COASTAL ECOSYSTEM

The coastal ecosystem fringing the coastal lines is a transitional zone between terrestrial and marine ecosystems. The coastal ecosystem is an important part of global systems and one of the most productive natural ecosystems on the Earth.

The coastal zone system is an integrated complex of marine, coast and land sub-systems.

Marine sub-system

The marine sub-system is the band of ocean (water and submerged land) adjacent to the land in which terrestrial processes and land use affect marine processes and use. 

                          Characteristics of the marine sub-system

                          1. Water depth 

                          2. Waves and tide 

                          3. Water and sediment movement 

                          4. Sea bed composition 

                          5. Marine habitats, e.g. coral reefs

Coast sub-system

The coast sub-system is the relatively narrow and dynamic transitional zone between the marine and land sub-systems. It includes the foreshore, the beach area and natural coastal protection systems such as dunes and mangroves. 

                           Characteristics of the coast sub-system

                           1. Typical coastal profiles 

                           2. Hydraulic regime (storm surge water-levels) 

                           3. Wind and wave climate 

                           4. Coastal habitats, e.g. dunes and mangroves

Land sub-system

The land sub-system is the band of land adjacent to the ocean in which marine processes and use directly affect terrestrial processes and land use. 

                          Characteristics of the land sub-system

                         1. Topography

                         2. Soil types

                         3. Aquifer structure, groundwater resources and salinity

                         4. Surface water resources

                         5. Land-related habitats, e.g. wetlands

The intertidal estuarine subsystem " . . . includes that part of the Estuarine Ecosystem in which the substrate is exposed and flooded by tides. It also includes the associated splash zone" (Cowardin et al. 1977). The intertidal zone is typically an area of high environmental stress and low species diversity. Salt marshes and flats in the coastal region dominate this subsystem.

ESTUARIES

The word estuary comes from the Latin aestus, which means heat, boiling, passion but also tide or surge of the sea.

Estuaries are bodies of water along our coasts that are formed when fresh water from rivers flows into and mixes with salt water from the ocean. In estuaries, the fresh river water is blocked from streaming into the open ocean by either surrounding mainland, peninsulas, barrier islands, or fringing salt marshes. This mixing of fresh and salt water creates a unique environment that brims with life of all kinds -- a transition zone between the land and sea known as an estuary. The estuary gathers and holds an abundance of life-giving nutrients from the land and from the ocean, forming an ecosystem that contains more life per square inch than the richest Midwest farmland.

· Estuaries are tidally influenced ecological systems where rivers meet the sea and fresh water mixes with salt water.

· Estuaries come in all shapes and sizes, each unique to their location and climate. Bays, sounds, marshes, swamps, inlets, and sloughs are all examples of estuaries.

Estuaries provide: 

     HABITAT: Tens of thousands of birds, mammals, fish, and other wildlife depend on estuaries. 

     NURSERY: Many marine organisms, most commercially valuable fish species included, depend on estuaries at some point during their development. Oysters, clams and other shellfish thrive in bays and inlets, as do many species of crabs and fish.

     PRODUCTIVITY: A healthy, untended estuary produces from four to ten times the weight of organic matter produced by a cultivated corn field of the same size. 

     WATER FILTRATION: Water draining off the uplands carries a load of sediments and nutrients. As the water flows through salt marsh peat and the dense mesh of marsh grass blades, much of the sediment and nutrient load is filtered out. This filtration process creates cleaner and clearer water. 

     FLOOD CONTROL: Porous, resilient salt marsh soils and grasses absorb floodwaters and dissipate storm surges. Salt marsh dominated estuaries provide natural buffers between the land and the ocean. They protect upland organisms as well as billions of dollars of human real estate.

At high tide, seawater changes estuaries, submerging the plants and flooding creeks, marshes, mudflats, or mangroves, until what once was land is now water. Throughout the tides, the days, and the years, an estuary is cradled between outreaching headlands and is buttressed on its vulnerable  seaward side by fingers of sand or mud. Estuaries change with the tides, the incoming waters seemingly bringing back to life organisms that have sought shelter from their temporary exposure to the non-aquatic world. As the tides ebb, organisms return  to their protective postures, receding into sediments and adjusting to changing  temperatures and exposure to differing degrees of sunlight and different kinds of weather. Flocks of shorebirds stilt through the shallows, lunging long bills  at their abundant prey of fish, worms, crabs or clams. Within the sediments, whether mud, silt, sand, or rocks, live billions of microscopic bacteria, a  lower level of the food web based largely on decaying plants.

Any trash or sediment in a river naturally ends up in an estuarine area, since the current of the river slows here due to widening or running into the tidal force of the ocean. This pollution can have long-term impacts on the health of the creatures and plants that live there. Chemical contamination can linger in bottom sediments for years and has caused many areas to be closed for fishing until the chemical has been broken down. Excessive loads of silt and other sediments caused by erosion can suffocate bottom-dwelling plants and animals. Disruption of the flow of a river, due to damming and irrigation, can cause salty water to move farther upstream than it normally does, with devastating consequences for fresh-water species that

cannot move upstream and out of danger. Many productive commercial fishing areas depend on phytoplankton nurtured by the seaward flow of clearer water, which in turn nurtures the fish. This rich outward flow may have a great deal to do with the overall health of continental shelf ecosystems.

Turbulence in the estuary is a function of the tides. Turbulence increases mixing and prevents light penetration. 

Productivity is high in estuaries. Why? 
1. "Mechanisms maintaining high productivity in Georgia Estuaries" (Schelski & Odum 1962) 

· Estuarine systems function on both plankton-based and detrital-based food webs.

· Three primary producer types (phytoplankton, marsh grasses, benthic algae) allow energy to be fixed over a wide area and during all seasons. 

· Ebb and flow of water provides energy from tidal action. 

· Abundant nutrients: land runoff, atmospheric input, human activities. 

· Regeneration and conservation of nutrients due to microorganisms and filter feeders. 
· Recycling of nutrients in the estuary is more important than nutrients coming from external sources. 
Some observations and corrections to above 

· Not all seasons are highly productive, especially in temperate zone, where springtime is greatest for surplus primary production by phytoplankton. It also should be stated that seagrasses, mangroves, macroalgae, and epiphytic algae are important in estuarine production. 
· Organic detritus important. 

· Ebb and flow/tides are complex factors that, in part, cause estuaries to mix. Other factors: wind, long waves, sea level fluctuations, river flow. 

· Nutrients in estuaries are higher than in ocean or in rivers. Because estuaries trap nutrients and the mixing re-suspends them, primary producers are often not limited by nutrients as they are in the open ocean or in rivers (where they are flushed away). 

· This may be the most important factor – estuaries are shallow and well-mixed so that regeneration times are short 

Estuarine community

Producers – high production in estuaries 

· phytoplankton – diatoms, dinoflagellates, green algae 

· macroalgae – red algae, green algae, brown algae 

· microalgae – benthic diatoms 

· Seagrasses: Thalassia, Zostera, Hacodule 

· emergent plants – Spartina, Juncus, Mangroves, Batis, Sallornia 

Zooplankton – grazing herbivores & carnivores 

· copepods – consume diatoms 

· larval fish, fish eggs 

· chaetognaths 

· larval invertebrates – oysters, clams, corals, etc. 

· jellyfish (small & large) 

· ctenophores – very abundant in plankton 

Benthic invertebrates 

· clams, oysters, mussels, snails (mollusks) – important shell fisheries 

· polychaete worms – detritus feeding, suspension, predatory 

· amphipods – detritus feeding, grazing, scavenging 

· decapods – crabs, shrimp, lobsters 

Fish: 

· The estuary serves as a nursery and feeding ground for many species of fish. 

· The larva and young of some species move into higher salinity waters as they develop.

· Migratory fish enter via inlet; some species adults spawn in river (anadromous fish – striped bass and salmon) or in estuary (spotted seatrout, weakfish, red drum).

· Juvenile fishes predominate in estuaries – nursery.

· Adults of some species spawn offshore, but eggs and larvae are carried into estuaries, where they settle (spot, croaker, pinfish, grouper).

· Because of high primary production and detritus food web, there are a lot of benthic inverts to consume (lots of baby fish food) 

Birds and Wildlife (mammals, reptiles) 

· important feeding areas for many migrating bird exist along estuarine shores (plovers, skimmers, gulls, oyster catchers, terns, pelicans, osprey, etc.). 

· birds consume fishes (skimmers, gulls, terns, pelicans, osprey, cormorants, etc.) merganser ducks. 

· other birds consume benthos (plovers, oyster catchers, willets, godwits, sandpipers, ducks, etc. 

· still others consume vegetation (redhead ducks, geese, swans, etc.). 

· reptiles include sea turtles, which consume fish, invertebrates, and seagrasses. 

· mammals: otters, raccoons, nutria, dolphins, whales.
SALT MARSHES

Salt marshes are areas fringing a shoreline that are transitional between land and water. They occur along the intertidal shore of estuaries and sounds where salinity (salt content) ranges from near ocean strength to near fresh in upriver marshes. 
TOPOGRAPHY AND OTHER FEATURES

A salt marsh that is protected from waves, strong coastal currents and storms sufficiently that sediment can accumulate and support a dense stand of grasses, sedges and other herbaceous plants, as well as the organisms associated with them. The type of plants and other native organisms depends in large part on the latitude, and therefore, the climate, but it each case conditions must allow for sediment accretion. 

According to Cooper (1974), salt marshes are tidally stressed environments, which are subjected to rapid diurnal changes. Cooper considered the major factors limiting the occurrence of species to be salinity, drainage, and temperature. Desiccation is another factor, which might be considered. Although environmental stresses are high in the estuarine intertidal subsystem, biological productivity is also very high. Salt marshes are believed to be among the most productive natural areas on earth (Schelske and Odum 1962).

Salt marshes are usually separated into two zones: the low marsh which is inundated daily by tides, and the high marsh at higher elevation, which is inundated occasionally during storm surges or spring tides.

Vegetation in the salt marsh is influenced by soil salinity, nutrients, and the degree of anaerobiosis controlling decomposition and nutrient availability (Mitsch and Gosselink, 1993). The determination of plant species and the level of plant productivity is determined by the salinity of the overlying surface and soil water. 

The controlling factors for soil salinity are: 

1) frequency of tidal inundation; 

2) rainfall, tidal creeks; 

3) drainage slopes; 

4) soil texture; 

5) vegetation, 

6) depth of water table; 

7) fresh water inflow  

8) fossil salt deposits (Morss, 1927, Chapman, 1960, Smart and Barko, 1980, Price and

    Woo, 1988). 

Depending upon soil permeability, and precipitation levels, soil salinity may be higher in the soils along the higher high tide line than those along the low tide line despite more frequent inundation. This is due to increased exposure time and consequent evaporation concentrating the salt levels along the upper line and the constant inundation that could drain the lower soils of salt content (Mitsch and Gosselink, 1993).

Salinity, frequency and extent of flooding of the marsh determine the types of plants and animals found there. The low marsh zone floods twice daily in Mississippi while the high marsh floods only during storms and unusually high tides. Animals and plants live in these zones of the marsh, depending on how well they can withstand the drier conditions of the upper marsh or the wet conditions that regularly occur in the lower marsh.

COMMUNITY STRUCTURE AND PHYSIOGNOMY

Salt marsh community are poor. The species richness in North America does not exceed 17, and most marshes have significantly less species ( Barbour and Willings, 2000). Species richness increases with elevation and away from the sea and tide influence. Three categories of salt marsh plant community are (1) community dominated by grasses, sedges, and rushes, (2) herbaceous communities, and (3) shrub community. 

One plant, smooth cordgrass (Spartina alterniflora) dominates the regularly flooded lowmarsh. Smooth cordgrass is a very common salt marsh plant in the Mississippi coast and is responsible for much of the marsh's productivity. Spartina's successful adaptations enable it to live where few other plants could survive. It has narrow, tough blades and special glands that secrete excess salt, making it ideal to withstand the high heat and daily exposure to salt water. Few animals eat this plant, but many animals and plants live on it or on the marsh surface protected by its roots and stalks. Spartina stalks are thick and are very tough and well anchored by a root system.

The salt marshes of the eastern gulf of Mexico (west Florida, Alabama and Mississippi) are dominated by Juncus roemerianus, the black point rush. Juncus roemerianus loses its dominance at the Mississippi delta and beyond into Texas.

Salt marshes perform many functions valuable to human beings. 

· They are a major producer of detritus and provide nursery grounds for numerous commercially and recreationally important species.

· In addition, salt marshes serve as filters to remove sediments and toxins from the water. Marsh plants break down many pollutants into less harmful forms. Uptake by sediments and burial in the marsh minimize the toxic effects of pollutants. There is a limit to this capacity to serve as a waste treatment center. Excessive pollutants can overburden the cleansing capabilities of marshes. 

· Marshes also act as buffers for the mainland by slowing and absorbing storm surges, thereby reducing erosion of the coastline. In addition to all this, they provide a scenic vista in our state. 

Tidal flats are the gently sloping, low energy, partially vegetated, unconsolidated, intertidal part of estuary. At any given locality, the width of exposure of the tidal flat environment changes with the lunar tidal cycle. During spring tide it is at its maximum and during neap conditions it is of minimal width, just as the tidal range changes. The width of the tidal flat environment is also controlled by the gradient of the estuary margin. In a fjord, for example, there is essentially no intertidal zone. The same is true along high relief, unglaciated coasts. Broad, low-relief coasts with at least mesotidal ranges provide the best setting for development of tidal flats.
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