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Coastal Habitats

Learning Objectives

1. Appreciate the various types of coastal environments.

2. Know the physical and biological differences between the various coastal environments.

Outline

A. The term coast has a much broader meaning than shoreline and includes many other habitats and ecosystems associated with terrestrial and marine processes.

1. The six major coastal settings are:

a. Estuary - semi-enclosed body of water where fresh and marine waters mix.

b. Lagoon - semi-enclosed body of water receiving no appreciable inflow of fresh water.

c. Salt marsh - plant-covered intertidal zone.

d. Mangrove swamp - dense tree growth of the tropical and subtropical shoreline.

e. Coral reef - calcareous ridge constructed by corals and algae.

2. Shorelines are one of the most productive ecosystems and because they are shallow, they strongly respond to the effects of waves, tides, and weather.

Estuaries
B. Estuaries are semi-enclosed bodies of water where fresh water from the land mixes with sea water.

1. Estuaries originate as:

a. Drowned river valleys - With the rise in sea level, the lower portions of river valleys have flooded.

b. Fjords - As glaciers have retreated and sea level risen, the lower portions of glacial valleys have flooded.

1. Fjords typically are long, narrow, and deep with steep cliff-like sides.

2. The bottom of fjords frequently are partially blocked by glacial moraines (ridges of sediment deposited at the front of the glacier) which inhibit current flow and can produce hypoxic to anoxic conditions at the bottom.

c. Bar-built estuaries - Spits and sand bars may partially block the entrance to an embayment, thereby restricting tidal flow.

d. Tectonic estuaries - Uplift associated with plate tectonics can partially block the entrance to an embayment.

2. Salinity typically grades from normal marine salinity at the tidal inlet to fresh water at the mouth of the river.

a. In some estuaries the water is well stratified with a strong halocline separating the dense saline water below from the fresh water above.

b. Tidal flow provides the energy for mixing the fresh and salt water masses.

- If tidal flow is strong, stratification is weak.

C. Estuaries can be subdivided into three types based upon the relative importance of river inflow and tidal mixing.

1. Salt-wedge estuaries are dominated by the outflow from rivers.

a. The outflow from rivers is much greater than the inflow from the tides.

b. The water column is highly stratified with a well-defined, strong halocline that inhibits mixing.

c. Salt water forms a wedge that extends landward below the fresh water wedge that extends seaward.

d. Strong turbulent currents in the fresh water flow across the halocline and generate internal waves.

e. As the internal waves steepen and break, they mix salt water into the fresh, which is swept seaward.

f. The continual loss of salt water into the fresh water generates a slow current that flows in along the bottom and up along the underside of the fresh water wedge.

g. The bottom current is too weak to carry much sediment into the estuary from outside the tidal inlet.

h. Sediment distribution in the estuary consists of river sand at the landward edge of the saltwater wedge and mainly river clays and silts elsewhere.

2. Partially-mixed estuaries are dominated by neither river inflow nor tidal mixing.

a. Tidal currents promote greater mixing and both stratification and the halocline are greatly weakened.

b. As more saltwater mixes into the fresh, a stronger bottom current is generated.

c. The bottom current transports sediment into the estuary through the tidal inlet.

- The bottom of the seaward end of the estuary is covered with sediments from the shelf, whereas the landward end is dominated by river sediments.

d. Where currents are weak, suspended sediments sink onto the halocline and form a turbidity maximum in the water column.

1. Much suspended sediment is removed by filter-feeders, which concentrate it into fecal pellets and by flocculation, clay particles sticking together and forming larger aggregates which sink more rapidly.

2. Mud can accumulate where currents are weak and form mud shoals.

- Areas of deposition shift as tidal influence and river discharge vary.

3. In well-mixed estuaries tidal turbulence destroys the halocline and water stratification.

a. In wide estuaries, Coriolis deflects river outflow to one side and tidal inflow to the other.

b. A salinity gradient extends across the estuary but not vertically within the water column.

c. Sea water flows in and fresh water flows out on opposite sides of the tidal inlet at all depths.

d. Strong inflow of sea water transports abundant sediment into the estuary and marine sediments often dominate throughout the estuary.

4. Because river discharge and tidal flow vary, conditions within an estuary can also change, being well-mixed when river flow decreases relative to tidal mixing, to becoming a salt-wedge estuary at times of maximum river discharge.

D. The widely fluctuating environmental conditions in estuaries make life stressful for organisms.

1. Estuaries are extremely fertile because nutrients are brought in by rivers and recycled from the bottom because of the turbulence.

2. Stressful conditions and abundant nutrients result in low species diversity, but great abundance of the species present.

3. Despite abundance of nutrients, phytoplankton blooms are irregular and the base of the food chain is detritus washed in from adjacent salt marshes.

4. The benthonic fauna strongly reflects the nature of the substrate and most fishes are juvenile forms living within the estuary until they mature and migrate to the ocean.

Lagoons

E. Lagoons are isolated to semi-enclosed, shallow, coastal bodies of water that receive little if any fresh water inflow.

1. Lagoons can occur at any latitude and their salinities vary from brackish to hypersaline depending upon climate and local hydrology.

2. Bottom sediments are usually sand or mud eroded which was from the shoreline or swept in through the tidal inlet.

3. In the tropics, the water column is typically isothermal.

4. In the subtropics, salinity generally increases away from the inlet and the lagoon may display inverse flow.

a. Water flows in at the surface.

b. As it progresses across the lagoon, evaporation increases its salinity and density.

c. At the far end of the lagoon the water becomes so dense it sinks and flows across the bottom of the lagoon and out into the ocean through the bottom of the tidal inlet.

d. With inverse flow the direction of flow is the opposite of what is observed in estuaries.

Salt Marshes
F. Salt marshes are intertidal flats covered by grassy vegetation.

1. Marshes are most commonly found in protected areas with a moderate tidal range, such as the landward side of barrier islands.

2. Marshes flood daily at high tide and then drain through a series of channels with the ebb tide.

3. They are one of the most productive environments.

4. Marshes can be divided into two parts:

a. Low salt marshes - extend from the low tide mark to neap high tide.

1. Along the Atlantic and Gulf Coast these areas are dominated by Spartina alterniflora, a knee-high cordgrass that spreads underground through rhizomes, root-like stems.

2. Low marshes are the more productive area with productivity of 800 - 2600 gmC/m2/yr.

3. Nitrate is commonly the limiting nutrient.

4. Plants die in autumn, partially decompose and supply abundant detritus which becomes food for the detritivores or accumulates and eventually forms peat.
b. High salt marshes - extend from neap high tide to highest spring tide.

1. This area is flooded only at the highest spring tide or during a storm surge.

2. It is more terrestrial than marine in nature and has a more diverse fauna and flora.

5. Distribution and density of organisms in salt marshes strongly reflects availability of food, need for protection, and frequency of flooding.

Mangrove Swamps

G. Mangroves are large woody trees with a dense, complex root system that grows downward from the branches.

1. Mangroves are the dominant plant of the tropical and subtropical intertidal area.

2. Distribution of the trees is largely controlled by air temperature, exposure to wave and current attack, tidal range, substrate, and sea water chemistry.

3. Detritus from the mangrove forms the base of the food chain.

Coral Reefs

H. A coral reef is an organically constructed, wave-resistant, rock-like structure created by carbonate-secreting organisms.

1. Most of the reef is composed of loose to well-cemented organic debris of carbonate shells and skeletons.

2. The living part of the reef is just a thin veneer on the surface.

3. Corals belong to the Cnidara.

a. The animal is the coral polyp.

- The body of the polyp resembles a sac with the open end surrounded with tentacles.

b. The corallite is the exoskeleton formed by the polyp.  Its interior is divided by septa, vertical partitions.

4. Corals share a mutualistic relationship (mutually beneficial) with the algae zooxanthallae which lives within the skin of the polyp and can comprise up to 75% of the polyp’s body weight.

a. The coral provides protection for the algae and supplies it with nutrients and carbon dioxide from the polyp’s metabolic wastes.

b. The algae supplies the coral with oxygen and food.

c. Recycling of nutrients between the polyp and algae allows the corals to thrive in the nutrient-poor tropical seas.

5. Corals can be either solitary or colonial.

a. Solitary corals, called ahermatypic corals, lack zooxanthallae and can live at any depth or temperature.

b. Colonial corals, called hermatypic corals, have zooxanthallae and therefore can only live in the photic zone where the temperature is above 18oC.

1. Ideal conditions for hermatypic corals are 20oC, normal marine salinity in clear water 30 m deep or shallower.

2. Because of temperature restrictions, coral reefs are more abundant on the west side of ocean basins where warm equatorial currents flow poleward.

6. Corals can not survive in fresh, brackish water or highly turbid water.

7. Corals do best in nutrient poor water because they are easily out-competed by benthonic filter feeders in nutrient-rich water where phytoplankton are abundant. 

I. Coral reefs consist of several distinct parts developed in response to their exposure to waves.

1. The algal ridge occurs on the windward side of the reef and endures the pounding waves.

2. The buttress zone is the reef slope extending down from the algal ridge.

a. It consists of alternating coral-capped ridges, channels and furrows.

b. The irregular surface of the buttress zone disrupts the swell and dissipates wave energy.

3. The reef face extends downward from the buttress zone and usually is devoid of living colonial corals because insufficient light reaches this depth.

4. The reef terrace is landward of the algal ridge and lies at mean water level.

a. Much of the terrace is exposed at low tide.

b. Encrusting algae flourish here.

c. Islands may be present on the terrace.

d. The backside of the terrace grades into a shallow, usually less than 50 m deep, lagoon.

e. Numerous small organic knolls, called patch reefs, grow on the floor of the lagoon.

5. The shape of the colonial coral masses reflects the environment in which they live.

a. On the wave-pounded algal ridge, corals form thin encrusting sheets.

b. In the buttress zone corals form massive branching colonies or compact, durable mounds.

c. In deeper and quieter areas the colonies are delicately branching forms or thin wafer-like forms.

J. As a result of corals growing continuously upward towards the sunlight as sea level rises and/or land subsides, coral reefs pass through three stages of development.

1. Fringe reefs form limestone shorelines around islands or along continents and are the earliest stage of reef development.

2. As the land is progressively submerged and the coral grows upward, an expanding shallow lagoon begins to separate the fringe reef from the shoreline and the reef is called a barrier reef.

3. In the final stage the land vanishes below the sea and the reef forms a ring of islands, called an atoll, around a shallow lagoon.

Questions

Review of Basic Concepts

1.
Why do estuaries have low species diversity?

Estuaries represent one of the most stressful environments for biota to adapt to.  These coastal bodies of water are affected by ocean as well as river processes, are greatly influenced by seasonal weather changes, and are regularly influenced by flooding and ebbing tidal currents.  Temperature and salinity vary enormously over time, making it difficult for colonization by most marine animals and plants.  Hence, despite the enormous quantity of life in an estuary, the species diversity is very low due to this environmental instability.

2.
What main factors control water circulation in estuaries?

Circulation in estuaries is a function of the relative effects of river discharge which tends to stratify the water column (a sharp halocline) and tidal energy which tends to mix and homogenize the water column (no halocline).  River domination leads to the salt-wedge estuary, whereas tidal domination leads to the well-mixed estuary.  The partially mixed estuary occurs where tidal mixing and river discharge are about equally important.

3.
How is a lagoon different from an estuary?

Lagoons are isolated or semi-isolated bodies of shallow coastal water.  They do not receive appreciable input of freshwater, unlike estuaries which are greatly affected by river inflow.

4.
What are zooxanthellae, and how do they interact with coral?

Zooxanthellae are modified dinoflagellates that live in the cells of the coral itself.  They use the metabolic wastes of the coral to photosynthesize and are offered protection by the enveloping cells of the coral.  In turn, the coral receives oxygen and food from the zooxanthellae.

5.
Identify the critical environmental factors that limit the growth of coral reefs.

Coral are limited by temperature of the water (should be > 20oC), salinity (cannot tolerate fresh or brackish water), turbidity (need clear water), and dissolved oxygen levels (need well-mixed, aerated water).

6.
Using diagrams, clearly distinguish among fringing reefs, barrier reefs, and atolls.

Consult figures for sketches of fringing reefs, barrier reefs, and atolls.

Volcanic Vent Communities

The volcanic vent communities survive independent of the Sun and consist of bacteria, tube worms, mussels, and clams.

1. Sea water circulating through the rock of the sea floor near the oceanic ridges becomes super-heated and rich in dissolved minerals.

2. It is released from vents in the sea floor as underwater springs.

3. As the escaping water cools, metal sulfides precipitate and accumulate around the vents as tall chimney-like structures.

4. Anaerobic chemosynthetic bacteria thrive in the vents and are the autotrophs of the vent community.

5. Periodically, large masses of bacteria from within the vents are ripped free and swept into suspension, becoming food for filter feeders in the waters surrounding the vent.

6. When circulation of the hot water ceases, the vent community dies.
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