relationships.

From a trophic standpoint, the biotic community consists of two major cate-
gories, the autotrophs and the heterotrophs. The autotrophs or primary producers
are generally chlorophyll-bearing plants which absorb solar energy and assimilate
simple inorganic substances in order to synthesize organic compounds. Because
they convert solar energy into chemical energy, they comprise the first trophic
level within the ecosystem. Heterotrophs or consumers include those organisms
which depend upon complex organic material for their energy sources. Herbivores
or primary consumers are heterotrophswhich obtain their energy directly from living
plant material. They comprise the second trophic level. Heterotrophs which util-
ize other heterotrophs as energy sources are termed carnivores and may be either
secondary or tertiary consumers depending on their relationship to the autotrophs
in the energy transfer sequence. Heterotrophs would also include the decomposers
which break down complex organic matter, satisfy their own energy requirements by
absorbing some of the decomposition products, and characteristically release sim-
Ple compounds suitable for uptake by autotrophs. The decomposers are typically
an assemblage of microorganisms including bacteria, fungi, and protozoans. Be-
cause they derive their energy from sources on several different trophic levels
simultaneously, the assignment of this group to a specific trophic level is diffi-
cult. Species are assigned to trophic levels based on the food resources which
they utilize. However, many species are omnivorous, while others change their
food preferences from season to season or during different life cycle stages.

The term food web refers to all the transfers of energy and nutrients between
the various trophic levels within the ecosystem. The energy flow in the food web
originates with the input of solar radiation. The total energy converted by an
autotroph is termed gross primavy production and represents only a small fraction
of the incoming solar energy. A portion of the gross production is required for
the maintenance of life processes and is converted to heat by the oxidative process
of respiration. The residual is termed net primary production and is the food
energy potentially available to the higher trophic levels. Alternately, this net
production may be stored or exported.

Similarly, a portion of the total energy utilized by heterotrophs is diverted
to the formation of body tissue and reproductive products and a portion to allow
the organism to function. The energy respired to sustain the organism again re-
sults in heat energy lost to the environment.

The energy transfer within an ecosystem is irreversible. The energy amounts
transferred between levels are rapidly reduced as a result of inefficient biologi-
cal transfers and heat loss via respiration. Consequently, the available energy
is decreased with each successive trophic level, which places a limit of four or
five levels per ecosystem. These energy losses are somewhat offset by increased
utilization efficiencies at the higher levels.

As part of the comparison of the natural marsh and the lagoon complex, the
various types of populations studied were assigned to producer and consumer



categories within their respective sites (Table 19). These populations will be
considered in the following pages.

Table 19. Community structure with reference to trophic level.

Natural Lagoon
Category Population marsh complex
Aquatic Phytoplankton X% X
primary Benthic algae X X
producers
Submerged X N.A.
macrophytes
Terrestrial Emergent macrophytes X N.A.
primary Marsh surface algae X N.A.
producers
Submerged salt pool X N.A.
macrophytes
Bulkhead algae N.A. X
Aquatic Benthic invertebrates
consumers Zooplankton X X
Finfish
Terrestrial Marsh surface X N.A.
consumers invertebrates
Rodents X N.A.
Birds X X
Man X X
Decomposers Microorganisms X X

*X means present.
#N.A. means not present or not sampled.

FOOD WEB: AQUATIC PRIMARY PRODUCTION -
PHYTOPLANKTON

The phytoplankton community is aquatic and composed of algal cells. In es-
tuaries, the large algae or '"net phytoplankton" are characteristically diatoms
and dinoflagellates (Odum et al. 1974). However, it is the nanoplankton (generally
small flagellates) which have the greatest primary production potential. These
nanoplankton are present throughout the year and may bloom at any time. Based on
Patten (1963), Marshall (1967), and Riley and Conover (1967), there is an annual
pattern of community structure variations (Odum et al. 1974). Diatoms assume par-
ticular importance during the winter and are superseded or replaced to varying de-
grees during the summer by the dinoflagellates.
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Between estuaries, the level of primary production varies because of the dif-
ferent population concentrations and environmental conditions encountered. Some
of the observed rates are listed in Table 20. Species observed either in Little
Egg Harbor or the general New Jersey area are listed in Table 1 of Appendix B.

Table 20. Production data for various locations in g c‘m_z°vear‘l

Location GP NP R Cl4* Reference
St. Margaret's Bay 190 Platt (1971)
Hova Scotia
Strait of Georgia 120 Parsons et al. (1970)
Bissel Cove, R.I. 174 80 94 Nixon et al. (1973)
Long Island Sound 380 179 210 Riley (1956)
Flax Pond, N.Y. 11.7 Moll (1977)
Continental shelf (<50m) 160 Ryther and Yentsch (1958)
off Long Island (>1,000m) 100
Raritan Bay, N.J. 440 220 220 Bleecker (1971)
Nacote Creek, N.J.
Chespeake Bay (upper) 73 Flemer (1970)
Patuxent River, 193-330 Stross and Stottlemyer
(1965)
Beaufort Channel, 113 74 39 Williams and Murdoch (1966)
N.C.
Estuaries, N.C. 100 48 52 Williams (1966)
Beaufort, N.C. 16-153 Thayer (1971)
66.6
(nean)
Morth Inlet, S.C. 273 Zingmark (1977)
Duplin River, Ga. 259 -11 270 Ragotzkie (1959)
Barataria Bay, La. 300 210 90 Day et al. (1973)

*Production as determined by the Cl4 technique.

The purpose of this study is to: (1) document the phytoplankton primary pro-
duction and (2) compare the data from the different stations.

Methods

Standing crop estimates including oxidizable carbon and in particular chloro-
phyll g were determined according to the methods of Strickland and Parsons (1968) .
Phytoplankton primary production was measured using a light-dark bottle technique
and the Winkler oxygen titration method with the azide modification to determine
oxXygen concentration changes. Incubation at ambient temperature were conducted
for 24 hours. Nutrient enrichment experiments patterned after Ryther and Guillard
(1960) were also performed. Natural diurnal quality and intensity light patterns
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were obtained by incubating in an outdoor tank supplied with running creek water.
In addition, artificial light sources were used in some incubations. Graded light
intensities in both instances were obtained with screens.

Samples were taken at the surface and occasionally at intervals in the water
column. Though sampling stations varied over the course of the study, the major
thrust was the comparison of the natural creeks like Meyers Creek and the lagooned
waterways like Lagoon System A. All sampling locations are depicted in Figure 37.
Sampling frequency was generally monthly with increased effort expended during the
summer.

More detailed information or methods can be obtained from Durand et al. (1974,
1975, 1976, 1977).

Results and Discussion

PLANT PIGMENTS -- Relatively high concentrations of chlorophyll ¢ characterize
nearly all the stations in the study area during the summer. Particularly high
concentrations were encountered in study year IV when summer levels exceeded 20 mg
chl g-m~3 (20 ppb) for extended periods. A maximum of 130.5 mg chl q-m3 (130.5
ppb) was observed at Lagoon B24 (surface) on 30 June 1976. Meyers Pond, Oyster
Point Pond, and Lagoon E&68 typically had high summer chlorophyll a concentrations;
the Lagoon E87 station did not. A decline generally followed this summer phenome-
non during October. Frequently, winter increases in pigment levels occurred for
varying periods of time.

In Figure 38 are the chlorophyll ¢ data for Lagoon AQ8, barker 21, and Meyers
Pond. These indicate the general seasonal patterns for the major waterway types.
Note, however, the magnitude and duration of the maxima vary from year to year and
location to location. For example, chlorophyll g levels during study years I and
III were reduced for the summer periods at Marker 21, a bay station. This con-
trasted to study years II and IV as well as Lagoon A08 and Meyers Pond.

Within the water column, a marked vertical gzradient of chlorophyll a and pheo-
phytin (a plant pigment decomposition product) is observed in the more stratified
lagoon environments. High concentrations were measured below the euphotic zone
particularly at Lagoon B24 where chlorophyll ¢ values at times exceeded 50 mg chl
arm=3 (50 ppb). Less stratified stations such as Lagoons A08 and A02 had vertical
distributions which reflected their degree of stratification (Figure 39).

The pigment data are consistent with the patterns of high summer phytoplankton
productivity observed in other studies. The concentrations recorded at the bottoms
of the lagoons are possibly a result of settling out by the phytoplankton popula-
tion and the restricted circulation caused by stratification.

PARTICULATE OXIDIZABLE CARBON —- Particulate oxidizable carbon (POC) is an indica-
tor of the phytoplankton standing crop and in particular its energy content. As
POC is measured in this study, it also includes undetermined detrital materials.
The POC data for the study years I-IV at Lagoon A08, Lagoon B24, Marker 21, Meyers
Pond, and Meyers Creek mouth are presented in Figure 40.

The natural creeks, including Oyster Point and Dinner Point creeks, were char-

acterized by varied seasonal fluctuations. This was unlike the chlorophyll a data
which had a more consistent seasonal pattern. These differences are a consequence
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Fig. 37. Station loc¢ations.
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of the fact that the POC method measures materials other than the phytoplankton
standing crop. The potential for elevated detritus levels due to wind stirring is
increased in shallow water situations like the creek systems. The increase of sus-
pended materials produces high POC levels not paralleled by high chlorophyll a
concentrations and results in discrepancies between the seasonal patterns of the
two. Despite this, the correlation coefficient between chlorophyll a and POC is
relatively high for the Meyers Creek system (+0.83). Maximum levels in the creek
systems were in excess of 104 mng POC-m 3 (104 ppb). YMore typical values were
1.5-3.5 x 103 mg POC-m~3 (1.5-3.5 x 103 ppb).

The POC seasonal pattern in the lagoon systems was subject to less variation
than in the creek systems (Figure 40), and the pattern was similar to that of
chlorophyll g with summer maxima and irregular peaks during the winter. Apparently,
the reduced wind stirring and tidal circulation in the lagoon systems eliminate
some of the creek POC increases. This results in an increased correlation coeffi-
cient between chlorophyll ¢ and POC (4+0.88). Again, maximum POC values exceedad
10% mg POC-m~3 (104 ppb).

The seasonal POC pattern of the bay (Marker 21) is similar to that of the
creeks (Figure 40); however, maximum values were lower than the creeks and lagoons
with no concentrations above 8.0 x 103 mg POC'm™3 (8.0 x 103 ppb). Along with the
lagoon station ABD, Marker 21 represents an intermediate between the seasonal patterns
of the creek and lagoon system. The proximity of these two stations is probably
a major factor for the similarity.

In general, the POC data like the chlorophyll a data confirmed a large phyto-
plankton standing crop during the summer with elevated levels occurring occassion-
ally during other seasons as well.

PRODUCTION -- The phytoplankton production per unit area is an integration of the
productivity occurring throughout the water column. As such, it reflects the
standing crop present at a particular depth, the light availability, and the over-
all size of the water column. The data are listed in Table 21. All measurements
of ml Oz'm'z'day'l have been converted to mg C-m“z'day‘l using a factor of 0.4464
which incorporates a PQ of 1.2.

The Meyers Creek system had maximum gross production (GP) rates per unit area
during the June - September period. Rates achieved levels in excess of 1.4 x 103
mg C-m~2-day~l. Despite high respiration (R) rates during this time period (rang-
ing over 600 mg C'm~ +day~1), net production (¥P) rates were also maximized. The
highest NP rates exceeded 1.1 x 103 mg C'm‘z'day'l. Minimum levels were observed
for GP, R, and NP during the winter with the result of negative NP in the extreme
cases.

The lagoon systems had a much different seasonal KP pattern. Although GP and
R were generally greatest during the June - September period, as in the Meyers
Creek system, the unit area R values were much larger than the unit area GP values.
Negative NP rates less than -670 ng C-m"?--day'l were consequently observed, with
minimum values less than -1.4 x 103 mg C'm'z-day‘l. High NP was observed during
September - April; however, the variation was considerable. Maximum NP was in
excess of 1.3 x 103 ng C'm‘z'day'l.

The relation between compensation depth and station depth caused the variation

of NP patterns betweenthe natural creek and the lagoon system stations. The natur-
al creeks are shallower. For example, Meyers Pond has a mean depth of 0.42 m and
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Table 21. Summary of production data in ml Ozfm_z'day_l.

: Meyers Pond Meyers Creek Mid Marker 21 ABD

Date GP R NP GP R NP GP R NP Gp R NP

9/25/74 722 168 554 787 260 527 2,526 1,280 1,246
10/15 213 142 71 279 240 39 689 400 289
10/22 213 126 87 435 260 175 927 640 287
11/4 312 168 144 418 200 218 738 680 58
11/19 49 50 -1 90 120 =30 221 440 =219
12/3 25 17 8 98 80 18 394 280 114
12/27 336 126 210 492 280 212 820 560 260
1/21/75 16 76 -60 197 240 -43 197 400  -203
2/18 107 0 107 320 120 200 164 80 84
3/18 74 76 -2 221 140 81 402 240 162
4/1 287 360 ~73 1,788 680 1,108
4/22 131 58 73 385 100 285 1,025 200 825
6/5 369 176 193 927 520 407 3,649 2,880 769
6/25 869 344 525 1,041 480 561 1,960 1,120 840
7/8 : 754 462 292 1,050 880 170 2,649 2,320 329
7/24 2,345 336 2,009 1,886 576 1,310 541 240 301 2,780 1’520 1,260
9/25 230 110 120 344 192 152 394 200 194 836 ,560 276
10/15 262 0 262 697 96 601 230 0 230 812 0 812
12/17 459 126 333 1,099 432 667 574 320 254 959 600 359
2/26/76 328 68 260 754 264 490 738 220 518 861 480 381
4/20 558 252 306 1,132 432 700 525 300 225 1,328 840 488
6/8 853 210 643 2,353 768 1,585 1,558 380 1,178 2,878 1,080 1,798
8/3 1,779 470 1,309 1,435 1,176 259 1,164 1,040 124 3,149  2.520 629
8/31 3,018 454 2,564 2,845 1,152 1,693 1,263 1,000 263 3,780 2.280 1,500
9/13 2,624 520 2,104 3,255 1,344 1,911 1,39  1.200 194 2,575 2.520 55
11/2 574 210 364 1,214 504 710 1,099 320 779 984 ,680 304

3/16/77 271 59 212 344 192 152 336 20 316 599 80 519
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Table 21 . Continued.

Lagoon AQ2 Lagoon AO08 Lagoon B17 Lagoon B24

GP R NP GP R NP GP R NP GP R NP
9/25/74 3,460 2,160 1,300 2,124 2,160 -36
10/15 1,615 1,872 -257 1,419 3,040  -1,621
10/22 1,509 1,224 285 4,330 2,960 1,370
11/4 © 1,115 2,016 -901 1,804 2,080 -276
11/19 640 1,224 -584 558 1,280 -722
12/3 574 288 286 1,337 800 537
12/27 820 864 -44 886 1,200 -314
1/21/75 279 720 =441 148 400 ~252
2/18 418 144 274 262 160 102
3/18 853 720 133 1,279 960 319
411 2,025 1,800 225 1,886 1,360 526
4/22 1,591 432 1,159 1,000 480 520
6/5 2,731 2,880 -149 1,681 2,080 -399
6/25 2,862 2,592 270 2,280 3,200 -920
7/8 2,936 4,464 -1,528 2,886 6,080 -3,19
7/24 2,107 2,340 -233 3,460 5,040 -1,580
9/25 2,739 1,200 1,539 4,477 1,440 3,037
10/15 853 60 793 877 432 445
12/17 1,542 1,020 522 2,025 792 1,233
2/26/76 1,041 780 261 4,674 2,304 2,370
4/20 1,681 1,140 541 1,968 1,152 816
6/8 4,772 2,760 2,012 4,346 3,888 458
8/3 3,821 4,140 -319 2,919 5,256  -2,337 4,395 3,360 1,035 4,936 6,240 -1,304
8/31 3,050 4,320 -1,270 2,132 5,472 -3,340 3,313 3,120 193 4,576 6,080 -1,504
9/13 3,895 4,200 -305 3,387 5,472 -2,085 4,149 3,360 789 4,567 6,080 -1,513
11/2 1,082 1,320 -238 1,320 2,016 -696 1,591 960 631 1,386 2,400 -1,014

3/16/77 812 300 512 853 360 493 1,214 336 878 1,164 560 604




Meyers Creek 1.2 m, whereas the lagoon stations are generally in excess of 3 m.
Therefore, the euphotic zone extends throughout the water column of the creeks.
Only once during September 1974 - April 1976 was the compensation depth less than
0.42 m at Meyers Pond. Consequently, the entire water column had a photosynthetic
capability. At the deeper lagoon system stations, a significant proportion of the
water column is below the euphotic zone. This places an increased respiratory bur-
den on the active photosynthetic populations restricted to the top 2.5 m (8 ft) of the
water column. Compensation (Dc) and mean depth data for selected stations in na-
tural and developed systems are given in Table 22. The lagoon system stations have
ratios of compensation depth to mean depth of less than 1.00 indicating only a por-
tion of the water column will have a positive NP.

Table 22, Phytoplankton compensation depths for selected stations for the period
July 1975 - March 1977.

Mean depth No. of Dc (m) ( D¢ )
Station {m) * observations Mean SD Mean depth
Meyers Creek Mid 1.2 12 1.20 (0.49) 1.00
Meyers Pond 0.42 24 1.07 (0.49) 2.55
Marker 21 1.0 28 1.50 (0.94) 1.50
ABD 2.0 28 1.57 (0.77) 0.78
Lagoon AQ2 3.0 18 1.74 (0.67) 0.58
(Mouth & Upper)
Lagoon AQ8 3.6 35 1.84 (0.87) 0.51
(Mouth & Upper)
Lagoon Bl7 2.4 5 1.69 (0.78) 0.70
Lagoon B24 4.0 20 1.60 (0.82) 0.40

*To convert meters to feet, multiply by 3.231.

However, although the euphotic zone may be larger at the lagoon stations, the
photosynthetic capabilities are often offset by the respiratory demand of the lower
water column. During the summer, stratification reduces circulation which further
separates the euphotic and aphotic portions of the water column. It also fosters

a highly reduced environment conducive to high respiratory demand by the benthic
community.

The relationship between GP and R for the phytoplankton populations of three
stations is shown in Figure 41. Values of GP/R > 1 are characteristic of an auto-
trophic dominated metabolism and involve net storage or organic matter. Values of
GP/R < 1 are characteristic of a heterotrophic dominated metabolism and involve a
net loss of organic matter. Based on this data, Meyers Pond represents an auto-
trophic station with a high NP capacity. 1In contrast, Lagoon A08 has a variable
nature undergoing heterotrophic periods as well as autotrophic.

Lagoon stations subject to better circulation, like the shallower ABD, did
not exhibit as severe a negative NP as the deeper stations like Lagoons A08 and
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B24. 1In fact, ABD was like the natural creek station, in exhibiting high NP
during the warmer seasons. The range of NP values was between -100 and 790 mg
C-m"2~day'1
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Fig. 41. The relationship between GP and R at Meyers Pond, Marker 21,
and Lagoon A08.

The NP of the bay as indicated by Marker 21 follows a pattern similar to the
natural creeks. However, the values attained were not as large as the Meyers
Creek system maxima. The maximum NP at Marker 21 was less than 530 mg C-m‘2°day'l.
Negative NP rates were observed during the colder portion of the year, but none
were in excess of -35 mg C'mfz'day" .

A summation of the net production data in terms of carbon for selectad sta-
tions is provided in Table 23.



Table 23. Phytoplankton net production data in mg C-m‘z-day'l for natural and
developed salt marsh areas.

Study Annual
Location year Summer Fall Winter Spring mean
Meyers IT
Creek III 585 168 258 312
Mid v 526 585 68
Mean 556 377 258 190 345
Meyers I1 76 30 16
Pond III 337 85 132 137
v 672 551 95
Mean 505 237 81 83 227
ABD I1 148 28 312
III 357 243 165 218
IV 584 80 232
Mean 471 157 97 254 245
Lagoon IT
AQ2 111 -104 521 175 242
« IV 63 -121 229
Mean =21 200 175 236 148
Lagoon II ~14 8 226
AO8 I1I -333 777 804 364
iv =777 -621 220
Mean -555 47 406 270 42
Lagoon II -115 8 203
B24 II1 -672
v -627 -564 270
Mean -650 =340 8 237 ~-186
Marker II 83 43 44
21 III 161 95 172 100
v 233 217 141
Mean 197 132 108 95 133

Table 24 was constructed using the data from Table 21 and applying a conver-
sion factor based on an oxy-calorific factor of 4.8 cal.ml 02‘l (Crisp 1971).
Also listed are the energy conversion efficiencies assuming a PAR level of 6.34
x 10° kecal-m2-year—1,

Nutrient limitation and the relationship between light levels and photosyn-
thetic rates were also studied because of their potential influence on the conver-
sion of light energy into fixed carbon. The summer productive capacity in the
creeks, lagooned waterways, and the bay was greatly affected by the addition of
inorganic NO3-N and NH3-N. The data are detailed in Figure 42. Nitrogen enrich-
ment increased net productivity several times at all stations during the summer.
However, similar increases were not observed during the fall or winter at ambient
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Table 24. Phytoplankton production and efficiencies for natural and developed por-
tions of the study area.

Efficiency of

GP energy NP Efficiency of

(kcal-m’z' utilization#* (kcal'm‘z' PAR conversion
Location year~1) 3] year“l) to NP# (%)
Meyers Creek Mid 2,231 0.35 1,354 0.2
Meyers Pond 1,212 0.19 891 0.1
ABD 2,574 0.41 962 0.2
Lagoon A02 3,143 0.50 581 0.1
Lagoon AO8 3,798 0.60 165 0.0
Lagoon B24 3,488 0.55 -730
Marker 21 1,146 0.18 522 0.1

*Defined as (GP-Incident PAR 1evel_l)
#iDefined as (NP:Incident PAR level™1)

or artificially enhanced light levels. Limitation by other nutrients, including
phosphorus was uncommon.

Photosynthesis by surface populations of phytoplankton was inhibited at inci-
dent levels (100 %Ip). Maximum photosynthetic rates were observed at the 50 %I,
level.

FOOD WEB: AQUATIC PRIMARY PRODUCTION -
BENTHIC ALGAE

The benthic sediments in the Manahawkin study area, like those in most coastal
marine habitats, are reducing environments. A thin surface oxidized layer over-
lies a "gray zone" in which oxygen and hydrogen sulfide are present in small a-
mounts. Below is a well-developed anaerobic zone typically black due to the pre-
sence of high quantities of ferrous sulfides (Fenchel and Riedl 1970). The sur-
face aerobic layer may be a few mm to several cm thick, or may be entirely absent
in the case of an anaerobic water column.

Aerobic organisms dominate the oxidized layer, but both facultative and obli-
gate anaerobes characterize the lower strata. These exhibit a variety of fermen-
tative and anaerobic respiratory processes whose reduced end products (lactate,
alcohols, fatty acids, CHy4, Hop, H2S, and NH3) accumulate and diffuse upward, trans-
porting chemical energy derived from decomposition to the aerobic zone (Gargas
1970; Jorgensen 1977). Nutrient release may also be accomplished by bioturbation
and by the stirring action of winds and currents (Berner 1977).

The net flux of major dissolved constituents between the sediment and the
water column resulting from both aerobic and anaerobic metabolism is summarized
in Figure 43 (Berner 1976). The sedimentary carbon pool inputs and outputs are
detailed in Figure 44.
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The purpose of the benthic primary production study is: (1) to estimate the
productivity of the sediment microflora and (2) to determine differences between
stations.

Methods

The study extended from January 1974 to April 1977. Sampling stations were
located at Meyers Creek mouth, Meyers Creek mid, Meyers Pond, ABD, Lagoon A0S, and
Lagoon Al2 (Figure 45). Cores of the sediment were incubated for 12 hours with
gentle mixing under light and dark conditions at in situ temperatures. The changes
in oxygen content of the overlying water were determined by the Winkler oxygen ti-
tration method (with the azide modification) and these values corrected for changes
resulting from plankton metabolism.

The production measures expressed are "potential'' rates, since incubations
were conducted under standard lighting conditions with an artificial light source.
These lighting conditions sometimes exceeded in situ levels particularly at the
deeper lagoon stations where the light intensities approach or equal total dark-
ness. An increase in dissolved oxygen in the "light" cores is therefore indica-
tive of net community production; oxygen uptake in the "“dark" cores is indicative
of total community demand (algal, bacterial, faunal) in addition to that of inor-
ganic chemical oxidation.

Additional information on methods can be found in Durand et al. (1974, 1975,
1976, 1977).

Results and Discussion

SUBTIDAL SEDIMENT COMMUNITY -- Negative NP was generally observed for the subtidal
sediments in both the Meyers Creek system and Lagoon System A throughout the entire
study period. Those positive rates which were recorded were usually minimal and
occurred at the shallower stations during the colder months when respiratory de-
mands had diminished (Table 25). In contrast, the algal community associated with
the intertidal sediments bordering Meyers Creek was capable of high positive rates
of NP, especially during the period June - September (Figure 46). Rates at this
time exceeded 800 ml 02-m‘2°day‘l, but declined sharply after September.
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Fig. 45. Sampling locations for benthic algal produc-
tion. .

Benthic community respiration in the subtidal and intertidal habitats in
both systems appeared to follow the seasonal trend in water temperature, with high-
est uptake rates taking place during the summer and minimal rates occurring in the
colder months (Figure 46). Typical summer levels for those lagoon stations which
were aerobic (ABD-Al2) were approximately 700 ml 02-m~2-day~l. Summer uptake
rates at Meyers Creek mouth were slightly lower (500-600 ml Oz-m‘z-day'l), except
in 1975 when summer levels only reached about 200 ml Oz'm‘z'day‘l. Oxygen uptake
rates in Meyers Pond were generally higher than either the mid creek or creek
mouth stations, exceeding 1,000 ml 02.m~2-day~1l in July 1976. High summer uptake
rates were also observed for the mudflat habitat, over 700 ml Oz-m‘z-day“l in
1974 and 1975. The 1976 values were significantly less.

The results for Lagoon AO8 were complicated by the presence of anaerobic con-
ditions at various times. No changes in oxygen concentration could be detected
in anaerobic cores or cores that went anaerobic before termination of the experi-
ment. The available oxygen demand data were consistently higher than those at
the other lagoon stations.

Annual production estimates for these benthic communities were derived by
planimetry of the seasonal curves and converted to a carbon base using a PQ of 1.2
and an RQ value of 1.0. These are listed in Table 26 and may be compared to those
obtained by other investigators for a wide variety of habitats (Table 27).

MUDFLAT OR INTERTIDAIL COMMUNITY —- The mudflat algal community along Meyers Creek
was generally autotrophic. Total community respiration exceeded photosynthetic
capacity only during the colder months. The annual NP of the mudflat microflora
was 29-63 g C'm~2. The subtidal communities in both the natural and developed
areas were much less productive. The stations located near the mouth of Lagoon
System A (ABD-A12) were slightly less productive than Meyers Pond. Similar to

the results previously described for the daily production estimates.
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Table 25. Production of benthic communities from Meyers Creek system and Lagoon System A. All units, ml

02-m~2.day~l. The value within parentheses equals 1 SD.

Meyers Creek mouth Meyers Creek Mid Meyers Pond

Date NP GP NP R GP NP R GP
1/31/74 ~-58 (87) 70 (35) 12 41 (27) 211 (93) 252
2/14/74 53 (25) 88 (25) 141 70 (25) 211 (99) 281
3/28/74 -99 (20) 246 (35) 147 =105 (30) 421 (70) 316
7/11/74 -158 (25) 491 (50) 333 -289 (37) 667 (99) 378
7/24/74 -211 (50) 509 (74) 298 -281 (50) 632 (50) 351 -281 (25) 702 (50) 421
8/6/74 -216 (27) 561 (70) 345 =234 (27) 632 (70) 398
11/21/74 -73 (13) 251 (37) 178
1/14/75 -18 (9) 152 (10) 134 26 (9) 175 (18) 201
2/13/75 0 (18) 234 (44) 234 79 (9) 181 (27) 260
3/26/75 140 (12) 79 (12) 219 48 (6) 175 (74) 223
4/30/75 170 (5) 193 (18) 363 79 (18) 655 (27) 734
7/17/75 -85 (13) 158 (18) 73 -159 (8) 404 (23) 245
10/2/75 -266 (22) 228 (30) -38 -298 (26) 357 (103) 59 =523 (33) 874 (38) 351
12/11/75 -105 (9) 6 (10) -99 -85 (18) 193 (30) 108 -64 (18) 170 (27) 106
3/12/76 -111 (13) 273 (23) 162 -164 (5) 439 (93) 275 =129 (13) 368 (18) 239
7/1/76 -330 (119) 632 (35) 302 -409 (81) 608 (54) 199 -561 (27) 1,010 (35) 449
8/24/76 515 (43) 640 (87)
10/11/74 -90 (37) 202 (23) 112 -99 (18) 263 (32) 164 -96 (21) 303 (26) 207
4/13/77 -204 (19) 439 (29) 235 -239 (15) 488 (29) 249 -268 (23) 588 (24) 320
4/19/77 345 (57) 687 (110)
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Table 25. Continued.

ABD Lagoon Al2 Lagoon AQ8
Date NP Gp NP R Gp NP R GP
3/28/74 =205 (20) 433 (54) 228
7/24/74 =219 (12) 561 (50) 342 -Anaerobic-
8/6/74 -187 (10) 480 (54) 293
11/21/74 =102 (13) 246 (35) 144
1/14/75 15 (5) 76 (27) 91 -140 (9) 287 (20) 147
2/13/75 12 (5) 105 (53) 117 -216 (22) 404 (53) 188
3/26/74 4 (6) 96 (12) 100 =272 (37) 588 (136) 316
4/30/75 26 (26) 298 (88) 324 -316 (9) 655 (44) 339
7/17/75 -228 (18) 690 (44) 462 -Anaerobic-
10/2/75 -32 (31) 591 (37) 559 120 (62) 380 (170) 500
12/11/75 -231 (10) 199 (44) -32 -Anaerobic-
3/12/76 -88 (18) 409 (37) 321 -342 (23) 602 (37) 260
7/1/76 -330 (48) 673 (44) 343 -Anaerobic-
10/11/76 -117 (13) 284 (19) 167 -Anaerobic-
4/13/77 -155 (14) 459 (42) 304 -277 (16) 648 (33) 371
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Fig. 46. Selected benthic net community productivity and community respiration
data.
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Table 26. Annual production of intertidal and subtidal microflora in g C-m~2-

year'l.
Habitat Location Period R NP GP
Intertidal Meyers Creek 9/74 - 8/75 92 63 155
mudflat

9/75 - 8/76 71 29 100

Subtidal Meyers Pond 1/74 - 12/74 82 -33 49
1/75 - 12/75 83 -32 51

1/76 - :2/76 96 -53 43

Meyers Creek 10/75 - 9/76 75 =48 27

mid
Meyers Creek /74 - 12/74 55 -26 29
mouth

1/75 - 12/75 30 =12 18

1/76 - 12/76 62 -36 26

ABD-AL2 1/75 - 12/75 68 -23 45

1/76 - 12/76 77 -42 35

Annual respiratory requirements of the total benthic community within these
sediments exceeded the input by photosynthetic carbon fixation. In Table 28 are
approximations of the average light conditions at the sediment surface. Average
Secchi values for the entire study period were used to estimate the percent of
incident solar radiation (%ZIo) reaching the bottom at each of these stations.

On the average, more incident light reached the sediments of Meyers Creek system
and the bay (8-30 %Iy) than in the lagoons. At those lagoon stations where the

total depth exceeded 2.0 m (6.6 ft.), only 1% or less of the incident radiation

was available for photosynthesis.

Since the subtidal communities were predominately heterotrophic, total depth
and its effect upon light availability was probably not as significant a contri-
buting factor as the predominance of nonphotosynthetic microbiota in the sediment.

Smith et al. (1972) found bacteria generally accounted for 30 - 50% of com-
munity respiration in both freshwater and marine sediments. These figures are
similar to those obtained from preliminary studies at the Manahawkin study site
involving the addition of antibiotic (streptomycin sulfate) to dark cores.

Both the presence of a significant heterotrophic component postulated earlier,
and the seasonal cycle described for sediment oxygen uptake in the Manahawkin area
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Table 27. Published benthic production data.

Location GP NP R clax Reference
Marion Lake, B.C. 40 -17 57 Hargrave (1969)
New England estuaries 81 Marshall et al. (1971)
Nacote Creek, N.J. Mudflat# 16 6 10 Nadeau (1972)
North Inlet Estuary, S.C. 685 Zingmark (1977)
Duplin River Estuary, Ga. 200 100 100 Pomeroy (1959)
Barataria Bay, La. 362 244 118 Day et al. (1973)
Yaquina Bay, Re. Sandy flats 275-325 Riznyk and Phinney

Silty flats 0-125 (1972)

Puget Sound, Wash. Sandy flats 143-226 Pamatmat (1968)
Ythan Estuary, Scot. Mudflat 31 Leach (1970)
Loch Ewe Sandy beach 4-9 Steele and Baird (1968)
Danish Wadden Sea 115-178 Grontved (1962)
Danish fjords 116 Grontved (1960)

*The carbonlé technique was used to measure these productivity estimates.
#April to November only.

are consistent with these findings. The actual amount of microfloral primary pro-

duction which is respired by the total community remains unknown, since many alter-
native sources of organic matter, both autochthonous and allochthonous, are avail-

able.

Inorganic chemical oxidation by undisturbed sediment generally accounts for
only a small fraction of the total oxygen uptake. Recorded values for Buzzards
Bay, Mass. (Smith et al. 1973) and Sapelo Island, Ga. (Smith 1973) were 14% and
5-9%, respectively. These values, together with total sediment oxygen demand, may
be expected to increase markedly upon disturbances of the surface oxidized layer
and the exposure of anoxic subsurface sediment (Berg 1970; Carey 1967; Hargrave
1969; Frankenberg and Westerfield 1968).

If the conversion factor 4.8 kcal-ml 02"1 (Crisp 1971) is applied to the mud-
flat data from study year III, we find the net primary production rate ranged from
461 to 1,181 cal.m~2-12 hours~l. For the limited study year III data (12/74, 2/75,
3/75, and 4/75), the lowest rate occurred in December 1974 and the highest in April
1975. Multiplying the 12 hour rate by 30 to obtain a monthly value, efficiency
of PAR conversion into NP would be 0.04% and 0.07% for December 1974 and April 1975,
respectively. Maximum rates around 3,840-m~2-24 hours~! were observed during July.
Efficiency of conversion is 0.147 at these times.

Benthic metabolism had a significant effect upon the aquatic system in both

natural and developed areas in terms of oxygen budget and the nutrient recycling
resulting from organic matter oxidation. Low dissolved oxygen concentrations
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Table 28. Approximation of average light conditions prevailing at the sediment-
water interface for selected stations from the period June 1973 - May 1977.

Mean depth No. of Secchi(m) %15 at
Station (m) observations Mean (SD) mean deoth (%)%

Meyers Creek mouth 75 0.7 (0.31)

Mevers Creek mid 1.2 35 0.8 (0.40) 8
Meyers Pond 0.42 59 0.6 (0.26) 30
Meyers System 169 0.7 (0.32)

Marker 21 1.0 69 1.2 (0.66) 24
ABD 2.0 74 1.0 (0.40) 3
Lagoon A02 mouth 3.0 24 1.1 (0.42) 1
Lagoon AO2 upper 3.0 16 1.1 (0.41) 1
Lagoon A08 mouth 3.6 85 1.1 (0.42) <1
Lagoon AO8 upper 3.6 12 1.2 (0.39) <1
Lagoon BLl7 2.4 i7 0.8 (0.39) <1
Lagoon B24 4.0 64 0.9 (0.37) <1
Lagoon system 218 1.0 (0.41)

*Percent of incident solar radiation capable of penetrating the entire water column.
Calculated from the average Secchi value for each station where mean depths are
available and the equation of Poole and Atkins (1929).

characteristic of Meyers Pond during the summer were attributable to the large
respiratory demands of the benthos. However, aerobic conditions were maintained
by the large input of oxygen-rich bay water during the flood tide.

At the bottom of the deeper lagoon stations, where aphotic conditions gener-
ally prevailed, high benthic respiration rates were a major factor in the frequent
development of an anaerobic water column above the sediment. The anoxia was en-
hanced by the lack of a photosynthetic input of oxygen and the restricted circula-
tion of bottom water in the lagoon complex.

Since the circulation processes are weak in these housing developments, large
quantities of organic matter accumulate in the sediment as a result of the deposi-
tion of allochthonous matter (such as eelgrass fragments) and the retention of
autochthonous organic material (Walton et al. 1976). As the concentration of dis-
solved oxygen in the isolated deep water declines due to the oxidation of this
organic matter, the process of aerobic respiration would be replaced by nitrate
reduction and finally, sulfate reduction (Anderson and Devol 1973). The accumula-
tion of reduced compounds such as ammonia and hydrogen sulfide was noted for the
Village Harbour lagoon bottoms. They are indicative of a relatively inefficient
cycling of nutrients. This situation is quite different from the shallow tidal
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creeks and ponds where nutrients released by mineralization processes in the sed-
iment are always returned to an aerobic and photic water column and thereby be-
come immediately available to the phytoplankton community.

FOOD WEB: AQUATIC PRIMARY
PRODUCTION - SUBMERGED VEGETATION

The marine angiosperms of major importance in northern temperate estuaries
are eelgrass (Zostera marina L.) and widgeon grass (Ruppia maritima L.), neither
of which are true grasses. Zosterq is the most important species in north tem-
perate areas, and ranges from Greenland to North Carolina (Moul 1973; Phillips
1974). Although it can survive a wide range of temperatures and salinities
for brief periods, optimal growth conditions occurs at 10 - 20°C and 10 - 30 ©/oo0
(Thayer et al. 1975a). The 1930's '"wasting disease" epidemic along the North
Atlantic coasts of the United States and Europe caused the destruction of 99-
100% of the eelgrass standing crop in many areas and had a significant effect
upon estuarine invertebrates, fish, and waterfowl (Moffitt and Cottam 1941;
Phillips 1974).

Ruppia maritima is a cosmopolitan species and is found in brackish ponds
and sublittoral beds of shallow estuaries from Newfoundland to Florida, the
West Indies, and Mexico (Moul 1973). It also occurs in alkaline ponds, lakes,
and streams of western North America (Dawson 1966; Muenscher 1944). Germina-
tion and seedling development are restricted to 15 - 20°9C and vegetation growth
and reproduction occur between 20 and 25°C (Setchell 1920, 1924). According to
Phillips (1974), it is generally restricted to very shallow water and is proba-
bly of little relative significance as a temperate zone system.

The productivity of seagrass meadows is characteristically high, especially
for eelgrass systems. Estimates of annual net production for Zosterg have ranged
from 10 to 1,200 g dry weight-m‘z.year'l (Phillips 1974), and can exceed the world
averages for energy-subsidized grain agriculture (Odum 1971). Williams (1973)
has estimated the eelgrass community near Beaufort, North Carolina accounted for
approximately 64% (120 g C'm'z'year'l) of the combined annual production (187 g
C'm~2'year~1) of the phytoplankton, S. alterniflora, and eelgrass, even though
it only occupied 17% of the 53,200 ha (205 miles2) estuary.

This large reservoir of stored energy may reach higher trophic levels either
by way of a grazing food chain, or more importantly, as an indirect source through
detrital pathways (Harrison and Mann 1975; Odum et al. 1973). Its importance to
species of birds (Bellrose 1976; Correll and Correll 1972; Moffit and Cottam 1941;
Sculthorpe 1967), fish (Darnell 1961; Milne and Milne 1951), and invertebrates
(Dexter 1944; Marsh 1973; Odum et al. 1973) has been recognized but most observa-
tions have been qualitative.

Such dense vegetation provides a substantial surface area for colonizing
epiphytes. Sullivan (1977) noted luxuriant growths of epiphytic diatoms (57
taxa) on the leaves and internodes of Ruppia collected from salt ponds in the
Great Bay salt marsh near Tuckerton, New Jersey. The biomass of the attached
algae may approach or even surpass that of the vascular plants (Nixon and Oviatt
1972; Thayer et al. 1975a), providing an important food source for grazing in-
vertebrates (Kikuchi and Peres 1977).
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The physical structure of the beds also creates a number of microhabitats
which provide protection and nursery areas for many species of invertebrates and
finfish. In the Newport River estuary (North Carolina), Thayer et al. (1975b)
found the density and biomass of these groups within a Zostera bed to be much
greater than in surrounding unvegetated areas. They were also significantly dif-
ferent in terms of species composition. The contribution (percent biomass) by the
dominant invertebrate taxa and feeding types are listed below:

Epifauna:

Dominant taxa: Gastropods (3