Jim’s Ecology Notes 

environment: all the surrounding factors which influence an organism

ecology: the study of the interactions of living things with each other and their physical environment

adaptation: any adjustment to the environment which increases an organisms chances for survival

maladaptation: any change in an organism which decreases its chances of survival

habitat: where an organism lives

** No organism exists as an entity, separate and distinct from its environment.

[Ecological Organization]

population: all the members of a species inhabiting a given location (fundamental unit of ecological study)

** A population shares a common gene pool and a common location.

[FOUR IMPORTANT CHARACTERISTICS OF A POPULATION]

1. growth rate: birth rate minus death rate plus immigration or emigration effects

2. carrying capacity: the number of individuals of a species which can be supported by the local resources

3. mortality patterns: patterns of death during stages of the life cycle common for that species

4. age structure: the proportions of different individuals of diifferent ages in the population

community: all the interacting populations in a given area

[3 Principal Categories of Community Interaction]

1. competition: the interaction between individuals using a common resource in short supply

2. predation: the interaction between two species where one species is killed as a food resource by another species

Prey Populations may be influenced by numbers of predators, availability of food supplies, or other factors.

Predator-prey relationships may result in cycles of population numbers, increases in species diversity, and evolutionary change for the species involved.

3. symbiosis: the interaction between individuals in close and long term association

ecosystem: the living community and the physical environment functioning together as an independent and relatively stable system

biosphere: that portion of the earth where life exists

** The biosphere is composed of numerous complex ecosystems.

** An ecosystem involves interactions between abiotic (physical) and biotic (living) factors.

An ecosystem is self-sustaining if the following conditions exist are met:
1. A constant source of energy and a living system capable of incorporating this energy into organic molecules.

2. A cycling of materials between organisms and their environment.

Abiotic factors: those physical and chemical factors which affect the ability of organisms to survive and reproduce (nonliving matter and energy)

Some Abiotic Factors:

1. intensity of light 

2. pH

3. range of temperatures

4. amount of moisture

5. type of substratum

6. availability of inorganic substances such as minerals

7. supply of gases such as oxygen, carbon dioxide, and nitrogen

** Each of the prior listed abiotic factors varies in the environment and, as such, may act as a limiting factor, determining the types of organisms that exist in that environment.

Some examples:

1. A low annual temperature common to the northern latitudes determines in part the species of plants which can exist in that area.

2. The amount of oxygen dissolved in a body of water will help determine what species of fish live there.

3. The salt-laden air and water of coastal regions limit what species can exist in those regions.

4. The dry environment of desert regions limits the organisms that can live there.

Biotic factors: all the living things that directly or indirectly affect the environment

** Thus, the organisms, their presence, parts, interaction, and wastes are all biotic factors.

[Nutritional Relationships]

autotrophs: can synthesize their own food from inorganic compounds and a usable energy source

heterotrophs: can NOT synthesize their own food and are dependent on other organisms for their food

[Types of Heterotrophs]

saprophytes: include those heterotrophic plants, fungi, and bacteria which live on dead matter

herbivores: plant eating animals

carnivores: meat eating animals

omnivores: consume both plants and meat

(Types of Carnivores)

predators: animals which kill and consume their prey

scavengers: those animals that feed on other animals that they have not killed

[Symbiotic Relationships]

symbiosis: living together with another organism in close association

Types of Symbiosis:

commensalism: one organism is benefited and the other is unharmed (+,0)

ex. barnacles on whales, orchids on tropical trees

mutualism: both organisms benefit from the association

ex. nitrogen-fixing bacteria on legume nodules certain protozoa within termites (also ruminants)

parasitism: the parasite benefits at the expense of the host

ex. athlete's foot fungus on humans tapeworm and heartworm in dogs

** Sometimes the parasite may harm the body of the host in such a way as to eventually cause the death of the host.

ectoparasites -- parasites that attach to the outside of the host

endoparasites -- parasites that invade the body of the host

** Recent experimental research indicates that lichens may represent a controlled parasitic relationship of the fungus on an algal host.

** If an ecosystem is to be self-sustaining it must contain a flow of energy.

** Those life activities that are characteristic of living organisms require an expediture of energy.

** The pathways of energy through the living components of an ecosystem are represented by food chains and food webs.

** Producers convert the radiant energy of the sun into the chemical energy of food.

Food chain: involves the transfer of energy from green plants through a series of organisms with repeated stages of eating and being eaten

Food web: In a natural community, the flow of energy and materials is much more complicated than illustrated by any one food chain. Since practically all organisms may be consumed by more than one species, many interactions occur along the food chains of any community. (represents the feeding relationships among the various organisms in a community)

	                   A Typical Food Web

	


trophic level: feeding level in a food web or food chain

(Food Web interactions)

producers: (plants) -- the energy of the community is derived from the organic compounds in plants

primary consumer: (always a herbivore) -- feeds on plants

secondary consumer: (always a carnivore) -- feeds upon other consumers

** Omnivores may be primary or secondary consumers.  

	                             Pyramid of Biomass
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	level D = producers 

level C = primary consumers   

level B= secondary consumers 

level A = tertiary consumers

 


	                 Energy Pyramid
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decomposers: break down organic wastes and dead organisms to simpler substances (ex. bacteria of decay)

** Through decomposition, biotic materials are returned to the abiotic environment.

productivity -- a measure of the total amount of light energy of the sun converted to the chemical energy of plants

net productivity -- the total amount of energy entering autotrophs minus the energy needed to operate metabolic activities, minus the energy lost to entropy

(It is estimated that only 1%-3% of the energy falling on plants is stored in organic molecules.)(This is predicted by the second Law of Thermodynamics)

2nd Law of Thermodynamics

In all energy interconversions the potential energy of the final state will be less than the potential energy of the initial state.

** There is a decrease in the overall energy in each level as you move up the food web. This means that there is much more energy in the producer level in a food web than at the consumer levels. Also, this means that there is more energy at the primary consumer level than at the secondary consumer level.

** Each consumer level of the food pyramid utilizes approximately a very small percentage of its ingested nutrients to build new tissue. This new tissue represents food for the next feeding level.

** The remaining energy is lost in the form of heat and unavailable chemical energy. Eventually, the energy in an ecosystem is lost and is radiated from the earth. 

** Thus, an ecosystem can not survive without the constant input of energy from the sun.

biomass: the total dry weight of all the organisms being measured

** The decrease of energy at each successive feeding level (trophic level) means that less biomass can be supported at each level.

The typical food chain is composed of three or four trophic levels. Although it is rare, food chains with five or six trophic levels do exist.

*** Thus, the total mass of carnivores in a particular ecosystem is less than the total mass of the producers. (A pyramid of biomass illustrates this.)

BIOME: a large geographical area characterized by its climax (dominant) vegetation

Major determining features:

1. Temperature

2. Precipitation

3. Soils

[Major Types of Terrestrial Biomes]

1. Tundra: cold and dry (less than 25 cm. ppt. annually)

-- short summers with constant daylight

-- thin, poor soil

-- poorly drained soil

-- soil contains permafrost (ground is permanently frozen a meter beneath the surface)

-- treeless region

-- vegetation consists of mosses, lichens, sedges, and grasses

-- rich in animal life in summer--but not in winter

-- many animals have protective coloration

-- permanent residents include ptarmigans, lemmings, and polar bears

2. Taiga: evergreen forest with lichens and mosses on its floor

-- warmer and wetter than the tundra -- but a 5 to 7 month winter

-- soil is mostly needles which decompose slowly (contains little mineral matter)

-- mammals include the wolf, lynx, beaver, bear, wolverine, deer (many insects and birds in summer)

-- often called the "spruce-moose" biome (moose is the dominant animal, spruce a dominant plant)

3. Temperate deciduous forest

-- 5 to 8 month growing season-- the growing season alternates with a cold season unsuited for growth of plants

-- rainfall about 100 centimeters annually

-- soil is usually fertile and rich in organic matter

-- deciduous (broadleaf) trees usually lose their leaves in the Autumn

-- areas include Eastern U.S., Western Europe, Japan and parts of Eastern Asia

-- typical trees include: maple, beech, oak, hickory, elm, and cottonwood

-- typical animals include deer, foxes, and squirrels

4. Temperate Grassland: 

-- temperature is like that of the temperate deciduous forest 

-- rainfall is the limiting factor for tree growth -- 25 to 75 centimeters of rainfall annually

-- soil is frequently very fertile

-- grasses are the dominant vegetation

-- periodic fires are an important means of restoring organic matter to the soil

-- organisms include: bison, antelope, rabbit, prairie dog, field mouse, hawk, owl, badger

-- serves as a transition between a temperate forest and a desert, and is usually located in the interior of a continent

5. Desert: rainfall is usually less than 25 centimeters annually ( rainfall timing is erratic)

-- temperatures may be cold or hot -- frequently large temperature extremes occur

-- deserts are found in the rainshadows of mountains and around 30 degrees North and South latitude

-- most desert plants are geared to the infrequent rains -- they grow, flower, and produce seeds in a few weeks

-- animals include: sidewinder, pocket mouse, pocket gopher, kangaroo rat, lizards, turtles, woodpeckers, warblers, roadrunnners, thrushes, owls, doves, and hawks

6. Tropical Rain Forest: 

-- most productive terrestrial biome

-- between 200 and 400 centimeters of rainfall annually -- usually well distributed with a daily afternoon shower

-- year long growing season with little temperature variance

-- soils are lateritic -- loose and sandy -- but become bricklike when farmed

-- tall vegetation allows little light to reach the bare forest floor beneath

-- an enormous variety of living things -- monkeys, sloths, anteaters, ocelots, macaw, vultures, orchids, iguanas, parrots, fer-de-lance, etc.

7. Savanna 

-- a region of tropic grassland with alternating wet and dry seasons

-- savanna grassland is frequently dotted by small trees and shrubs

-- dominant animals include large mammals such as lions, tigers, and elephants

8. Chapperal

-- a region dominated by small trees and spiny shrubs and subject to mild, rainy winters with alternating hot, dry summers

ex. S. California coast

Aquatic Biomes: represent the largest ecosystem on earth (over 70% of earth)

Why are aquatic biomes typically more stable than terrestrial biomes?

1. Temperature variations are not as great due to the ability of water to hold and absorb heat.

2. Moisture is not a limiting factor.

[Some Limiting factors in aquatic biomes]

1. Available oxygen and carbon dioxide

2. Temperature

3. Light

4. Dissolved minerals

5. Suspended particles

6. Water osmolality

** Aquatic organisms are well adapted to remove oxygen which is dissolved in the water. They also must maintain a proper water balance. This water balance is affected by the concentration of dissolved salts in the water.

** Most photosynthesis takes place near the surface of aquatic systems. (photic zone)

Marine Biome

The oceans of the world are a continuous body of water that:

1. Provides the most stable aquatic environment.

2. Absorbs and holds large quantities of solar heat and helps to stabilize the earth's atmosphere.

3. Contains a relatively constant supply of nutrient materials and dissolved salts.

4. Serves as a habitat for a large number of diverse organisms.

** Most of the food production in the world occurs in the oceans along the edges of the land masses (coastal waters), the deeper regions being too dark.

Fresh Water Biome -- includes ponds, lakes, and rivers

The areas comprising the fresh water biome show considerable variation in:

1. size

2. current velocity

3. temperature

4. concentration of dissolved gases

5. suspended particles

6. rate of succession

** Ponds and small lakes, for example, fill in due to seasonal dieback of aquatic vegetation and erosion of their banks, and eventually enter into a terrestrial succession terminating in a terrestrial climax community.

Succession: replacement of populations in habitat as it moves toward a stable state (determined by changes in plants)

** Ecosystems tend to change with time until a stable system is formed. The type of ecosystem that is formed depends on the climatic limitations of a given geographical area.

pioneer organisms: the first organisms to inhabit a given location(ex. lichens on bare rock)

** Pioneer organisms modify their environment -- thus establishing conditions under which more advanced organisms can live.

(ex. seasonal dieback and erosion, for example, would create pockets of "soil" in the crevices and hollows of the bare rock inhabited by the lichen)

** Each community modifies its environment, often making it more unfavorable for itself and, apparently, more favorable for the following community which infiltrates the first community over a period of years.

primary succession: the development of plant communities on newly formed habitats that previously lacked plants

(ex. bare rocks, ponds, sand dunes, lava flows)

secondary succession: return of an area to its natural vegetation following a disruption or removal of the original climax community

An example of a PRIMARY SUCCESSION

ex. (Adirondack Bog Succession)

1. water plants at pond edge

2. sedges and sediments begin to fill pond

3. sphagnum moss and bog shrubs fill pond (Labrador tea & cranberries)

4. black spruce and larch

5. birches, maple, or fir

An example of a SECONDARY SUCCESSION

1. plowed field

2. annual grasses

3. shrubs and briers

4. cherries, alders, and birches

5. climax community -- Northern N.Y. (hemlock, beech, maple) -- Southern N.Y. (oak, hickory)

	              A Typical Northern NY Secondary Succession
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climax community: a self-perpetuating community in which populations remain stable and exist in balance with each other and their environment

** The climax community of a region is always its dominant plant species.

** A climax community persists until a catastrophic change of a major biotic or abiotic nature alters or destroys it.

(ex. forest fires, abandoned farmlands, areas where the topsoil has been removed)

** After the original climax community has been destroyed, succession occurs once again leading to a climax community. The original climax community may be reestablished or a new climax community may be established if the abiotic environment has been permanently altered.

flora -- plant species -- dominate in the sense that they are the most abundant food sources

** Plant succession is a major limiting factor for animal (fauna) succession.

** Climax communities are identified by the dominant plant species -- the one that exerts the most influence over the other species present.

Competition: occurs when two different species or organisms living in the same environment (habitat) utilize the same limited resources, such as food, water, space, light, oxygen, and minerals.

** The more similar the requirements of the organisms involved, the more intense the competition.

(Gause's Competitive Exclusion Principle)

If two different species compete for the same food source or reproductive sites, one species may be eliminated. This establishes one species per niche in a community. (ONLY ONE SPECIES MAY OCCUPY ANY ECOLOGICAL NICHE)

niche: the organism's role in the community

** When two similar species are found in apparent coexistence, it has been found that each occupies a slightly different niche from the other and that the resource is actually subdivided in such a way as to make coexistence possible.

niche overlap: more than one species using a common limited resource

niche shift: an increasing difference in species due to natural selection results in competing species using increasingly different niches over time

[ Biogeochemical Cycles ]

** In a self-sustaining ecosystem, materials must be cycled among the organisms and the abiotic environment. Thus the same materials can be reused.

1. Carbon-Hydrogen-Oxygen Cycle

-- involves the processes of respiration and photosynthesis 

respiration -- tends to remove oxygen from the environment and add carbon dioxide and water

** Note that the carbon dioxide will be taken up by plants and used to form organic compounds in the Calvin Cycle.

Greenhouse Effect: created by an increase in carbon dioxide in the earth's atmosphere allowing solar heat to enter the atmosphere but preventing solar heat from reradiating into space

photosynthesis -- tends to remove carbon dioxide and water from the environment and add oxygen

	     An Overview of the Carbon-Oxygen Cycle
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2. Nitrogen Cycle: green plants need nitrogen in the form of nitrates in order to synthesize the proteins they need for survival -- these materials are passed throughout the food chain

	                         A Summation of the Nitrogen Cycle
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legumes -- those plants containing swellings called NODULES where nitrogen-fixing bacteria live

	 Clover Nodules (where nitrogen fixation occurs on the roots of this plant)
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bacteria of decay (decomposers) -- convert nitrogenous wastes and plant and animal proteins to ammonia (ammonification)

nitrifying bacteria -- convert ammonia to nitrates (is a two step process involving two different genera of bacteria)

(ammonia ---> nitrites ---> nitrates)

denitrifying bacteria -- convert nitrates to free nitrogen in the atmosphere

nitrogen-fixing bacteria -- convert free atmospheric nitrogen to nitrates in the soil

** Lightning also plays a small role in nitrogen-fixation in the soil.

assimilation -- the conversion of nitrate back to ammonia once it has entered the cell (involved in the formation of amino acids, nucleosides, etc.)

3. Water Cycle: involves the processes of photosynthesis, transpiration, evaporation and condensation, respiration, and excretion

photosynthesis: uses water and carbon dioxide to build glucose sugar

transpiration: loss of water from plants

evaporation: change of water from the liquid to the gas state

condensation: change of water vapor back to the liquid state

respiration: involves the loss of the waste gases carbon dioxide and water

excretion: water is required to dissolve soluble nitrogenous wastes

	   An Overview of the Hydrologic (Water) Cycle
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4. Phosphorus Cycle: Major sources include; erosion of rock and decaying tissues of organisms

** The work of decomposers provides most of the phosphorus needed by living things.

Phosphorus is an essential component of lipids, nucleic acids, and ATP.
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