Chapter 31


SALTWATER ECOSYSTEMS
Rivers enter the ocean creating a gradient of salinity.

Coastal regions are influenced by tides.

PHYSICAL FEATURES

STRATIFICATION

Seas have a vertical stratification.

A. Pelagic region: the large body of water.

Vertical layers of the pelagic region:

1. Epipelagic zone: 

· From the surface down to about 200 meters.

· Sharp gradients of light, temperature and salinity.

· Photic zone is the depth of water in which photosynthesis occurs.

· It includes the epipelagic and possibly part of the mesopelagic zones.

· It extends to where light intensity is down to 1% of the atmosphere.

· Greatly influenced by turbidity: a few meters in turbid estuaries to about 200 meters in clear ocean water. 

· The water surface is called the euphotic zone.

2. Mesopelagic zone: 

· 200 to 1000 meter deep.

· Little light penetrates and gradual changes in temperature.

· An oxygen-minimum layer and a high concentration of nitrates and phosphates.

· Aphotic zone begins here. 

· Light does not penetrate; darkness begins here.

· Underlies the photic zone. 

· It is greatly influence by the season of the year and turbidity.

3. Bathypelagic zone:

· 1000 to 4000 meter deep

· Total darkness.

· Temperature is low.

· Great pressure.

· Depending on location, depth varies between 100 – 700 m and 2000 – 4000 meters

4. Abyssopelagic zone 

· 4000 to ocean floor excluding trenches.

5. Hadopelagic zone

· Ocean water in the trenches.

The bathypelagic, abyssopelagic and hadopelagic zones are lumped together by some scientists into a single zone because of the great similarity of their characteristics; other scientists consider the abyssopelagic and hadopelagic zones to be one. 

Horizontal layers of the pelagic region:

1. Neritic province: the region that overlies the continental shelf.

2. Oceanic province: the open ocean that does not overlie the continental shelf.

a. Abyssal pelagic or benthopelagic province: region above the major plains of the ocean, down to about 6,000 meters.

b. Hadalpelagic province: the waters in the deep ocean trenches.

B. Benthic region: the bottom.

1. Bathyal zone: cover the continental shelves and down to 4,000m.

a. The part to the bathyal zone under the neritic pelagic zone is called the sublittoral or shelf zone.

b. The intertidal zone is called the littoral. 

2. Abyssal zone: covers the broad ocean plains down to 6,000 m.

3. Hadal zone: the benthic region in the trenches between 6,000 and 10,000 m.

Summary:

1. Pelagic

A. Vertical

· Epipelagic

· Mesopelagic

· Bathypelagic

· Abyssopelagic

· Hadopelagic

B. Horizontal

· Neritic: overlies continental shelves.

· Oceanic: open ocean not overlying continental shelves.

· Abyssalpelagic: above ocean plains down to 6000 m.

· Hadalpelagic: deep trenches

2. Benthic

A. Bathyal: continental shelves.

B. Abyssal: ocean plains down to 4000 m.

C. Hadal: trenches. 

TEMPERATURE

The temperature in the photic layer is stratified

Conditions are constant throughout the year in the polar regions

The surface waters mix constantly through the action of wind and waves, and the temperature is rather constant.

The thermocline is the transition zone between the mix surface layer of water and the deep water.

· The temperature in the thermocline changes rapidly with depth.

The temperature of the deep water continues to drop gradually below the thermocline.

The deep layer of ocean water is dense and the temperature may be between 0 and 3ºC.

In the middle latitudes temperatures vary with the season.

· Surface waters become warmer and lighter in summer forming a strong thermocline that disappears with the coming of winter.

In the tropics there is a strong thermocline between 100 and 200 m.

“Depending on the geographical location, the thermocline depth ranges from about 50m to 1000m. A simplified view is to consider the thermocline as the separation zone between the mixed-layer above, much influenced by atmospheric fluxes, and the deep ocean. In the tropics, the thermocline can be quite shallow on average, as in the eastern Pacific (50m), or deeper as in the western part (160-200m). In extra-tropical regions a permanent (or main) thermocline is found between 200m and 1000m. However the thermocline depth varies seasonally, especially in the mid-latitude regions where a secondary and much shallower thermocline (above 50m) occurs in summer. In high latitudes, a thermocline may appear only seasonally.”

http://www.esr.org/outreach/glossary/thermocline.html
SALINITY
The salinity of sea water is about 3.49% salts in solution; the rest is freshwater.

3.49% salinity is expressed in parts per thousand or 34.9 ppt.
Na and Cl make about 86% of sea salts.

Other common elements in sea water are Ca, Mg, K and S. With a few others, they make about 99% of sea salts. 

	Chloride (Cl): 
	55.04 wt%
	Sodium (Na): 
	30.61 wt%

	Sulphate (SO4):
	7.68 wt%
	Magnesium (Mg): 
	3.69 wt%

	Calcium (Ca):
	1.16 wt.%
	Potassium (K):
	1.10 wt.%


Every naturally occurring element has been found in seawater.

“Oceanographers use salinity -- the amount (in grams) of total dissolved salts present in 1 kilogram of water -- to express the salt content of seawater. Normal seawater has a salinity of 35 grams/kilogram (or liter) of water -- also expressed as 35‰. Seawater from Wormly in southern England is used as the international standard for seawater composition.

As well as major elements, there are many trace elements in seawater - e.g., manganese (Mn), lead (Pb), gold (Au), iron (Fe), iodine (I). Most occur in parts per million (ppm) or parts per billion (ppb) concentrations. They are important to some biochemical reactions - both from positive and negative (toxicity) viewpoints.”  GEOL 206.3 Seawater Chemistry. http://www.usask.ca/geology/classes/geol206/geol206rr2.html
The cations and anions are not balanced in sea water. The cations exceed the anions by 2.38 milliequivalents/kg.

Sea water is slightly alkaline, pH 8.0 – 8.3, and strongly buffered. This is important biologically.

Salinity is influenced by evaporation, amount of freshwater coming from continents, and removal of freshwater due to the formation of ice in the ocean. 

Salinity reflects the hydrological cycle.

Practical salinity units (psu): 

If 1,000 grams of water contain 35 grams of dissolved compounds, its salinity is 35 psu; the amount of water would then be 965 g.

Another method of measuring salinity is in parts per thousand (‰).
Salinity of ocean water is derived from several source:

1. weathering of the Earth’s crust;

2. underwater volcanoes;

3. chemical reactions with newly formed rocks in the spreading zone.

Submarine volcanoes are a major source of chlorine in the form of HCl. The Cl ion replaces the bicarbonate ion:  

HCl + HCO3‾ → CO2 + H2O + Cl‾ 
The vertical gradient of salinity in the ocean is called the halocline.
In higher latitudes, abundant precipitation reduces salinity near the surface. In the tropics, high evaporation increases salinity. 

Salinity and temperature together produce a marked gradient in density in middle latitudes, called the pycnocline. 

The rapid change in temperature, which produces a thermocline, is paralleled with a rapid change in the density of seawater. This zone of rapid change in density is the pycnocline. 

Salinity restricts the life that inhabits the ocean. Many marine species are osmoconformers. 

Density is directly proportional to salinity: more salt, greater density. 

Additional information: 

http://eesc.columbia.edu/courses/ees/slides/climate/weathering/index.html
PRESSURE

The average ocean depth is about 3800 meters (12,566 feet). The greatest ocean depth is over 11,000 meters (36,200 feet).

Pressure in the oceans varies from 1 atm at the surface to 1,000 atm at its greatest depth. 

Pressure changes are many times greater in the sea than in terrestrial environments and have a pronounced effect on the distribution of life.

The pressure increases about one atmosphere for every 10 meters of water depth. At a depth of 5,000 meters the pressure will be approximately 500 atmospheres or 500 times greater than the pressure at sea level.

WAVES
Waves are generated by the pressure of wind on the surface of water. 

As the wind blows, it pushes the ocean water ahead of it. The wind actually transfers some of its energy into the water. The water is able to gain energy from the wind because of the friction between the wind and the water.

Waves will continue to grow in size until they reach a maximum size that is determined by the wind speed and fetch.

The ocean produces larger waves than a lake or pond because it has a larger fetch area. One fast-moving (velocity) puff of wind will not create large waves, but the same fast-moving wind over a sustained (long) period of time will. A slow-moving wind over a long period of time will not create large waves. You might say that wind velocity and wind duration in different combinations create different wave sizes. The original sea state (choppy or smooth) has an effect on the conditions that will be created by the newly arrived winds. 
· Fetch: the uninterrupted distance over which the wind blows (measured in the direction of the wind) without a significant change of direction.

· Original Sea State: condition present before the onset of recent winds. 
· http://oceanworld.tamu.edu/students/waves/waves2.htm

Waves travel long distances. Waves that break on beaches are generated in and transported from distant seas.

As the waves break on the shore, they dissipate their energy against it, pounding rocky shores or tearing away at sandy beaches at one point and building up new beaches elsewhere. 

LANGMUIR CELLS

Winds blowing more than 3 m/sec generate circulating vertical cells of water spinning just below the surface. These are called Langmuir cells.

Each circulates in a direction opposite to the adjacent one: clockwise and counterclockwise.

In between these cells there is an upwelling between adjacent cells, and then a downwelling between the next pair of cells.

The position of the downwelling is marked by streaks of debris on the surface.

These currents mix heat and nutrients in the surface water, and circulate phytoplankton.

These cells may vary

· Diameter: from a few centimeters to several meters in diameter.

· Depth: between 3 and 6 meters; it can have an effect as deep as 200 meters.

· Length: may be from a few meters to several kilometers.

· Spaced: between 10 and 50 meters.

EKMAN SPIRAL AND UPWELLING

Ocean currents do not flow parallel to the wind; they are deflected by the Coriolis force. 

Some of the energy communicated by the wind to the surface water is passed down the water column to the lower layers and sets each successive layer into motion.

The amount of energy decreases with depth and each layer moves more slowly than the layers above it.

Each layer in motion is deflected relative to the one above. 

Ultimately the water layer at the base of the spiral moves counter to the flow on the surface, although it is at right angles to the wind. 

The spiral extends to a depth of approximately 100 to 150 m (330-500 ft), where the much-reduced current will be moving exactly opposite to the surface.

“When driven by wind, the topmost layer of the ocean in the Northern Hemisphere will move to the right of the wind direction (by about 45 degrees) due to the Coriolis force. The next "layer" down will not feel the wind, but will feel the friction caused by shear with the topmost layer, which is directed at about 45 degrees to the right of the wind direction. Due to the Coriolis force, this lower layer will flow to the right of the topmost layer. Successive layers will flow at more extreme angles to the right of the wind direction and will also flow more slowly than the overlying layers. At some depth, the flow will actually be in the opposite direction of the wind direction! However, the average flow of the column will be at a right angle (90 degrees) to the wind direction. This net flow is known as Ekman transport.”
http://www-earth.usc.edu/geol150/variability/sfcocean.html
Wind blowing parallel to the coast causes surface water to be blown offshore. The water lost is replaced by water moving upward from the deep.

Upwelling water is poor in oxygen but rich in nutrients and support and abundant growth of phytoplankton. 

TIDES

Tides are periodic and predictable rising and falling sea levels over a given interval of time.

They result from a combination of the gravitational action of sun and moon on Earth and the centrifugal forces of the Earth-moon system.

The Earth and moon form a single system revolving about a common center of gravity.  The common center of gravity is within the Earth because the Earth is so much larger than the moon. 

· The moon's mass is (7.35 x 10 22 kg), about 1/81 of the Earth's mass.
The moon is much closer to the Earth than the sun, and it exerts a gravitational pull on the Earth twice that of the sun.

The gravitational attraction of the moon causes the oceans to bulge out in the direction of the moon. Another bulge occurs on the opposite side, since the Earth is also being pulled toward the moon (and away from the water on the far side). Since the earth is rotating while this is happening, two tides occur each day.
The centrifugal force within this revolving system about balances the gravitational force acting on the ocean water.
As the Earth spins, this water is balanced evenly on all sides by centrifugal force. The moon has a gravitational pull on this layer of water as it orbits the Earth. This pull causes the water to bulge toward the moon. Because the earth is spinning there will be a bulge on the opposite side of the earth as well.

On the side of Earth facing the moon, the gravitational force exceeds the centrifugal force, and the water is pulled into a bulge, the high tide...

On the opposite side of Earth, away from the moon, the centrifugal force exceeds the gravitational force, and it, too pull s on the water into a bulge, creating another high tide. 

As the earth turns upon its own axis in about 24 hours, a point on the earth moves through areas with these different forces acting on it. In one rotation (one day), a point on earth travels from an area of high tide (where there is a force pulling water outward), through an area of low tide, through an area of high tide again (the opposite pull), and through another area of low tide, before it returns to the point of origin at high tide. This results in two high tides and two low tides in a day (called semidiurnal tides).

The average period between successive high tides is 21 hours and 25 minutes. 

There is also a gravitational attraction between the earth and the sun. The effect of the sun upon the tides is not as significant as the moon’s effects. Basically, the sun’s pull can heighten the moon’s effects or counteract them, depending on where the moon is in relation to the sun.

When the moon is between the sun and the earth (at new moon), the sun’s gravitational pull is in the same direction as the moon’s. During these days the high tides are higher and the low tides are lower than they'd be with just the moon’s pull alone. This is called spring tide.

When the moon is in its first quarter or its last quarter, the sun’s gravitational pull is in perpendicular direction to that of the moon. The sun pulls water away from the areas of high tide to the areas of low tides, resulting in lower high tides and higher low tides. These are called neap tides.
Some of the above notes on tides have been taken from: http://oceanlink.island.net/oinfo/tides/tides.html
Tides are not the same all over the Earth. They vary from day to day in the same place, and in the same general region. This is due to:

· The elliptical orbit of Earth about the sun.

· The elliptical orbit of the moon about the Earth.

· The angle of the moon in relation to the axis of the Earth.

· Latitude, depth of the water, barometric pressure, offshore and onshore wind, contour of the coastline, etc. 

THE OPEN SEA

Seventy percent of the Earth’s surface is occupied by oceans.

All oceans are interconnected by currents, with waves, tides, and salt water.

Different physical characteristics and life forms allow the division of oceans into regions.

STRUCTURE

Phytoplankton

Phytoplankton are usually single-celled, minute floating photosynthetic organisms that drift throughout the surface waters of the ocean.
Phytoplankton is restricted to the photic zone of the ocean.

The composition of phytoplankton changes with time and place due to seasonal and geographic variations in light, temperature, nutrients, and grazing by zooplankton.

“Phytoplankton are responsible for approximately 40% of the planet's total annual photosynthetic (i.e., `primary') production. The magnitude of their contribution to global primary production is often unappreciated because they represent such a small fraction of the total photosynthetic biomass on earth
Light and nutrients are the primary factors regulating phytoplankton growth. Light attenuates dramatically with depth, penetrating roughly 200m in the open ocean, thus illuminating only a tiny fraction of the total ocean volume. Solar energy heats the surface waters, generating a temperature gradient (the thermocline) which, along with the salinity gradient (the halocline) generated by surface rainfall, creates a density gradient (the pycnocline) that effectively isolates the surface wind-mixed layer from the waters below.
Inorganic nutrients such as nitrogen and phosphorus, central to the cells' biochemistry, are constantly stripped from the surface waters by the growing phytoplankton. Most of the phytoplankton are eaten on the spot and the nutrients comprising their biomass are regenerated at the surface and are available for another round of production. Some fraction of the primary production, however, finds its way to the deep sea, either through the settling of dead cells and fecal matter or through advection in the course of global circulation patterns. Most of the organic carbon which finds its way to the deep sea is ultimately assimilated by bacteria, which regenerate it (and N and P) into inorganic forms.”
http://www.agu.org/revgeophys/chisho00/node2.html
Littoral and neritic zones and areas of upwelling are richer in phytoplankton than are midoceans.

Diatoms dominate the regions of upwelling and in artic waters.

Dinoflagellates concentrate near the surface in regions of downwelling where there is little turbulence, especially in the summer time.

Coccolithophores are one-celled marine plants that live in large numbers throughout the upper layers of the ocean. Unlike any other plant in the ocean, coccolithophores surround themselves with microscopic plates or spicules made of limestone (calcite). These scales, known as coccoliths, are shaped like hubcaps and are only three one-thousandths of a millimeter in diameter. Droplets of oil aid in buoyancy and storage of food. 
Additional information: http://www.mbari.org/staff/conn/botany/phytoplankton/Default.htm
http://neptune.gsfc.nasa.gov/STAFF/brianc/phyto_micro.html
Zooplankton

Zooplankton grazes on phytoplankton. Zooplankton can be herbivores, carnivores (several levels), detritus feeders, and omnivores. 
Zooplankton, in addition to being much smaller than familiar land animals, have shorter generation times and grow more rapidly 

Zooplankton consists mostly of copepods, planktonic arthropods that are the most abundant animals of the sea, the euphasiid shrimp known as krill.  The larval stages of gastropods, oysters, and cephalopods also from part of the zooplankton.

“The copepods are the largest and most diversified group of crustaceans. At present they include over 14.000 species, 2.280 genera and 210 families, a surely underestimated number, inhabiting sea and continental waters, semiterrestrial habitats, or living in symbiotic relationships with other organisms. They are considered the most plentiful multicellular group on the earth, outnumbering even the insects, which include more species, but fewer individuals! Particularly, the copepods are the dominant forms of the marine plankton and constitute the secondary producers in the marine environments and a fundamental step in the trophodynamics of the oceans.”  http://www.geocities.com/~mediaq/copepod.html
Larger forms of zooplankton are characteristic of coastal waters, and the smaller forms are characteristic of the deeper open ocean. 

Coastal zooplankton contain a large proportion of larval forms of fish and benthic organisms. Coastal zooplankton has a greater diversity of species due to a greater diversity of chemical and environmental conditions.

Open oceans are more homogeneous and nutrient poor. They have less diverse zooplankton.

In polar waters, zooplankton spend the winter in a dormant state in the deep water and rise to the surface during short periods of diatom bloom to reproduce.

Many forms of zooplankton have some swimming power. Most species have a migration daily migration cycle from as deep as 800 m to 100 m or to the surface.  Zooplankton rises to the surface at night to feed on phytoplankton.

Additional information: http://www.brookdale.cc.nj.us/staff/sandyhook/plankton/summer.htm
Nekton


Animals that swim or move freely in the ocean are nekton.  Nekton come in all shapes and sizes.  They live in shallow and deep ocean waters.  Most nekton eat zooplankton, other nektons or they scavenge for waste. 

There are three types of nekton. The largest group of nekton are 

1. Chordates and have bones or cartilage. This group includes  bony fish, whales, sharks, turtles, snakes, eels, porpoises, dolphins, seals, and penguins. 

2. Molluscan nekton are animals like octopus and squid. 

3. Arthropod nekton are animals like shrimp.

Adaptations of Oceanic Nekton:

a. Buoyancy

· Fish have swim bladder - filled with air

· Marine mammals have accessory air sacs and blubber

· Sharks have a huge oily liver

· Hydrodynamic mechanisms that provide “lift”

b. Swimming

· Side-to-side movement

· Some fishes have a reinforced lunate tail

· Move fins to swim

· Using flippers as paddles

· Jet propulsion using water

c. Body Shape – hydrodynamic

· long and thin body to reduce resistance

d. Camouflage – how do nekton hide from predators when there are no hiding places?

· Can’t be transparent, too big

· Counter shading

· Reflective color

e. Defense

· stinging cells

· poison

· teeth

The Mesopelagic and bathypelagic zones depend of detritus that drifts down from the surface as their source of energy.

Organic matter drifting down is usually small and it is consumed, decayed or dissolved before it reaches the deepest water or the bottom.

Waste from the coastal zone, garbage from ships, dead whales and large animals, and saprophytic plankton are also sources of energy in the deeper layers of the oceans.

“Animals here--fishes, jellyfish, shrimp, etc.--must adapt to low food supplies. They eat each other, and/or the detritus falling down from above. Some species are vertical migratory -- they migrate to the upper waters at night to eat where there is more food. Animals have very low protein contents and relatively weak muscles (our research found 5-10% protein in most deep-sea fish species' muscles, compared to 15-20% for epipelagic fish like tunas). Many species also have elaborate mechanisms for catching food because it is so infrequent: devices such as huge teeth, and expandable jaws and stomachs that allow them to swallow prey larger than themselves. They also often have special adaptations to cope with low light levels, such as large eyes and photophores (light-producing organs)--about 75% of mesopelagic organisms are bioluminescent.”
http://people.whitman.edu/~yancey/midwater.html
Bioluminescence is simply light produced by a chemical reaction which originates in an organism. It is found primarily in marine organisms including bacteria.

Bioluminescence has evolved many times in the sea as evidenced by the several distinct chemical mechanisms by which light is emitted and the large number of only distantly related taxonomic groups that have many bioluminescent members. http://www.lifesci.ucsb.edu/~biolum/
Benthos

There is a transition of organisms from rocky and sandy shores to the ocean abyss.

The substrate determines the type of organism that live in the area.

Epifauna are animals that live on the surface of the ocean bottom. 

· They live either on hard or soft bottoms. 

· Soft bottoms consist of mud or sand. 

· Hard bottoms consist of gravel, cobbles, or solid rock. 

· Epifauna are usually filter feeders, surface grazers, scavengers, or predators.
Infauna are animals that live in the bottom sediments. 
· They can live only in soft bottoms. 

· Infauna are often deposit feeders. Deposit feeders eat by ingesting the sediment, including large amounts of sand or mud, digesting the small proportion of organic material (1%-5%) and excreting the remainder. 
· Infauna can also be predators or scavengers.

The mode of burrowing is often specialized and adapted to a certain type of substrate. 

The substrate near the shores is derived from weathering and erosion of the adjacent land areas.

Sediments of deep water are characterized by fine-textured material, which varies with depth and the type of organisms in the overlying waters. These sediments contain little decomposable carbon, and consists largely of skeletal fragments of planktonic organisms. 

Formed from living organisms, primarily by forming a hard skeleton. Included in this category are skeletons of organisms ranging from one-celled algae to whales. The skeletal material is either calcium carbonate (CaCO3), silica (SiO2), or phosphatic.

Below 4000 m calcium carbonate tends to dissolve due to the great pressure. The sediments below this depth consist mostly of siliceous materials. There is little organic matter in these sediments.

· An increase in pressure (i.e. increasing depth) increases the solubility of CO2 and more carbonic acid is produced (equation [2]). This causes equation [1] to shift to the right resulting in the dissolution of calcite. 

· The behavior of calcium carbonate is controlled primarily by the following reactions:
CaCO3 + H2CO3 = Ca2+ + 2HCO33- [1]

· H2 O + CO2 = H2CO3 [2]

Below the 6000 m depth, the deposits consists of clay rich in aluminum and iron oxides, and silica. 

Sediments have layers caused by redox reactions:

Surface or oxidized layer is characterized by oxidized iron (ferric), nitrates and nitrites, and is rich in oxygen.

· It supports a rich benthic life of polychaete worms and bivalves in shallow water;

· Flatworms, copepods and others in deeper water,

· A rich growth of aerobic bacteria at all depths.

· This layer is yellowish in color.

Below the surface layer, there is a grayish transition layer.

The deeper layer is a black reduced layer, characterized by the lack of oxygen, ferrous oxide, ammonia and hydrogen sulfide.

· It is inhabited by anaerobic bacteria that reduce sulfates and methane. 

The amount of organic matter that reaches the deep benthic region is estimated to be about 0.5 g/m2/year. Bodies of large animals like whales, seals and fish may contribute another 2 or 3 g.

The major feeding strategies of benthos are:
· Filter feeding 

· Deposit feeding 

· Surface grazing 

· Scavenging 

· Predation

As they are in the water column, bacteria are important decomposers of dead organic matter and recyclers of nutrients. 
There are about 1 billion bacteria per each cubic centimeter of sediments. They may rich several tens of gram per square meter in the topmost layer of silt. 

Bacteria synthesize protein from dissolved nutrients and in turn become a source of protein, gats, and oils for deposit-feeders. 
Hydrothermal vents

The first hydrothermal vent was discovered in 1977. They are known to exist in the Pacific and Atlantic oceans. Most are found at an average depth of about 2,100 meters (7,000 ft) in areas of seafloor spreading along the Mid-Ocean Ridge system— the underwater mountain chain that snakes its way around the globe.

How do hydrothermal vents form? In some areas along the Mid-Ocean Ridge, the gigantic plates that form the Earth’s crust are moving apart, creating cracks and crevices in the ocean floor. Seawater seeps into these openings and is heated by the molten rock, or magma, that lies beneath the Earth’s crust. As the water is heated, it rises and seeks a path back out into the ocean through an opening in the seafloor.

As the vent water bursts out into the ocean, its temperature may be as high as 400°C (750°F). Yet this water does not boil because it is under so much pressure from the tremendous weight of the ocean above. When the pressure on a liquid is increased, its boiling point goes up.

Chimneys top some hydrothermal vents. These smokestacks are formed from dissolved metals that precipitate out (form into particles) when the super-hot vent water meets the surrounding deep ocean water, which is only a few degrees above freezing.

So-called “black smokers” are the hottest of the vents. They spew mostly iron and sulfide [and copper sulfide], which combine to form iron monosulfide. This compound gives the smoker its black color. 

“White smokers” release water that is cooler than their cousins’ and often contains compounds of barium, calcium, and silicon, [and zinc sulfide] which are white.

http://www.ocean.udel.edu/deepsea/level-2/geology/vents.html
University of Delaware, College of Marine Science.
The hydrothermal vents heat the surrounding water to 8 -16ºC. Water at this depth is about 2ºC.

Associated with these vents, new life forms have been discovered:  3 new orders and 22 new families; 97 of the 293 species of vent animals described so far are endemic to the vent habitat.

The primary producers are chemosynthetic bacteria that oxidize the reduced sulfur compounds, such as H2S, to release energy, which they use to form organic matter from carbon dioxide. 
Chemosynthesis, process in which carbohydrates are manufactured from carbon dioxide and water using chemical nutrients as the energy source, rather than the sunlight used for energy in

photosynthesis.

These bacteria obtain energy by oxidizing hydrogen sulfide to sulfur:

CO2 + 4H2S + O2 → [CH2O] + 4S +3H2O
(Carbon dioxide plus hydrogen sulfide plus oxygen yields organic matter, sulfur, and water)

Primary consumers consist of clams, mussels and worms; they filter bacteria from water and graze on bacterial film on rocks. 

The giant clam and the vestimentiferan worm have symbiotic chemosynthetic bacteria in their coelomic tissue. The blood of these species carry a reduced sulfide to the bacteria.

FUNCTION

Light penetrates the ocean water down to about 100 m. This photic zone is involved in primary production of food.

The main producers of the photic zone are phytoplankton species. They have a random distribution due to currents, nutrient poor/rich areas, etc.

In the tropics, permanent thermal stratification prevents an exchange of nutrients between the surface and deeper layers. 

· Less dense warm layer lies on top of the denser colder layers.

· Tropical seas are the lowest in production.

· The annual productivity is 18-50 g of C/m2/year.

Temperate oceans are more productive because a permanent thermocline does not exist.

· During the spring there is overturn of nutrients; phosphorus and nitrogen from the deep stimulates a surge of spring phytoplankton growth. 

· In the spring a thermocline develops, preventing a nutrient exchange. 

· The phytoplankton depletes the supply of nutrients and suddenly the population declines. 

· In the fall there is an overturn, but the declining light intensity and lower temperature decrease productivity. 

· The annual productivity is 70-110 g of C/m2/year.
Coastal zones are more productive because the adjacent land supplies nutrients. Regions of upwelling are also very productive.

· Up to 1000 g of C/m2/year in regions of upwelling.

· Estuaries up to 380 g of C/m2/year.

· Upwelling regions are located against the northwest coasts of North and South America, the west coast of Africa, the Antarctic, and along the west side of the Indian Ocean.

“The reason upwelling occurs has to do …. with Ekman transport. The flow of most surface currents in the oceans is driven by wind. When wind blows over water, the surface of that water is not pushed directly in front of the wind, but moves at about 45 degrees to the right of the wind's motion in the Northern Hemisphere, or to the left in the Southern, thanks to the Coriolis force, an effect of the rotation of the earth. As one descends in the water, the direction of flow continues to be deflected rightward (or leftward), until ultimately a three-dimensional spiral is formed vertically in the water. The net transport of water, as explained by Ekman transport, is at an angle of roughly 90 degrees to the direction of the wind. In short, water, to a depth of a few hundred meters, is pulled directly off the coast - leaving room for deep water to rise and replace the displaced water.” 

ANNE CANRIGHT, Coastal Conservancy, http://www.ocean98.org/cacoast2.htm
Animals are consumers; they feed on the primary producers or on other consumers. Whether herbivores or carnivores they are still ultimately dependent on the primary producers for their food. The most numerous and greatest biomass of herbivores are the plant-eating zooplankton. These animals are the primary consumers which convert plant tissue to animal tissue. In turn, they become the food for the other zooplankton, the carnivores or secondary consumers

Primary producer → primary consumer → secondary consumer → top predator

Killer whales, seals and sea lions are some of the top predators of the sea.

The microbial loop

“The microbial loop is a micro-food chain that works within (or along side) the classical food chain. In the microbial loop the smallest organisms, the heterotrophic bacteria and picoplankton use dissolved inorganic material directly (as carbon and energy sources). These organisms are grazed by flagellates and ciliates. The flagellates and smaller phytoplankton are too small to be preyed on directly by copepods, long considered to be a major predator of micro-organisms. Improved detection methods have demonstrated that ciliate organisms provide an intermediate predator level in the microbial loop. These are then consumed by copepods and the process continues up the classical food chain. 

In the microbial loop, bacteria consume dissolved organic material (DOM) that cannot be directly ingested by larger organisms. DOM includes liquid wastes of zooplankton and cytoplasm that leaks out of phytoplankton cells. Microflagellates and ciliates eat these marine bacteria, helping to recycle organic matter back into the marine food web. Bacteria also help to facilitate phytoplankton growth by releasing nutrients when they absorb DOM.”

Dr. Frede Thingstad, from the Institute of Microbiology at the University of Bergen.

http://www.uib.no/ums/magazine/updates/Loop/loop.htm
“Viruses are the smallest and most abundant organisms in the sea; concentrations vary from millions to billions per milliliter. Like all other members of the marine food web, viral activity produces DOM, thus helping to drive energy cycles for ocean life.”
http://www.bigelow.org/bacteria/
DOM: dissolved organic material

DOM → heterotrophic bacteria → heterotrophic nanoflagellates → large ciliates → zooplankton
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ROCKY SHORES

The intertidal zone is the area between the high and low tide marks. 

Conditions in the intertidal zone change constantly with the ebb and flow of tides. 

The intertidal zone is submerged during part of the day, and exposed to wind and sun during the other part of the day.

STRUCTURE

Rocky shores have three basic zones characterized by the kind of organisms that inhabit them.

Littoral fringe: This zone extends higher than the highest tide where there is great exposure with 


spray from the various waves causing the organisms to extend higher into the 
littoral zone; lichens and algae enclosed in a gelatinous sheath form the vegetation; snails feed on these vegetation.

Littoral zone: it is covered and uncovered by daily tides;

1. Upper subzone: barnacles on the upper limit, 

2. Midlittoral subzone: oyster, mussels and limpet; brown algae

3. Lower subzone: blue mussels, young starfish, sea urchins, brittle stars and bryozoans; red algae and Irish moss. 

Sublittoral zone: marked by the upper limit of kelp; uncovered only in the spring tides; large

brown algae (kelp, Laminaria, etc.); community changes with depth: algal crust 

on rocks are grazed by sea urchins.

spray/splash zone—Lichens and barnacles live in this region, which is flooded only by the highest tides and storm waves.  Some lichens grow less than 1 millimeter per year, so they require stability and are vulnerable to pollution.

high tide zone—Organisms here must survive rough waves and long exposure to air. Algae protect small creatures from the sun. Mollusks such as limpets and mussels attach themselves to the rocks. Hermit crabs, which make homes for themselves in abandoned shells, also live here.

mid-tide zone—Often covered and uncovered twice a day by the tides, animals in this region have adapted to surviving in and out of sea water. When the tide goes out, anemones close up and mussels close their shells to keep in moisture. They open when the tide returns with food. Some sea stars can be exposed to air for up to 50 hours.

low tide zone—Because the low-tide zone is usually covered by water, organisms here are not as sturdy and cannot tolerate much exposure to the air or sun. This stable environment has the greatest diversity of life of all the zones. Seaweeds provide shelter for many animals, including crabs, shrimp, and small fish. Sea slugs and urchins are more fragile than organisms in other zones.
http://www.npca.org/marine_and_coastal/beaches/tide_pools.html
FUNCTION

Physical stress results from wave action, the depth and length of time of submergence, exposure to drying air (desiccation), temperature, reduced feeding time, and gas exchange. 

The source of primary production is plankton and benthic algae ranging from diatoms to giant kelp.

Invertebrates graze on this vegetation (e. g. periwinkles and sea urchins).

Most intertidal animals can only feed when the tide is in. 

Predators like starfish, sea gulls and oystercatchers prey on the herbivores.

The rocky shore community is constantly affected and disturbed by wave action.

· Carries away metabolic waste.

· Motion of lamina allows for an even distribution of sunlight and more efficient photosynthesis.

· Dislodging of organisms reduces competition and allows colonization.

Competition is common: mussels and seaweeds can crowd out the barnacles but the barnacles can tolerate surf and desiccation better, giving them the upper position in the midlittoral zone.
In the lower sublittoral zone there are some anemones that have algae living with them but all capture food, sea urchins graze on the algae in this zone which increases species diversity. 
Urchins are controlled by sea otters and sea birds, lobster and fish.
TIDE POOLS

At low tide all pools are subject to wide and sudden fluctuations in temperature an salinity.

As water evaporates, salinity increases in the smaller and shallower pools. Rain will decrease the salinity of tide pools.

If there is a large amount of algal growth, oxygen content of the water is high during the day, but low at night. 

The concentration of carbon dioxide increases at night lowering the pH.

Conditions in the pools return to sea conditions suddenly due to the rising tide or waves breaking. Organisms should be able to cope with these sudden fluctuations.

The diversity of organisms is influenced by the environmental conditions and by the interactions of organisms, e. g. producers, grazers, predators.

· Low Tide Zone - crabs, sculpins, sea urchins, abalones, barnacles, and anemones

· Mid Tide Zone - goose barnacles, mussels, chitons, sea sacks, and ochre stars

· High Tide Zone - periwinkles, limpets, shore crabs, and turban snails

· Splash Zone- periwinkles, and limpets 

Survival in a tide pool: 

· keep from being washed away by the waves at high tide

· keep from drying out by the sun at low tide

· keep from being eaten

Additional information: http://edweb.sdsu.edu/triton/tidepoolunit/tidepool.html
SANDY SHORES AND MUDFLATS

Sandy shores are areas exposed between the extreme low tide and extreme high tide. Sand is produced by the weathering of rocks. 

The size of the sand particles influences the water retention during low tide and the ability of animals to burrow in it. 

Beaches exposed to wave action are flat because much of the material is transported away from the beach to deeper water. 

Sandy beaches have a mobile substrate caused the action of the sea. 

Mudflats are sedimentary intertidal habitats created by deposition in low energy coastal environments, particularly estuaries and other sheltered areas. Their sediment consists mostly of silts and clays with a high organic content.

STRUCTURE

Large seaweeds are absent from sandy beaches due to the mobile sediments.

Benthic microalgae - bacteria, cyanobacteria, autotrophic flagellates, pennate diatoms. 

Many microalgae live attached to sand grains, dependent on particle and interstitial space sizes - relatively immobile. 

Under optimal conditions densities of up to 1000 cells cm-3. 

In sheltered conditions occur close to surface. 

Changes in oxygenation levels in sand produces zonation pattern of different species distributions. 

Some microalgae actively move through sands, vertical migrations associated with tidal cycles and diurnal light patterns, maximizes photosynthesis 

The infauna consists of animals that live in more or less permanent tubes or can burry quickly into the sand. 

Within the sand and mud live large number of meiofauna (0.05 – 0.5 mm): copepods, ostracods, nematodes, and gastrotrichs. 

These animals are mostly herbivores and detritovores feeding on algae, bacteria and detritus.

Sandy beaches and mudflats can be divided into littoral fringe, littoral and sublittoral zones, based on animal organisms. 

The environmental fluctuation in sandy shores and mudflats are not as pronounced as that of rocky shores.

Storms and severe weather move large amounts of sediments killing the infauna.

FUNCTION

The major primary producers are diatoms. Some phytoplankton is left stranded on the beach by the receding tide. Sulfur bacteria are important producers found in the black sulfide or reducing layer.

Most sandy beaches contain certain amount of organic matter derived from sea weeds, algae, dead animals, feces and material blown in by the wind.

Sediments consist of an oxygenated layer overlying an anoxic zone.

As water moves down through the sand, it loses oxygen from both the respiration of bacteria and the oxidation of chemical substances, especially ferrous compounds. 

Where water loses all its oxygen is a region of stagnation and oxygen deficiency, characterized by the formation ferrous sulfides. 

The iron sulfides cause a zone of black color.

Burrowing by infauna can increase depth of oxygenated layer

Bacteria concentrate around the organic matter in the sand.

The products of decomposition are dissolved and washed into the sea at each high tide, which, in turn, brings in more organic matter for decomposition. 

Decomposition in the tidal flats supplies offshore waters with phosphates, nitrogen, and other nutrients.

Bacteria is a major source of food for higher level consumers. 

Nematodes, copepods, polychaete clam worm, and gastropods ingest substrate to obtain       the organic matter it contains. 

Filter feeders live in the mud and sand.

Predators are always present: crabs, predatory snails feed on clams, shorebirds and gulls.

“Intertidal areas are well-defined as juvenile fish feeding areas (Costa & Elliott, 1991). Mud and sandflats are important nursery areas for plaice (Lockwood, 1972; Marshall, 1995; Marshall & Elliott, 1997), as well as feeding areas for sea bass and flounder (Elliott & Taylor, 1989). Fish such as Dover sole, Solea solea and gadoids frequent sandy areas, but many also occur on coarser and mixed grades of sediment. Smaller fish (e.g. plaice) may settle on mudflats while larger fish are found on sandflats (Gibson, 1973; Gibson & Robb, 1992). Migratory species such as salmon and shad can also be found in these areas on passage to other wetlands, e.g. saltmarshes and freshwater areas, although they appear to have no requirement for the mud and sandflats.”
http://www.ukmarinesac.org.uk/communities/intersand-mud/ism3_2.htm
Additional information:

http://www.ukmarinesac.org.uk/communities/intersand-mud/ism3.htm
http://www.ukmarinesac.org.uk/communities/intersand-mud/ism3_2.htm
CORAL REEFS

Coral reefs are made from the accumulation of calcareous (CaCO3) skeletal remains of corals and other organisms. 

Anthozoans, coralline algae, foramens and mollusks contribute to the building of the reefs.

Coral reefs are built in shallow water no deeper than 50 – 70 m. 

The polyps absorb Ca2+ from sea water and move it to the site of calcification where it is deposited. 
There are three basic types of coral reefs:

1. Fringing reefs are usually found close to the shore of continents or around islands and form as long bars attached to the land, usually parallel to the shoreline. They grow outward from the landmass to the edge of deeper water. The Florida Keys are examples of a fringing reef. 

2. Barrier reefs are found in ocean shallows well offshore on the eastern side of continents. They are usually shaped as multiple bars separated by deep channels. The Great Barrier Reef in Australia is the best example of a barrier reef.

3. Atoll reefs form after a volcanic island is worn down by the action of the ocean. After the island sinks, the reef grows and gradually rises above sea level. The atoll reef usually encircles a lagoon—a warm, shallow body of water–and is dotted with small sandy islands.

Coral reefs are generally restricted to water between 18 and 34° C, with an optimal range of 26-28°C.

STRUCTURE

The coral reef, the largest ecosystem on earth, is a diverse web of plant and animal species that interact with each other to provide food and shelter for one another.

“The individual polyp is an invertebrate of the phylum Cnidaria. The body is soft and tubular, with an oral opening surrounded by six (or multiples of six) tentacles. At night, these are extended to trap plankton. The body wall consists of three layers, the innermost of which (gastrodermis) contains photosynthetic dinoflagellates called zooxanthellae. The details of the relationship between these symbionts and the coral polyp are not completely understood, but their importance in meeting the coral's metabolic demands is well established. Nearly 90% of the carbon fixed by zooxanthellae is released to the coral host primarily as glycerol. Nitrogen and phosphorous derived from captured plankton are shared between symbiont and host.”

http://cima.uprm.edu/~morelock/corbiol.htm
Zonation and diversity of coral species are influenced by an interaction of depth, light grazing, competition, and disturbance.

Light establishes the gradient of diversity.

Diversity is lowest at the crest due to the intense and frequent disturbance by waves.

Diversity increases with depth to a maximum of about 20 m and then decreases as light becomes attenuated.

Coral polyps face many predators including parrotfish, butterflyfish, and sea stars. 

During the larval stage, corals are particularly subject to predation. They may also drift into areas where the substrate isn't suitable for coral growth

The crown-of-thorns sea star is a well- known predator of coral polyps. Large numbers of these sea stars can devastate reefs, leaving behind only the calcium carbonate skeletons.

Sea urchins and fish feed on overgrowing algae, which increases coralline algae.

FUNCTION

Zooxanthellae carry on photosynthesis during the day and transfer food to the polyps; at night the coral polyps feed on plankton.

Coralline algae, macroalgae, seagrasses, phytoplankton and bacteria add to the productivity of the reef.

Coral reefs are very productive: 1500 to 5000 g of C/m2/yr. the surrounding ocean produces 15 to 50 g of C/m2/yr.

There is a great diversity of life due to the high productivity and variety of habitats provided by the reef.

ESTUARIES

Estuaries are transition zones between freshwater brought in by rivers and the salt water of the sea. 

"An estuary is a semi-enclosed coastal body of water which has a free connection with the open sea and within which sea water is measurably diluted with fresh water derived from land drainage." D.W. Pritchard (1967).

Deposition of sediments form deltas and shorten the estuary.

The geology of the region greatly influences the size and shape of the estuary.

STRUCTURE

Currents in the estuary depend on the one-direction stream flow, ocean tides and wind.

Salinity in the estuaries:

· Estuaries can vary greatly in salinity, ranging from near zero to 36 ppt. 

· Salinity generally decreases as you move up the estuary towards land (and freshwater inputs). 

· Salinity also varies with depth. 

· Saltier water is denser and sinks or stays at the bottom. 

· The saltier, denser water flows into the estuary (e.g., during high tide) as a bottom salt wedge. 

· Freshwater (less dense) flows out to sea on top of the salt wedge. 

· Salinity therefore fluctuates with the tide (as the salt wedge moves in and out) and due to changes in freshwater inputs. 

· Organisms must be adapted to large, rapid changes in salinity. 
· Salinity is higher in the summer and during periods of drought.

· In areas where there is little freshwater run-off and high rates of evaporation, salinities can rise up to 50 or 100 ppt.

· Salinity may vary very fast due to heavy rains and snow melt.

There is a gradient of salinity in estuaries:

· At the head, salinity could be less than 5 psu.

· In the upper reaches, salt and freshwater mix and salinity increases to between 5 and 18 psu.

· The middle reaches receive currents and salinity ranges between 18 and 25 psu.

· In the lower reaches salinity reaches between 25 and 30 psu.

· The mouth of the estuary receives strong currents and salinity is close to that of the sea, about 30 psu.

· The estuarine fauna has low diversity at the head and greatest diversity in the middle.

Oligohaline species tolerate little salinity and live at the head of the estuary.

Euryhaline species live in the middle reaches; they are most common at salinity between 18 and 25 psu.

Stenohalyne species live at salinity of 25 psu or higher, and live at the mouth of the estuary. They cannot tolerate long-term salinity fluctuations.

Temperature:

Shallow water heats and cools faster than deep water and an estuary shows seasonal temperature changes that parallel those of adjacent land.

River water is cooler in winter than the sea.

Sea is cooler in the summer than river.

Except for phosphorus, rivers impoverish the estuary. Nutrients and oxygen are carried into the estuary by tides.

Estuary organisms must maintain their position and adjust to changing salinity.

Most estuary organisms are benthic, either attached to the bottom or buried in the sediment.

Phytoplankton is at the mercy of the currents. When the currents are strong, the plankton population is small. 

Phytoplankton is more abundant near the surface and in low salinity areas.

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.
Oyster beds and oyster reef are outstanding communities of the estuary. 

Closely associated with oyster beds are encrusting organisms such as algae, sponges, barnacles, and bryozoans. 

FUNCTION

Productivity is high in estuaries. Why? 

"Mechanisms maintaining high productivity in Georgia Estuaries" (Schelski & Odum 1962) 

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

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

· Increase phytoplankton production due to abundant nutrients.

· Excretion of mineralized nutrients by zooplankton.

· Nutrients remineralized by bottom invertebrates.

· There is a steady-state between nutrients in solutions and present in particles.
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. 

Pollution by fertilizers, pesticides and industrial waste is a serious modern problem in estuaries.

SOME DEFINITIONS:

· Swamps are wetlands with trees.

· Marshes are wetlands without trees.

· Bogs are saturated ground usually composed of accumulated undecayed vegetation, and fed by precipitation. 

· Fens are bogs fed by ground water and have a high mineral content. 

TIDAL MARSHES

Tidal or salt marshes form on low-lying coastal areas that are washed by tides, in the intertidal regions. 

Salt marshes form on stable or emerging coastlines when sediment accumulates in sheltered intertidal areas in estuaries, behind spits, bars or islands, and in protected bays. They are characterized by water saturated soils, poorly drained, and a vegetation adapted to this condition.
Subsidence and rising sea levels contribute to the development of salt marshes.

Nutrients, sediments and detritus from upland systems are redistributed by tidal action, making the marsh one of the most productive natural ecological systems.
Tidal marshes have a clear demarcation of plant associations. Tides play an important role in plant segregation.

In the United States, the Gulf of Mexico coast from Alabama to Texas has the largest extent of salt marsh area. This is followed by the Southeast Atlantic coast from Florida to North Carolina, the Midatlantic coast from Virginia to New York, and then New England. 

Along the east coast of North America salt marshes extend from New England into New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland. 

Alaska has a significant acreage of salt marshes followed by the Northwest Pacific region of Oregon and Washington State, and the Southern Pacific, California. 

STRUCTURE

The vegetation is dominated by halophytic herbaceous plants, grasses, sedges, and shrubs.

· About 20 families are represented in the salt marshes of North America, north of Mexico. Among the best represented families are the Grass family (Poaceae or Graminae), the Sedge family (Cyperaceae), the Rush family (Juncaceae), and the Daisy family (Asteraceae or Compositae).

Salt marsh plants have anatomical, morphological and physiological adaptations that allows the avoidance or tolerance of high salinity.

Vegetation often occurs in distinct zones within the salt marsh complex as a result of water levels from tidal action and salinity concentrations in water and soils.

· Zonation: sharp delineation of a species or species group from other species.

Several environmental factors affect zonation, including salinity, elevation, drainage, and soil type.
The Mississippi gulf coast marshes have several regions or zones, each with its characteristic species composition:

1. Saline marsh: high salinity; flooded daily by tides.

2. Brackish marsh: fresh water intrusion; decrease salinity.

3. Intermediate marsh: less salinity; greater proportion of freshwater species.

4. Freshwater marsh: occurs in discontinuous area along rivers; freshwater.

The saline region of the marsh is dominated by Spartina alternifolia (cordgrass) and Juncus roemerianus (black-needle rush).

Spartina alternifolia is a grass that forms a marginal zone between the open mudflat to the front and the high marsh behind. It is well adapted to the intertidal flats and is its dominant plant. It tolerates salt and live in semisubmerged state.

Spartina has several adaptations to the high salinity and water-saturated soil environment:

· Salt glands in the leaves.

· Aerenchyma from leaves to roots.

Next to the fringe form by Spartina, there is another zone occupied by a variety of Spartina alternifolia that is shorter and yellowish. This variety inhabits an area that is higher in elevation but poor in nitrogen.

Glasswort and other species grow mixed with the short Spartina.

Behind the low marsh, in a more elevated area is the high marsh dominated by another species of Spartina, S. patens, the salt meadow cordgrass, and an associated grass called Distichis spicata, the spikegrass.

Spike grass invades disturbed areas. Cordgrass forms a thick mat that does not allow other species to grow.

Black-needle rush forms the outer landward edge in the upper intertidal zone of the saline marsh and covers an area that is irregularly flooded by storm tides. 

The black needle rush is a strong competitor that displaces the cordgrass.

Behind the black-needle rush there is zone covered with shrubs of marsh elder and groundsel. On the landside border of the high marsh, bayberry and hollyhock shrubs live.

The salt marsh is drained by small creeks and channels. Spartina grows on the sides of the channels. Diatoms and phytoplankton grown here and are photosynthetically active the whole year.

Salt pans are depressions that hold water and form salt encrusted flats. These salt pans have their own vegetation of widgeon grass and the surrounding have broad-leaf herbaceous plants.

Spartina alternifolia → Juncus roemerianus → Scirpus olneyi (sedge) → shrubs → trees (oaks, pines)

Consumers

The dominant animals of the salt marsh are ribbed mussel, fiddler crab, and marsh periwinkle.

Insects are also abundant in the salt marsh. Most of these salt marsh invertebrates consume living plants, or fluids secreted by the plants. Some insects also feed on detritus.

The undigested grass eaten by insects is deposited as feces on the marsh surface where it becomes part of the detrital food web. 
Many fish species living near the salt marsh rely on insects for food during part of the year. 

Clapper rail feeds on crabs and insects.

Diamondback terrapin eats crabs, dead fish and snails.

The salt marsh rat feeds on crabs. 

During the low tide, predators move into the salt marsh to feed: raccoons, herons, egrets, etc. 

At high tides, sticklebacks, killifish and other fish species move into the creeks and flooded area. 

FUNCTION

Salt marshes are among the most productive ecosystems on earth: 650 to 2800 g dry wt./m2/yr.
The tides bring in new nutrients, sweeps out accumulated salts, metabolites, sulfides, and toxic wastes, and replaces anoxic, interstitial water with oxygenated water. 

Internal nutrient recycling is important. The following description is about the salt marshes of South Carolina:

“Decaying Spartina breaks into small pieces called detritus that fuels the marsh and its animals. In spring and summer, marshes are lush green, highly productive and grow in height. In late fall, the green Spartina begins to turn brown as leaves die and decomposition begins. Water, waves, wind and storms dislodge and break up decaying leaves, and transport them to mud flats and other locations around the marsh. This dead plant matter, or detritus, forms an attachment site for microscopic organisms such as bacteria, fungi and small algae. These organisms colonize the broken bits of plant material and break down portions of the detritus that are not digestible by animals. 

For the most part, this decomposition occurs on or in the sediments where bottom-dwelling scavengers such as worms, fishes, shrimps and crabs live. These animals eat the decaying plant material, along with the bacteria, fungi and attached organisms. They then digest the material and excrete the undigested plant remains in feces that can be colonized again by microorganisms. As the microorganisms utilize detritus and reduce it to smaller and smaller pieces, the remaining detritus becomes fertilizer for the next Spartina crop. In this way, the whole food web cycle is repeated.”  

Dr. Elizabeth Wenner, Marine Resources Research Institute. Dynamics of the Salt Marsh. http://water.dnr.state.sc.us/marine/pub/seascience/dynamic.html
Between 11 and 66% of decomposed marsh grass is converted to microbial biomass. The rest is lost to the sea.

Below-ground production enters an anaerobic food web of fermentation, reducing sulfates and producing methane.

Decomposition of organisms releases sulfate and hydrogen sulfide

Sulfate-reducing bacteria release sulfur found in dead organic matter as H2S and SO4-2.
Purple bacteria found in salt marshes and estuarine mudflats utilize SH2 as an oxygen acceptor to reduce CO2.

6 CO2 + 3 H2S + 6 H2O + sunlight ( C6H12O6 + 3 H2SO4 ( H+ + SO4-2
In an anaerobic environment , soil bacteria convert the seawater sulfates to sulfites by oxidizing organic compounds.

Part of the energy is trapped for life processes. The remainder energy is stored in sulfides.

SO4-2  →  SO3-2  →  H2S  + energy
Excess energy is exported to the sea in all probability.

The major flux of phosphorus in and out of the salt marsh and estuaries is in the form of phosphates.

The input and output of phosphorus is balanced over the years.

The nitrogen cycling is not well understood. There is indication that nitrogen is recycled within the plants

Nitrogen from above-ground to below-ground biomass during the period of active growth and the dependence of new growth in spring on nitrogen stored in the rhizomes suggest strong nutrient conservation and recycling. 

The ribbed mussels deposits large amounts of feces and other organic particles that are an immediate source of nitrogen for Spartina.

A number of factors impact the oxygen content in marsh waters.  
1. There is the supply of new oxygenated water brought in with the tides.  
2. The amount of organic material present and decaying in the marsh affects dissolved oxygen as well.  
3. Temperature also impacts oxygen through its effect on gas solubility and changes in the rate of biological activity.  
4. Light will affect photosynthesis, which produces of oxygen.  
5. The net impact of all the factors will determine the oxygen in a marsh at any given time.

Other functions of salt marshes:

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

Mangrove replace the tidal flats in tropical regions.

“Intertidal mangrove swamp communities dominate the world's tropical and subtropical coasts, paralleling the geographical distribution of coral reefs. They survive in substrate salinities ranging from fresh water along side rivers (0 ‰) to hypersaline ponds and mudflats (~90‰ ). Mangrove plants are pioneer as well as mature-phase species. They not only help form these environments, they create habitats for a diverse and characteristic community, including numerous mangrove-dependent organisms. 

The term "mangrove" refers to an ecological rather than a taxonomic assemblage of plants. Worldwide, 34 species or so in nine genera in five families are considered "true mangroves" and another 80 or so species occur as "minor components" and "mangrove associates." True mangroves are ecologically restricted to tidal swamps and form extensive monospecific stands. They are morphologically adapted with aerial roots and vivipary. As halophytes, they are physiologically adapted for either salt exclusion or excretion. Taxonomically, true mangroves are isolated from their nearest terrestrial relatives, at least at the generic level. Most mangrove species occur in the Indo-Pacific. Mangrove swamps in the Neotropics are dominated by five species of true mangroves: Rhizophora mangle, R. harrisonii, R. racemosa (red mangrove), Avicennia germinans (black mangrove), and Laguncularia.”

Biocomplexity of Mangrove Ecosystems. http://www.mangroves.si.edu/Tropical/CoastEcology.html#significance
“Four species occur in South Florida: red mangrove (Rhizophora mangle), black mangrove (Avicennia germinans), white mangrove (Laguncularia racemosa), and buttonwood (Conocarpus erectus). Mangroves are tropical species restricted by frost and vegetative

competition to intertidal regions in tropical and subtropical sheltered waterbodies. Mangroves in the subtropical regions of South Florida represent the northern limits of tropical species that have been able to colonize because of the warm ocean waters and warm currents along the Florida coastline and dependably warm winters (Tomlinson 1986).”
Mangroves often act as a buffer against wind and heavy rains and offer shoreline protection and stabilization.  Wetlands are important land builders and protect the coast from erosion by interrupting the transfer of energy from waves and trapping mud and silt from river discharge.
STRUCTURE

Vegetation zonation is characteristic of mangroves. 

“The standard zonation of mangroves consists of red mangroves in the lower and middle intertidal zone, black mangroves in the upper intertidal areas that are occasionally flooded, and white mangroves in patches on higher elevations that are less frequently flooded. Buttonwoods are located further inland in areas that are within the limits of the highest tides (Tomlinson 1986).”
In the Indo-Pacific region the zonation is better developed and with more species, up to 55 species. Avicennia is found in seaward side, followed by Rhizophora up to the area covered by the spring high tides, then Bruguiera stands follow by Ceriops. 

“Mangroves grow better in areas of low wave-energy shorelines, river deltas, and floodplains where fine sediments, muds, and clays accumulate and peats will form (Odum et al. 1982).”
“The high level of animal diversity in a community of so few plant species occurs because of the wide variety of spatial and temporal microhabitats. The complex structure of prop roots, pneumatophores, and main trunks provides living spaces for numerous organisms and cover from predation for large populations of small fishes, nektonic and benthic crustaceans, annelids, mollusks, and echinoderms. Aside from providing refuge, mangrove prop roots also provide shade which is important for thermoregulation in some organisms. This combination of shelter and food source makes the mangrove forest a rich nursery and feeding ground for the juvenile and adult forms of many commercially and ecologically significant species of fish and other vertebrates.
Many animals associated with mangroves, oyster bars, and open unvegetated waters by day forage in seagrass beds at night. Many estuarine fishes spend their early life in mangroves and then move as adults to complete life cycles in seagrass habitats. The highest quality seagrass beds are associated with mangrove-fringed shorelines. Animals associated with the mangrove/seagrass communities include herbivores, such as green turtles, manatees, sea urchins, blue crabs, fiddler crabs, and many fishes.”
http://southeast.fws.gov/vbpdfs/commun/mn.pdf
Multi-Species Recovery Plan for South Florida
FUNCTION

The net productivity of mangroves is variable: 450 to 21700 g of C/m2/yr.

Productivity is influenced by salinity, water flushing, water chemistry and soil nutrition.

The highest productivity is occurs in areas under the influence of daily tides.

“The primary production ability of mangrove leaves varies. The upper canopy contains .sun leaves. which are smaller with heavy cuticle and tannin cells which protect against the heat and ultraviolet (UV) radiation encountered in the upper parts of the tree. The lower canopy is composed of .shade leaves. Which have larger surface area, more chlorophyll, less cuticle, and which are oriented to obtain maximum light in shade conditions. Once a leaf is formed to one of

these morphologies, it cannot be changed. Lugo et al. (1975) demonstrated that in the red and black mangrove, sun leaves demonstrated twice the photosynthetic rate of shade leaves. At night, shade leaves have four times the respiration rate of sun leaves. Because of these morphologic differences, when a red or black mangrove is topped, frozen, or defoliated the tree loses its most efficient leaves. Exposed leaves not adapted to the heat, light, and UV rays are exposed to adverse conditions. As a result, both gross primary production and net primary production are severely reduced until new sun leaves are set if the tree lives.”
http://southeast.fws.gov/vbpdfs/commun/mn.pdf
Multi-Species Recovery Plan for South Florida
Nutrient cycle is influenced by tides, which affects the amount and turnover of litter on the mangrove swamp floor and the ability of plants to translocate and take up nutrients. 

· The recycling of calcium is low

· White mangrove appears to recycle nitrogen well.

· Australian mangroves seem to be more efficient in recycling phosphorus that those in Malaysia.

Mangroves export about 50% of their above ground primary production to the adjacent estuary. 

Mangroves are important in the fishery of prawns and shrimp.
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