Unit 3
Ecology 
I. Introduction to ecology    pages 2-3
II. Populations                     pages 3-6
III. Communities                   pages 6-8
IV. Ecosystems                     pages 8-9
V. Flow of energy               pages 10-12
VI. Cycles of matter       pages 12-15
VII. Ecosystem change     pages 16-17
VIII. Pollution      pages 17-19
IX. Natural Resources       pages 19-21
X. Habitat Destruction and extinction   pages 21-23
	Prefix or Suffix
	Definition

	Eco-
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	Geo-
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	Hetero-
	Other, different

	Troph-
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	Omni-
	All

	Hydro-
	water

	Sym-
	Together

	-thermal
	temperature
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I. Introduction to Ecology 

Introduction 
Organisms can be studied at many different levels, from biochemical and molecular, to cells, tissues and organs, to individuals, and finally at the ecological level: populations, communities, ecosystems and to the biosphere as a whole. Because of its focus on the higher levels of the organization of life on earth, ecology draws heavily on many other branches of science. 
What is Ecology? 
Ecology is the scientific study of how living organisms interact with each other and with their environment. Because of its broad scope, ecology draws from other branches of science, including geology, soil science, geography, meteorology, genetics, chemistry, and physics. 
Ecology could be sub-divided according to the species of interest into fields such as animal ecology, plant ecology, insect ecology, etc., or according to biome, an ecological formation that exists over a large region, such as the Arctic, the Tropics, or the Desert. 

One obvious type of research that comes to mind is field studies, since ecologists generally are interested in the world of nature. This involves collecting data in the natural world, as opposed to laboratory settings with controls. One example of this kind of study is determining how many organisms occupy a specific geographical area. This usually involves a technique called sampling, where an area is divided into a certain sized plot, and the number of organisms in that area is counted. Another method is called mark and recapture.  In this method, organisms are “tagged” and released.  At another time, organisms are recaptured and the tagged organisms are counted.  With the use of an equation the number of organisms can be determined.

Ecological principles can be studied in the laboratory as well. Perhaps you can think of some ways in which some aspects of ecology can be isolated in the lab. Statistical analysis is also used for analyzing both field and laboratory data. Finally, ecologists often use computer simulations to model complex ecological systems and to help predict how future environmental changes can affect a system. Can you think of some possible environmental change in the future that could be studied? 

What does an ecologist study?

Organisms and Environments 
All organisms have the abilities to grow and reproduce, properties which require materials and energy from the environment. The organism’s environment includes physical properties (abiotic factors), such as sunlight, climate, soil, water and air, and biological properties (biotic factors), which are the other living organisms, both of the same and different species, which share its habitat. In other words, the biotic factors live in the same area. 
An example of how biotic factors influence the environment in which an organism lives can be seen in the primitive atmosphere. The first photosynthesizing organisms on Earth produced oxygen. This led to an oxygen-rich atmosphere, which caused life forms for which oxygen was toxic to die, and other organisms which needed oxygen to evolve. 

Levels of Organization in Ecology 
Ecology can be studied at a wide range of levels, from the smallest unit, at the individual level, to the largest, or most inclusive, the biosphere (the portion of the planet occupied by living matter.  In between the individual level and the biosphere, from smallest to largest, are the population (organisms belonging to the same species that occupy the same area and interact with one another) level, the community (populations of different species that occupy the same area and interact with one another) level, and the ecosystem (a natural unit composed of all the living forms in an area, functioning together with all the abiotic components of the environment level.) 
	Figure 1-Ecological Range

	Level 
	Definition and example

	population 
	organisms belonging to the same species that occupy the same area and interact with one another.  Ex: What factors control zebra populations?

	community 
	populations of different species that occupy the same area and interact with one another. Ex: How does a disturbance influence the number of mammal species in African grasslands?

	ecosystem 
	a natural unit composed of all the living forms in an area, functioning together with all the abiotic components of the environment.  Ex: How does fire affect nutrient availability in grassland ecosystems?

	biosphere 
	the portion of the planet occupied by living matter.  Ex: What role does concentration of atmospheric carbon dioxide play in the regulation of global temperature?


What is the difference between a population and a community?
II. Populations 


Introduction 
The study of populations is important to better understand the health and stability of a population. Such factors as births, deaths and migration influence population size. Different models explain how populations grow. Limiting factors can help determine how fast a population grows. All of these aspects of population biology can be applied to the study of human population growth. 
What is a Population? 
A population is comprised of organisms belonging to the same species, all living in the same area and interacting with each other. Since they live together in one area, members of the same species form an interbreeding unit. Ecologists who study populations determine how healthy or stable they are and how they interact with the environment, by asking specific questions, such as, is a certain population stable, growing, or declining, and what factors affect the stability, growth, or decline of a threatened population? 
In determining the health of a population, one must first measure its size or the population density, the number of individuals per unit area or volume, such as per acre. Population size or density can also be examined with respect to how individuals are distributed. How individuals are spaced within a population is referred to as dispersion. Some species may show a clumped or clustered distribution within an area, others may show a uniform, or evenly spaced, distribution and still others may show a random, or unpredictable, distribution. 

Other factors of importance in the study of populations are age and sex within the population. The proportion of males and females at each age level gives information about birth rate (number of births per individual within the population per unit time) and death rate (number of deaths per individual within the population per unit time), and this age structure may give further information about a population’s health. For example, an age structure with most individuals below reproductive age often indicates a growing population. A stable population would have roughly equal proportions of the population at each age level, and a population with more individuals at or above reproductive age than young members describes a declining population. 

What are three ways that individuals are spaced within a population?

Births and deaths
Births and deaths affect population density and growth. The population growth rate is the rate at which the number of individuals in a population increases. Population growth rate depends on birth rate and on death rate. The growth rate then is represented by the equation: 
growth rate = birth rate – death rate
According to this equation, if the birth rate is greater than the death rate, then the population grows; if the death rate is greater, then the population declines. If the birth and death rates are equal, then the population remains stable. 

Population Growth 

Under ideal conditions, given unlimited amounts of food, moisture, and oxygen, and suitable temperature and other environmental factors, oxygen-consuming organisms show exponential growth, where as the population grows larger, the growth rate increases. This is shown as the “J-shaped curve” in  figure 2. You can see that the population grows slowly at first, but as time passes, growth occurs more and more rapidly. 
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Figure 2- Growth of populations according to Malthus exponential (or J-curve) growth model (left) and Verhulsts logistic (or S-curve) growth model (right)

These ideal conditions are not often found in nature. They occur sometimes when populations move into new or unfilled areas. Imagine a world where all populations grew exponentially! 

In nature, limits occur. One basic requirement for life is energy; growth, survival and reproduction all require this. Energy supplies are limited and therefore organisms must use these resources and others wisely. In nature, under more realistic conditions, at first populations grow exponentially (J-shaped curve), but as populations increase, rates of growth slow and eventually level off. This is shown as an “S-shaped curve” in figure 2. The graph levels off because various factors limit population growth.

Limiting Factors 
Limiting factors that can lower the population growth rate include reduced food supply and reduced space. These can have the effect of lowering birth rates, increasing death rates, or can lead to emigration. This growth model shows logistic (S-curve) growth, and looks different than the one for exponential growth. In this case, the growth rate begins as proportional to the size of the population, but at higher population levels, competition for limited resources leads to lower growth rates. Eventually, the growth rate stops increasing and the population becomes stable. 
This plateau in growth is known as the carrying capacity, or the maximum population size that can be supported in a particular area without degradation of the habitat. Limiting factors determine what the carrying capacity is. 

In general, a limiting factor is a living or nonliving property of a population’s environment, which regulates population growth. There are two different types of limiting factors: density-dependent factors and density-independent factors.
Density-dependent factors, such as food supply, promote competition between members of the same population for the same resource, as the population increases in size and there is more crowding. Therefore, the population size is limited by such factors. 

In the example of food supply, when population size is small, there is plenty of food for each individual and birth rates are high. As the population increases, the food supply decreases and birth rates decline, causing the population growth rate to decrease. Food shortages can eventually lead to an increase in death rates or emigration, therefore leading to a negative growth rate and lower population size. With a lower population size, each individual has more food and the population begins to increase again, reaching the carrying capacity. 

An example of this other kind of factor, a density-independent factor, is weather. For example, an individual agave (century plant) has a lifespan dependent at least in part by erratic rainfall. Rainfall limits reproduction, and which in turn limits growth rate, but because of rainfall’s unpredictability, it cannot regulate Agave populations.  
Populations can be broken down into K-strategists and r-strategists.  A K-strategist is a species that has a long life span, takes a long time to reproduce, and population numbers a smaller.  These strategists are usually limited by density-dependent factors and typically show a logistic population curve.  An example of a K-strategist would be a grizzly bear.  An r-strategist is a species that reproduces quickly, has a short life span, and are limited by density-independent factors.  These strategists typically show an exponential growth curve.  An example of an r-strategist is mosquitoes.
Give 2 more examples of density-dependant factors in addition to food supply.
Growth of the Human Population 
There are two major schools of thought about human population growth. One group of people believes that human population growth cannot continue without dire consequences. Another group believes that the Earth can provide an almost limitless amount of natural resources and that technology can solve or overcome low levels of resources and degradation of the environment caused by the increasing population. 
If we look back again at the growth curves that we examined in the last two sections, we might ask ourselves if human growth resembles the exponential J-shaped model or the logistic S-shaped model? In other words, are we built, as a population, to keep growing and to use up all our resources, and thus become extinct, or will we efficiently use our resources so that the Earth can sustain our growth? 
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We don’t know all the answers yet, but by looking at population growth through history and by examining population growth in different countries we may see some patterns emerge. For example, if we look at worldwide human population growth from 10,000 BCE through today, our growth, overall, resembles exponential growth, increasing very slowly at first, but later growing at an accelerating rate and which does not approach the carrying capacity. (See figure 3)  In looking ahead to the future, projections by the United Nations and the US Census Bureau predict that by 2050, the Earth will be populated by 9.4 billion people. Other estimates predict 10 to 11 billion. 

Figure 3-Worldwide human population growth from 10,000 BCE through today

Give 2 examples of limiting factors that could influence human population.
III. Communities 

Introduction 
Now that we have examined the dynamics of a single species at the population level, we are now ready to move to the next higher level. This is the community level, where we look at how populations of different species that occupy the same area interact with each other. As we will see, there are a number of types of interactions, including competition, predation and symbiosis. These interactions in turn affect the species’ interactions with one another. 
What is a Community? 
A community is an assemblage within the same area, of populations of different species interacting with one another. The term can be used in various ways with differences in meaning. For example, it may be limited to specific places, at specific times, or certain types of organisms. Thus, one may study the fish community in Lake Ontario or the fish in this lake during a specific period, such as the period before industrialization. 
Community Interactions 
Community interactions can be either intraspecific, that is between members of the same species, or interspecific, between members of different species. There are a number of different types of interactions, such as competition, predation, and symbiosis, which can be described as beneficial, detrimental or neutral. For example, competition could be looked at as having negative effects on the competing individuals or species, whereas mutualism, a type of symbiosis, could be determined as positive for individuals involved. 
Competition 
Competition can be defined as an interaction between organisms of the same or different species, in which the “fitness” of one is lowered by the presence of another. Individuals compete for a limited supply of at least one resource, such as food, water, or territory. Fitness refers to the ability of a species to survive and reproduce. 
Competition can be described in terms of the mechanisms by which it occurs, either directly or indirectly. For example, competition may occur directly between individuals via aggression or some other means, whereby individuals interfere with survival, foraging or reproduction, or by physically preventing them from occupying an area of the habitat. Indirect competition is when a common limiting resource which acts as an intermediate. For example, use of a specific resource or resources decreases the amount available to others, thereby affecting the others’ fitness, or competition for space results in negatively affecting the fitness of one of the competing individuals. 

According to the competitive exclusion principle, species less suited to compete for resources will either adapt, be excluded from the area, or die out. This is similar to what happens within a species. For example, if there is a limited amount of prey available on an island, the predator that has adaptations to hunt prey will be more likely to survive.  Predators that do not have adaptations to compete will starve to death. Evolutionary theory says that competition for resources within and between species plays an important role in natural selection.

Give an example of direct competition.

Predation 
Predation is an interaction where a predator organism feeds on another living organism or organisms, known as prey. Predators may or may not kill their prey prior to eating them. The key characteristic of predation is the direct effect of the predator on the prey population. 
In all classifications of predation, the predator lowers the prey’s fitness, by reducing the prey’s survival, reproduction, or both. Other types of consumption, like detritivory, where dead organic material (detritus) is consumed, have no direct impact on the population of the food item. 

Predation can be broken down into two types: true predation and grazing. True predation is a type in which the predator kills and eats its prey. Some predators of this type, such as jaguars, kill large prey and dismember or chew it prior to eating it. Others, such as a bottlenose dolphin or snake, may eat its prey whole. In some cases, the prey dies in the mouth or digestive system of the predator. Baleen whales, for example, eat millions of plankton at once, with the prey being digested afterwards. Predators of this type may hunt actively for prey, or sit and wait for prey to approach within striking distance. 

In grazing, the predator eats part of the prey, but rarely kills it. Many of this type of prey species are able to regenerate or regrow the grazed parts, so there is no real effect on the population. For example, most plants can regrow after being grazed upon by livestock. Kelp regrows continuously at the base of the blade to cope with browsing pressure. Starfish, also, can regenerate lost arms when they are grazed on. 

Predators play an ecological role, in that they may increase the biodiversity of communities by preventing a single species from becoming dominant, as in grazers of a grassland. Introduction or removal of these dominant keystone species, or changes in its population density, can have drastic effects on the equilibrium of many other populations in the ecosystem. 

Why are predators important in an ecosystem?

Symbiosis 
The term symbiosis commonly describes close and often long-term interactions between different species, in which at least one species benefits. The symbiotic relationship may be characterized as being mutualistic, commensalistic, or parasitic. In mutualism, both species benefit; in commensalism, one species benefits while the other is not affected; and in parasitism, the parasitic species benefits, while the host species is harmed. 
Mutualistic relationships include the large percentage of herbivores that have gut fauna that help them digest plant matter, coral reefs that have various types of algae living inside, and the relationship between the Ocellaris clownfish and the Ritteri sea anemones. In the latter example, the clownfish protects the anemone from anemone-eating fish, and in turn, the stinging tentacles of the anemone protect the clownfish from its predators.

Commensal relationships may involve an organism using another for transportation or housing, such as spiders building their webs on trees, or may involve an organism using something another created, after the death of the first. 

Parasites include those that either live within the host’s body, such as hookworms, or those that live on its surface, such as lice. In addition, parasites may either kill the host they live on, or rely on the host surviving. Parasites are found not only in animals but also in plants and fungi. 

	Figure 4- Symbiosis

	Type of Symbiosis 
	Description of Symbiosis 

	Mutualism 
	Both species benefit 

	Commensalism 
	One species benefits, while the other is not affected 

	Parasitism 
	Parasitic species benefits, while host species is harmed 


 A tape worm and a human would show which symbiotic relationship?
a. Mutualism

b. Commensalism

c. Parasitism
IV. Ecosystems 

Introduction 
Now that you have studied what a community is, you have seen some of the interactions that occur between species. The next level, the ecosystem, includes not only the biological components, but also the abiotic components, all functioning together. You will examine in more depth biotic and abiotic factors, and how the concepts of the niche and habitat play important roles in the ecosystem. 
What is an Ecosystem? 
An ecosystem is a natural unit consisting of all the biotic factors (plants, animals and micro-organisms) functioning together in an area along with all of the abiotic factors (the non-living physical factors of the environment). The concept of an ecosystem can apply to a large body of freshwater, for example, as well as a small piece of dead wood. Other examples of ecosystems include the coral reef, the Greater Yellowstone ecosystem, the rainforest, the savanna, the tundra, and the desert.
Ecosystems, like most natural systems, depend on continuous inputs of energy from outside the system, most in the form of sunlight. In addition to energy being transferred within the ecosystem, matter is recycled in ecosystems. Thus, elements such as carbon and nitrogen, and water, all needed by living organisms, are used over and over again. 

When studying an ecosystem, at what factors are you looking?

Biotic and Abiotic Factors 
Biotic factors of an ecosystem include all living components, from bacteria and fungi, to unicellular and multicellular plants, to unicellular and multicellular animals. Abiotic factors are non-living chemical and physical factors in the environment. The six major abiotic factors are water, sunlight, oxygen, temperature, soil and climate (such as humidity, atmosphere, and wind). Other factors which might also come into play are other atmospheric gases, such as carbon dioxide, and factors such as physical geography and geology. 
Abiotic and biotic factors not only interrelate within an ecosystem but also between ecosystems. For example, water may circulate between ecosystems, by the means of a river or ocean current, and some species, such as salmon or freshwater eels, move between marine and freshwater systems. 

Niche 
One of the most important ideas associated with ecosystems is the niche concept. A niche refers to the role a species or population plays in the ecosystem and the way it uses the full range of biotic and abiotic factors. A shorthand definition is that a niche is how an organism “makes a living”. Some of the important aspects of a species’ niche are the food it eats, how it obtains the food, nutrient requirements, space, etc. 
The different dimensions of a niche represent different biotic and abiotic variables. These factors may include descriptions of the organism’s life history, habitat, trophic position (place in the food chain), and geographic range.   In nature, there is a difference between a realized niche and a fundamental niche.  A realized niche is the role that a species actually occupies.  For instance, a bird makes it nest in the upper branches of a pine tree.  A fundamental niche is the role that a species could potentially occupy.  For instance, a bird can make its nest in any pine tree.
Different species can hold similar niches in different locations, and the same species may occupy different niches in different locations. Species of the Australian grasslands, although different from those of the Great Plains grasslands, occupy the same niche. 

Once a niche is left vacant, other organisms can fill in that position. When the tarpan (a small, wild horse, chiefly of southern Russia) became extinct in the early 1900s, the niche it left vacant has been filled by other animals, in particular a small horse breed, the konik. If overlap in a niche occurs, competition follows.  As you have already learned, the competitive exclusion principle states that one species will evolve or go extinct.

Think of an animal you know something about.  What is its niche?

Habitat 
The habitat is the ecological or environmental area where a particular species lives; the physical environment to which it has become adapted and in which it can survive. A habitat is generally described in terms of abiotic factors, such as the average amount of sunlight received each day, the range of annual temperatures, and average yearly rainfall. These and other factors determine the kind of traits an organism must have in order to survive there.
Habitat destruction is a major factor in causing a species population to decrease, eventually leading to it being endangered or even going extinct. Large scale land clearing usually results in the removal of native vegetation and habitat destruction. Poor fire management, pest and weed invasion, and storm damage can also destroy habitat. National parks, nature reserves, and other protected areas all provide adequate refuge to organisms by preserving habitats. 

What is the difference between a niche and a habitat?

V. Flow of Energy

Introduction
Energy is defined as the ability to do work. In organisms, this work can involve not only physical work like walking or jumping, but also carrying out the essential chemical reactions of our bodies. Therefore, all organisms need a supply of energy to stay alive. Some organisms can capture the energy of the sun, while others obtain energy from the bodies of other organisms. Through predator-prey relationships, the energy of one organism is passed on to another. Therefore, energy is constantly flowing through a community. Understanding how this energy moves through the ecosystem is an important part of the study of ecology. 
Energy and Producers
With just a few exceptions, all life on Earth depends on the sun’s energy for survival. The energy of the sun is first captured by autotrophs, organisms that can make their own food.  Autotrophs make up the bottom of the food chain called producers. Many producers make their own food through the process of photosynthesis. Producers make or “produce” food for the rest of the ecosystem. In addition, there are bacteria that use chemical processes to produce food, getting their energy from sources other than the sun, and these are also considered producers.
There are many types of photosynthetic organisms that produce food for ecosystems. On land, plants are the dominant photosynthetic organisms. Algae are common producers in aquatic ecosystems. Single celled algae and tiny multicellular algae that float near the surface of water and that photosynthesize are called phytoplankton. 

Although producers might look quite different from one another, they are similar in that they make food containing complex organic compounds, such as fats or carbohydrates, from simple inorganic ingredients. The only required ingredients needed for photosynthesis are sunlight, carbon dioxide (CO2), and water (H2O). From these simple inorganic building blocks, photosynthetic organisms can produce glucose (C6H12O6) and other complex organic compounds. 

What is the ultimate source of energy on earth?

Consumers and Decomposers
Many types of organisms are not producers and cannot make their own food from sunlight, air, and water. The animals that must consume other organisms to get food for energy are called heterotrophs. Heterotrophs eat producers and are called consumers.   Consumers require the sugars produced by producers to create energy as seen by the following equation: 

 C6H12O6 + 6O2 ( 6CO2 + 6H2O + Chemical Energy (in ATP) 

 The consumers can be placed into several groups. Herbivores are animals that eat photosynthetic organisms to obtain energy. For example, rabbits and deer are herbivores that eat plants. The caterpillar is a herbivore. Animals that eat phytoplankton in aquatic environments are also herbivores. Carnivores feed on animals, either the herbivores or other carnivores. Snakes that eat mice are carnivores, and hawks that eat the snakes are also carnivores. Omnivores eat both producers and consumers. Most people are omnivores since they eat fruits, vegetables, and grains from plants and also meat and dairy products from animals. Dogs, bears, and raccoons are also omnivores.  
Decomposers obtain nutrients and energy by breaking down dead organisms and animal wastes. Through this process, decomposers release nutrients, such as carbon and nitrogen, back into the ecosystem so that the producers can use them. Through this process these essential nutrients are recycled, an essential role for the survival of every ecosystem. Examples of decomposers include mushrooms on a decaying log and bacteria in the soil. Decomposers are essential for the survival of every ecosystem. Imagine what would happen if there were no decomposers. Wastes and the remains of dead organisms would pile up and the nutrients within the waste and dead organisms would never be released back into the ecosystem!

What is the term for a consumer that eats plants and animals?

Food Chains and Food Webs
Food chains are a visual representation of the eating patterns in an ecosystem, depicting how food energy flows from one organism to another. Arrows are used to indicate the feeding relationship between the animals. For example, an arrow from the leaves to a grasshopper shows that the grasshopper eats the leaves, so energy and nutrients are moving from the leaves to the grasshopper. Next, a mouse might prey on the grasshopper, a snake may eat the mouse, and then a hawk might eat the snake. 
In an ocean ecosystem, one possible food chain might look like this: phytoplankton ( krill ( fish ( shark. The producers are always at the beginning of the food chain, followed by the herbivores, then the carnivores. In this example, phytoplankton are eaten by krill, which are tiny shrimp-like animals. The krill are in turn eaten by fish, which are then eaten by sharks. Each organism can eat and be eaten by many different other types of organisms, so simple food chains are rare in nature. There are also many different species of fish and sharks. Therefore, many food chains exist in each ecosystem 

Since feeding relationships are so complicated, we can combine food chains together to create a more accurate depiction of the flow of energy within an ecosystem. A food web shows the complex feeding relationships between many organisms in an ecosystem. If you expand our original example of a food chain, you might also include that deer also eat clover and foxes that also hunt chipmunks. A food web shows many more arrows but follows the same principle; the arrows depict the flow of energy. A complete food web may show hundreds of different feeding relationships.
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Figure 5- Food web in the Arctic Ocean.

Energy Pyramids
When an herbivore eats a plant, the energy that is stored in the plant tissues is used by the herbivore to power its own life processes and to build more body tissues. Only about 10% of the total energy from the plant gets stored in the herbivore’s body as extra body tissue. The rest of the energy is transformed by the herbivore through metabolic activity and released as heat. The next consumer on the food chain that eats the herbivore will only store about 10% of the total energy from the herbivore in its own body. This means the carnivore will store only about 1% of the total energy that was originally in the plant. In other words, only about 10% of energy of one step in a food chain is stored in the next step in the food chain. 
Every time energy is transferred from one organism to another, there is a net loss of energy. This loss of energy can be shown in an energy pyramid.  Due to the energy loss in food chains, it takes many producers to support just a few carnivores in a community. For example, there are far fewer hawks than acorns in this food chain. 

[image: image4.jpg]Water storage

in ice and snow .~ —

e

e vvater.Gycie

Water storage in the atmosphere

‘T_[ Transpiration

;

‘\‘ <

Evaporation

Condensation

Water storage

in oceans



Each step of the food chain reflected in the ecological pyramid is called a trophic level. Plants or other photosynthetic organisms are found on the first trophic level, at the base of the pyramid. The next level would be the herbivores, then the carnivores that eat the herbivores. 

What happens to 90% of the energy that passes from one step in the food chain to the next step?

Figure 6- Energy pyramid  As energy travels up the food chain, a majority of it is lost as heat.  Therefore, tertiary consumers need to consume a lot more food than primary consumers to get the same amount of energy.
VI. Cycles of Matter

Introduction
What happens to all the plants and animals that die? Do they pile up and litter ecosystems with dead remains? Or do they decompose? The role of decomposers in the environment often goes unnoticed, but these organisms are absolutely crucial for every ecosystem. Imagine if the decomposers were somehow taken out of an ecosystem. The nutrients, such as carbon and nitrogen, in animal wastes and dead organisms would remain locked in these forms if there was nothing to decompose them. Overtime, almost all the nutrients in the ecosystem would be used up. However, these elements are essential to build the organic compounds necessary for life and so they must be recycled. The decomposition of animal wastes and dead organisms allows these nutrients to be recycled and re-enter the ecosystem, where they can be used by living organisms. 
The pathways by which chemicals are recycled in an ecosystem are biogeochemical cycles. This recycling process involves both the living parts of the ecosystem and the non-living parts of the ecosystem, such as the atmosphere, soil, or water. The same chemicals are constantly being passed through living organisms to non-living matter and back again, over and over. Through biogeochemical cycles, inorganic nutrients that are essential for life are continually recycled and made available again to living organisms. These recycled nutrients contain the elements carbon and nitrogen, and also include water.

The Water Cycle
Since many organisms contain a large amount of water in their bodies, and some even live in water, the water cycle is essential to life on earth. Water is continually moving between living things and non-living things such as clouds, rivers, or oceans. The water cycle is also important because water is a solvent, so it plays an important role in dissolving minerals and gases and carrying them to the ocean. Therefore, the composition of the oceans is also dependent on the water cycle.
The water cycle does not have a real starting or ending point, since it is an endless circular process; however, we will start with the oceans. Water evaporates from the surface of the oceans, leaving behind salts. As the water vapor rises, it collects and is stored in clouds through condensation. As water cools in the clouds, it condenses into precipitation such as rain, snow, hail, sleet, etc. The precipitation allows the water to return again to the Earth’s surface. On land, the water can sink into the ground to become part of our underground water reserves, also known as groundwater. Much of this underground water is stored in aquifers, which are porous layers of rock that can hold water. Most precipitation that occurs over land, however, is not absorbed by the soil and is called runoff. This runoff collects in streams and rivers and moves back into the ocean.

Water also moves through the living organisms in the ecosystem. Plants are especially significant to the water cycle because they soak up large amounts of water through their roots. The water then moves up the plant and evaporates from the leaves in a process called transpiration. The process of transpiration, like evaporation, returns water back into the atmosphere. 
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Figure 7-The water cycle. 
Which process turns liquid water into water vapor?

The Carbon Cycle
Carbon is one of the most abundant elements found in living organisms. Carbon chains form the backbones of carbohydrates, proteins, and fats. Carbon is constantly cycling between living things and the atmosphere.
In the atmosphere, carbon is in the form of carbon dioxide. Producers capture this carbon dioxide and convert it to food through the process of photosynthesis. As consumers eat producers or other consumers, they gain the carbon from that organism. Some of this carbon is lost, however, through the process of cellular respiration. When our cells burn food for energy, carbon dioxide is released. We exhale this carbon dioxide and it returns to the atmosphere. Also, carbon dioxide is released to the atmosphere as an organism dies and decomposes.

The water cycle influences the carbon cycle by moving carbon from stone, like limestone, into waterways.  This occurs through erosion, which breaks down limestone into molecules of carbonate.  Carbonates are eventually integrated into living organisms in the form of shells.  This carbon is then returned to the soil by decomposition.
Millions of years ago there was so much organic matter that it could not be completely decomposed before it was buried. As this buried organic matter was under pressure for millions of years, it formed into fossil fuels such as coal, oil, and natural gas. When humans excavate and use fossil fuels, we have an impact on the carbon cycle. The burning of fossil fuels (combustion) releases more carbon dioxide into the atmosphere than is used by photosynthesis. Therefore the net amount of carbon dioxide in the atmosphere is rising. Carbon dioxide is known as a greenhouse gas since it lets in light energy but does not let heat escape, much like the panes of a greenhouse. The increase of greenhouse gasses in the atmosphere is contributing to a global rise in Earth’s temperature, known as global warming.
Which process releases carbon back into the atmosphere?
Figure 8-The Carbon Cycle
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The Nitrogen Cycle
Nitrogen is also one of the most abundant elements in living things. It’s important for constructing both proteins and nucleic acids like DNA. The great irony of the nitrogen cycle is that nitrogen gas (N2) comprises the majority of the air we breathe, and yet is not accessible to us or plants in the gaseous form. In fact, plants often suffer from nitrogen deficiency even through they are surrounded by plenty of nitrogen gas!
In order for plants to make use of nitrogen, it must be in the form of nitrate ions or ammonium ions. This can be accomplished in several ways.  First, decomposers convert dead organisms into ammonium ions.  Secondly, nitrogen fixing bacteria (found in the roots of legumes) convert nitrogen gas from the air into ammonia in the soil.  This process is called nitrogen fixation.  The ammonia is then converted to ammonium ions, which is more usable, through ammonification.  
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Ammonium ions from either process are then converted into nitrites by nitrifying bacteria.  Nitrites are not usable to plants so it is converted further into nitrate ions by different bacteria.  The process of converting ammonium ions into nitrate ions is called nitrification.  Nitrates can be absorbed directly by plants through assimilation.  In the case of excess nitrates in the soil, denitrifying bacteria in the soil can convert it back into nitrogen gas.

Figure 9-The nitrogen cycle includes assimilation, or uptake of nitrogen by plants; nitrogen-fixing bacteria that make the nitrogen available to plants in the form of nitrates; decomposers that convert nitrogen in dead organisms into ammonium; nitrifying bacteria that convert ammonium to nitrates; and denitrifying bacteria that convert help convert nitrates to gaseous nitrogen.

 What is the purpose of nitrogen fixing bacteria?
VII. Ecosystem Change

Introduction
When you see an established forest, it’s easy to picture that the forest has been there forever. This is not the case, however. Ecosystems are dynamic and change over time. That forest may lie on land that was once covered by an ocean millions of years ago. Or the forest may have been cut down at one point for agricultural use, then abandoned and allowed to re-establish itself over time. During the ice ages, glaciers once covered areas that are tropical rainforests today. Due to both natural forces and the influence of humans, ecosystems are constantly changing. 
Primary Succession
If conditions of an ecosystem change drastically due to natural forces or human impact, the community of plants and animals that live there may be destroyed or be forced to relocate. Over time a new community will be established, and then that community may be replaced by another. You may see several changes in the plant and animal composition of the community over time. Ecological succession is the continual replacement of one community by another that occurs after some disturbance of the ecosystem.
But ecological succession must also occur on new land, in an area that has not supported life before. Primary succession is the type of ecological succession that happens in barren lands, such as those created by lava flow or retreating glaciers. Since the land that results from these processes is often completely new land, part of the primary succession process is soil formation.

Primary succession always starts with the establishment of a pioneer species, a species that first inhabits the disturbed area. In the case of barren rock, the pioneer species is lichen, a symbiotic relationship between a fungus and an algae or cyanobacteria. The fungus is able to absorb minerals and nutrients from the rock, and the algae or cyanobacteria provides carbohydrates from photosynthesis. Since the lichen can photosynthesize and do not rely on soil, lichen can live in desolate environments. As the lichen grows, it breaks down the rock, which is the first step of soil formation. 

The pioneer species is soon replaced by a series of other communities. Mosses and grasses will be able to grow in the newly created soil. During early succession, plant species like grasses that grow and reproduce quickly will be favored and take over the landscape. Overtime, these plants improve the soil further and a few shrubs can begin to grow. Gradually the shrubs are then replaced by trees. Since trees are more successful competing for resources than shrubs and grasses, a forest will be the end result of primary succession if the climate supports that type of biome. 

Secondary Succession
Sometimes ecological succession occurs in places where there is already soil, and that has previously supported life. Secondary succession is the type of ecological succession that happens after something destroys the community, but yet soil remains in the area. One event that can lead to secondary succession is the abandonment of a field that was once used for agriculture.  (In this case, the pioneer species would be the grasses that first appear.) Gradually, the field would return to the natural state and look like it used to before the influence of man.
Another event that results in secondary succession is a forest fire. Although the area will look devastated at first, the seeds of new plants are underground and waiting for their chance to grow. Just like primary succession, the burned forest will go through a series of communities, starting with small grasses, then shrubs, and finally mature trees. An orderly process of succession will always occur, whether a community is destroyed by man or the forces of nature. 

What type of succession occurs in areas where there is no soil?

What type of succession occurs in areas where soil is present?

Climax Communities
Climax communities are the end result of ecological succession. In contrast with the series of changes that occur during ecological succession, the climax community is stable. The climax community will remain in equilibrium unless a disaster strikes and succession would have to start all over again. 
Depending on the climate of the area, the composition of the climax community is different. In the tropics, the climax community might be a tropical rainforest. At the other extreme, in the northern parts of the world, the climax community might be a coniferous forest. The natural state of the biome defines the climax community. 

Imagine a forest fire destroyed a forest. The forest will slowly re-establish itself, which is an example of what kind of succession?

A glacier slowly melts, leaving bare rock behind it. As life starts establishing itself on the newly available land, what kind of succession is this?

VIII. Pollution  

Introduction 
Clean air and water seem like the most abundant resources on earth.  However, due to many human activites, these resources are becoming scarce.  Pollution of air and water concerns all life on earth and causes many health problems for humans.
Air Pollution
Air is so easy to take for granted. In its unpolluted state, it cannot be seen, smelled, tasted, felt, or heard, except when it blows or during cloud formation. Yet its gases are very important for life: nitrogen helps build proteins and nucleic acids, oxygen helps to power life, carbon dioxide provides the carbon to build bodies, and water has many unique properties which most forms of life depend on. 
Air pollution consists of either chemical, physical (e.g. particulate matter), or biological agents that modify the natural characteristics of the atmosphere and cause unwanted changes to the environment and to human health. 
Most air pollutants can be traced to the burning of fossil fuels. These include the burning of fuels in power plants to generate electricity, in factories to make machinery run, in stoves and furnaces for heating, in various modes of transportation, and in waste facilities to burn waste. Even before the use of fossil fuels during the Industrial Revolution, wood was burned for heat and cooking in fireplaces and campfires, and vegetation was burned for agriculture and land management. 

In addition to the burning of fossil fuels, other sources of human-caused (anthropogenic) air pollution are agriculture, such as cattle ranching, fertilizers, herbicides and pesticides, and erosion; industry, such as production of solvents, plastics, refrigerants, and aerosols; nuclear power and defense; landfills; mining; and biological warfare.

Environmental Effects of Outdoor Air Pollution 
Many outdoor air pollutants may impair the health of plants and animals (including humans). There are many specific problems caused by the burning of fossil fuels. For example, sulfur oxides from coal-fired power plants and nitrogen oxides from motor vehicle exhaust cause acid rain (precipitation or deposits with a low pH). This has adverse effects on forests, freshwater habitats, and soils, killing insects and aquatic life. 
Global warming (an increase in the earth’s temperature) is thought to be caused mostly by the increase of greenhouse gases (water vapor, carbon dioxide, methane, ozone, chlorofluorocarbons (CFCs), nitrous oxide, hydrofluorocarbons, and perfluorocarbons) via the greenhouse effect (the atmosphere’s trapping of heat energy radiated from the Earth’s surface). 

Another environmental problem caused by human-caused air pollution includes ozone depletion. Ozone is both a benefit and detriment. As a component of the upper atmosphere, it has shielded all life from as much as 97-99% of the lethal solar ultraviolet (UV) radiation. However, as a ground-level product of the interaction between pollutants and sunlight, ozone itself is considered a pollutant which is toxic to animals’ respiratory systems. The pollutants that are responsible for ozone depletion are CFCs, from the use of aerosol sprays, refrigerants (Freon), cleaning solvents, and fire extinguishers. 

Name 3 pollutants that affect the quality of air in some way.

Water Pollution
Although natural phenomena such as storms, algal blooms, volcanoes, and earthquakes can cause major changes in water quality, human-caused contaminants have a much greater impact on the quality of the water supply. Water is considered polluted either when it does not support a human use (like clean drinking water) or undergoes a major change in its ability to support the ecological communities it serves. 
The primary sources of water pollution can be grouped into two categories, depending on the point of origin: 

· Nonpoint source pollution refers to contamination that does not originate from a single point source, but is often a cumulative effect of small amounts of contaminants (such as nutrients, toxins, or wastes) gathered from a large area. Examples of this include runoff in rainwater of soil, fertilizers (nutrients) or pesticides from an agricultural field, soil from forested areas that have been logged, toxins or waste from construction or mining sites, and even fertilizers or pesticides from your own backyard!

· Point source pollution refers to contaminants that enter a waterway or water body through a single site. Examples of this includes discharge (also called effluent) of either untreated sewage or wastewater from a sewage treatment plant, industrial effluent, leaking underground tanks, or any other discrete sources of nutrients, toxins, or waste. 

What is the different between point source and nonpoint source pollution?

Effects of Water Pollution on Living Things 
One process that results from an excess of nutrients is called eutrophication.  When excess nutrients like phosphate run off from farmland it enters bodies of water.  Photosynthetic organisms like phytoplankton thrive on these nutrients.  As phytoplankton takes over a lake, it chokes out more complex plant systems.  The level of oxygen decreases in the water, killing the aquatic life like fish.  The water becomes cloudy making it difficult for any life forms to survive.  This is just one example of how natural nutrients can negatively affect water and the organisms living in it.
Let’s close this section and look at a few other effects of water pollution on human health. According to the World Health Organization (WHO), diarrheal disease is responsible for the deaths of 1.8 million people every year. It was estimated that 88% of that burden is attributed to unsafe water supply, sanitation, and hygiene, and is mostly concentrated in the children of developing countries. 

Ways to Save Water 
One way to make sure that water is kept clean and conserved is the use of wastewater reuse or cycling systems, including the recycling of wastewater to be purified at a water treatment plant. By that means, many of the waterborne diseases, caused by sewage and non-treated drinking water, can be prevented. 
Another way to reduce water pollution and at the same time conserve water is via catchment management. This is used to recharge groundwater supplies, helps in the formation of groundwater wells, and eventually reduces soil erosion, one cause of pollution, due to running water. 

What are some things you can do to prevent water pollution?

IX. Natural Resources 

Introduction
A natural resource is a naturally occurring substance which is necessary for the support of life. The value of a natural resource depends on the amount of the material available and the demand put upon it by organisms. 
What resources do you use on a daily basis? The ones that may come to mind right away are the ones we already looked at in the last two lessons: air and water. What else is absolutely necessary to your survival? The food you eat seems pretty obvious. Could you survive with just air, water, and food? Are other resources, like the land you live on, the house you live in, the gasoline your parents put in the car and the tools you use at home or at school absolutely necessary for survival and if not, should they be considered resources too? 

Renewable Resources 

A resource is renewable if it is replenished by natural processes at about the same rate at which humans use it up. Examples of this are sunlight and wind, which are very abundant resources and in no danger of being used up. Tides are another example of a resource in unlimited supply, as well as hydropower, which is renewed by the Earth’s hydrologic cycle.  

Many resources that are considered renewable can run out if not used correctly.  For example, soils are often considered renewable, but because of erosion and mineral depletion, this is not always the case. Living things, like forests and fish, are considered renewable because they can reproduce to replace individuals lost to human consumption. However, overexploitation of these resources can lead to extinction.  

Other renewable materials would include sustainable (at a rate which meets the needs of the present without impairing future generations from meeting their needs) harvesting of wood, cork, and bamboo, as well as sustainable harvesting of crops. Also, metals and other minerals are sometimes considered renewable because they can be recycled, and are not destroyed when they are used.

Nonrenewable Resources 
A nonrenewable resource is a natural resource that exists in fixed amounts (relative to our time frame) and can be consumed or used up faster than it can be made by nature. It cannot be regenerated or restored on a time scale compared to its consumption. One nonrenewable resource is fossil fuels. Fossil fuels, such as petroleum, coal, and natural gas, exist in fixed amounts, take millions of years to form naturally, and cannot be replaced as fast as they are consumed. They range from very volatile (explosive) materials like methane, to liquid petroleum to nonvolatile materials like coal. 
What are fossil fuels and why are they not renewable?

Alternative Energy Sources 
A global movement toward the generation of alternative energy sources, which are renewable, is therefore under way to help meet increased energy needs. Below is a list of many types of alternative energy sources.
· Solar power involves using solar cells to convert sunlight into electricity. When sunlight hits solar thermal panels, it is converted to heat water or air. It can also be used to heat water (producing steam) via a parabolic mirror, or it can be used for passive solar heating of a building simply by passing through windows.

· Wind power, the conversion of wind energy into forms such as electricity via wind turbines, is only used for less than 1% of the world’s energy needs. However, growth in harvesting wind energy is rapid, with recent annual increases of more than 30%. 

· Hydropower uses the energy of moving water to turn turbines or water wheels, which drive a mechanical mill or an electric generator. Today, the largest use of hydropower is for electric power generation, which allows low cost energy to be used at long distances from the water source. Electricity can also be generated constantly, as long as sufficient water is available, it produces no primary waste or pollution, and it is a renewable resource.

· Geothermal power uses the natural flow of heat from the earth’s core to produce steam, which is used to drive turbines, which, in turn, power electric generators. 

· Biomass production involves using garbage or other renewable resources such as corn or other vegetation to generate electricity. When garbage decomposes, the methane produced is captured in pipes and burned to produce electricity. 

· Nuclear power plants use nuclear fission to generate energy inside a nuclear reactor. The released heat, heats water to create steam, which spins a turbine generator, producing electricity.
Reduce, Reuse, and Recycle 
When we think of reducing, we’re talking about reducing our output of waste. That could also mean cutting down on use of natural resources. Reusing and recycling are other ways we can cut down on use of resources. 
What is one way you can reduce the amount of resources you use?

Reusing includes using the same item again for the same function and also using an item again for a new function. Reuse can have both economic and environmental benefits. New packaging regulations are helping society to move towards these goals. 

What is one way you can reuse a resource?

Now we move on to recycling. Sometimes it may be difficult to understand the differences between reuse and recycling. Recycling differs in that it breaks down the item into raw materials, which are then used to make new items, whereas reusing uses the same item again. Even though recycling requires extra energy, it does often make use of items which are broken, worn out, or otherwise unsuitable for reuse. 

How is recycling different than reusing?
X. Habitat Destruction and Extinction 

Introduction 
From a human point of view, a habitat is the environment where you live, go to school, places where you go to have fun, and other places you regularly visit. Maybe if we think of habitat in this way we will have a better sense of other species’ habitats and a better appreciation for how valuable a habitat is to its occupants. 
When we likewise consider habitat destruction, we might evaluate more carefully human influences such as land clearing and introduction of non-native species of plants and animals and how this can have even catastrophic effects, like extinction of species, some of which give us great beauty and some of which have medicinal or other useful qualities! In human terms, how would we feel if someone came in and radically changed our habitat, and either drove us out or worse yet, caused us to eventually die? 

Causes of Habitat Destruction 
Clearing some habitats of vegetation for purposes of agriculture and development is a major cause of habitat destruction or loss. Within the past 100 years, the area of cultivated land worldwide has increased 74%. Land for the grazing of cattle has increased 113%! Agriculture, alone, has cost the United States 50% of its wetlands and 99% of its tallgrass prairies. Native prairie ecosystems, with their thick fertile soils, deep-rooted grasses, diversity of colorful flowers, burrowing prairie dogs and burrowing owls, herds of bison and pronghorn antelope, and other animals, are virtually extinct.   
Another habitat that is being rapidly destroyed is forests, most significantly tropical rainforests, one of the two major ecosystems (or biomes) with the highest biodiversity on earth. The largest cause of deforestation today is slash-and-burn agriculture, practiced by over 200 million people in tropical forests throughout the world. Depletion of the thin and nutrient-poor soil often results in people abandoning the forest within a few years, and subsequent erosion can lead to desertification (a process leading to production of a desert of formerly productive land.)
How has agriculture contributed to the destruction of habitats?

 

Other Causes of Extinction 
One of the primary causes of extinction is introduction of exotic species (alien or invasive species). Both intentionally and inadvertently, humans have introduced various species into habitats, which already have their own native species. As a result, these invasive species have often had very harmful effects on the native species. 
One example is the recent introduction of zebra mussels, spiny waterfleas, and ruffe into the Great Lakes via ballast water of ships. Europeans brought purple loosestrife and European buckthorn to North America to beautify their gardens.  

Many of these exotic species, away from the predation or competition of their native habitats, have unexpected and negative effects in the new ecosystems. Introduced species can disrupt food chains, carry disease, prey on native species directly, and as we have already seen, out-compete natives for limited resources. All of these effects can lead to extinctions of the native species. In addition, some introduced species hybridize with native species, resulting in genetic pollution, which weakens natural adaptations. 

Pollution is a major contribution to the extinction of species. One good example of a toxic chemical affecting a species was the use of the pesticide, DDT. Use of this pesticide in the eastern United States resulted in the effect of biological magnification (where many synthetic chemicals concentrate as they move through the food chain, so that toxic effects are multiplied), with the result of the disappearance of the peregrine falcon from this area. As a result, DDT was banned in the U.S. 

Why are invasive species so harmful to ecosystems?




Importance of Biodiversity 
Does it matter if we are losing thousands of species each year, when the earth holds millions and life has been through extinction before? The answer is yes; it matters even if we consider only direct benefits to humans. But there are also lots of indirect benefits, also known as ecosystem services, in addition to benefits to other species as well. 
Biodiversity is important for a number of reasons. Economically, direct benefits include the potential to diversify our food supply; increase resources for clothing, shelter, energy, and medicines; a wealth of efficient designs which could inspire new technologies; models for medical research; and an early warning system for toxicity. 

In our food supply, monocultures (large-scale cultivation of single varieties of single species) are very vulnerable to disease. As recently as 1970, blight affected the corn belt where 80% of maize grown in the U.S. was of a single type. Contemporary breeders of various crop species increase the genetic diversity by producing hybrids of crop species with wild species adapted to local climate and disease.  

As many as 40,000 species of fungi, plants, and animals provide us with many varied types of clothing, shelter, and other products. These include poisons, timber, fibers, fragrances, papers, silks, dyes, adhesives, rubber, resins, skins, furs, and more. In addition to these above raw materials for industry, we use animals for energy and transportation, and biomass for heat and other fuels. According to one survey, 57% of the most important prescription drugs come from nature (bacteria, fungi, plants, and animals), yet only a fraction of species with medicinal properties have been examined. 

Protecting Habitats 
There are lots of things we can do to protect biodiversity, some of which we’ve touched upon in prior sections of this lesson, including the need to reduce, reuse, and recycle of all resources; not contributing to introduction of invasive species; practicing sustainable management on your own land; adopting and spreading sustainable perspectives and philosophy; learning more about biodiversity; and taking action as a citizen to make sure biodiversity is protected. 
Why is it important to protect biodiversity?

Vocabulary
Abiotic: Physical (nonliving) properties of an organism’s environment, such as sunlight, climate, soil, water and air. 

Acid rain: Precipitation or deposits with a low (acidic) pH. 

Air: The mixture of gases present in the atmosphere. 

Ammonification:  Ammonia is converted into ammonium ions.  Done by bacteria.

Assimilation: The uptake of nitrogen by plants. 

Aquifers: Layers of porous rock that can hold water underground. 

Biodiversity: The number of different species or organisms in an ecological unit (i.e. biome or ecosystem). 

Biogeochemical cycles: The pathway of elements like carbon and nitrogen through the non-living and living parts of the ecosystem. 

Biological magnification: The process in which synthetic chemicals concentrate as they move through the food chain, so that toxic effects are multiplied. 

Biome: A homogeneous ecological formation that exists over a large region. 

Biosphere: The portion of the planet occupied by living organisms. 

Biotic: Biological (living) properties of an organism’s environment, which are other living organisms which share its habitat. 

Carnivore: An organism that eats other animals. 

Carrying capacity: Maximum population size that can be supported in a particular area without degradation of the habitat. 

Catchment management: Method used to recharge groundwater supplies, help in the formation of groundwater wells, and reduce soil erosion. 

Cellular Respiration: The process of turning chemical energy into kinetic energy.

Climax communities: A stable community that is the end product of succession. 

Combustion: The process of burning fossil fuels.

Commensalism: A type of symbiosis in which one species benefits while the other is not affected. 

Community: Populations of different species that occupy the same area and interact with one another. 

Competition: Organisms of the same or different species compete for a limited supply of at least one resource, thereby lowering the fitness of one organism by the presence of the other. 

Competitive exclusion principle: Species less suited to compete for resources will either adapt, be excluded from the area, or die out. 

Condensation: The conversion of water vapor into liquid water.

Consumer: An organism that must eat other organisms to obtain energy and nutrients. 

Decomposer: An organism that breaks down animal remains or wastes to gain energy and nutrients. 

Density-dependent factors:  Promote competition between members of the same population for the same resource; food and space are examples. 

Density-independent factors: Act irregularly, regardless of how dense the population is; temperature and climate are examples. 

Desertification: A process leading to production of a desert of formerly productive land. 

Dispersion: Spacing of individuals within a population. 

Ecology: The scientific study of how living organisms interact with each other and with their environment. 

Ecological succession: The continual replacement of one community by another that occurs after some disturbance of the ecosystem. 

Ecosystem: A natural unit composed of all the living forms in an area, functioning together with all the abiotic components of the environment. 

Erosion: Process by which the surface of the Earth is worn away by the action of winds, water, waves, glaciers, etc. 

Eutrophication: An increase in nutrients, specifically compounds containing nitrogen or phosphorus, in an ecosystem. 

Evaporation: The process of turning liquid water into water vapor.

Exponential growth: As a population grows larger, growth rate increases.

Extinction: The cessation of existence of a species or group of taxa. 

Food chain: A visual representation of the flow of energy from producers to consumers in a community. 

Food web: A visual representation of the complex eating relationships in a community; a cross-linking of food chains. 

Fossil fuels: Fuels made from partially decomposed organic matter that has been compressed underground for millions of years; examples are: coal, natural gas, and oil. 

Genetic pollution: Hybridization or mixing of genes of a wild population with a domestic population. 

Global warming: Global increase in the Earth’s temperature due to human activities that release greenhouse gasses into the atmosphere. 

Greenhouse effect: The atmosphere’s trapping of heat energy radiated from the Earth’s surface. 

Greenhouse gases: The cause of global warming by certain gases via the greenhouse effect. 

Groundwater: Underground water reserves. 

Habitat:  Ecological or environmental area where a particular species live. 

Herbivore: A consumer of producers in a community; often organisms that eat plants. 

Invasive species: Exotic species, introduced into habitats, which then eliminate or expel the native species.
K-strategist: A species that has a long life span, reproduces quickly, and is limited by density dependent factors.  Ex: Bear 

Keystone species: A predator species that plays an important role in the community by controlling the prey population and, thus, the populations of other species in the community as well. 

Limiting factor:  A living or nonliving property of a population’s environment, which regulates population growth. 

Logistic Growth: Growth rate decreases as the population reaches carrying capacity.

Mutualism: A type of symbiosis in which both species benefit. 

Natural resources: Naturally occurring substances necessary for the support of life.
Niche: The way an organism uses the full range of abiotic and biotic conditions in its environment. 

*Realized niche: The role a species actually occupies in its ecosystem.

*Fundamental niche: The role a species could potentially occupy in its ecosystem.
Nitrification:The conversion of ammonium ions into nitrate ions.  Done by bacteria.

Nitrogen fixation: Process by which gaseous nitrogen is converted in chemical forms that can be used by plants. 

Nonpoint source pollution: Contaminants resulting from a cumulative effect of small amounts of contaminants gathered from a large area. 

Nonrenewable resource: A natural resource that exists in fixed amounts and can be consumed or used up faster than it can be made by nature. 

Omnivore: A consumer in a community that eat both producers and consumers; usually eaters of both plants and animals. 

Ozone depletion: Reduction in the stratospheric concentration of ozone. 

Parasitism: A type of symbiosis in which the parasite species benefits, while the host species is harmed. 

Pioneer species: The species that first inhabit a disturbed area. 

Photosynthesis: The process of converting light energy into chemical energy.

Point source pollution: Contaminants that enter a waterway or water body through a single site. 

Population: Organisms belonging to the same species that occupy the same area and interact with one another.

Population density: The number of individuals per unit area. 
Precipitation:Water that falls to the earth in the form of rain, snow, sleet, hail. 

Predation: An interaction where a predator organism feeds on another living organism or organisms, known as prey. 

Primary succession: Ecological succession that occurs in disturbed areas that have no or little soil, i.e. after a glacier retreats.

Producer: An organism that can absorb the energy of the sun and convert it into food through the process of photosynthesis; i.e. plants and algae.
r-strategist: A species that has a short life span, reproduces quickly, and is limited by density-independent factors.
Recycling: The breaking down of an item into raw materials to make new items. 

Renewable resources: Resources that are replenished by natural processes at about the same rate at which they are used.  

Runoff: Water that is not absorbed by the soil that eventually returns to streams and rivers. 

Secondary succession: Ecological succession that occurs in disturbed areas that have soil to begin with, i.e. after a forest fire. 

Sustainable: A rate which meets the needs of the present without impairing future generations from meeting their needs. 

Symbiosis: Close and often long-term interactions between different species, in which at least one species benefits.

Transpiration: Process by which water leaves a plant by evaporating from the leaves. 

Trophic level: A level of the food chain reflected in the ecological pyramid. 

Water pollution: The contamination of water bodies by substances, mostly anthropogenic, which cause a harmful effect on living organisms.
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