Ecology = scientific study of interactions among organisms and between organisms and their environment

· Biosphere contains the combined portions of the planet in which all of life exists, including land, water, and atmosphere
Levels of Organization in the Biosphere

Level
Definition


A group of organisms so similar to one another that they can breed and produce fertile offspring


A group of individuals that belong to the same species and live in the same area


An assemblage of different populations that live together in a defined area


A collection of all the organisms that live in a particular place, together with their physical environment


A group of ecosystems that have the same climate and dominant communities

· At the core of every organism’s interaction with the environment is its need for energy to power life’s processes

· If an ecosystem is to be self-sustaining it must contain a constant supply of energy which is available to all the organisms within the ecosystem.

· Energy flows in one direction, from the sun or inorganic chemicals to autotrophs and then various heterotrophs.

· Energy comes from the sun or is stored in inorganic compounds.

· Autrotrophs (producers) can capture energy from sunlight or chemicals and use that energy to produce food.

· Photosynthesis = light energy is used to power chemical reactions that convert carbon dioxide and water into oxygen and energy-rich carbohydrates such as sugars and starch.  Photosynthesis is carried out by organisms that contain the green pigment chlorophyll – plants, algae, and photosynthetic bacteria.

· Chemosynthesis = process by which organisms use chemical energy to produce carbohydrates.

· Heterotrophs (consumers) depend on other organisms for the food they consume.

Types of Heterotrophs

Type
Definition
Examples


Heterotroph that obtains energy by eating only plants
Cows, rabbits


Heterotroph that eats animals
Snakes, dogs, owls


Heterotroph that eats both plants and animals
Humans, bears, crows


Heterotroph that feeds on plant and animal remains and other dead matter
Mites, earthworms, snails, crabs


Heterotroph that breaks down organic matter
Bacteria, fungi

· Food chain = a series of steps in which organisms transfer energy by eating and being eaten

· Food web = a network of complex interactions formed by the feeding relationships among the various organisms in an ecosystem

· Each step in a food chain or a food web is called a trophic level

· Eoological pyramid = diagram that shows the relative amounts of energy or matter contained within each trophic level in a food chain or food web.

· Only part of the energy stored in one trophic level is passed on to the next level because organisms use much of the energy that they consume for life processes.

· Biomass = total amount of living tissue within a trophic level.

Cycles of Matter

· The atoms and molecules on the Earth cycle among the living and nonliving components of the biosphere.  Material cycles make chemical substances available to living things for their continued growth and reproduction.

· Carbon – hydrogen – oxygen cycle  - in photosynthesis, carbon dioxide and water combine with the aid of solar energy, producing glucose and oxygen gas.  In respiration, glucose and oxygen combine to produce carbon dioxide and water, releasing cellular energy.  One process produces waste products that serve as raw materials for the other.

· Nitrogen cycle – decomposers and other soil bacteria are essential in converting nitrogenous wastes of animals and plants into a form of nitrogen usable by plants as fertilizer.  Animals of various types complete the nitrogen cycle as consumer organisms in the food web.

· Water cycle – involves the processes of photosynthesis, transpiration, evaporation, condensation, respiration, and excretion.

Limiting Factors = materials that are in short supply that limit an organism’s growth

· Biotic factors = biological influences on organisms within an ecosystem such as birds, trees, mushrooms, bacteria, whole ecological community

· Abiotic factors = physical or nonliving factors that shape ecosystems such as climate, wind, nutrient availability, soil type, sunlight

Roles and Relationships in an Ecosystem

· Ecological niche = role that each species plays in the ecosystem.  Only one species at a time can occupy a particular niche.  A niche includes the type of food the organism eats, how it obtains its food, and which other species use the organism for food.

· Competition occurs when organisms of the same or different species attempt to use an ecological resource (water, nutrients, light, food, space) in the same place at the same time.

· Nutritional relationships involve the transfer of nutrients from one organism to another within an ecosystem (food chains, food webs)

· Symbiotic relationships involve different organism living together in a close association (dependency) which may include: nutritional, reproductive, and protective relationships.  This living together in close association is known as symbiosis.  Symbiotic relationships may or may not be beneficial to the organisms involved.

· Commensalism – one organism is benefited and the other is not adversely affected.  Examples include: barnacles on whales, orchids on large tropical trees, remora fish and shark.

· Mutualism – both organisms benefit from the association.  Examples include: nitrogen-fixing bacteria within the nodules of legumes, certain protozoa within termites, and a flower and a bee.

· Parasitism – the parasite benefits at the expense of the host.  Examples include: athlete’s food fungus on humans, tapeworm, heartworm, and fleas in dogs.

· Recent research indicates that lichens may represent a controlled parasitic relationship of the fungus on an algae host.

Environmental Changes

· Ecological succession = series of changes by which one habitat changes into another

· Each community causes modifications to its environment and these modifications result in changes that make it more suitable for another community.  The original species that lived there may find it harder to adapt to these changes, while the new species coming in may be able to compete more successfully for the new niches.

· Pioneer organisms are the first living things to populate a given location.  Lichens are pioneer organisms on bare rock.  Seasonal die-back and erosion create pockets of soil in the crevices in bare rock.  After a period of time, humus is made and is too rich and moist for the lichen to survive.  Lichens die but seeds of grasses and herbs survive.  Grasses add organic material to the soil and conifers, pines, and firs move into the area.  These trees make way for maples, oaks, and beeches, the climax community.

· Climax community is a self-perpetuating community in which populations remain stable and exist in balance with each other and the environment.  A climax community continues until a catastrophe or change in a major biotic or abiotic factor alters or destroys it (forest fires, abandoned farmlands, areas where topsoil has been removed).

Climate = the average, year-to-year conditions of temperature and precipitation in a particular region

· Factors that cause climate include the trapping of heat by the atmosphere, the transport of heat by winds and ocean currents, and the amount of precipitation that results.  The shape and elevation of landmasses also contribute to global climate patterns.

· Greenhouse effect = the retention of heat by the layer of greenhouse gases such as carbon dioxide and methane.

· Earth is a sphere that is tilted on its axis and therefore solar radiation strikes different parts of earth’s surface at different angles throughout the year.

Main Climate Zones

Climate Zone
Location
Climate Characteristics

Polar zones
Areas around North and South poles
Cold areas

Temperate zones
Between the polar zones and the tropics
Ranges from hot to cold, depending on the season

Tropical zone
Near the equator
Almost always warm

Biome = most common climax ecosystem that will form in geographic regions of similar climatic conditions.

Land Biomes

Biome
Climax flora
Climax fauna
Characteristics



Caribou, snowy owl
Permanently frozen subsoil


Conifers

Long, severe winters, summers with thawing subsoil



Gray squirrel, fox, deer
Moderate precipitation, cold winters, warm summers


Many species of broad-leaved plants

Heavy rainfall, constant warmth



Pronghorn antelope, prairie dog, and bison
Rainfall and temperature vary greatly, strong prevailing winds


Drought-resistant shrubs and succulent plants

Sparse rainfall, extreme daily temperature changes

Aquatic Biomes – represent the largest ecosystems on Earth

· Marine (ocean) biomes provide the most stable aquatic environment, absorb and hold large quantities of solar heat and help to stabilize Earth’s atmosphere, contain a relatively constant supply of nutrient materials and dissolved salts, serve as a habitat for a large number of diverse organisms.  Most photosynthesis takes lace in the first one hundred feet of water.

· Fresh water (ponds, lakes, rivers) biomes vary in size, current velocity, temperature, concentration of dissolved gases, suspended particles, rate of succession

Populations

· Characteristics include geographic distribution (range), density (number of individuals/unit area), growth rate, age structure

· Populations can grow rapidly, decrease in size or stay the same size from year to year depending upon the number of births, number of deaths and the number of individuals that enter or leave the population.

· Immigration = movement of individuals into an area

· Emigration = movement of individuals out of an area

· A population grows exponentially when individuals in a population reproduce at a constant rate.  When resources become less available, population growth slows or stops. 

· Factors that cause population growth to decrease are called limiting factors.  Density-dependent (depend on population size – become limiting only when population density reaches a certain level) factors include competition, predation, parasitism, disease.  Density-independent (affect all populations in similar ways regardless of size) factors include unusual weather, natural disasters, seasonal cycles, human activities such as damming rivers and clear-cutting forests.

· Carrying capacity = number of organisms of any single species that an ecosystem can support.  It is determined by the available energy, water, oxygen, minerals, and the interactions of its orgamisms.

· Human population growth was slow in the early days because life was harsh and food supply was not always plentiful.  Changes brought about by modernization lowers the death rate.  Births greatly exceed deaths resulting in a rapid population increase.  As modernization continues, the birth rate falls and population growth decreases (demographic transition).  When birth rate falls to meet the death rate, population growth stops.

Human Impact on the Earth’s Resources

· Biodiversity is a measurement of the degree to which species vary within an ecosystem.  There is a strong connection between biodiversity and the stability of an ecosystem.  Biodiversity represents one of the greatest resources known to humans.  It ensures the availability of a rich variety of genetic material.  Though still largely untapped, the genetic diversity found in rain forests has provided humans with medicines, insecticides.  If we destroy ecosystems, we lose much of the biodiversity they hold.  Ecosystem diversity refers to the variety of habitats, communities and ecological processes in the living world.  Species diversity refers to the number of different species in the biosphere.

· Humans can reduce biodiversity by altering habitats, hunting species to extinction, introducing toxic compounds into food webs, and introducing foreign species to new environments.

· Human activities of hunting and gathering, agriculture, industry, and urban development have transformed our biosphere.  Earth has a finite supply of resources.  Some are renewable (replaced over time) such as our food supply and solar energy.  Others are nonrenewable (can not be replaced) such as fossil fuels and minerals.

· Prehistoric hunters and gatherers built dams to divert water and burned grasslands to encourage certain plants.  They also caused major extinction of some animals.

· The cultivation of plants and animals led to overgrazing by goats, cows, and other herbivores.  Grassland ecosystems changed to scrub, eroded soils and put large demands on water supplies.

· In the 1950’s there was an effort by governments and scientists to increase food production through new, intensive farming practices that greatly increase yields of rice, wheat, and other crops.  This called for large fields to be cleared, plowed, and planted with single crops year after year.

· The Industrial Revolution added machines and factories to civilization.  Fossil fuels provided the energy to produce and power these machines.  The continued spread of suburban communities across America consumed farmland and natural habitats.

· Plowing the land removes the roots of plants that hold soil in place and results in an increase in the rate of soil erosion.

· Desertification is the conversion of a previously soil-rich, productive area into a desert by a combination of farming, overgrazing, and drought.

· Deforestation is the loss of forests and can lead to severe erosion.

· Overfishing is the practice of harvesting fish faster than they can reproduce.  Overfished species include anchovies, halibut, cod, salmon, Atlantic herring, and Alaska king crab.

· The burning of fossil fuels releases pollutants that cause smog (mixture of chemicals that occurs as a gray-brown haze in the atmosphere) and acid rain.  Acid rain contains nitric acid and sulfuric acids that kill plants and harm soil.

· Water supplies are threatened by domestic sewage (wastewater from sinks and toilets) which encourages the growth of algae and bacteria in aquatic environments.  It also contains microorganisms that can spread disease among humans and animals.  Forests help to purify water that seeps into the ground or runs off into rivers and lakes.  Factories release PCB’s and well drilling rigs introduce oil spills.

Harmful Activities

· Overhunting = uncontrolled hunting, trapping, and fishing

· Importation of exotic organisms = accidental or intentional importation of organisms to areas where they have no natural enemies leading to disruption of existing stable ecosystems (Japanese beetle, Gypsy moth, organisms that cause Dutch Elm disease).

· Exploitation of wildlife and plants for their products and pet trade (African elephant, Pacific walrus, Colombian parrot)

· Poor land use management = increase urbanization and suburbanization claims increasing amount of agricultural lands, modifies watersheds, disrupts natural habitats and threatens the existence of wildlife species.

· Population explosion = human population has risen at a rapid rate partly because of the removal of natural checks on the population such as disease.

· Industrialization increases the demand for and use of energy and other resources including fossil fuels.

· Technological oversights = water, air, land pollution.  Environmental pollutants are the result of both natural environmental disruptions and the technological oversights of humans.  Erupting of volcanoes is an example of natural pollution.

· Biocide use = use of pesticides and herbicides without a complete assessment of their environmental impact has contaminated soil, atmosphere, water supply and disrupted food webs.

· Disposal problems = Excessive lifestyle of many humans has required increase supplies of products and energy.  Production has produced considerable solid, chemical, and nuclear wastes.  Dumps have been created with thought of the future.

· Nuclear waste = Nuclear power plants produce “permanent” dangerous radioactive wastes.  The safe disposal of these long-lasting nuclear wastes has become a global problem.

· Global Impact – People are becoming aware that their actions can have global as well as local consequences.  Examples include acid rain, global warming, global cooling, and ozone depletion (chlorofluorocarbons).

Warning Signs of Environmental Contamination

· Dramatic decline in frog populations has been observed worldwide and disproportionately high numbers of deformed frogs have been discovered in rural areas (hormone-disrupting chemicals – dioxins, PCB’s?)

· Declining health of children (chronic lung disease, asthma, ADD, learning disabilities), increase in over 30 types of birth defects

Individual Choices and Social Actions

· Individuals need to make decisions that will assess risks, costs, benefits, and trade-offs.  Our survival as a species depends on our developing a clear understanding of the natural environment and our place in it.  We need to become informed about environmental issues so that as new technologies are developed we can ask critical questions about their impact on environmental systems.  We need to support research that is aimed at studying the effects of these technologies on human health as well as other species.  If no direct evidence can be provided from this research that points clearly toward product safety, it is prudent to set the technology aside indefinitely until it is proven safe.  We cannot ethically conduct experiments to determine toxicity to humans by deliberately exposing people to probable carcinogens.

· The decisions of one generation both provide and limit the range of possibilities open to the next generation.  Continued efforts to protect wild species, conserve resources, preserve natural habitats, control human population growth, and value all life-forms as essential contributors to the maintenance of a healthy environment will we, as a global ecological community, survive and provide suitable living conditions for future generations.

· It is becoming increasingly clear that the solution to pollution is to avoid creating hazardous wastes in the first place.  Grassroots activists are making it so difficult and expensive for industry to dump hazardous waste that cleaning up production processes becomes more cost-effective by comparison.  Consumers are beginning to show a preference for products that create less waste by demanding minimal packaging, choosing recyclable containers, and substituting reusable for disposable products. 

Ways Individuals Can Preserve Resources

The 3 R’s
Action
Example


Avoid using the resource
Use energy efficiently, walk, bike or carpool instead of driving


Use the same product over and over, instead of throwing it away after one use
Use dishes rather than paper plates.  Instead of discarding your paper lunch bag, take it home and use it again


Don’t throw it in the trash.  Instead, discard the product in a way that it can be used to make another product.
Paper, metal, plastic, and glass are all easily recycled.

