Chapter Summaries / Key Terms / Practice Questions
Chapter Thirteen
The history of the Earth stretches back over 4.5 billion years.  This long span of time is divided into unique sections that together make up the geologic time scale.  The geologic time scale divides the Earth’s history into distinct periods based on specific geologic events and the appearance and disappearance of unique life forms.  Geologists use the geologic principles of uniformity and superposition to relative date the age of rock formations.  Other relative dating techniques involve the use of unique volcanic ash layers in rocks, igneous intrusions, faults and index fossils.  Radioactive isotopes can also be used by geologists to determine the absolute age of a rock by using a known half-life of an element.  This technique is known as radiometric dating.  Elements that are commonly used for radiometric dating include uranium 238, potassium 40, and carbon 14.

Both relative and absolute dating techniques have been used to construct the geologic time scale, which is divided into three large spans of time called eons.  The Archean eon began approximately 4.5 billion years ago with the formation of the Earth, and it ended 2.5 billion years ago.  The Proterozoic eon began 2.5 billion years ago and ended approximately 544 million years ago.  Together these two eons are also known as Precambrian time, which means “before life”.  This is because most of the life forms on the Earth appear in the fossil record beginning 544 million years ago.  The current eon, known as the Phanerozoic, began 544 million years ago and continues today.  This span of time is further subdivided into geologic eras, periods, and epochs based on the first appearance of a species of organisms in the fossil record and when they disappeared.

Geologic time is often marked by mass extinctions, which occur when a large number of species alive on the Earth die suddenly.  Mass extinctions have occurred many times during the Earth’s past, including the one 65 million years ago that marked the extinction of the dinosaurs.  As more evidence is revealed about the Earth’s history, new pieces of information will be added to the geologic time scale that will provide more detail about the Earth’s past.  The theory of evolution describes how natural changes in the genes of organisms lead to the development of new traits, and therefore new species over time.  The fossil record supports evolution by revealing the changes that have occurred over time in the development of new species on Earth.
	geologic time scale, relative dating, principle of uniformity, principle of superposition, principle of cross-cutting relationships, unconformity, original preservation, mineralization, index fossils, half-life, radiometric dating, eon, stromatolites, Precambrian, eras, mass extinctions, Pangaea, epochs, evolution, gene, trait, heredity, transitional species


	Q: What is the half-life of an element?
	Q: Describe the principle of superposition.
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	Q: What are the four principle elements used for radiometric dating?
	Q: Describe the three methods of fossilization.
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Chapter Twelve
Soil is an important natural resource on which many organisms, including humans, depend for their survival.  A soil is a mixture of minerals, organic material, air, and water in specific proportions.  Minerals make up approximately 45 percent of a typical soil.  Plants that grow in soil use these minerals for healthy growth.  Minerals in a soil are classified by their size, from the smallest to the largest, which include clay, silt, sand, and gravel.  A soil gains minerals from decaying organic material, weathering of rocks, and fertilizer.  Soils lose minerals by plant uptake, leaching, and runoff.  Organic material composes about 5 percent of a typical soil.  Organic material in a soil is often in the form of humus.  Humus is the dark, moist, completely decayed remains of organic matter.  It holds together the mineral particles of a soil, which helps resist soil erosion.  Humus also forms pore spaces in a soil, which are tiny spaces that contain water and air.  The amount of water in the pore spaces of a soil is called soil moisture, which composes approximately 25 percent of a typical soil.  There are three types of soil moisture: saturation, wilting point, and field capacity.  Field capacity occurs when 50 percent of the pores in a soil are filled with air and 50 percent are filled with water.  This is the optimum amount of moisture needed for healthy crop growth.  
Many organisms reside in the soil.  Earthworms burrow through soil, helping to turn it over and aerate it.  Bacteria also live in the soil, some of which add nitrogen to the soil, which is needed by plants.  The structure of a soil is the arrangement and composition of its minerals.  Loam is a type of soil structure that is good for crop growth and is composed of nearly equal parts of sand, silt, and clay.  The rocks that supply the minerals in a soil are known as parent material.  There are four different types of parent material: alluvial, loess, glacial, and residual.  Soils are classified by their unique profile, which is a cross-sectional view of a soil.  Soil profiles reveal the unique layer of a soil, called horizons.  These horizons all have their own unique physical and chemical characteristics.  The five soil horizons are the O-horizon, A-horizon, B-horizon, C-horizon, and D-horizon.  Specific soils are classified into unique soil orders that are based on the characteristics of a soil’s horizons.
	soil, leaching, organic material, humus, soil moisture, tilling, nitrogen-fixing bacteria, loam, parent material, alluvial soils, loess, soil profile, soil horizon, top soil, subsoil


	Q: What are three processes by which soil loses mineral nutrients?
	Q: What is the optimum amount of air and water content in a soil’s pore spaces?
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	Q: What are the three types of transported parent material that forms soil?
	Q: List the five soil horizons.
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Chapter Thirty-One
Ecology is the study of the interactions between organisms and the environment in which they live.  An ecologist is a specialized scientist who studies organisms and their environment.  This includes a detailed knowledge of the biotic and abiotic factors in an organism’s environment.  The term biotic means “living”; abiotic means “nonliving”.  Ecologists study the relationship of organisms with their environment on four main levels.  The first level of study is called the habitat.  A habitat is the specific water, food, shelter, and space requirements for an organism.  Every living thing requires these four fundamental items to survive.  The next level of relationship studied in ecology is the population.  A population is a group of the same species of organism that live in the same area.  A species is a group of organisms that are genetically the same and can breed with one another.  For example, all the brook trout that live in the Battenkill River in New York make up a population.  Populations can be extremely small, such as bacteria in the soil, or very large, such as the human population.
The next level of ecology is called the community.  A community is a group of different populations that live in the same geographical area and interact with one another.  Communities can extend over a wide area, such as an entire forest, or exist in a very small space, such as a drop of pond water.  The interactions between organisms in a community are important for the survival of many different species.  Often if one species is removed from a community, it can harm the remaining populations.
Symbiotic relationships, in which two organisms benefit from one another, can exist within a community.  Some specific types of symbiotic relationships include commensalism, mutualism, and parasitism.

The highest level of ecological relationship is called the ecosystem.  An ecosystem is the interaction between a community and the abiotic factors in the environment.  This relationship includes the interactions between all the living and nonliving things in a specific area.  Examples of abiotic factors in an ecosystem include the amount of sunlight, temperature, moisture, and nutrient elements.  There are two general types of ecosystems recognized on the Earth: aquatic and terrestrial.  Aquatic ecosystems exist in water, and terrestrial ecosystems are found on land.  The largest ecosystem studied on Earth is called the ecosphere.  The ecosphere is the interaction between all the biotic and abiotic factors on the entire planet.

	ecology, biotic, abiotic, habitat, population, species, community, symbiotic relationship, mutualism, lichen, commensalism, parasitism, ecosystem, ecosphere


	Q: What are the four aspects of an organism’s habitat?
	Q: What are three examples of symbiotic relationships?
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Chapter Thirty-Two
The interaction between the living and nonliving elements of a specific region on the Earth is called an ecosystem.  Two main types of ecosystems are studied on the planet:  terrestrial ecosystems and aquatic ecosystems.  Terrestrial ecosystems exist on the land, and aquatic ecosystems are found in the water.  Terrestrial ecosystems are also called biomes.  Ecologists recognize nine major biomes on the Earth, which are determined by the temperature and precipitation they experience each year. 
The tundra biome is located in the higher latitudes where the temperature remains below freezing for most of the year.  The tundra exists on permafrost, which is soil that is frozen throughout the year.

Located below the tundra biome is the coniferous forest biome.  This ecosystem experiences long, cold winters and short, hot summers.  The principle vegetation growing there is the coniferous tree, also known as the evergreen tree. 


The deciduous forest biome, also called the temperate forest, is located near the middle latitudes and experiences cold winters and hot summers.  The principle vegetation in the temperate forests are deciduous trees.  These are trees that lose their leaves each fall.


Another type of biome is the grassland.  This ecosystem is located in the middle latitudes near the interior of the continents.  Grasslands experience periodic droughts during the year, which causes periodic wildfires to burn through the region.  This allows grasses and shrubs to be the principle vegetation in this biome.

Grasslands that grow near the equator are called savannas or tropical grasslands.  These ecosystems receive greater amounts of precipitation and support grasses, shrubs, and drought-resistant trees.
The desert biome is one of the harshest ecosystems on the planet, receiving very little precipitation each year.  These extremely dry environments can be hot or cold.  The Sahara Desert in North Africa is the world’s largest hot desert.  Cold deserts, such as the Gobi Desert in China, experience temperatures that can fall below freezing at certain times during the year.  Even though deserts are very harsh environments, they still support life.

The chaparral biome is a coastal ecosystem that experiences hot, dry summers and cool, rainy winters.  These biomes exist around the Mediterranean Sea and along the coast of California.

The last major biome is called the mountain biome.  These ecosystems resemble coniferous forests and tundra biomes but exist in the higher altitudes of mountain ranges.
Marine ecosystems exist within the world’s oceans.  The coastal wetlands are areas that lie close to the shore and are covered with saltwater for most of the year.  These marine ecosystems include mudflats, salt marshes, bays and lagoons, and are important breeding grounds for many marine organisms.  The open ocean is divided into two distinct types of marine ecosystems called the neritic zone and the oceanic zone. 

The neritic zone extends from the shoreline out to a depth of approximately 600 feet.  It includes the area known as the intertidal zone, which lies between the zones of high and low tides.  The organisms that live in this area must withstand a harsh environment exposed to the air, wave action, and tidal currents.
The oceanic zone includes all of the deep ocean.  The organisms that live there are divided into two main categories, called plankton and nekton.  Plankton are free-floating marine organisms such as algae or jellyfish.  Nekton are capable of swimming, such as fish or whales.

The benthic zone is another type of marine ecosystem that exists on the ocean bottom.  This can include the shallow water, where coral reefs exist, or the deep, dark ocean.  Recently a unique benthic marine ecosystem was discovered that exists in total darkness near hydrothermal vents.  These volcanic vents spew out superheated water that is rich in minerals and supports a community of marine organisms.  The temperature of the water around hydrothermal vents can be more than 200oF.  The organisms that thrive in this unique ecosystem illustrate the ability for life to exist in extreme conditions.
	terrestrial, biomes, tundra, permafrost, droughts, biological diversity, tropics, aquatic, marine, intertidal zone, phytoplankton, zooplankton, hydrothermal vent


	Q: Which biome supports the greatest amount of biological diversity on Earth?
	Q: What are the abiotic factors used to classify the Earth’s biomes?
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	Q: Describe two conditions that make the intertidal ecosystem extremely harsh.
	Q: Under what conditions can coral reefs form?
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