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The Biological Services Program was established within the U.S. Fish
and Wildlife Service to supply scientific information and methodologies on
key environmental issues that impact fish and wildlife resources and their
supporting ecosystems. The mission of the program is as follows:

e To strengthen the Fish and Wildlife Service in its role as
a primary source of information on national fish and wild-
1ife resources, particularly in respect to environmental
impact assessment.

e To gather, analyze, and present information that will aid
decisionmakers in the identification and resolution of
problems associated with major changes in land and water
use.

e To provide better ecological information and evaluation
for Department of the Interior development programs, such
as those relating to energy development.

Information developed by the Biological Services Program is intended
for use in the planning and decisionmaking process to prevent or minimize
the impact of development on fish and wildlife. Research activities and
technical assistance services are based on an analysis of the issues a
determination of the decisionmakers involved and their information needs,
and an evaluation of the state of the art to identify information gaps
and to determine priorities. This is a strategy that will ensure that
the products produced and disseminated are timely and useful.

Projects have been initiated in the following areas: coal extraction
and conversion; power plants; geothermal, mineral and oil shale develop-
ment; water resource analysis, including stream alterations and western
water allocation; coastal ecosystems and Quter Continental Shelf develop- -
ment; and systems inventory, including National Wetland Inventory,
habitat classification and analysis, and information transfer.

The Biological Services Program consists of the Office of Biological
Services in Washington, D.C., which is responsible for overall planning and
management; National Teams, which provide the Program's central scientific
and technical expertise and arrange for contracting biological services
studies with states, universities, consulting firms, and others; Regional
Staff, who provide a link to problems at the operating level; and staff at
certain Fish and Wildlife Service research facilities, who conduct inhouse
research studies.
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DISCLAIMER

The opinions, findings, conclusions, or recommendations expressed in
these Proceedings are those of the authors and do not necessarily
reflect the views of the U. S. Fish and Wildlife Service or Texas,
Louisiana, and Florida State agencies and universities, nor does
mention of trade names or commercial products constitute endorsement
or recommendation for use.

These Proceedings should be cited as:

Fora, P. L., and R. D. Peterson, eds. 1980.

Proceedings of the Gulf of Mexico Coastal Ecosystems Workshop.
U.5. Fish and Wildiife Service, Albuquerque, New Mexico,
FWS/0BS-8G/30. 214 pp.
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PREFACE

A workshop on Gulf of Mexico Coastal Ecosystems was conducted from 4
through 7 September 1979 at the University of Texas Marine Science Institute,
Port Aransas Marine Laboratory, Port Aransas, Texas. The workshop was co-
sponsored by the Office of Biological Services, Coastal Ecosystems Project,
and the Office of Environment, U.S. Fish and Wild1ife Service, Region 2,
Albuquerque, New Mexico. A total of 56 Service personnel attended with the
majority coming from the Gulf of Mexico coastal field offices in Region 2 and
4 and other representatives from the Central Office in Washington, D.C. and
from the National Coastal Ecosystems Teams, S1idell, Louisiana.

The purpose of this workshop was to provide training for U.S. Fish and
Wildlife field personnel on recent developments in our understanding of Gulf
coast ecosystems. The workshop focused on presenting and discussing informa-
tion related to assessing the impact of human activities on fish and wildlife
resources in these ecosystems. Fourteen formal presentations were given dur-
ing three technical sessions by invited scientists and other professionals.
These presentations are the papers included in these Proceedings. Two after-
noons of the workshop were devoted to field trips to representative coastal
habitats of the south Texas region.

Ironically, the timing of the unfortunate IXTOC-I Mexican oil spill (at
that time washing ashore on south Texas beaches) provided the participants
with a firsthand view of, and in some cases participation in, a potentially
catastrophic perturbation to Gulf of Mexico coastal and oceanic ecosystems.

A special evening session was devoted to a review of Fish and Wildlife Service
responsibilities and procedures in response to this oil spill. Three Service
operational representatives from Region 2 gave lively and informative presen-
tations on various aspects of the agency's involvement: Messrs. Jack Woolsten-
hulme, Assistant Regional Director- Environment and Service's IXTOC-I Oil
Spill Coordinater; Charlie Sanchez, Regional Pollution Response Coordinator;
and Roy Perez, Field Supervisor, Corpus Christi Field Office.

Administrative assistance for the workshop was provided by the staff of
the University of Texas Marine Science Institute, Port Aransas. HWe wish to
acknowledge the fine cooperation and hard work of the staff at the Port Aransas
Marine Laboratory in hosting the workshop and making it a success. Special
thanks are due: Dr. Warren Pulich, Jr., who served as workshop coordinator and
technical writer on the preparation of these Proceedings; Mr. John Thompson,
who directed the physical plant and meal arrangements; Ms. Debby Kalke, who
handled most of the clerical and typing duties associated with the workshop
and the Proceedings; and Mr. Steve Rabalais and Mr. Rick Tinnin for technical
assistance. The cover illustration for the Proceedings was drawn by Mrs. Anne
Pulich, Sr.

Service planning and liaison for the workshop were provided by Dr. Paul
L. Fore, Regional Activity Leader - Coastal Ecosystems, Albuquerque, New Mex-
ico and Mr. Russell D. Peterson, Environmental Specialist, Ecological Services,
Galveston, Texas.
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Finally, our appreciation is due the 14 scientists who shared their
knowledge and ideas with all of us. Their contributions are recorded here
for others to use.

Editors
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EFFECTS OF MARSH IMPOUNDMENTS ON COASTAL
FISH AND WILDLIFE RESOURCES

Robert H. Chabreck!?
INTRODUCTION

Marsh impoundments can be categorized on a basis of water Tevel and salin-
ity regimes for descriptive purposes and generally fall into four types: perm-
anently flooded with freshwater, manipulated freshwater, permanently flooded
with brackish water, and manipulated brackish water. The effects of impound-
ments on fish and wildlife resources vary with the resources involved and the
type of impoundment. Marsh impoundments are widely used in coastal areas as a
means for controlling water levels and salinities to accomplish specific objec-
tives. These objectives include improvement of wildlife habitat, aquaculture,
water storage for agricultural irrigation and industrial uses, flooding marshes
for mosquito control, and maintaining favorable water depths for navigation.

Although impoundments are usually constructed with a primary objective,
secondary values often develop which are incorporated into the management
scheme. Several examples are worth mentioning.

Impoundments were constructed on the Rockefeller Wildlife Refuge in South-
western Louisiana to improve habitat for migratory ducks (Chabreck 1960). Ref-
uge biologists found that the water manipulation system used to produce duck
foods in freshwater impoundments could be modified slightly to produce bumper
crops of crawfish (Procambarus clarkii) without affecting growth of duck foods.
Consequently, management of this secondary resource was then included in opera-
tional plans (Perry et al. 1970), and the impoundments were opened to sport
fishing for crawfish during the spring and summer.

A permanently flooded brackish water impoundment on Rockefeller Refuge was
managed as a nursery area for shrimp and blue crab (Callinectes sapidus) as a
secondary objective. Brown shrimp (Penaeus aztecus) were introduced in Febru-
ary and white shrimp (P. setiferus) were introduced in July by opening water
control structures on high tide when post-larval shrimp were present. Sport
fishermen were permitted to harvest shrimp with cast nets and blue crabs with
hand Tines. The annual harvest from the impoundments was estimated to be 60 1b
(27 kg) of shrimp and 6 dozen crabs per acre (0.4 ha) over an area of 5,000 ac
(2,023.5 ha).

A permanently flooded freshwater impoundment was constructed and managed
for waterfowl on the Lacassine National Wildlife Refuge, Louisiana. The

1School of Forestry and Wildlife Management
Louisiana State University
Baton Rouge, Louisiana 70803



impoundment received high use by waterfowl, but also developed large crops of
sunfishes (Centrarchidae) and was heavily used by fishermen. Sport fishing
was included as an important aspect of management plans (Turner 1966).

ENGINEERING AND HYDROLOGY CONSIDERATIONS

Impoundments are constructed in coastal marshes by enclosing an area with
a continuous levee system or by using levee systems in conjunction with ele-
vated ridges or uplands to form a closed system. Water control structures are
an important part of an impoundment. Spillways are used to remove surplus
water associated with heavy rainfall or hurricanes, and stop-log structures
serve to maintain a maximum pool level.

Facilities must also be provided for completely draining and flooding
impoundments. Gravity drainage may effectively remove water through gated
culverts in areas with extreme tidal fluctuation. However, in many areas grav-
ity drainage is inadequate and marsh managers must utilize pumping units to
remove water.

Rainfall is the primary water source for most marsh impoundments, particu-
larly freshwater systems. However, if rainfall is not adequate, ample water
may not be available in impoundments to meet management requirements. Conse-
quently, pumping units may be installed to add water. Some marsh managers use
one pumping system, with appropriate control structures, to either drain or
flood an impoundment. Brackish water impoundments may also be flooded by pump-
ing; however, in most areas water can be added by opening control gates on high
tides and then closing them as tides fall. This process can be facilitated
with structures having flap gates which are automatically opened and closed by
water pressure.

Water salinities in impounded marshes more often reflect the historical
trends of salinity in an area than do those in non-impounded marshes. Canal
dredging and linkage of canals with natural tidal channels has accelerated
drainage of marshes in many areas, resulted in saltwater intrusion into many
marshes historically free of saltwater, and greatly increased environmental
stress on plant and animal populations. Most marsh impoundments have been con-
structed as an effort to restore traditional salinity regimes and prohibit
excessive drainage, thereby creating a stable environment for fish and wild-
life. Therefore, in evaluating the effects of marsh impoundments on fish and
wildlife resources, it is wise to consider the historical fish and wildlife
usage of the particular area, as well as present usage.

HABITAT REQUIREMENTS OF FISH AND WILDLIFE

Coastal marshes and their associated water bodies are among the most pro-
ductive habitats for fish and wildlife. Some species spend their entire Tives
in this habitat, while others use the habitat only seasonally or during a
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portion of their 1ife cycles. The following is a review of the habitat
requirements of selected groups which are important because of their commer-
cial, sporting, or recreational qualities. This review will provide basic
background information for subsequent discussion on the effects of impound-
ments in coastal marshes on the various groups of fish and wildlife.

WATERFOWL

Coastal wetlands and waters serve as wintering habitat for a large seg-
ment of the continental migratory waterfowl population. Major groups include
dabbling ducks, diving ducks, and geese. These groups have different habitat
requirements, and considerable variation is even found among species within
groups.

Dabbling ducks mostly prefer shallow water areas with depths Tess than 18
in (46 cm). These birds feed by tipping to reach the bottom of marsh ponds or
the surface of flooded marsh. Small species such as blue-winged teal (4nas
discors) and green-winged teal (4. crecca) prefer areas with water less than 6
in (15 cm) deep (Chabreck 1979). Teals, mallards (4nas platyrhynchos) and
pintails (4. acuta) feed mainly on seeds which they pick up on the bottom.
Other dabblers, such as gadwalls (4nas strepera) and American wigeons (4.
americana) feed heavily on the leaves and stems of aquatic plants; conse-
quently, they are able to utilize areas with a greater water depth.

Diving ducks, as the name implies, feed by diving and may consume plant
or animal materials on reservoir bottoms or aquatic plants growing in the
water. Diving ducks may be found in association with dabbling ducks; however,
they usually occupy open water areas with depths much greater than those used
as feeding areas by dabbling ducks.

The snow goose (Chen caerulescens) commonly winters in coastal marshes
and prefers areas containing low growing grasses and sedges and having water
levels near or below the marsh surface. Snow geese seldom venture into salt
marsh. A preferred habitat is brackish marsh containing a dense stand of
recently burned three-cornered grass (Scirpus olneyi).

COOT, GALLINULES, AND RAILS

The American coot (Fulica americana) is a winter resident of coastal wet-
lands and concentrates in large flocks on ponds and lakes (Lowery 1974a). It
is equally at home on a shallow pond with dense growth of aquatic plants for
food or a deeper lake with small fishes available as food. The American coot
occupies shallow water areas and tolerates widely ranging water salinities,
but Timits its use of deep water lakes to freshwater systems.

Gallinules and rails are less gregarious than coots and prefer marshes
with dense escape cover readily available. The common gallinule (Gallinula
chloropus) is a year-round resident of Gulf coast marshes, while the purple
gallinule (Porphyrula martinica) breeds in the area and migrates during winter.
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Gallinules occupy freshwater marshes and prefer feeding areas along the shore-
Tines of small ponds.

Several species of rails are present in coastal marshes. The clapper
rail (Rallus lowmgirostris) occupies saline marshes, and its close relative,
the king rail (R. elegans), is found in fresh marshes. Rails prefer moist
soil conditions and are driven from marshes by prolonged flooding.

WADING BIRDS

This group includes herons, egrets, ibises and similar birds. Wading
birds are abundant throughout the coastal area and feed in shallow ponds by
s]owly walking about capturing fishes and other sma?li animals. Shallow water
is an essential part of their habitat, and birds often concentrate around
small pools to capture fishes trapped by receding water Tevels.

FUR ANIMALS

Fur animals are common inhabitants of coastal marshes and waterways and
occupy a wide variety of habitat types, ranging from fresh to saline. Major
species include muskrat (Ondatra zibethicus), nutria (Myocastor coypus), rac-
coon (Procyon lotor), mink (Mustela vison), and river otter (Lutra canadensis).
Muskrat and nutria are herbivores and feed on a wide assortment of plants;
however, certain plant types will support greater population densities than
others (O Neil 1949; Palmisano 1972).

The raccoon is normally omnivorous but coastal marshes usuaily lack plant
foods used by raccoons; consequently, they are forced to feed largely on ani-
mal materials. The mink are carnivores and feed mainly on fishes, crustaceans,
small mammals and birds, snakes, and frogs. The river otter is also a carni-
vore, but feeds heavily on fishes and crustaceans (Lowery 1974b).

The river otter ranges over an area of several square miles and spends a
major portion of its time in or near water. Prolonged drought adversely
affects the species; however, the impact of drought is less severe if water is
available in deeper channels, Likewise, nutria, raccoon, and mink are also
affected by excessive marsh drying; but excessive flooding may also force the
animals to abandon an area, particularly when protective cover becomes sub-
merged.

ALLIGATOR

The American alligator (41ligator mississippiensis) occurs in the south-
eastern U. S. and occupies coastal marshes and water bodies with salinities
ranging from fresh to slightly brackish. Alligators are opportunistic feed-
ers, consuming both vertebrates and invertebrates; and prey size varies with
the size of the alligator. Marsh water depths are critical factors limiting
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populations and affect nesting effort, nest flooding, desiccation mortality,
and predation on alligator eggs and young (Nichols et al, 1976).

FRESHWATER FISHES

Ponds, lakes, bayous, and canals in freshwater marshes of coastal areas
are highly productive habitats for freshwater fishes. Major families found in
these habitats include sunfishes (Centrarchidae) and catfishes (Ictaluridae)
and contain both foraging and predacious species. Important factors regulat-
ing productivity of aquatic habitats are suitable water depths, favorable
water quality, adequate nutrients to supply primary producers, and low abun-
dance of undesirable plants, such as water hyacinths (Eichornia crassipes).

ESTUARINE FISHES

Estuarine fishes included herein are those species which utilize a brack-
ish marsh environment as a part of their 1ife cycle, mainly during the post-
larval and juvenile stages. These include important commercial or sporting
species such as Gulf menhaden (Brevoortia patronus), Atlantic croaker (Micro-
pogon undulatus), white shrimp, and blue crab. 1In general, these species
breed in offshore waters and the young move inland as larval or postlarval
forms. Young which reach favorable nursery areas, such as tidal marsh ponds
and bayous, grow very rapidly. Favorable nursery areas are those having suit-
able water salinity and temperature and an abundance of available food. The
major food source is derived from detritus or fragments of marsh plants which
have been carried into the nursery area by tidal currents. The aquatic forms
remain in the marsh systems for several months then gradually make their way
to the deeper water, enroute to the sea (Gunter 1967).

CRAWFISH

Crawfish are an important component of freshwater marshes, serve as a
major food item for many other species of fishes and wildlife, and provide a
commercial and recreational resource for man. Summer drying of freshwater
marshes is essential for completion of certain Tife stages and to reduce pred-
ators which would otherwise feed on the crawfish once water is returned to the
marsh.

IMPOUNDMENTS AND FISH AND WILDLIFE RESOURCES

The vegetational and hydrological characteristics of coastal wetlands are
primary factors regulating their value to fish and wildlife resources. Vegeta-
tion produced on wetlands serves as a primary food source and often determines
the number of animals that a given area will support. Different species of
wildlife have preferences for different species of vegetation; consequently,



the plant species composition of an area often governs the animal species in
the area. Hydrological characteristics are an important interacting factor,
and water depth will affect the ability of many animals to use an area. Hydro-
logical factors such as water salinity and tidal action may affect species tol-
erance to a particular habitat or regulate the means by which access is gained
to the area.

The following is a discussion of the vegetational and hydrological char-
acteristics of each type of impoundment, and the effects of those characteris-
tics on providing the habitat required for selected fish and wildlife resour-
ces. The conditions described apply primarily to coastal areas of the south
Atlantic and Gulf coastal regions of the United States.

PERMANENTLY FLOODED FRESHWATER IMPOUNDMENTS

Marsh impoundments of this type are usually located inland from the nor-
mal influence of tides. In nonimpounded fresh marsh, drainage is usually slow,
and as a result, water depths are greater than in tidal marsh. Marshes perma-
nently flooded by impounding usually have even greater water depths. During
periods with unusually heavy rainfall, water may be as much as 3 to 4 ft (0.9
to 1.2 m) deep.

Marsh soils typically have high organic matter contents because of the
slow decomposition rate in such flooded soils. In permanently flooded fresh-
water impoundments, organic matter accumulates at an even greater rate and
marsh elevations increase above that of natural marsh. Also, scattered float-
ing mats of organic material often develop on the water surface.

Typical vegetation consists of perennial plants adapted to growth in deep
water. Plants commonly found are spikerushes (Eleocharis spp.), softstem bul-
rush (Seirpus validus), bulltongue (Sagitarria falcata) and many species of
aquatic and floating leaf plants. Floating mats of organic matter that develop
are held together by emergent species such as pennywort (Hydrocotyle spp.) and
maidencane ?Panicum hemi tomon) .

Waterfowl

Permanently flooded freshwater impoundments receive high use by dabbling
ducks, particularly gadwalls and American wigeons, which feed on leafy plant
materials. Water depths are often too great for bottom feeding by seed-eat-
ing dabblers; but where shallow water is present, they find adequate food and
often occur in large numbers. Diving ducks, such as ring-necked ducks
(Aythya collaris), prefer this habitat and concentrate there in large numbers.
Permanently flooded impoundments are particularly valuable to ducks during
prolonged droughts, when most marshes dry. By maintaining a surplus of water,
this habitat is able to survive drought. During the fall of 1968, a severe
drought was in progress along the southwestern Louisiana coast when wintering
ducks began arriving. Most marsh habitat was dry, but conditions were ideal
in permanently flooded freshwater impoundments.
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Snow goose use of this type of impoundment is very low; however, white-
fronted geese are often found in great numbers in such habitat on the Lacassine
National Wildlife Refuge. The birds will feed in nearby harvested rice fields
and use the impoundment as a rest area.

Coot, Gallinules, and Rails

The American coot frequents this impoundment type and birds will remain
there throughout the winter. Highest quality habitat is provided for galli-
nules during both the breeding and wintering seasons where floating mats of
vegetation are available. Rails also use the area, but to a lesser degree.

Wading Birds

Shallow water must be available for this type of impoundment to attract
wading birds. Prey species may be abundant but deep water limits use. Nest-
ing rookeries are often established in this habitat where groups of trees are
present on small islands. However, the birds may have to travel several miles
from the rookeries to feeding areas.

Fur Animals

Muskrat use is usually limited by excessive water depths that restrict
lodge building. Nutria, however, build small resting platforms with emergent
vegetation and do very well in this habitat. Plant communities consist
Targely of species used by nutria as food. Mink and river otter also utilize
this habitat when dense vegetative cover is available for denning. River
otter may use the habitat and travel great distances to cover. The raccoon
prefers areas with shorelines available for feeding; consequently, this
impoundment-type is usually less desirable for this species.

Alligator

Excellent feeding conditions and abundant prey species for the alligator
occur in habitat provided by this impoundment-type. However, nest sites are
usually limited unless islands or spoil deposits are available.

Freshwater Fishes

Permanently flooded freshwater impoundments in coastal marsh provide
ideal habitat for freshwater fishes when water depths are adequate. Turner
(1966) sampled a 16,000-a impoundment of Lacassine National Wildlife Refuge
and found standing crops ranging from 84 to 91 1b (38 to 41 kg) per acre.
Largemouth bass (Micropterus salmoides), redear sunfish (Lepomis microlophus),
and warmouth (Chaenobryttus gulosus)(all favorites with sport fishermen) were
predominant species. Deep canals adjacent to Tevees and boat trails in the
marsh were important as fish travel lanes during drought periods.



Estuarine Fishes

Freshwater marshes, whether impounded or not, are usually unfavorable
habitat for estuarine fishes.

Crawfish

This habitat will support populations of crawfish, but breeding habitat
may be limited to areas adjacent to levees or islands. Numerous aquatic pred-
ators also reduce crawfish numbers.

MANIPULATED FRESHWATER IMPOUNDMENTS

Marsh impoundments of this type are usually located inlTand from the nor-
mal influence of tides. A water manipulation system is usually conducted to
affect plant growth. Impoundments managed for ducks are drained during the
growing season to encourage germination and growth of annual plants. The
major species produced by drying are grasses and sedges, such as wild millet
(Echinochloa walteri), fall panicum (Panicum dichotmiflorum) and fragrant
flatsedge (Cyperus odoratus)(Chabreck 1960; Baldwin 1967; Carney and Chabreck
1978). Other plants often found in this type are bulltongue, California bul-
rush (Scirpus californicus), and spikerushes. Water depths are usually held
at Tow levels (2 to 18 in or 5 to 46 cm) to make the areas attractive to dab-
bling ducks. Crawfish are produced in abundance by this management system
and provide a food source tc many forms of wildlife.

Waterfowl

This type impoundment is usually managed for dabbling ducks; consequently,
it is only normal to expect high usage by this group. A study by Chabreck et
al. (1974) disclosed that dabbling duck use was over four times that of adja-
cent nonimpounded freshwater marsh. Major use was by seed-eating dabblers.
Diving ducks, mainly lesser scaup (Aythya affinis), increased as water depths
increased in the area, and dabbling duck populations declined under the same
conditions. Snow geese often concentrate in this impoundment-type.

Coot, Gallinules, and Rails

Coot and rails use the impoundments quite heavily, but gallinules do not
show any particular preference for the type. Rails prefer areas with shallow
water depths and remain abundant in the impoundments as long as water depths
are favorabie and escape cover adequate. Coot numbers increase in late winter
when annual pliants lodge and large open bodies of water form.

Wading Birds

Wading birds are attracted to the impoundment by shallow water conditions
and the abundance of invertebrates, mainly crawfish, available as food, Also,
as water is gradually removed during the growing season, shallow isolated



pools are created and wading birds flock to the area to feed on stranded
aquatic organisms.

Fur Animals

Habitat available in this impoundment-type is highly preferred by most
fur animals, particularly species such as mink, raccoon, and river otter,
which feed on crawfish. The type is also favorable for nutria, but the musk-

rat occurs only in small numbers. As available cover diminishes in late win-
ter, fur animal use declines,

Alligator

Freshwater impoundments are heavily used by the American alligator; and,
like most other carnivores, the alligator is attracted by the abundance of
crawfish. These impoundments also provide good nesting habitat for the alli-
gator; however, removal of water too early in the spring (prior to June) may
simulate drought conditions and reduce nesting efforts (Joanen 1969).

Freshwater Fishes

Although a freshwater environment is provided, freshwater fish production
is curtailed by the drying process. Freshwater fish habitat is only provided
in canals or deep channels not subject to drying.

Estuarine Fishes

Impoundments of this type are normaily constructed in freshwater marsh
and such marsh is usually considered unfavorable habitat for estuarine fishes.

Crawfish

Manipulated freshwater impoundments are used in aquaculture for growing
crawfish (Perry et al. 1970). Water is removed in early summer to enhance
crawfish reproduction and remove predators of crawfish {mainly fishes).

Marshes managed by this process often produce in excess of 500 1b (227 kg) of
harvestable crawfish per acre.

PERMANENTLY FLOODED BRACKISH WATER IMPOUNDMENTS

Impoundments of this type are usually managed to produce widgeongrass
(Ruppia maritima) for the purpose of attracting ducks (Chabreck 1960). A
survey of marsh impoundments in South Carolina disclosed that the permanently
flooded brackish water impoundment was the type used most often in that state
(Morgan et al. 1975). Although the impoundments are described as permanently
flooded, drainage at 2- to 3-yr intervals is necessary for best widgeongrass
growth.



Watertowl

The impoundments are used heavily by gadwall, American wigeon, and lesser
scaup, which are attracted by dense stands of widgeongrass. The type is used
to a much lesser extent by other dabbling ducks and use is regulated by water
depths. The type does not normally receive use by snow geese.

Coot, Gallinules, and Rails

The impoundments receive high use by coot, and the birds will congregate
in dense flocks shortly after fall migration. Concentrations of coot and
ducks often become so great that widgeongrass food supplies may be depleted
early in the wintering season. Gallinules do not frequent this habitat and
rails are often excluded by water depth or Tack of protective cover.

Wading Birds

Wading bird use is usually curtailed by excessive water depths. Very
often, only impoundment edges are used by the birds. However, Provost (1967)
reported that overall bird usage of salt marshes was increased by permanent
flooding as part of a mosquito control prcgram in Florida.

Fur Animals

Fur animal populations are usually lTow because of inadequate protective
cover and food supplies. Plants, preferred as food by muskrat and nutria, and
prey species, used as food by carnivores, are absent or in very limited sup-
plies.

Alligator

Habitat conditions provided by this impoundment-type are not favorable to
the alligator. Water salinities are often above the tolerance levels of small
alligators and summer food supplies are usually inadequate for attracting
large animals. Brackish marshes, whether impounded or natural, are not pre-
ferred habitat for alligators.

Freshwater Fishes

Marshes with high water salinities, whether impounded or not, are unfav-
orable habitat for freshwater fishes.

Estuarine Fishes

Brackish marshes and associated water bodies serve as a vital nursery
area for estuarine fishes, and levee systems used for impoundments block their
ingress and egress from tidal channels. Also, organic detritus from marsh
plants serves as a primary food source for estuarine fishes, and levee systems
block the movement of this material into estuarine waters. However, when
brackish water impoundments are drained, detrital material is flushed out and
becomes available as a component of the aquatic food chain.
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Crawfish

Brackish marshes, whether impounded or not, are unfavorable habitat for
crawfish production.

MANIPULATED BRACKISH WATER IMPOUNDMENTS

Impoundments are often constructed in tidal marsh and alternately flooded
with brackish water and drained to encourage growth of duck food plants.
Brackish water impoundments used for mariculture are also included in this
category; however, marsh impoundments have been used only to a very Timited
extent for mariculture. Impoundments of this type comprised approximately 10%
of the total area in marsh impoundments in South Carolina (Morgan et al. 1975).

Waterfowl

Neely (1960) described a procedure for growing saltmarsh bulrush (Scirpus
robustus) in brackish water impoundments in South Carolina that involved flood-
ing and draining the area on a monthly cycle during the growing season. Water
was kept at a depth less than 12 in (30 cm) and dabbling ducks, such as mal-
lard, pintail, and black duck (4nas rubripes), could easily reach the bottom
for feeding. Such impoundments provide excellent dabbling duck habitat and are
also used by diving ducks and snow geese. Dwarf spikerush (Eleocharis parvula)
and widgeongrass grow along the shoreline of ponds or in openings among stands
of saltmarsh bulrush and also provide food for waterfowl.

A similar management system is used in Louisiana and involves prolonged
drying during the spring and early summer to produce saltmarsh purslane (Sesu-
vium maritimum) and dwarf spikerush. Dabbling duck usage of such impoundments
is very high.

Coot, Gallinules, and Rails

Coot are attracted to habitat as provided by this impoundment type. Also,
the clapper rails use the shorelines of ponds. Gallinules generally avoid
brackish marshes regardless of management practices (Lowery 1974a).

Wading Birds

The cycle of flooding and draining attracts wading birds and cowditions
for feeding are ideal until mid-summer when vegetation growth becomes very
dense. However, water is maintained at shallow depths and shoreline areas
remain.attractive.

Fur Animals

This impoundment-type provides ideal habitat for fur animals. Abundant
cover, food, and feeding conditions are available for both herbivores and
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carnivores. Impoundments containing saltmarsh bulrush provide better fur
animal habitat than those with saltmarsh purslane.

Three-cornered grass (Seirpus olneyi), a highly preferred food of muskrat,
nutria, and snow geese, is also grown in brackish water impoundments under a

system of manipulated water levels. A marsh manager in Louisiana has harvested

over 25 muskrat per acre on a 1000-a impoundment containing three-cornered
grass.

Alligator

The alligator mostly occupies habitat with Tow water salinity and its use
of brackish impoundments is minimal.

Freshwater Fishes

Brackish marshes, whether impounded or not, are unfavorable habitat for
freshwater fishes.

Estuarine Fishes

Water bodies in brackish marshes are important nursery areas for estuarine

fishes, and levee systems associated with impoundments block normal ingress
and egress. The movement of organic detritus from impounded brackish marsh to
estuarine waters is altered by this system of management; however, the system
of flooding and draining provides a means by which detritus can be discharged.
In fact, plant growth is enhanced by the management procedure and detritus
production may actually be increased.

Lunz (1967) described procedures for mariculture in brackish and salt
marsh impoundments. The procedures would likely reduce production in natural
waters, but the overall production of selected estuarine species can be
increased by using controlled environments.

Crawfish

Brackish marshes, whether impounded or not, are usually unfavorable habi-
tat for crawfish.

SUMMARY AND CONCLUSIONS

Marsh impoundments are widely used in coastal regions for improving wild-
life habitat, aquaculture, water storage for agricultural irrigation and
industrial uses, flooding marshes for mosquito control, and maintaining favor-
able water depths for navigation. Impoundments can be categorized on a basis
of water level and salinity regimes into four types: permanently flooded with
freshwater, manipulated freshwater, permanently flooded with brackish water,
and manipulated brackish water. Their effects on fish and wildlife resources
vary with the resources involved and the type of impoundment.
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WATERFOWL

Natural marshes, both fresh and brackish, are used by waterfowl; however,
habitat conditions often deteriorate because of canal dredging and subsidence.
This has resuited in widely fluctuating water Tevels and salinities that cur-
tail growth of desirable food plants. Marsh impoundments are constructed as a
management practice to improve growth of food plants and ensure proper feeding
conditions, particularly for dabbling ducks (Chabreck et aZ. 1974; Morgan et
al. 1975; Carney and Chabreck 1978). Diving ducks use marsh impoundments with
deeper water (2 to 4 ft or 0.6 to 1.2 m). Geese show little response to
impoundments managed for ducks; however, marshes which are drained and grazed
by cattle are very attractive to geese (Chabreck 1968).

COOT, GALLINULES, AND RAILS

Impounding marshes improves habitat conditions for the coot because of
increased food production. Largest populations of gallinules are found in
permanently flooded freshwater impoundments. Permanent flooding will reduce
rail use of a marsh, but manipulating water levels will increase vegetation
density and improve rail habitat.

WADING BIRDS

Wading birds prefer a shallow water environment, and impoundments with
manipulated water levels improve habitats for the birds. Freshwater impound-
ments which produce crawfish are particularly attractive. Usage of impound-
ments with deeper water is similar to that of nonimpounded marsh.

FUR ANIMALS

Fur animals are greatly affected by cover and food availability. Fresh-
water impoundments usually contain higher nutria, mink, and river otter popu-
lations regardless of water levels. The raccoon favors fluctuating water

levels and highest populations occur where food, such as crawfish. is abun-
dant. Muskrat generally do poorly in marsh impoundments managed for ducks;
however, impoundments can be managed for muskrat to increase populations.

ALLIGATOR

The American alligator prefers a freshwater environment and marsh
impoundments can be managed to maximize alligator productior. Freshwater
marsh impoundments can be managed for ducks, and still benefit the alligator,
by properly timing the dewatering cycle to correspond with alligator nesting.
Food production and feeding conditions are improved by impounding.
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FRESHWATER FISHES

Production of freshwater fishes is increased in marshes in pérmanent1y
flooded freshwater impoundments. In nonimpounded marshes, freshwater fishes
are limited to deseper channels.

ESTUARINE FISHES

Tidal channels and ponds in brackish marshes are a vital nursery area
for estuarine fishes. Levee systems used for impounding brackish marshes
block normal ingress and egress of aquatic organisms and reduce the size of
nursery areas. A system used on Rockefeller Wildlife Refuge in southwestern
Louisiana permits entrance of estuarine fishes and crustaceans (mainly shrimp)
by opening water control structures on high tide when postlarval forms are
present. Young shrimp grow very rapidly and are harvested by sport fishermen
with cast nets several months later as they concentrate at the structures to
exit. Other procedures for mariculture in brackish water impoundments were
described by Lunz (1967) as a method for increasing production of selected
species.

Organic detritus from marsh plants is a basic component of aquatic food
chains, and levee systems of impoundments will alter the flow of detritus to
tidal waters. If brackish water impoundments are drained periodically, detri-
tus is discharged into tidal channels.

CRAWFISH

Crawfish require a freshwater environment, and marsh impoundments that
are drained during the summer and reflooded in fall produce abundant crops of
the crustaceans. Crawfish are a major food item of many other species of
fish and wildlife and provide a commercial and recreational resource for man.
Natural freshwater marshes produce crawfish, but production is maximized in

manipula: ter impoundments (Perry et al. 1970).
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EFFECTS OF ALTERED FRESHWATER INFLOW
ON ESTUARINE SYSTEMS

Neal E. Armstrong?
ABSTRACT

Alteration of freshwater inflow to estuaries is of concern to those who
study and manage estuaries because of the potential impact of such alterations
on the biota, particularly commercially important species. A framework and
methodology for estimating these impacts is presented along with examples of
previous studies relating freshwater inflows to biological changes in estuar-
jes.

INTRODUCTION

A continuing concern of those who study and manage estuaries is the impact
of altered freshwater inflows to these systems. By definition, estuaries are
mixtures of salt and freshwater. The ratio of the amounts of these two waters,
coming from tidal exchange with the ocean and inflowing fresh water, respec-
tively, and the mixing characteristics of the estuary, determine the salinity
patterns of the estuary. Organisms inhabiting an estuary are largely those
able to occupy the niches created by prevailing salinities and temperatures.
Alterations of freshwater inflows change the salinity width of the niche and
may preclude some species, perhaps commercial species, from inhabiting the
estuary. This latter effect is of most concern to commercial fisheries manage-
ment agencies.

Freshwater inflow alterations may be increases or decreases in natural
flows, the alteration of temporal inflow patterns, and/or the moderation of
maximum and minimum inflows. These alterations may be due to upstream consump-
tion of fresh water during municipal, industrial, and agricultural use,
impoundments, or perhaps transfers of water into or out of the drainage basin.

Attention has been given to the problem of freshwater inflow alterations
in recent years, notably in studies conducted by the Texas Department of Water
Resources along the Texas coast. Recently the U.S. Fish and Wildlife Service
sponsored studies, first in Corpus Christi Bay, Texas by Henningson, Durham and
Richardson, Inc., and Texas A&M University, and in Matagorda Bay, Texas by
Espey, Huston and Associates, Inc. and the University of Texas at Austin. All
of these studies are incomplete at present but the procedures used are similar.

'Environmental Health Engineering Laboratory
University of Texas at Austin
Austin, Texas 78712
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This presentation will include some descriptions of possible approaches
to determine the freshwater inflow requirements of estuaries both spatially
and temporally. A framework for analysis of this problem will be presented
with exampies of some of the methods that have been used to date.

FRAMEWORK

ELEMENTS OF FRAMEWORK

The framework for determining the amounts and scheduling of freshwater
flows must include the goals to be achieved by meeting freshwater requirements
and the competing uses of that freshwater (Figure 1). Assuming that ecologi-
cal goals for a selected estuary have been established, the first task is to

determine the levels of water quality needed to achieve those goals. For estu-

arine organisms, temperature, salinity, dissolved oxygen, nutrients (primarily
carbon, nitrogen and phosphorus), and contaminants are the water quality vari-
ables of concern. Tolerance limits (levels of variables above and below which
an organism or one of its Tife stages will not survive and the changes in
growth rates over this range), preference levels (levels of these variables
which a mebile organism or one of its life stages will select if given a
choice) and growth kinetics relationships (growth rates, death rates, sub-

strate utilization rates, yields, productivity, Michaelis constants, food pref-

erence, minimum substrate concentrations, and so forth) are ecosystem function
properties which are used to determine the required Tevels of water quality,
or water quality criteria (not standards) needed to maintain an organism or a
comaunity of organisms. In an estuarine system, this is especially important
because of the need for certain communities to function as a unit, not as sin-
gle parts; for example, the seagrass system or the emergent marsh system must
function as subcommunities within the total estuarine community. Therefore,
the water quality levels chosen must refiect the needs of the shoalgrass as
well as the major class of larval fishes which may inhabit it.

The second task is to determine the spatial and temporal distribution of
freshwater flows to the estuary needed to meet these goals and criteria. It
is well-known that certain organisms which inhabit estuaries rely on the tim-
ing of freshwater flows and the magnitude of these flows for the availability
of certain levels of salinity and/or the influx of organic and inorganic mate-
rials. These particular salinity and/or food requirements must be met in var-
ious geographical areas of the bay system and at the times that the organisms
are in those areas. Information about natural inflow rates and occurrence is
needed, as well as information which describes the organisms' preference for
or reaction to various levels of salinity, temperature, nutrients, and contam-
inants. A technique is also needed to determine the impacts of these inflows
on the water quality of the bay.

Once the freshwater flow needed to maintain ecological goals has been
determined, the third task is to formulate the release schedules from existing
or proposed upstream reservoirs (Figure 1), the priorities for meeting these
needs, and the operational policies of those reservoirs.
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Once the release schedules have been estimated, the fourth task is to
determine whether the ecological goals of the estuary and the flow release
schedules may be met individually and/or simultaneously. If either the goals
or the criteria may not be met, then each or both must be reevaluated and the
analysis repeated until they are met. If the goals and criteria are met, then
an operational policy may be proposed so that the appropriate government regu-
latory agency is able to develop a freshwater flow release policy based on a
sound scientific rationale.

CRITICAL ELEMENTS

There are three critical elements in this framework for determining fresh-
water release needs. The first is the determinaticn of appropriate water qual-
ity levels needed to sustain the diversity and productivity of the bay system.
The second is the process or predictive basis by which the effects of spatial
and temporal distributions of freshwater flows are determined. The third is
the determination of the quantity and scheduling of the freshwater inflows.

Water Quality Criteria

Appropriate water quality levels or criteria can be determined in several
ways. The most immediately useful way is through a 1literature search and eval-
uation. Where data are lacking or where it is questionable whether laboratory
data can be extrapolated to the field, a second method is the application of
various statistical techniques such as regression and ordination to existing
data. For example, Copeland and Bechtel (1974) effectively used catch data for
fish and shellfish and associated water quality and geographical data to deter-
mine environmental 1imits for salinity, temperature, location (and, in a sense,
depth), and dissolved oxygen. Bascom and his staff (SCCRP 1975) used cluster-
ing techniques to relate presence and abundance of benthic organisms to sedi-
ment quality characteristics. Such techniques can be applied to field data
gathered previously or during a study to develop limits specific to some estu-
ary. A third way is through special field studies for: productivity, effects
of large amounts of suspended solids from dredging, and effects of thermal
wastes. Such studies normally involve gradient analysis examination of commun-
ity structure and function along a gradient of temperature, salinity, nutrients,
dissolved oxygen, or contaminants. A quasi-field technique, the laboratory
microcosm, involves placing an intact piece of the natural system in the labor-
atory for study under controlled conditions. A fourth way is through special
laboratory experimental studies such as algal growth bioassays or toxicity bio-
assays, to derive specific growth function or tolerance limits data. Such
tests are costly however.

Mathematical Models

The second critical element incorporates the use of water quality and
ecological mathematical models. Mathematical models can be divided into four
components (Figure 2). The first component is the source or input data, which
normally contain flow and quality information about freshwater, return, and
saltwater inflows. The second component is the transport model, which
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incorporates the advective and dispersive transport mechanisms of the aquatic
system. The third component includes the reactions by which discharged mate-
rials change their chemical form or presence in the water phase due either to
physiochemical reactions or to biological action on these materials. (In most
mathematical models, the biological action is treated independently of the
effects of the materials on the organisms themselves.) The end results of the
transport and reaction model are predicted distributions of water quality con-
centrations. The fourth component of these models is the prediction of the
effects of these concentrations on organisms. At the present time, this ele-
ment of the model is accomplished for the most part by a professicnal judge-
ment; that is, the predicted water quality concentrations are interpreted by a
knowledgeable ecologist as to their effects on the oroanisms present in the
aquatic system, based on the water quality levels ¢r criteria developed above.
Some ecological models now incorporate populations (o biomass) of organisms
from Tower trophic levels within the model itself and the water quality concen-
trations of materials which affect the growth and survival of the organisms.
Thus, the concentration vs. effects relationships are input at the population
component. Further, the population information is fed back to the reaction
portion of the model so that the transformation of chemicals due to biological
action is now a function of the pcpulations of the organisms causing the
action, as well as the rate at which the action occurs.

The state-of-the art models, Z.e. those models whose output may be confi-
dently interpreted, are also delineated in Figure 2. As is evident, they do
not include models that incorporate populations of organisms. A number of eco-
logical models have been developed, and with experience the state-of-the-art
will extend to them eventually. At present, however, the ecological models
which have been successfully verified consider relatively simple trophic inter-
dependencies, e.g. planktonic models or models of single species and well-
defined fisheries. Ecological models of the complexity capable of treating
specific higher-level species in estuaries are in, at least, a formative stage.

In discussing the applicability of a model to a particular problem one
frequently refers to the stage of "development" of that model. As any model
is an idealization of the complex processes operating in a real estuarine sys-
tem and is improved as the understanding of each of those processes is improved,
any model can be said to be "in development". Whether a model can be consid-
ered operable for a particular problem requires that: 1) the basic computer
program has been developed and thoroughly tested for satisfactory operation;
and 2) the principal natural processes affecting the problem of interest are
incorporated in the model formulation and have been tested by comparison with
real measurements over a sufficiently wide range of conditions.

The importance of the second criterion, that the model be adequately
tested against observation, cannot be overemphasized. This testing, the pro-
cess of "calibration", is probably the single most important and costly aspect
of model development. Though a computer program may be completely operational
and yield realistic-appearing calculations (e.g. of currents, salinity, etc.),
the only satisfactory test of a model's adequacy is by direct comparison with
measured data. The spectrum of processes operating in real estuaries and the
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range of possible interactions are too great to accept a model as operational
without direct testing against the real world, "“Calibration" is system -speci-
fic. The fact that a model is verified for application to one bay does not
obviate the need for caiibration for any new system to which that model is
applied (Espey, Huston, and Associates, Inc. 1978).

By exercising the mathematical models for the aquatic system of concern,
freshwater inflows (or saltwater influxes from the ocean) may be correlated
with changes in water quality (e.g. salinity, temperature, dissolved oxygen,
nutrients, contaminants) at any point in the aquatic system. Using this corre-
lation and the water quality criteria, professional ecological judgement is
required to determine which salinities are needed in various parts of the bay
for the species which inhabit these areas and for the time of inhabitation. In
this way, the salinities which determine the presence or absence of these
organisms may be related to the freshwater inflows required to maintain those
levels. It must be remembered that water quality requirements may vary for
different types and 1life stages of organisms. The freshwater inflows deter-
mined by this procedure must be translated into freshwater flow quantities
and schedules, and this involves the third critical element of this framework.

Freshwater Inflow Determination

The third critical element, determination of freshwater inflow quantities
and schedules, must be established through careful consideration of the natural
freshwater flows in the drainage basin of the bay system, any reservoirs or
natural Takes which occur in the basin, and the operating criteria for reser-
voirs if they exist. By using historical records of freshwater flows, or syn-
thesized records as can now be obtained using sophisticated mathematical models,
freshwater inflows to the bays may be estimated. Statistical analysis can then
be made of the frequencies by which the required freshwater-inflow quantities
and timings are achieved to satisfy the water quality requirements of the
organisms. This information would then be used by the various regulatory agen-
cies involved to judge whether these flows were adequate for maintaining the
species desired, as well as meeting other competing uses of those waters, and
to operate the reservoirs to provide these necessary flows. Such an analysis
necessarily incorporates the various types of operating policies for the reser-
voir and various levels of risk of not achieving the required salinities,
nutrient levels and temperature for certain species.

In a report from the National Academy of Science to the National Commis-
sion on Water Quality (National Commission on Water Quality 1976), for which
Parker and Armstrong (1974) prepared an original text, a protocol for examin-
ing biological impacts of perturbations, such as altered freshwater inflows,
was proposed based on the data available for analysis. The data available in
natural systems range from essentially no biclogical data with minimal water
quality data, to systems for which there 1S a substantial amount of biological
structure data with substantial water quality data, to systems for which there
are not only biological structure data but also biological function data as
well as substantial water quality data. One's ability to assess biological
impact then becomes a direct function of data available. For example, with
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essentially no biological data, one can only compare water quality levels under
the influence of a perturbation with general water quality criteria. Perturba-
tions that cause changes in water quality such that these criteria are violated
would be considered undesirable. This approach might be entirely satisfactory
for some situations, but relies heavily on general water quality criteria,
which may not be applicable to the location under consideration.

With a substantial amount of biological structure data, one can refine the
water quality criteria as they apply to specific organisms and their tolerance
Timits (as determined from the literature) for various 1ife stages. Now, one
is able to compare the water quality produced by the various perturbations
against the water quality requirements for specific organisms and test whether
the criteria are violated. While this approach becomes more precise for speci-
fic organisms, it does use tolerance limits and this implies an organism is
stressed in some way before a level of tolerance is reached. This would imply
that the water quality produced by the perturbation may indeed meet water qual-
ity requirements but may still be stressful to the populations in a way that
could not be measured immediately or noticeably.

To move beyond the tolerance limits constraints requires that one have
function data (<.e. growth kinetics, productivity, community metabolism, and
other similar measures, all as functions of environmental conditions). Func-
tion data alone provide one with a measure of the state of the system; but
unless they are related to environmental conditions, they may not permit one to
predict the future state of that system given some change in environmental con-
ditions. HNow, one 1is able to carry out more sophisticated analyses with
increasing data availability. However, the analyses become more complex and
interpretation more difficult; and one begins to surpass the present state-of-
the-art of biological assessment.

EXAMPLES

COMMUNITY APPROACH

Armstrong and Hinson (1973) examined the freshwater inflow requirements of
Galveston Bay as part of a toxicity study. They made use of the data of Cope-
land (1966), which correlated commercial catch of fish and shellfish in Texas
Bays with the previous year's freshwater inflow. Because each of the Texas
estuaries examined by Copeland (1966) had different geographic and hydrographic
characteristics, it was difficult to compare the correlations of catch vs.
freshwater inflow from one bay to another. Armstrong and Hinson (1973) rear-
ranged the data by converting the catch data to catch per unit bay surface area
per year and the hydrographic data to hydraulic displacement rate (annual
freshwater inflow divided by bay volume at Mean Sea Level). A common graph,
with both scales normalized in this fashion, can be drawn (Figure 3). The fig-
ure shows that catch increases with increasing displacement rate (or increasing
freshwater inflow). However, for each bay there is a peak catch rate which
occurs approximately at a displacement rate of 0.5 yr-! for Aransas and
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Galveston Bays and 2.0 yr-! for Matagorda and San Antonio Bays. Corpus Christi
Bay never reached a peak. With increasing displacement rate there is an
increase, then a decrease, in annual catch. The increase in annual catch with
displacement rate results from (1) the decrease in salinity to a suitable level,
(2) the impact of river-borne organic and inorganic nutrients, and (3) perhaps
increased nutrient release from sediment deposits due to mixing. The decrease
could be due to (1) excessively low salinities during critical times of the
1ife stage of organisms in the estuary, (2) flushing of nutrients needed for
larval and juvenile growth out of the bay system, and (3) possibly even the
flushing of larvae out of the bay system. Theoretically, a freshwater inflow
could be chosen to sustain high catch rates. This approach, while interesting,
does not begin to deal with the individual fish and shellfish species in the
system and remains a gross, and perhaps inaccurate, example of freshwater
inflow effects on estuaries.

Another community approach is that conducted by Cooper and Copeland (1973)
using the microcosm technique. A series of five aquaria, interconnected to
allow exchange of fresh- and saltwater among them, were operated so that the
salinities in the aquaria matched those in Trinity Bay, Texas. These aquaria
were seeded with organisms from Trinity Bay and permitted to stabilize.

Changes in the ratio of freshwater inflow to saltwater inflow were made to sim-
ulate drought conditions. Community metabolism and phytoplankton and zooplank-
ton populations were monitored during this period. Cooper and Copeland (1973)
concluded that estuarine systems are reliant to some extent upon freshwater
input for their productivity and that the quantity and quality of river inflows
must be managed to provide optimum levels.

POPULATION APPRCACH

The Texas Department of Water Resources has developed a migration model of
the white shrimp (Penaeus setiferus) in an attempt to refine a correlation
between freshwater inflows and catch data (Texas Department of Water Resources
1978). The description below is summarized from their report.

The migratory organism model was developed from preliminary data analysis
and existing knowledge of interactions of environmental conditions, such as
inflows, hydrodynamics, and biological processes in San Antonio Bay. This
model evaluates the magnitude and seasonal fluctuation of important environmen-
tal parameters (e.g. freshwater inflow, salinity, and water temperature) and
shrimp physiology, and groups them according to an environmental accounting or
scoring program. While the scoring is rather complicated, high scores are
given for those environmental conditions existing during good shrimping periods
and Tow scores for conditions during poor shrimping years. The model assigns
scores to portions of the tolerance 1imit range of the white shrimp, high
scores for the optimal portion, Tower scores for non-optimal portions. Through
the adjustment of environmental 1imits, scores, and weighting factors (Z,e.
model coefficients), a "best-fit" curve can be obtained between catch data and
scores using data for the 1962-1970 period. An example of the calibrated
results obtained for this period are shown in Figure 4 for freshwater inflow.
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As illustrated, scores for 1962, 1963, 1966, 1968, 1969, and 1970 1ie on a
smooth curve, whereas 1964, 1965, 1967 do not relate to the curve, The reasons
for the latter years to deviate from the graph were not entirely clear, Again,
however, a freshwater inflow pattern could be chosen to enhance the probability
of good shrimping years,

INDIVIDUAL APPROACH

An example of the approach using a single individual as an indicator
organism is the study performed by Lambert and Fruh (1976), They used the
spotted seatrout (Cynoscion nebulosus) in Corpus Christi Bay as their example.
Basically their study consisted of modeling the hydrology of the Corpus Christi

Bay drainage area and determining the freshwater inflows under various drought -

and flood conditions, reservoir operation regimes, and downstream uses. A two-
dimensional mathematical model of Corpus Christi Bay was used to determine the
effects of these inflows on salinities throughout the bay. Correlations
between salinity, key points (F10ure 5) in the bay, and freshwater inflows were
developed. Data for a key station in the seagrass beds of Redfish Bay were
used to determine the effects of freshwater inflows on the seatrout (Figure 6).
The reproduction requirement of 27°%, (parts per thousand) salinity was chosen
as the working criterion which should be met between April and September in the
grassflat areas of Redfish Bay. Using the graph correlating salinity and
freshwater inflow at that Tocation, they determined that a certain freshwater
inflow was required to maintain this particular salinity (27%.) at this key
Tocation at the appropriate time of year. Based on that single requirement, an
operational policy can be proposed for the upstream users of freshwater so that
the downstream constraints can be met,

SUMMARY

An overa'! anproach to managing freshwater inflows to estuaries has been

presented "t ific examples of how this might be done in several estuaries.
In reality, ir ‘hod one chooses is in large part a function of the data
availabie ¥or ine anaiysis.
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CONTRIBUTION OF WOODED SWAMPS AND BOTTOMLAND FORESTS
TO ESTUARINE PRODUCTIVITY

John W. Day Jr., William H. Conner, G. Paul Kemp!
INTRODUCTION

Cypress swamps and bottomland forests are important ecosystems in the
southeastern United States. Some of the largest are well-known, including the
Atchafalaya in Louisiana, the Okeefenoke in Georgia, and the Big Cypress in
Florida. However, most rivers have swamps and bottomland forests associated
with them, especially in their lower reaches.

The value of these ecosystems for wildlife habitats and water regulation
is well-recognized, but studies of the ecology and management of estuaries
have rarely taken the role of these freshwater systems into consideration.
Recent evidence suggests that in many cases, swamps and bottomlands play an
important role in estuarine productivity. Four objectives of this paper are
to: 1) review the ecology of swamps and bottomland forests; 2) describe ecolo-
gical couplings between these systems and estuaries; 3) discuss the impacts of
human activities on both swamp ecology and swamp-estuary couplings; and 4)
briefly suggest some management approaches. .

ECOLOGY OF SWAMPS AND BOTTOMLAND FORESTS

PRODUCTIVITY

Swamp forests of the southeastern United States are highly productive
(Conner and Day 1976; Brown et al. 1979). This high productivity is related
to water flow (Table 1). Odum (1979) hypothesized that both frequency and
intensity of flooding is important (Figure 1), with the highest productivity
occurring at sites characterized by seasonal flooding. Productivity is lower
in areas with less water flow as well as in places with very strong flow.
Brown et al. (1979) gathered all available data on forested wetlands and
reported net productivity that was 40% greater in forested wetlands with flow-
ing water than those with still water.

'Coastal Ecology Laboratory
Center for Wetland Resources
Louisiana State University
Baton Rouge, Louisiana 70803



Table 1. Comparative swamp productivities for the southeastern United States.

Area References Stem growth Litterfall NPpa
g/m*/yr g/m*/yr  g/m?/yr
Des Allemands, La.
(seasonal flooding)
Cypress-tupelo Conner & Day 1976 500 620 1120
Bottomland hardwood Conner & Day 1976 800 574 1374
Cypress-tupelo Conner, pers. comm. 538 417 955
Crawfish farm Conner, pers. comm. 917 549 1466
(stagnant)
Impounded Conner, pers. comm. 296 328 624
Lake Pontchartrain Cramer 1979
Seasonal flooding 618 473 1091
Continual flooding 376 242 618
Big Cypress Swamp, Fla. Carter et al. 1973
(riverine)
Drained 120 267 387
Undrained-edge strand 485 373 858
Undrained-central strand 756

Withlacoochee St. Forest, Fla. Mitsch 1975

Combined riverine & cypress 600
dome (avg. of 23 sites)

Cypress Domes, Fla.

Mitsch 1975

Drained 416
Undrained (stagnant) 192
Okefenokee Swamp, Ga. Schlesinger 1978
Very slowing flowing 692
Tar River, N.C. Brinson 1977
(seasonal flooding) 528-577
Florida Mitsch & Ewel 1979
Cypress-hardwood (riverine) 950
Cypress-tupelo 760

aNet primary productivity
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Figure 1. Graphic model (partly data based, partly hypothetical) of swamp
subsidy-stress response to flooding (Odum 1979).

Studies in Louisiana support the hypothesis that flowing water and fluc-
tuating water Tevels are best for the growth of trees. Conner and Day (1976)
reported that bottomland forests are very productive (1574 g/m?/yr), even more
so than cypress-tupelo swamps (1140 g/m*/yr). The bottomland hardwood forests
are flooded each year for a period ranging from a few weeks to months. The
rest of the year the water table 1is near or just below the soil surface. In
these areas, cypress trees are present although not in as great a number as in
the true swamp forest.

The cypress-tupelo swamps are flooded for many months of the year, some-
times year-round, and thus have a low species diversity. These areas only
drain during periods of extremely low rainfall. Since cypress and tupelo only
germinate under nonflood conditions, it is during these drought years that new
trees become established. This is probably the reascn one finds large even-
aged stands of these species.

The greatest productivity rates for a Louisiana swamp forest have been
measured in an area managed as a crawfish farm, an area flooded from late fall
through early spring and drained the rest of the year. While it is flooded,
fresh water is constantly being flushed through the area to ensure high oxygen
for crawfish. This type of management has proven to be very beneficial to
tree growth. Net primary productivity for thisarea is estimated to be 1755
g/m?*/yr (William Conner, pers. comm., Center for Wetland Resources, Louisiana
State University).
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In the swamp forests around Lake Pontchartrain, Cramer (1979) studied two
different types of swamp forest - one continually flooded and the other with
naturally f]uctuating water levels. The natural swamp forest was the most
productive (1091 g/m*/yr vs. 618 g/m?/yr).

COMPOSITION

Wetland forests are characterized by standing water for part of the year.
Cypress is the most common tree associated with this environment, but depend-
ing upon the hydrologic conditions other trees are also found. Bottomland
riverine forests which have short hydroperiods tend to be dominated by red
maple, ash, box elder, cottonwood, and water oak while cypress and tupelo are
scattered throughout. In areas where drainage is poor and the hydroperiod is
long, cypress and water tupelo tend to form nearliy pure stands. In Louisiana,
Conner and Day (1976) found that 52% of the trees in the bottomland forest
were ash, box elder, cottonwood and water oak with cypress and tupelo only
representing 13% of the total number of trees. In the cypress-tupelo swamp
71% of the overstory was cypress and tupelo. Red maple and pumpkin ash were
the most common understory species.

CHEMISTRY

The chemistry of swamp floodwaters is determined by complex biological
and geochemical interactions occurring at the sediment-water interface or for-
est floor. Many of these processes are mediated by such site specific param-
eters as sediment geology and flooding regime, but a few generalizations may
be made. Because of Tight Timitation and the rigor of seasonal flooding,
there are few shrubs or grasses in a mature swamp. Thus, the swamp floor is
often a bare mud-water interface broken only by the trunks of well-spaced
trees. Uptake of nutrients and other constituents, then, by way of the tree
roots does not directly affect floodwater concentrations.

Oxygen demand caused by large seasonal inputs of organic matter may strip
oxygen completely from the water column during much of the year when low temp-
eratures do not inhibit microbial metabolism (Figure 2). Underlying sediments
are almost always reduced.

Swamps act as catchment basins for sediments introduced in upland runoff.
There is an initial loss of oxygen and suspended Toad as water spreads and
sTows and particles settle out. Thus, swamp drainage waters, while often

highly colored by dissolved organic substances, are generally low in suspended
matter.

The water spreads over an often reduced sediment interface which is the
site of intense anaerobic decomposition. During this stage there are marked
changes in the chemical composition of the water due to physical, chemical,
and microbial activity, primarily at the mud-water interface. The relative
intensity of this alteration is determined by the:.hydrology of the swamp (Z.e.
the residency time) and by the chemistry of the underlying sediments.
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Figure 2. Dissolved oxygen levels in a well-drained Louisiana swamp.
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The following discussion will focus mainly on studies of nitrogen and
phosphorus dynamics in Louisiana (Butler 1975; Seaton 1979; Kemp 1978). How-
ever, much of the information is also true of other floodwater constituents.

Dissolved nutrient concentrations in swamp surface waters are in dynamic
balance with concentrations in the sediment pore waters whichare, in turn, in
equilibrium with the-sediments. The magnitude of the labile sediment pool is
to some degree fixed by mineralogy and sedimentary history, but it is also
strongly influenced by pH and Eh.

The swamp forest in the upper Barataria Basin is an interdistributary
swamp formerly subject to overbank flooding from the Mississippi River. Core
data indicate an interlayering of peat deposits with alluvial silts and clays.
The surface sediments are highly organic peats {carton 17%), rich in both
nitrogen and phosphorus (1.1% and 0.1%, respectively}.

The swamp is poorly drained and much of it is generally inundated at
least 10 mo of the year. Floodwater pH is stable at neutrality. Dissolved
oxygen is generally less than 1 ppm except during January and February when
it may approach saturation (~8 ppm). Sediments are strongly reducing at a
depth of 2

Concentrations of dissolved nitrogen and phosphorus are generally high
when considered relative to other aquatic systems (Table 2). This is particu-
larly true of organic nitrogen (1 mg/1) and phosphorus (0.2 mg/1) and ortho-
phosphate (0.2 mg/1). Nitrates, however, are quite low (0.05 mg/1) as would
be expected in a reducing environment. Ammonia concentrations ?avg 0.1 mg/1)
are highly variable and appear related to the degree of stagnation; high in
areas of Tow flushing and lower elsewhere.

A nutrient budget computed for a section of swamp receiving agricultural
drainage indicates that this system is effective in removing nitrate nitrogen
but that orthophosphate, organic nitrogen and organic phosphorus are, on the
average, added to the water. However, during the winter, when oxygen levels
rise, phosphate is removed by the sediments, thus indicating the redox-related
reversibility of uptake-release phenomena for this nutrient form. Kitchens
et al. (1975) studied nutrient dynamics in the Santee Swamp in South Carolina.
As river water flowed through the swamp, they measured decreases in turbidity
and nutrient levels (particularly PO,), but there was little or no oxygen
depletion. This indicates how water flow can affect chemical dynamics.

In summary, chemical dynamics of swamps are very complex and strongly
affected by local physical, hydrological and geological conditions. Higher
water flow generally leads to more aerobic conditions, but this is affected by
sediment type (sand, peat or clay). The development of an oxygenated water
column and sediment surface promotes the uptake of most inorganic forms,
Anaerobic conditions promote leakage of most forms.
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ldple <. LOmparison oT nitrogen and pnosphorus values 1in Barataria Bay estuary
and other eutrophic areas (annual mean in mg+17!)(Butler 1975).

Station Total-N Organic-N (No; + No;)—N NHZ—N Total-P POZ3—P
Bayou Chevreuil (C) 2.13 1.63 0.28 0.25 0.34 0.15
Bayou Boeuf (E) 1.79 1.36 0.14 0.19 0.20 0.12
Lac des Allemands (A) 1.60 1.35 0.24 0.16 0.27 0.08
Lower Estuary
Brackish Bay 1.27 0.08 0.25 0.10 0.05
Saline Bay 1.05 0.04 0.066 0.08 0.02
(Ho, unpublished)
Lake Mendota | 6.7 to 1.29
(Domogalla et al., 1925)
Central Florida Lake
eutrophic 1.98
meso-eutrophic 1.25

(Shannon and Brezonik, 1972)




HYDROLOGY

As is evident from the foregoing discussion, much of the ecology and chem-
istry of swamps and bottomlands is determined by hydrological conditions.
Obviously, the presence of water is part of the definition of swamps. However,
such factors as the rate of flow, seasonality, and amount are crucial in deter-
mining community structure, composition, and chemical cycling.

On the other hand swamps and bottomlands have a marked effect on hydrolo-
gical patterns. The vegetation, soils, and topography of swamps result in the
internal stabilization of often erratic water regimes (Littlejohn 1977); water
stored during wet periods is released slowly during dry periods.

An excellent example of these processes, and one we believe is generally
applicable to many coastal areas, is a study of the Gordon River Basin near
Maples, Florida (Littlejohn 1977). Before human settlement, the area consisted
of upland communities, swamp wetland, mangroves, and estuarine waters. Much of
the area is now urbanized with most water needs supplied from well-fields in
sandy aquifers. Littlejohn conducted a model study of the effects of drainage
of much of the swamp area for development.

The area is characterized by seasonal rainfall (Figure 3). Even with
strong seasonal precipitation, aquifer storage and discharge into Naples Bay
were relatively constant (Figure 3). These results exemplify the buffer effect

of wetlands on water flow. Similar findings have been reported for Louisiana
(Hopkinson 1979).

SWAMP ESTUARY COUPLINGS

Swamps can affect estuarine productivity by serving as nursery habitat, by
contributing nutrients, and by stabilizing hydrological conditions. Obviously,
these couplings are more pronounced the closer a swamp system is to the coast.
Since most swamps are found in the coastal plain, many swamp systems have sig-
nificant effects.

HABITAT

Where swamp systems border the coastal zone, estuarine-dependent species
can use them as nursery habitat. Hinchee (1977) reported that swamps border-
ing Lake Pontchartrain served as important habitat for a number of estuarine
species, including shrimp, blue crab, menhaden, and seatrout. Similar findings
were reported for fresh areas in the Barataria Basin, Louisiana (James Stone,
pers. comm., Center for Wetland Resources, Louisiana State University).
McIntire et al. (1976) listed a number of marine and estuarine species which
penetrated into fresh water along the Louisiana coast. These included Rangia
clams, blue crabs, as well as numerous fishes (Table 3).
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Table 3. Marine fishes known to occur in inland fresh waters of Louisiana,
exclusive of anadromous forms (McIntire et aZ. 1975).

Family, scientific and common names

FAMILY CARCHARHINIDAE - requiem sharks

Carcharhinus leucas (Valenciennes)

bull shark

FAMILY DASYATIDAE - stingrays
Dasyatis sabina (Lesueur)
Atlantic stingray

FAMILY ELOPIDAE - tarpons
Elops saurus Linnaeus
ladyfish

FAMILY CLUPEIDAE - herrings
Brevoortia patronus Goode
Gulf menhaden

FAMILY ENGRAULIDAE - anchovies
Anchoa mitehilli (Valenciennes)
bay anchovy

FAMILY ARIIDAE - sea catfish
Arius felis (Linnaeus)
sea catfish
Bagre marimus (Mitchill )
gafftopsail catfish

FAMILY BELCNIDAE - needlefishes
Strongylura marina (Walbaum)
Atlantic needlefish

FAMILY ATHERINIDAE - silversides
Membras martinica (Valenciennes)
rough silverside
Memidia beryllina (Cope)
tidewater silverside?

FAMILY SYNGNATHIDAE - pipefishes, sea-

horses

Syngnathus scovelli (Evermann&Kendall)

Gulf pipefishd

FAMILY CARANGIDAE - jacks and pompanos

Caranx hippos (Linnaeus)
crevalle jack

C. latus Agassiz
horse-eye jack

FAMILY SCIAENIDAE - drums

Cynoscion arenarius Ginsburg
sand seatrout

C. nebulosus (Cuvier)
spotted seatrout

Letostomus xanthurus Lacepede
spot

Micropogon undulatus (Linnaeus)
Atlantic croaker

FAMILY MUGILIDAE - mullets
Mugil cephalus Linnaeus
striped mullet
M. curema Valenciennes
white mullet

FAMILY BOTHIDAE - lefteye flounders
Paralichthys lethostigma Jordan &
Gilbert

FAMILY SOLEIDAE - soles

Trinectes maculatus (Block &
hogchoker Schneider)

qot truly diadromous
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NUTRIENT INPUTS

Swamps can be important sources of nutrients of estuarine systems. Day et
al. (1977) reported that large quantities of nitrogen, phosphorus, and carbon
were exported from the upper Barataria Basin into the lower estuarine zone
(Figure 4). A Targe part of this was introduced during the highly productive
spring period. Cramer (1978) measured high levels of nitrogen and phosphorus
in swamp water flowing into Lake Pontchartrain, Louisiana.

Rivers introduce large quantities of nutrients into coastal systems.
Important chemical changes take place if these waters flow through swamps (Kit-
chens et al. 1975; Kuenzler et al. 1977; Seaton 1979; and Kemp 1978).

HYDROLOGICAL EFFECTS

Brackish water is one of the main characteristics of estuaries. A brack-
ish gradient is maintained by upland freshwater input. Swamps can help stabi-
1ize erratic freshwater pulses. Littlejohn (1977) showed that swamps stabi-
1ized aquifer storage and discharge into Naples Bay, Florida, even in the face
of a short seasonal pulse in precipitation (Figure 3).

In Louisiana, Day et aZ. (1977) measured water flow from swamp forests
into the lower Barataria Basin (Figure 4). Fresh water was discharged into the
Tower Bay from September through May, but there was little net flow in the sum-
mer because of high evapotranspiration and southerly winds.

HUMAN IMPACTS

Since the arrival of the first settiers, forested wetlands have been
viewed as land that needed to be reclaimed. Towards this goal, provisions were
made through the Land Acts of 1849 and 1850 to transfer all "swamp and over-
flowed Tands" to individual states under the condition that they sell ths land
and use the money to build levees and drains necessary to reclaim the iand
(Harrison 1951). Thousands of acres of wetland forests have been ciezred. In
Louisiana alone, only 5.6 million acres remain of the original 8.4 wmiliion
acres of forested wetlands (R. Eugzne Turner, pers. comm., Center for Wetland
Resources, Louisiana State University).

Those forests not cleared for agricultural use have also been atfected by
man's activities. Nearly every virgin stand of bottomland hardwocd and cypress
forest has been cut at least once. Canals and pipelines crisscross swamp lands.
Existing streams have been dredged and/or shortened for navigation, flood con-
trol, and drainage. A1l of these activities in one way or another affect the
hydrologic regime of the wetland areas.

Most food chains in floodplain environments are detritus-based. The
clearing or clearcutting of wetland forests, whose trees are the source of
detritus, deprives organisms of a major food source. Day et al. (1977),
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Kemp (1978), and Seaton (1979) found that pulses of carbon, nitrogen, and phos-
phorus are released to the adjacent estuary during periods of runoff.

Productivity of Apalachicola Bay, Florida, is regulated by annual pulses
of organic matter and silt from upstream and by major h1gh water flows every
6 to 8 yr (Livingston 1978). Clearcutting and ditching in the Apalachicola
delta and adjacent Tate's Hell area have severely damaged marine productivity
in East Bay (Livingston 1978).

In the swamp forests, canals with their associated spoil banks alter or
interrupt water flow. In many cases, areas of forests have become impounded.
With the constantly standing water, there is no recruitment of new trees to
replace those that die or are blown over. Productivity of these areas decline
yearly. Conner (pers. comm., Center for Wetland Resources, Louisiana State
University) reported the product1v1ty of an impounded swamp forest (impounded
for 25 yr) as 822 g/m?/yr as compared to 989 to 1755 g/m? /yr for natural swamp
forests. In addition to the lowered productivity, there is very Tittle export
of nutrients or organics. This affects 1ife in the streams and marshes below
the forest.

Upland runoff combined with hydrological changes can lead to altered
nutrient dynamics. Channelization and canals can speed nutrient laden waters
past swamps to receiving water bodies. This leads to Tower productivity in the
swamps and potentially to eutrophication of water bodies (Day et al. 1977; Kemp
1978). For example, Kemp found that N/P ratios in Bayou Chevreuil in the upper
Barataria Basin, Louisiana, were closely related to runoff patterns (Figure 5).
Between rainfall periods, N/P ratios in the Bayou were Tow (2:1) and closely
approximated values in the swamp. If sampling occurred during or immediately
following (within 5 days) a significant rainstorm, N/P ratios in the Bayou were
elevated, in one case as high as 20:1. There were two types of water flowing
into Bayou Chevreuil: natural levee upland runoff and swamp drainage. If the
swamps are adjacent to the coastal zone, eutrophication of estuarine waters can
result (Hopkinson and Day 1979; Seaton 1979; Cramer 1978).

It is obvious that hydrology as well as human impact, is a key to under-
standing swamp dynamics and swamp-estuary couplings. In Littlejohn's werk in
Florida, loss of swamp wetlands was related to altered hydrologic patterns and
saltwater intrusion (Figure 3). In Louisiana wetlands, canal density has been
related to land Toss (Craig et al. 1979) and water quality (Gael and Hopkinson
1979). Hopkinson (1979) constructed a model of the swamp forest surrounding
Lake des Allemands, Louisiana. Simulation of the removal of all zls and
levees to create a more "natural” condition, resulted in smoother hydrographs,
higher swamp productivity, and lower trophic status of the lake.

MANAGEMENT

In terms of management, the foregoing information suggests a central
theme. Hydrology is a kev consideration in both the management of swamps and
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swamp-estuary couplings. This includes land management as it affects water
movement. Important topics for management include channelization, canal con-
struction, spoil placement, and water quality.

A second consideration is the level of management. Bahr et aql. (1977)
constructed a conceptual model of the Chenier plain of Texas and Louisiana.
They concluded from the standpoint of time scale and areal extent of important
events and structure that the drainage basin was the most appropriate level for

management (Figure 6).
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Figure 6. Hierarchical conceptual model of the Chenier Plain in Louisiana and
Texas (Bahr et al. 1977).

For large river systems, it is impractical to include the whole river
basin. An important question: What is the most reasonable cutoff point in
terms of coastal management? In determining Louisiana's Coastal Zone, McIntire
et al. (1975) used factors such as geology (contact point of Recent and Plei-
stocene terraces), elevation, soils, vegetation, flood and tide information,
salinity, and occurrence of marine, freshwater, and terrestrial organisms.
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RECENT ADVANCES IN OUR UNDERSTANDING OF SALT MARSH ECOLOGY
Armando A, de 1a Cruz!
ABSTRACT

Our understanding of the ecology of coastal marshes has revolved about the
role of this ecosystem as a source and reservoir of energy and nutrients, and
as a vital habitat for certain 1ife stages of a number of marine organisms.
While recent advances in salt marsh ecology have emphasized the metabolic pro-
cesses and material fluxes that permeate the marsh-estuary, current research
developments are geared towards a better understanding of the marsh as a carbon
sink. Thus, investigations of 1) marsh surface productivity, 2) below-ground
dynamics, and 3) decomposition processes, may dominate future research develop-
ments in salt marsh ecology.

INTRODUCTION

That the marsh is among the most productive natural ecosystems in the
world and a vital habitat necessary for the completion of the 1ife cycle of
certain organisms have long been recognized as basic principles of marsh ecol-
ogy. It is understandable therefore, that the emphasis of ecological research
on the salt marsh has revolved about its role as a producer of organic matter,
which forms the basis of the food web in the estuarine and marine environments,
and as a nursery ground for certain stages in the life cycle of many marine
animals. The various processes concerning the basic function of the marsh as
an energy source are illustrated in Figure 1 and can be summarized as follows:

1) The net primary productivity (NPP) of the vascular plants in the marsh
is among the highest in the world;

2) Only a small percentage of the organic material produced by the marsh
plants enters the grazing food chain (GFC);

3) The bulk of the plant materials dies (annually for most of the species)
and falls to the marsh floor where it may decompose to particulate
detritus or be transported to the estuarine waters and neighboring mar-
ine environment, or both, and serves as the basis of the detritus food
chain (DFC);
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GFC=grazing food chain, DFC=detritus food chain.
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4) The detritus is attacked by microbes and both detritus and microbiota
are consumed by detritovores, mostly filter feeders and benthic scaven-
gers, which form the base of the food chain for secondary and higher
consumers;

5) The detritus complex consisting of plant residue and attendant bacteria,
fungi, and protozoa is food of high nutritional value;

6) The attendant microbes increase the protein (N x 6.25) content and
either maintain or increase the caloric value of the detritus.

As an obligatory habitat for larval stages of shellfish and juveniles of fish,

_ the marsh-estuary provides: 1) a brackish environment to which they have adap-

ted evolutionarily; 2) a habitat protected from strong current and intense
radiation; 3) a place with abundant food supply and mineral nutrients; and 4) a
shelter devoid of Targe populations of predators.

Recent developments in salt marsh research have essentially addressed
themselves to the same basic concepts summarized above. In general, the impact
of these investigations on our present store of knowledge has been: 1) the
acquisition of more accurate data as a result of better conceived experimenta-
tion and employment of more refined methodologies; 2) the obtainment of new
evidence that challenges the initial concepts of marsh ecology; 3) the addition
of new dimensions to our understanding of marsh ecology as a result of new dis-
coveries. The aim of the present paper is to illustrate some of the recent
advances and current developments in marsh ecology that deal mainly with the
functions of the marsh as a producer and reservoir of energy and nutrients, and
as a vital habitat for fish and wildlife.

RECENT ADVANCES

BIOENERGETIC FUNCTIONS

Primary Productivity

One of the primary factors contributing to the biological fertility of the
marsh-estuary is the presence of three producer taxa which are programmed for
year-round production. These are: 1) emergent vascular vegetation (marsh
grass); 2) benthic algae (filamentous, diatoms, blue-green); and 3) phytoplank-
ton (in the estuarine waters inundating the marsh). While all these producer
organisms are important and contribute to the primary energetics of the marsh
ecosystem, only the vascular angiosperms or marsh grass will be discussed in
this paper.

The main issue in angiosperm productivity studies, as addressed by recent
investigations, dealt with methodology. Over the years, measurements of
annual net primary productivity of above-ground materials (i.e. aerial shoots)
have utilized novel techniques from the application of linear mathematical
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models (Williams and Murdoch 1972) to remote sensing procedures {Gallagher et
al. 1972). The traditional Harvest Method, however, is still the most used
procedure but not without modifications. This method basically measures the
increase in plant biomass during the growing season, that is, maximum biomass
at the end of the growing season in early fall minus minimum biomass at the
beginning of the growing season in early spring. Most of the recent studies
of marsh grass productivity were designed either to test and compare the
accuracy of the various modifications of the harvest method (Linthurst and
Reimold 1978a); to compare the primary productivity of different marsh plant
species in the same marsh locality (e.g. de Ta Cruz 1974b, White et al. 1978,
Hopkinson and Gosselink 1978); to compare the same marsh plant from different
geographic regions (Linthurst and Reimold 1978b, Turner 1976); or to compare
the different ecophenes of a species, for example. Spartina alterniflora
(Kirby and Gosselink 1976) and Juncus roemerianus {¥ruczynski et al. 1978).

The modifications of the Harvest Methed had included: 1) the Peak Stand-
ing Crop (e.g. as used by Nixon and Oviatt 1973); 2) Smalley (1958) method;
3) Wiegert and Evans (1964) method; 4) Milner and Hughes (1968) method; and
5) the Method of Valiela, Teal and Sass (1975). Linthurst and Reimold
(1978a) observed that differences as great as ten-fold were found between
these methods. The Wiegert and Evans Method tends to overestimate net pri-
mary productivity (NPP), while the other four methods underestimate NPP.

Most recently, Hackney and Hackney (1978) devised a NPP estimate based on a
predictive periodic model where the monthly data of live and dead plant mate-
rials are fitted into a periodic regression model. Since the fitted curve in
the periodic model included samples collected over the entire marsh, the
resulting maximum biomass minus minimum biomass {max-min) value will reflect
the variation in plant density within the marsh, as well as the inherent

error between samples. This statistical technique further allows: 1) the use
of stratified sampling collection procedures which are less destructure to

the marsh; 2) determination of NPP of associated minor species in mixed com-
munities; 3) correction for die-back during the growing season; and 4) statis-

tical comparisons between any two studies regardless of when or where they
are made.

Ideally, a primary productivity method must account for: 1) the varia-
tion between sampling times; 2) the variation in plant density within the
study area; 3) the death of some plants during the growing period; 4) the
loss of plant biomass through mechanical factors; and 5) the biomass loss
through herbivory. Any of the modifications of the harvest method mentioned
can accommodate one or more, but not all of the ideal considerations listed
above. Unfortunately, NPP studies are greatly determined by the amcunt of
effort available, and effort availability is drastically influenced by the
community to be studied. The tidal marshland is definitely not the most
teasible habitat to sample, and the extra effort expended is oftentimes offset
by inherent variability in the specific procedures employed.

The specific harvesting procedure has also concerned investigators in
recent years. The method of harvest, the size and shape of plots to be har-
vested, the number of replicates per sampling time, and the time interval
between harvests have varied greatly in past studies. These factors are
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primarily determined by the type of community or growth form of plants to be
studied. Recommended sampling procedures for aboveground production of fresh-

water and brackish water marsh plants have already been summarized by de la

Cruz (1978a). The variability in sampling procedures and the differences in
the methods and formuiae employed in calculating production values are primary
geasons that have prevented reliable comparisons of existing marsh productivity
ata.

The amount cf information on the primary productivity of tidal salt marsh
vascular plants has increased steadily during the last decade. Data summarized
by investigators show production values ranging from several hundreds to sev-
eral thousands g/m?/yr (Keefe 1973, Turner 1976). It is apparent that the pri-
mary production of marsh angiosperms varies widely. This variability is
believed to be due to the types of plant species involved, salinity and hydrol-
ogy of the habitat, geographic latitude and temperature, and sampling method-
ology (de la Cruz 1978a).

Until very recently, most of the studies concerning the primary production
of coastal marshes were concerned only with aboveground materials (<.e. aerial
shoots), presumably because of the difficulty in sampling subterranean materi-
als (<.e. roots and rhizomes). The few studies available on belowground pro-
ductivity and summarized by de la Cruz (1979) show annual production values
ranging from 450 g dry wt/m* to over 2000 g dry wt/m? for the short form of
S. alterniflora; 500 to 3500 g dry wt/m?* for the tall form of S. alterniflora;
and about 1400 g dry wt/m* for J. roemerianus (de la Cruz and Hackney 1977).
From these belowground productivity values, it is apparent that the total pro-
duction of marsh vascular plants is approximately double of that previously
reported.

The major difficulty in studying belowground productivity also concerns
the sampling methodology, particularly in separating the live from dead roots.
Estimates of belowground productivity have generally been determined from per-
jodic increases in standing crop or the max-min biomass method. There are
basically two ways for obtaining the change in underground biomass: 1) from the
amount of root materials per individual plant collected; or 2) from the root
biomass recovered from cores taken throughout a quadrat. In sampling below-
ground biomass, root morphology, rooting depth, wetland type and pattern of
vegetations must be considered since these factors will determine the size and
shape of sampling device, number of samples, location of samples with respect
to major plant clumps, and the time interval of sampling (de la Cruz 1978a).

Energy Pathways

The energy flow in the salt marsh follows a Y-shaped pathway, the grazing
food chain (GFC) and the detritus food chain (DFC) pathways (Figure 1). The
primary consumers of the GFC are herbivores (mainly insects and rodents) which
feed on the living marsh plants. There are few consumer species in t