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Learning objectives

· Describe the earth as a closed system with energy as the only input. 

· Define and use the terms biosphere, ecosystem, community, population, niche and habitat. 

· Describe how energy moves through an ecosystem.

· Differentiate between producers and consumers and a food chain and food web.

· Explain how energy and biomass pyramids are used to describe energy flow and the accumulation of pollutants in food.

· Trace the cycling of water, carbon, nitrogen, and phosphorus through living and nonliving systems.

· Describe the impact humans can have on each of the biogeochemical cycles resulting in shortages, pollution, the greenhouse effect and eutrophication.

· Explain concerns that result from decreasing biodiversity.

· Understand the laws of thermodynamics, and be able to apply those laws to situations which involve energy interconversions.
· Apply the laws of thermodynamics to biological systems.
· Interpret changes in birth rate, size of the starting population, age structure of the population and the age at which a woman has her first offspring as they relate to increases in population.  

· Explain the factors that affect whether an exponential or logistic growth pattern exists for a population. 

· Identify problems directly caused by the increasing human population. 

· Describe decisions that might be made that will recognize that resources are limited and must be shared among all living things. 

· Explain the human factors that lead to depletion of natural resources.

· List the sorts of pollution that can potentially lower carrying capacity for populations.

· Explain how global warming and climate change relate to each other.

· Describe a carbon footprint and ways that they can be reduced.

The scope of Ecology
Ecology is the study of living things and the interactions they have with their environment
The environment of a living thing includes many things:

· other individuals of the same species (populations)

· Different species (communities)

· Nonliving elements- Nutrients in soil, Sunlight, temperature, wind, etc. (ecosystems)

Ecology is studied from the level of the individual up through the entire biosphere

Ecology studies different life strategies that species have for success in their environment

Ecology studies how populations of species grow, compete, and succeed each other

Ecology compares familiar patterns of life that arise under similar conditions in different places on earth-  such areas are called climax communities

Ecology studies how mass (nutrients and toxins) and energy flows through ecosystems

Energy flow through ecosystems

Laws of thermodynamics

Energy is the capacity to do work

The first law of thermodynamics:  Energy is conserved- that is, while energy can never be created or destroyed, it can be freely interconverted into many different forms

The second law of thermodynamics: Entropy- energy interconversions always increase the disorder of the universe- that is, interconversions of energy can never be 100% efficient

Trophic levels on earth

The earth has a continuous and steady influx of energy from the sun, and is continuously losing energy to space

Plants can make their own food by capturing the sun’s energy, and storing it in chemical bonds by the process of photosynthesis

Photosynthesis
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Plants, algae, and cyanobacteria are producers of all the food for the rest of the planet’s consumers

Primary consumers feed on plants, obtaining nutrients and the chemical energy of the food the plants produce

Secondary consumers are predators on primary consumers, one trophic level below them

Energy transfers between trophic levels are very inefficient, forming an energy pyramid

Humans are omnivores, and can eat at multiple trophic levels

The level at which humans eat has important consequences for ecosystems

Nutrient cycling within ecosystems

For mass, the earth is mostly an enclosed system- few things besides meteors are added to earth nowadays
This means that the nutrients that exist on earth must be continually recycled, year after year

All living things are made of four major kinds of biological macromolecules- Carbohydrates, Lipids, Proteins, Nucleic acids

Carbohydrates and lipids contain carbon, hydrogen, and oxygen

Proteins and nucleic acids also contain nitrogen
Nucleic acids and some lipids contain phosphate

Trace minerals such as zinc, calcium, etc. are also cycled, and usually obtained first from bacteria, or plants

Each nutrient is cycled differently, based on the compounds it can form

The carbon cycle

All life on earth is primarily based on carbon, as are all 4 major macromolecules of life

Photosynthetic producers are the source of essentially all carbon in living ecosystems, capturing, or “fixing” carbon dioxide from the atmosphere and converting it into carbohydrates

Carbon dioxide only comprises about .04% of our atmosphere, but that percentage used to be much, much larger

Carbon has been being captured from the atmosphere, and sequestered through fossilization, for hundreds of millions of years, residing as fossil fuels oil, shale, coal, and natural gas

Human industry is re-releasing much of this stored carbon, increasing the percent of CO2 in the atmosphere

The nitrogen cycle
Nitrogen comprises nearly 80% of our atmosphere existing as N2
Nitrogen is an essential part of proteins and nucleic acids

N2 has a triple covalent bond between the two nitrogen atoms, making it very difficult to break

Historically, only bolts of lightning, meteor impacts, and certain bacteria containing a special enzyme could capture (“fix”) nitrogen

Nitrogen-fixing bacteria formed a special symbiotic partnership with certain plants, the legumes (beans)

When soil is depleted of nitrogen, plants such as corn cannot grow

Nitrogen is now fixed by an important chemical process, the Haber process, for use in soil fertilizer and gunpowder

Explosions in the piston chambers of car engines are hot enough to fix nitrogen, making nitrogen compounds a tailpipe pollutant

Nitrogen and phosphorus are often the limiting factor in the growth of biomass in ecosystems, so when they are added, spikes in growth, such as algal blooms, can occur

Other nutrients and toxins

Nutrients and toxins both are absorbed by plants, and thereby consumed by all higher levels

Some toxins, such as mercury, are flushed from the bodies of living things slowly, and can therefore accumulate in tissues 

Toxins passing through trophic levels can become highly concentrated

When humans eat at the top of food chains, they get concentrated doses of these toxins along with their food

Human impact on the earth

The amount of bio-available nutrients on earth is finite, and the rate of energy flowing into earth is also limited

The earth therefore has a limited carrying capacity for all life

As human population increases, the portion of earth’s available energy and nutrients must also increase, decreasing their availability for natural ecosystems

Human population can increase through increase in birth rates, and in life expectancy

Through technology, humans can significantly affect the earth’s carrying capacity for humans

Earths’ resources are not used equally by all societies

Shared resources are often abused by all- this is “the tragedy of the commons”


Pollution

Energy transfers are never 100% efficient, and the collateral damage is often pollution

Pollution include toxins, and over-release of nutrients such as nitrogen, phosphorus, and carbon dioxide

Carbon dioxide is a significant greenhouse gas which can capture the sun’s heat, reducing the rate at which heat is lost to space, causing global warming

The effects of global warming on climate change can be very difficult to predict

Human decisions can significantly reduce humanity’s effect on the environment

Bicycles and public transit are alternatives to automobiles which reduce pollution

Choices in diet can reduce consumption of resources

