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Ecology Notes

3-1 WHAT IS ECOLOGY?

INTERACTIONS AND INTERDEPENDENCE  

Ecology: the scientific branch of biology that studies interactions among organisms and their environments (Ernst Haeckel based this term from the Greek word oikos, meaning house).

--Haeckel saw the living world as a house in which every organism plays a roll.

Biosphere: combined portions of the planet in which all life exists.

LEVELS OF ORGANIZATION

--To understand relationships within the biosphere, ecologists ask questions about events and organisms that range in complexity from a single individual to the entire biosphere.

--Some ecologists study interactions between a particular kind of organism and its surroundings.

Species: a group of organisms so similar to one another that they can breed and produce fertile offspring.

--Other ecologists study populations.

Population: groups of individuals that belong to the same species and live in the same area.

--Still some ecologists study communities.

Community: assemblages of different populations that live together in a defined area.

--Ecologists may study a particular ecosystem.

Ecosystem: a collection of all the organisms that live in a particular place, together with their nonliving, or physical, environment.

--Teams of ecologists also study larger systems called biomes.

Biomes: a group of ecosystems that have the same climate and a similar dominant communities.

--The highest level of organization that ecologists study is the entire biosphere itself.

ECOLOGICAL METHODS

--Scientists conduct modern ecological research using three basic approaches: observing, experimenting, and modeling.  All of these approaches rely on the application of scientific methods to guide ecological inquiry.

Observing: observing is the first step in asking ecological questions.  Some observations are simple: What species live in here? How many individuals of each species are there? Other observations are more complex and may form the first step in designing experiments and models.

Experimenting: experiments can be used to test hypotheses.  An ecologist may set up an artificial environment in a laboratory to imitate and manipulate conditions that organisms would encounter in the natural world.  Other experiments are conducted within natural ecosystems.

Modeling: many ecological phenomena occur over long periods of time or on such large spatial scales that they are difficult to study.  Ecologists make models to gain insight into complex phenomena such as the effects of global warming on ecosystems.  Many ecological models consist of mathematical formulas based on data collected through observation and experimentation.  The predictions made by ecological models are often tested by further observations and experiments.  

3-2 ENERGY FLOW 

--The flow of energy through an ecosystem is one of the most important factors that determines the system’s capacity to sustain life.

PRODUCERS

--Without a constant input of energy, living systems cannot function.

--Sunlight is the main energy source for life on earth.

--In a few ecosystems, some organisms obtain energy from a source other than sunlight.

--Some types of organisms rely on the energy stored in inorganic chemical compounds.

--Only plants, some algae, and certain bacteria can capture energy from sunlight or chemicals and use that energy to produce food.

Autotrophs/Producers: organisms that use the energy from the environment to fuel the assembly of simple inorganic compounds into complex organic molecules.

Photosynthesis: the process in which autotrophs that use light energy to power chemical reactions that convert carbon dioxide and water into oxygen and starches.  This process is responsible for adding oxygen to-and removing carbon dioxide from the Earth’s atmosphere.  

--Some autotrophs can produce food in the absence of light.  These autotrophs rely on energy within the chemical bonds of inorganic molecules such as hydrogen sulfide.

Chemosynthesis: the process in which organisms use chemical energy to produce carbohydrates.

Heterotrophs/Consumers: organisms that rely on other organisms on their energy and food supply. 

CONSUMERS

Herbivores: heterotrophs that obtain energy by eating only plants.

Carnivores: heterotrophs that obtain energy by eating only animals and other organisms.

Omnivores: heterotrophs that obtain energy by eating both plants and animals.

Detritivores: heterotrophs that obtain energy by feeding on plant and animal remains and other dead matter.

Decomposers: heterotrophs that break down organic matter.

FEEDING RELATIONSHIPS

--Energy flows through an ecosystem in one direction, from the sun or inorganic compounds to autotrophs (producers) and then to various heterotrophs (consumers).

Food Chain: a series of steps in which organisms transfer energy by eating and being eaten.

Food Web: a visual system in which ecologists links all the food chains in an ecosystem together.

Trophic Level: each step in a food chain or food web.

--Producers make up the first trophic level.  Consumers make up the second, third, or higher.  Each consumer depends on the trophic level below for energy.

ECOLOGICAL PYRAMIDS

Ecological Pyramid: a diagram that shows the relative amounts of energy or matter contained within each trophic level in a food chain or food web.

--Ecologists recognize three different types of ecological pyramids: energy pyramids, biomass pyramids, and pyramids of numbers.

--Only about ten percent of the energy available within one trophic level is transferred to organisms at the next trophic level.

--The more levels that exist between a producer and a top-level consumer in an ecosystem, the less energy that remains from the original amount.  

Biomass: biomass is usually expressed in terms of grams of organic matter per unit area.  A biomass pyramid represents the amount of potential food available for each trophic level in an ecosystem.

--Ecological pyramids can also be based on the numbers of individual organisms at each trophic level.

3-3 CYCLES OF MATTER

RECYCLING IN THE BIOSPHERE

--Unlike the one-way flow of energy, matter is recycled within and between ecosystems.

Biogeochemical cycles: biogeochemical cycles connect biological, geological, and chemical aspects of the biosphere. 

THE WATER CYCLE

Evaporation: the process by which water changes from liquid form to an atmospheric gas.

Transpiration: another way water can also enter the atmosphere by evaporating from the leaves of plants.

NUTRIENT CYCLES

Nutrients: all of the chemical substances that an organism requires to live.

--Every living organism needs nutrients to grow and carry out essential life functions.  Like water, nutrients are passed between organisms and the environment through biogeochemical cycles.

--Three nutrient cycles play especially prominent roles in the biosphere: the carbon cycle, the nitrogen cycle, and the phosphorus cycle.

--There are four different kinds of processes involved in the carbon cycle.
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· Biological processes, such as photosynthesis, respiration, and decomposition of plants and animals.

· Geochemical processes, such as the release of carbon dioxide gas to the atmosphere by volcanoes.

· Mixed biogeochemical processes, such as the burial of carbon-rich remains of organisms and their conversion into coal and petroleum (fossil fuels) by the pressure of the overlying Earth.

· Human activity, including mining, the burning of fossil fuels, and the cutting and burning of forests.

--In the atmosphere, carbon is present as carbon dioxide gas.  Carbon dioxide is released into the atmosphere by volcanic activity, respiration, human activities such as combustion of fossil fuels, and by the decomposition of organic matter.  Plants take in carbon dioxide and use the carbon to build carbohydrates during photosynthesis.  The carbohydrates are passed along food webs to animals and other consumers.  In the ocean carbon is also found along with calcium and oxygen, in calcium carbonate, which is formed by many marine organisms. Calcium carbonate can also be formed chemically in certain marine environments.  This carbon-based compound accumulates in marine sediments and in the bones and shells of organisms.  Eventually these compounds break down and the carbon returns to the atmosphere.  
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--All organisms require nitrogen to make amino acids, which in turn are used to build proteins.

--Although nitrogen gas is the most abundant form of nitrogen on Earth, only certain types of bacteria can use this form directly.  Such bacteria, which live in the soil and on the roots of plants called legumes, convert nitrogen gas into ammonia.  Other bacteria in the soil convert ammonia into nitrates and nitrites.  Once these products are available, producers can use them to make proteins.  Consumers then eat the producers and reuse the nitrogen to make their own proteins.

Nitrogen Fixation: the process in which bacteria convert nitrogen gas into ammonia.

Denitrification: the process by which bacteria convert nitrates into nitrogen gas.

--Phosphorus is essential to living organisms because it forms part of important life-sustaining molecules such as DNA and RNA.

--Although phosphorus is of great biological importance, it is not very common in the biosphere.  Unlike carbon, oxygen, and nitrogen, phosphorus does not enter the atmosphere.  Instead, phosphorus remains mostly on land in rock and soil minerals, and in ocean sediments.  There phosphorus exists in the form of inorganic phosphate.  As the rock and sediments gradually wear down, phosphate is released.  On land, some of the phosphate washes into rivers and streams, where it dissolves.  The phosphate eventually makes its way into the oceans, where marine organisms use it.

NUTRIENT LIMITATION

Primary Productivity: the rate at which producers create organic matter.

--One factor that controls the primary productivity of an ecosystem is the amount of available nutrients.  

Limiting Nutrient: the name of the substance when an ecosystem is limited by a single nutrient that is scarce or cycles very slowly.

Algal Bloom:  a scenario when an aquatic ecosystem receives a large input of a limiting nutrient, which will often result in an immediate increase in the amount of producers.

--If there aren’t any consumers to eat the excess producers sometimes can upset the health of an ecosystem.

4-1 THE ROLE OF CLIMATE

WHAT IS CLIMATE?

Weather: the day-to-day condition of the earth’s atmosphere at a particular time and place.

Climate: the reference to the average year-after-year conditions of temperature and precipitation in a particular region.

--Climate is caused by the interplay of many factors, including the trapping of heat by the atmosphere, the latitude, the transport of heat by winds and ocean current, and the amount of precipitation that results.  The shape and elevation of landmasses also contribute to global climate patterns.

THE GREENHOUSE EFFECT

--Carbon dioxide, methane, water vapor, and a few other atmospheric gasses trap heat energy and maintain Earth’s temperature range.  

Greenhouse Effect: the natural situation in which heat is retained by the layer of greenhouse gas. 

THE EFFECT OF LATITUDE ON CLIMATE

--As a result of differences in latitude and thus the angle of heating, Earth has three main climate zones: polar, temperate, and tropical.

Polar Zones: cold areas where the sun’s rays strike Earth at a very low angle.

Temperate Zones: the area between the polar zones and the tropical zone.  Because temperate zones are more affected by the changing angle of the sun over the course of a year, the climate in these zones ranges from hot to cold, depending on the season.

Tropical Zone: the area near the equator that receives direct or nearly direct sunlight year-round, making the climate almost always warm.

HEAT TRANSPORT IN THE BIOSPHERE

--The unequal heating of Earth’s surface drives winds and ocean currents, which transport heat throughout the biosphere.

--Wind forms because warm air tends to rise and cool air tends to sink.

--The upward movement of warm air and the downward movement of cool air create air currents, or winds, that move heat throughout the atmosphere, from regions of sinking air to regions of rising air.

Prevailing Winds: winds that bring warm or cold air to a region, affecting its climate.

Upwelling: the process by which cold water that sunk and flows parallel to the ocean bottom eventually rises when in warmer regions.

--Meanwhile, surface water is moved by winds.  In both cases, the water flow creates ocean currents.  Like air currents, ocean currents transport heat energy within the biosphere.  Surface ocean currents warm or cool the air above them, thus affecting the weather and climate of nearby landmasses.

4-2 WHAT SHAPES AN ECOSYSTEM?

BIOTIC AND ABIOTIC FACTORS

Biotic Factors: the biological influence on organisms within an ecosystem.

Abiotic Factors: physical, or nonliving factors that shape ecosystems.

--Together, biotic and abiotic factors determine the survival and growth of an organism and the productivity of the ecosystem in which the organism lives.

Habitat: the area where an organism lives.

Niche: the full range of physical and biological conditions in which an organism lives and the way in which the organism uses those conditions.

COMMUNITY INTERACTIONS

--Community interactions, such as competition, predation, and various forms of symbiosis, can powerfully affect an ecosystem.

Resource: any necessity of life.

--Competition occurs when organisms of the same or different species attempt to use an ecological resource in the same place at the same time.

Competitive Exclusion Principle: no two species can occupy the same niche in the same habitat at the same time.

Predation: an interaction in which one organism captures and feed another organism.

--The organism that does the killing and eating is called a predator.

Symbiosis: any relationship in which two species live closely together.

Mutualism: both species benefit from the relationship.

Commensalism: one member of the association benefits and the other is neither helped nor harmed.

Parasitism: one organism lives on or inside another organism and harms it.

ECOLOGICAL SUCCESSION

--Ecosystems are constantly changing in response to natural and human disturbances.  An ecosystem changes, older inhabitants gradually die out and new organisms move in, causing further changes in the community.

Ecological Succession: the series of predictable changes that occurs in a community over time.

Primary Succession: on land, succession that occurs on surfaces that where no soil exists.

Pioneer Species: the first species to populate an area.

Lichen: often pioneer species that grow on volcanic rocks.  A lichen is made up of a fungus and an alga and can grow on bare rock.  As lichens grow, they help break up the rocks.  When they die, the lichens add organic material to help form soil in which plants can grow.  

Secondary Succession: when a disturbance of some kind changes an existing community without removing the soil.

4-3 LAND BIOMES
Biome: a particular physical environment that contains a characteristic assemblage of plants and animals.

CLIMATE AND MICROCLIMATE

--Climate is especially important in determining the characteristics of a biome.  The two main factors that determine a region’s climate-temperature and precipitation-can be summarized on a graph called a climate diagram.

Microclimate: the climate within a small area that differs significantly from the climate around.

THE MAJOR BIOMES

--The world’s largest land biomes include tropical rain forest, tropical dry forest, tropical savanna, desert, temperate grassland, temperate woodland and shrubland, temperate forest, northwestern coniferous forest, boreal forest, and tundra.  Each of these biomes is defined by a unique set of abiotic factors-particularly climate-and has a characteristic ecological community.

OTHER LAND AREAS

--On mountains the abiotic and biotic conditions vary with elevation.

4-4 AQUATIC ECOSYSTEMS
--Aquatic ecosystems are determined primarily by the depth, flow, temperature, and chemistry of the overlying water.

FRESHWATER ECOSYSTEMS

--Freshwater ecosystems can be divided into to main types: flowing-water ecosystems and standing-water ecosystems.

--Organisms that live in flowing-water ecosystems adapted to the rate of flow.

--In addition to the net flow of water flowing in and out of standing-water systems, there is usually water circulating within them.  This circulation helps to distribute heat, oxygen, and nutrients throughout the ecosystems.

Plankton: a general term for the tiny, free-floating or weakly swimming organisms that live in both freshwater and saltwater environments.

Phytoplankton: single celled algae that are supported by nutrients in the water and form the base of many aquatic food webs.

Zooplankton: planktonic animals that feed on the phytoplankton.

Wetland: an ecosystem in which water either covers the soil or is present at or near the surface of the soil for at least part of the year.

--The three main types of freshwater wetlands are bogs, marshes, and swamps.  Bogs typically form in depressions called “kettle holes” left by ice sheets that melted thousands of years ago.  Thick mats of sphagnum grow in bogs, where the water tends to be very acidic.  Mashes are shallow wetlands along rivers.  Marshes may be under for all or part of the year.  Marshes contain cattails, rushes, and other tall, grass-like plants.  Water flows slowly through swamps, which often look like flooded forests. The presence of trees and shrubs is what distinguishes a swamp from a marsh.

ESTUARIES

Estuaries: wetlands formed where rivers meet the sea.  Estuaries thus contain a mixture of fresh water and salt water, are affected by the rise and fall of ocean tides.

Detritus: tiny pieces of organic material that provide food for organisms at the base of the estuary’s food web.

Salt Marshes: temperate-zone estuaries dominated by salt-tolerant grasses above the low-tide line, and by seagrasses under water.

Mangrove Swamps: coastal wetlands that are widespread across tropical regions, including southern Florida and Hawaii.

MARINE ECOSYSTEMS

Photic Zone: the well-lit upper layer at a depth of about 200 meters where algae and producers grow.

Aphotic Zone: the area below the photic zone, which is permanently dark.  Very few producers can survive in such conditions with the exception of chemosynthetic autotrophs.

--In addition to the division between the photic and aphotic zones, marine biologists also divide the ocean in to zones based on the depth and distance from shore: the intertidal zone, the coastal zone, and the open ocean.

--The benthic zone covers the ocean floor and is, therefore, not exclusive to any of the other marine zones.

--Organisms that live in the intertidal zone are exposed to regular and extreme changes in their surroundings.  Once or twice a day, they are submerged in seawater.  The remainder of the time they are exposed to air, sunlight, and temperature changes.

--There are many types of intertidal communities.  One of the most interesting is the rocky intertidal, which exists in temperate regions where exposed rocks line the shore.  There, barnacles and seaweed permanently attach themselves to the rocks.  Other organisms, such as snails, sea urchins, and the sea stars, cling to the rocks by their feet or suckers.

Zonation: the prominent horizontal banding of organisms that live in a particular habitat.  In the rocky intertidal zone, each band can be distinguished by differences in color or shape of the major organisms.

Coastal Ocean: the area region that extends from the low-tide mark to the outer edge of the continental shelf, the relatively shallow border that surrounds the continents.  The continental shelf is often shallow enough to fall mostly or entirely within the photic zone, so photosynthesis can usually occur throughout its depth.   

Kelp Forests: one of the most productive coastal ocean communities.  The kelp forests are named for their most dominant organism: giant brown algae that can grow at extraordinary rates-as much as 50 centimeters a day.

Coral Reefs: in the warm, shallow water of coastal, tropical, oceans are coral reefs, among the most diverse and productive environments on Earth.  Coral Reefs are named for the coral animals whose hard, calcium carbonate skeletons make up their primary structure.

--These animals use their tentacles to capture and eat microscopic creatures that float by.  Coral animals live in symbiosis with algae contained within the body of each coral animal.  The algae carry out photosynthesis, supplying nutrients to the corals.  In turn, the coral animals provide a framework on which the algae can grow.  Below 40 meters, not enough light penetrates the water for algae to grow.  For this reason, almost all growth in a coral reef occurs within 40 meters of the surface.

--The open ocean, often referred to as the oceanic zone, begins at the end of the continental shelf and extends outward.  It is the largest marine zone, covering more than 90 percent of the surface area of the world’s oceans. 

--Typically, the open ocean has very low levels of nutrients and supports only the smallest producers.

Benthos: organisms that live on the ocean floor attached to or near the bottom (this is why the ocean floor is called the benthic zone).

--This zone extends horizontally along the ocean floor from the coastal ocean through the open ocean.  Benthic ecosystems often depend on food from organisms that grow in the photic zone, particularly the producers.  Animals that are attached to the bottom or do not move around much, feed on pieces of dead organic material, or detritus, that drift down from the surface water.  Near deep-sea vents, where superheated water boils out of cracks on the ocean floor, dwell chemosynthetic primary producers that support life without light and photosynthesis.  

5-1 HOW POPULATIONS GROW
CHARACTERISTICS OF POPULATIONS

--Three important characteristics of a population are its geographic distribution, density, and growth rate.

Geographic Distribution: also known as range, is a term that describes the area inhabited by a population.

Population Density: the number of individuals per unit area.  This number can vary tremendously depending on the species and its ecosystem.

POPULATION GROWTH

--Three factors can affect population size: the number of births, the number of deaths, and the number of individuals that enters or leaves a population.


Immigration: the movement of individuals into a population.

Emigration: the movement of individuals out of a population.

EXPONENTIAL GROWTH

Exponential Growth: a process that occurs when the individuals in a population reproduce at a constant rate.  At first, the number of individuals in an exponentially growing population increases slowly.  Over time, however, the population becomes larger and larger until it approaches an infinitely large size.

--Under ideal conditions with unlimited resources, a population will grow exponentially.

LOGISTIC GROWTH

--As resources become less available, the growth of a population slows or stops.

Logistic Growth: the general s-shaped curve of this growth pattern. Logistic growth occurs when a population’s growth slows or stops following a period of exponential growth.

--Population growth may slow down when the birthrate decreases, when the death rate increases, or when both events occur at the same rate.  Similarly, population growth may slow down when the rate of immigration decreases, the rate of emigration increases, or both.  When the birthrate and death rate are the same, or when the rate of immigration is equal to the rate of emigration, then the population growth will slow down or even stop for a time.  

Carrying Capacity: the number that represents the largest number of individuals that a given environment can support.

5-2 LIMITS TO GROWTH
LIMITING FACTORS

Limiting Factor: a factor that causes a population growth to decline.

DENSITY-DEPENDENT FACTORS

Density-Dependent Limiting Factor: a limiting factor that depends on population size.  Density-dependent factors become limiting only when the population density-the number of organisms per unit area-reaches a certain level.

--Density-dependent limiting factors include: competition, predation, parasitism, and disease.

--When populations become crowded, organisms compete, or struggle with each other for food, water, space, sunlight, and other essentials of life.

--Competition can also occur between members of different species.  This type of competition is a major force behind evolutionary change.  When two species compete for the same resources, both species are under pressure to change in ways that decrease their competition.

Predator-Prey Relationship: the regulation of a population by predation takes place within a predator-prey relationship, one of the best-known mechanisms of population control.  The relationships between otters and killer whales are examples of predator-prey relationships.

--Parasites can limit the growth of a population.  Like predators, parasites take nourishment at the expense of their hosts, often weakening them and causing disease or death.

DENSITY-INDEPENDENT FACTORS

--Density-independent limiting factors can affect all populations in similar ways, regardless of the population size.

--Unusual weather, natural disasters, seasonal cycles, and certain human activities-such as damming rivers and clear-cutting forests-are all examples of density-independent limiting factors.

5-3 HUMAN POPULATION GROWTH
HISTORICAL OVERVIEW

--Like the populations of many other living organisms, the size of the human population tends to increase with time.

--For most of human existence, the population grew slowly.  Life was harsh, and limiting factors kept population sizes low because food was scarce and incurable diseases were rampant.

PATTERNS OF POPULATION GROWTH

Demography: the scientific study of humans.

--Birthrates, death rates, and the age structure of a population help predict why some countries have high growth rates while other countries grow more slowly.

Demographic Transition: a dramatic change in birth and death rates.

--As countries modernize, advances in nutrition, sanitation, and medicine result in more children surviving into adulthood and more adults living to old age.  

Age-Structure Diagrams/Population Profiles: the numbers of people in different age groups in a population.

FUTURE POPULATION GROWTH

--To predict how the worldwide human population will grow in the near future, demographers must take into account the age structures of every country.

--Many ecologists suggest that if the growth of the human population does not slow down, there could be serious lasting damage on the environment as well as the global economy.  On the other hand, many economists assert that science, technology, and positive changes in society will help control those negative impacts.

