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Marine Ecology

Learning Objectives

1.
Learn the major habitats and life styles of marine organisms and the controlling environmental factors of each.

2.
Learn the basic classification of marine organisms.

3.
Understand the various environmental factors that control the distribution and behavior of organisms.

Outline

Ocean Habitats 

A. There are two major marine provinces: the benthic (bottom) and the pelagic (water column).

1. The benthic environment is divided by depth into the:

a. Intertidal zone - the area between the low and high tide.

- It is sometimes called the littoral zone.

b. Sublittoral zone - from the low tide mark to the shelf break, about 200 m deep.

- This area essentially coincides with the continental shelf.

c. Bathyal zone - from the shelf break to 2000 m.

- This area coincides with the continental slope and rise.

d. Abyssal zone - from 2000 to 6000 m.

- This includes the average depth of the deep ocean floor.

e. Hadal zone - sea floor deeper than 6000 m.

- This includes the trenches, the deepest part of the sea floor.

2. The pelagic environment is divided into the:

a. Neritic Zone - shallow water above the continental shelf.

- The neritic water column is generally illuminated throughout.

b. Oceanic Zone - deep water of the open ocean beyond the shelf break.

- The oceanic water column is usually subdivided by depth into the following zones:

1. Epipelagic zone - from the surface to 200 m, the maximum depth of light penetration.

2. Mesopelagic zone - between 200 and 1000 m.

3. Bathypelagic zone - between 1000 and 2000 m.

4. Abyssopelagic zone - between 2000 and 6000 m.

5. Hadalpelagic zone - any depth deeper than 6000 m.

B. The ocean can also be divided into zones based upon depth of light penetration.

1. The photic zone is the depth where light is sufficient for photosynthesis.

- It varies from about 20 m on the shelf to about 100 m in the open ocean, depending upon clarity of the water.

2. The dysphotic zone is where illumination is too weak for photosynthesis.

- It varies in depth from 100 to 200 m.

3. The aphotic zone receives no light from the surface because it is all absorbed by the water above.

Classification of Organisms

C. In 1735 Linnaeus developed the taxonomic classification used in zoology.

1. The categories are from largest to smallest: Kingdom, Phylum, Class, Order, Family, Genus, and Species.

2. The name of a species consists of the genus name combined with a trivial name.

- The genus name begins with a capital.

D. The five major kingdoms in the ocean are: Monera, Protista, Fungi, Metaphyta, and Metazoa.

1. Monera are the bacteria and blue-green algae.

a. Bacteria are important for decomposition and release of nutrients.

b. Blue-green algae are single cells which lack a nucleus and are important for converting ammonia and nitrogen into nitrates and nitrites.

2. Protista are single-celled organisms with a nucleus.

a. This kingdom includes plants and animals such as the foraminifera, coccoliths, diatoms, and radiolarians.

b. These groups are responsible for most deep sea oozes.

3. Fungi are abundant in the intertidal zone and are important in decomposition.

4. Metaphyta are the plants that grow attached to the sea floor.

a. This kingdom includes the red, brown, and green algae and the advanced plants of the salt marshes and coastal swamps.

b. They are only found in shallow areas where the bottom is in the photic zone.

5. Metazoa include all multicellular animals in the ocean.

Classification by Lifestyle

E. Marine organisms can also be classified by lifestyle.

1. Plankton are the organisms which float in the water and have no ability to propel themselves against a current.

a. Many forms undergo vertical migration in the water column.

b. They can be divided into phytoplankton (plants) and zooplankton (animals).

2. Nekton are active swimmers.

a. They include marine fish, reptiles, mammals, birds, and others.

b. The larger members of this group can swim against currents and have special adaptations for locomotion.

c. Their distribution is generally controlled by temperature and salinity.

3. Benthos are the organisms which live on the bottom (epifauna) or within the bottom sediments (infauna).

- Plants are restricted to the photic zone, but animals and bacteria survive at all depths.

4. Some organisms cross from one lifestyle to another during their life, being pelagic early in life and benthic later.

Basic Ecology

F. Environmental factors in the marine environment include: temperature, salinity, pressure, nutrients, dissolved gases, currents, light, suspended sediments, substrate (bottom material), river inflow, tides, and waves.

1. Ecosystem is the total environment including the biota (all living organisms) and non-living physical and chemical aspects.

2. Temperature can control distribution, degree of activity, and reproduction of an organism.

a. Temperature controls the rate of chemical reactions within organisms and therefore controls their rate of growth and activity.

b. For every 10oC rise in temperature activity rates double.

- In polar waters animals grow more slowly, reproduce less frequently and live longer than do the same organisms in the tropics.

c. Tolerance to variation in temperature varies greatly between species and during an organism’s life span.

d. Temperature can indirectly control organisms by limiting their predators or restricting pathogens.

3. Salinity can control the distribution of organisms and force them to migrate in response to changes in salinity.

a. Availability of various dissolved chemicals can limit an organism’s ability to construct shells.

b. Epipelagic organisms tend to be more tolerant of changes in salinity because their environment is more subject to changes than in the deeper ocean.

c. Marine organisms’ body fluids are similar to that of sea water in the proportion of salts but not in salinity.

d. Diffusion is the physical process whereby molecules move from areas of higher concentration into areas of lower concentration.

e. Osmosis is the movement of water molecules through the cell membrane from where salinity is lower to where it is higher.

- Osmosis can result in the dehydration of the cell if the surrounding water is more saline or in the rupturing of the cell if it is more saline than the surrounding water.

f. Osmoregulation is the control of diffusion through the cell wall and the maintenance of sufficient body fluids.

1. Some marine organisms drink large amounts of water and have chloride cells which extract and dispose of excess salts, leaving the body with a ready supply of water to replace that lost by diffusion.

2. Freshwater organisms tend not to drink and have kidneys which produce large amounts of very dilute urine to dispose of excess water gained by diffusion.

4. Hydrostatic pressure is the pressure exerted by a column of water surrounding an organism.

a. Amount of hydrostatic pressure is determined by the height of the water column and the water’s density, which is a function of the temperature, salinity, and turbidity.

b. 10m of water exerts the pressure of 1 atmosphere or 14.7 lbs/in2.

c. Gases are highly compressible as pressure increases, but water is not.

1. Because the bodies of deep-ocean fishes lack an air bladder and are composed of mostly water, they are not sensitive to changes in pressure.

2. Fishes of the mesopelagic and shallower zones have a gas bladder and can be killed by a sudden change in hydrostatic pressure.

Selective Adaptive Strategies
G. More than 90% of marine plants are algae and most are unicellular and microscopic.

1. To photosynthesize (produce organic material from inorganic matter and sunlight) plants must remain within the photic zone.

a. Plants are more dense than water and have a tendency to sink, but have evolved various methods to retard sinking.

b. Increasing surface area retards sinking because of the frictional drag between the surface and water.

c. Because mass increases faster than surface area, small size produces a slower settling velocity because of less mass and greater frictional drag.

d. Plants also decrease mass by having very porous shells.  They increase frictional drag by developing spines that increase the surface area.

e. Large plants anchor themselves in place with holdfasts, a root-like mass that functions only to hold the plant in place, not to absorb nutrients and water from the sediment as do roots.

2. Diatoms are single cells enclosed in a siliceous frustule (shell) that is shaped as a pillbox. 

a. In reproducing, the frustule separates into the larger epitheca and smaller hypotheca.

b. Each part then secretes a new hypotheca.

- The original hypotheca now functions as an epitheca.

c. After numerous generations, one of the cell lines becomes progressively smaller until it reaches a critical size, abandons the hypotheca, reproduces sexually, grows larger as a naked cell and finally develops a frustule of the size of the original one in the sequence.

d. Diatoms thrive in cold nutrient-rich waters of the polar and subpolar regions and in the inshore water of the shelf in the mid-latitudes.

e. They can reproduce rapidly and produce plankton blooms when conditions are ideal.

3. Dinoflagellates are single cells with two whip-like tails (flagella).

a. Their shell, called a theca, if present, is composed of cellulose.

b. When the concentration of dissolved silica is low, dinoflagellates can out-number the diatoms.

H. Zooplankton include the copepods and foraminifera.

1. Copepods are small herbivores (plant-eating organisms) that filter diatoms from the water.

a. They molt (shed) their outer skeleton as they grow.

b. They display vertical seasonal migration.

2. Foraminifera are single-celled, microscopic organisms which build shells of calcium carbonate.

a. Benthic forms greatly out number the pelagic.

b. Their shells are porous and protoplasm streams from inside the shell to engulf and digest food.

I. The morphology of fish has evolved to allow them to move through the water easily.

1.The fish’s body must overcome three types of drag (resistance).

a. Surface drag is the friction between the surface of the fish and the surrounding water.

1. This can be reduced by decreasing the surface area.

2. A sphere offers the least surface drag.

b. Form drag is a function of the volume of water that must be displaced for movement to occur.

1. Form drag increases as the cross sectional area of the body increases.

2. The ideal shape to reduce form drag is needle-shape or pencil-shape.

c. Turbulent drag is the turbulence created around the body as it moves through the water.

1. Turbulent drag can be decreased by having a blunt leading edge and tapering end.

2. The ideal shape is torpedo-shape.

2. Speed is dependent upon:

a. Body length.

b. Beat frequency - number of times the tail (caudal fin) sweeps back and forth in a unit of time.

c. Aspect ratio of the caudal fin.

3. Aspect ratio is the ratio of the square of the caudal fin height to caudal fin area.

AR = (Caudal Fin Height)2/Caudal Fin Area
a. A low aspect ratio means that the tail is broad and provides short, rapid acceleration and great maneuverability, but because of the large surface area, drag interferes with prolonged maintenance of high speed.

- Tail is designed for darting motion.

b. A high aspect ratio means the tail has little surface area to generate acceleration or assist in maneuverability, but because drag is reduced, it is ideal for maintenance of high speed.

4. There are three basic body forms, each adapted to a different life style.

a. The torpedo shape of the tuna is ideal for efficient, high speed cruising.

b. The more elongate pike is designed for sudden lunging motion.

c. The butterfly fish is designed for great maneuverability and delicate movements.

d. Most fish are generalists and combine aspects of the three body forms to suit their environment.

5. There is a strong correlation between predation success and body form.

a. Tuna have a low success rate (15%) because of poor maneuverability, but because they travel over great distances they have many more encounters with prey than do sedentary fish.

b. Pike have a high success rate (85%), but spend most of their time waiting for prey to approach and have few encounters.

c. Generalists have a success rate somewhere between these two.

J. Intertidal benthic communities generally display vertical zonation that parallels sea level.

1. Zonation reflects the amount of time the area is submerged and the ability of the organism to survive the stress of exposure.

a. The uppermost level is rarely wet and inhabited mainly by blue-green algae and snails.

b. The next lower level is occupied by barnacles near the top and muscles and brown algae at the base.

- Size of barnacles tends to increase downward because those living lower in the zone are submerged more often, for longer periods of time, and feed more frequently.

c. The lowest zone has a very diverse fauna and flora.

2. Benthic communities also vary in response to substrate (bottom material).

a. Rocky substrate provides a stable and firm material for attachment but prevents burrowing.

b. Sandy substrate is mobile and abrasive but can be burrowed into.

c. Mud substrate provides little support but is easy to burrow through.

Questions

Review of Basic Concepts

1. 
Compare the lifestyles of planktonic, nektonic, and benthic organisms. Cite several examples of each group.

Plankton (diatoms, radiolaria, forams) are passive drifters, nekton (squid, fish) are active swimmers, and benthos (clams, starfish, barnacles) live on or within the sea bottom.

2. 
What is a plankton bloom? What is its effect on the average size of a diatom population with the succeeding generations?

A plankton bloom is a rapid increase in the number of plankton in the water column. Concentrations of these organisms increase rapidly in a short time because of the very high doubling rates of many plankton.  As depicted in Figure 9-18, the average size of each generation of diatoms is less than in the preceding generation.

3. 
Explain why the benthos of an intertidal rocky coast commonly display vertical zonation.

The intertidal zone of rocky shorelines is commonly zoned vertically because this region offers a stable substrate (rock) that is regularly emersed and immersed by tidal water.  This causes systematic variations in temperature, salinity, and sunlight exposure that depend on the stage of the tide.  Furthermore, predation pressure, competition for space, and degree of desiccation change as the tide fluctuates, regularly uncovering and covering the intertidal zone with seawater.  These conditions result in distinct bands of plants and animals (zonation) that reflect these environmental and biological conditions (Figure 9-24).

4. 
Contrast how a fish and a razor clam attain rapid mobility.

Both the fish and razor clam have to overcome resistance of the medium (water versus sediment) through which they are traveling.  In both cases this is accomplished by minimizing surface and form drag, and in the case of the fish turbulent drag as well.  The specifics of the adaptations of each is described in the text on pages 307-308 (fish) and 311-314 (razor clam).

5.
Describe a direct and an indirect effect that temperature can have on marine organisms.

Temperature directly affects enzyme production in the cells of organisms, controlling their behavior and growth characteristics.  Larvae and juveniles are particularly susceptible to temperature changes.  An indirect effect is the control that temperature has on a predator.  Under favorable temperature conditions, a predator may be abundant which will affect the number of its prey.  When temperatures are unfavorable to a predator, there is less predation pressure on the prey and so it is more abundant.  In this case, there is an indirect effect of temperature on the prey, but a direct effect of temperature on the predator.

6.
Why must most plants in the ocean be microscopic in size?

Plants require sunlight for photosynthesis.  Because the sea floor is much deeper than the depth of the photic zone for most of the ocean, plants must remain suspended in the photic zone.  Suspension is facilitated by a small size which minimizes settling rates through the water column and which maximizes surface drag due to the large surface area relative to volume for a small organism (Figure 9-15).  Hence, microscopic plants are favored in marine environments.

7.
What principal role do bacteria play in the ocean?

Bacteria are the principal decomposers of marine ecosystems.  Decomposers play a critical role by reducing complex organic molecules into simpler inorganic nutrients (phosphates and nitrates) and gases (carbon dioxide).  As such, decomposers are critical for recycling chemicals through ecosystems, providing plants with vital nutrients for photosynthesis.

8.
Why are roots unnecessary for seaweeds but essential for trees? 

In terrestrial habitats, nutrients are in the soil and are obtained by the plant by way of roots.  In aquatic ecosystems, nutrients are dissolved in the water and plants obtain them by diffusion through their semi-permeable cell walls; hence roots are not necessary.

Discovering with Numbers

1.
Given that the hydrostatic pressure increases at a rate of 1 atm per 10 meters of water depth, calculate the hydrostatic pressure for a sea bottom that lies at a depth of 1.5 kilometers. Is the hydrostatic pressure for a water depth of 3 kilometers simply twice the hydrostatic pressure for 1.5 kilometers? Why or why not?

i) (1 atm/10 m)(1.5 km)(103 m/km) =1.5 x 102 atm = 150 atm.

ii) Let’s answer this by calculating hydrostatic pressure for a 3-km water depth.

(1 atm/10 m)(3 km)(103 m/km) = 3 x 102 atm = 300 atm.

So we see that hydrostatic pressure at 3 km is exactly twice its value at 1.5 km, as it must be given that the hydrostatic pressure varies linearly with depth (1 atm/10 m).

2.
 Assume that a copepod that is 0.5 centimeters long processes 1 liter of water each day in order to feed. How much would a man 2 meters tall (average height) have to process for the volume to be proportional with that handled each day by the copepod?

This is easily solved by setting up and solving a proportionality as follows:

0.5 cm/1 liter = 200 cm/x liters, and x liters = (200 cm x 1 liter)/0.5 cm = 400 liters.

3. 
Assume that phytoplankton are undergoing cell division once each day, meaning that the population is doubling its numbers every day. What will be the concentration of diatoms after a five-day-long bloom, if their initial concentration is 10 diatom cells per liter of seawater?

The doubling rate can be expressed simply as 25, meaning that if a quantity is doubling its amount each day (21) = 2, then in five days it will be 25 = 32.  So, if the initial concentration is 10 diatoms/liter, then its final concentration after doubling each day for five days is

(10 diatoms/liter)(25) = 320 diatoms/liter.
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