CHAPTER 50

AN INTRODUCTION TO

ECOLOGY AND THE BIOSPERE
Introduction

· Ecology is the scientific study of the interactions between organisms and their environment.

A. The Scope of Ecology

1. The interactions between organisms and their environments determine the distribution and abundance of organisms

· Ecologists make predictions of what should be observed in the environment.

· The environment of any organism includes the following components:

· Abiotic components: non-living chemical and physical factors such as temperature, light, water, and nutrients

· Biotic components: the living components

2. Ecology and evolutionary biology are closely related sciences

· This includes describing how organisms respond to the environment and how organisms are distributed.

· Events that occur in the framework of ecological time (minutes, months, years) translate into effects over the longer scale of evolutionary time (decades, centuries, millennia, and longer).

3. Ecological research ranges from the adaptations of individual organisms to the dynamics of the biosphere

· Organismal ecology is concerned with the behavioral, physiological, and morphological ways individuals interact with the environment.

· Population: a population is a group of individuals of the same species living in a particular geographic area.

· Population ecology examines factors that affect population size and composition.

· Community: a community consists of all the organisms of all the species that inhabit a particular area.

· Community ecology examines the interactions between populations, and how factors such as predation, competition, and disease affect community structure and organization.

· Ecosystem: an ecosystem consists of all the abiotic factors in addition to the entire community of species that exist in a certain area.

· Ecosystem ecology examines the energy flow and cycling of chemicals among the various abiotic and biotic components.

· Landscape ecology deals with the array of ecosystems and their arrangement in a geographic region.

· A landscape or seascape consists of several different ecosystems linked by exchanges of energy, materials, and organisms.
4. Ecology provides a scientific context for evaluating environmental issues

· Rachel Carson, in 1962, warned that the use of pesticides such as DDT was causing population declines in many non-target organisms .

· The precautionary principle (essentially “look before you leap”) can guide decision making on environmental issues.
B. Factors Affecting the Distribution of Organisms

· Ecologists have long recognized distinct global and regional patterns in the distribution of organisms.

· Biogeography is the study of past and present distributions of individual species, which provides a good starting point to understanding what limits geographic distributions.

· Ecologists ask a series of questions to determine what limits the geographical distribution of any species.

1. Species dispersal contributes to the distribution of organisms

· Species transplants.

· One way to determine if dispersal is a factor in limiting distribution is to analyze the results when humans have accidentally or intentionally transplanted a species to areas where it was previously absent.

· If the transplant was successful, then the potential range of the species is larger than the actual range.

· If the transplant was unsuccessful, then distribution is limited by other species or abiotic factors.

· Problems with Introduced Species.

· Transplanted species often explode to occupy a new area.

· The African honeybee and Zebra mussel are good examples of this explosion.
2. Behavior and habitat selection contribute to the distribution of organisms

· Sometimes organisms do not occupy all of their potential range, but select particular habitats.

3. Biotic factors affect the distribution of organisms

· Predator-removal experiments can show how predators limit distribution of prey species.

4. Abiotic factors affect the distribution of organisms

· Temperature: some organisms can only tolerate specific ranges of temperature.

· Water: some organisms can only tolerate either fresh or salt water.

· Sunlight provides energy that drives nearly all ecosystems.

· The intensity and quality of light, and photoperiod can be important to the development and behavior of many organisms.

· Wind amplifies the effects of temperature by increasing heat and water loss (wind-chill factor).

· Rocks and soil: the physical structure and mineral composition of soils and rocks limit distribution of plants and the animals that feed upon them.

5. Temperature and water are the major climatic factors determining distribution of organisms

· Climate is the prevailing weather conditions in an area.

· Temperature, water, light, and wind are major components of climate.

· Climate and biomes.

· Climate determines the makeup of biomes, the major types of ecosystems.

· Annual means for temperature and rainfall are reasonably well correlated with the biomes we find in different regions.

· Global climate patterns.

· These are largely determined by sunlight and the planet’s movement in space.

· The sun’s warming effect on the atmosphere, land, and water establishes the temperature variations, cycles of air movement, and evaporation of water that are responsible for latitudinal variations in climate.

· The angle of the earth’s axis is responsible for seasonal variations on the earth.

· The tropics that lie between 23.5° north latitude and 23.5° south latitude experience the greatest input and least seasonal variation in solar radiation of any region on earth.

· Intense solar radiation near the equator initiates a global circulation of air, creating precipitation and winds.

· This creates prevailing air currents.

· Local and seasonal effects on climate.

· Bodies of water and topographic features such as mountain ranges can affect local climates.

· Ocean currents can influence climate in coastal areas.

· Mountains affect rainfall greatly.

· Ponds and lakes are sensitive to seasonal temperature change.

· Turnover brings oxygenated water from the surface of lakes to the bottom and nutrient-rich water to the top.

· Microclimate.

· Climate can vary on a small scale also.

· Scientists can refer to microclimate on a forest floor or under a rock.

· Long-term climate change.

· Climate changes can have long-term effects on the biosphere.

· Global warming may affect distribution of organisms.

· The ice ages affected distribution in the past.

· The range of the American Beech can be predicted under 2 climate-change scenarios.
C. Aquatic and Terrestrial Biomes

1. Aquatic biomes occupy the largest part of the biosphere 

· Marine biomes have a salt concentration of approximately 3% and cover approximately 75% of the earth’s surface.

· Freshwater biomes are usually characterized by salt concentration of less than 1% and are closely linked to the soils and biotic components of the terrestrial biomes through which they pass.

· The speed of water flow and the climate are also important.

· Vertical stratification of aquatic biomes.

· The photic zone is the zone through which light penetrates and photosynthesis can occur.

· The aphotic zone is where very little light can penetrate.

· A narrow stratum of rapid temperature change called a thermocline separates a more uniformly warm upper layer from more uniformly cold deeper waters.

· The benthic zone is the bottom of any aquatic biome and contains detritus, dead organic matter.

· Freshwater biomes (ponds and lakes, small and large freshwater).

· The littoral zone is shallow and close to shore.

· The limnetic zone is the open surface water.

· The profundal zone consists of the deep, aphotic  regions.

· Lakes

· Oligotrophic lakes are deep, nutrient-poor and do not contain much life.

· Eutrophic lakes are shallower and have increased nutrients.

· Mesotrophic lakes have a moderate amount of nutrients and phytoplankton productivity.

· Over long periods of time, oligotrophic lakes may become mesotrophic as runoff brings in nutrients.

· Pollution from fertilizers can cause explosions in algae population and cause a decrease in oxygen content.

· Streams and rivers are bodies of water moving continuously in one direction.

· Headwaters are cold and clear and carry little sediment and relatively few mineral nutrients.

· As the stream travels down, it picks up O2 and nutrients on the way.

· Nutrient content is largely determined by the terrain and vegetation of the area.

· Many streams and rivers have been polluted by humans and have caused many environmental problems.

· Damming can also be problematic.

· Wetlands are areas covered with water that support many types of plants.

· They can be saturated or flooded and include areas known as marshes, bogs, and swamps.

· They are home to many different types of organisms, from herbivores to crustaceans.

· Unfortunately, humans have destroyed many of them, but some are now protected.

· Estuaries are areas where freshwater and salt water meet.

· The salinity of these areas can vary greatly.

· They are crucial feeding areas for many types of water fowl.

· Zonation in Marine communities.

· The intertidal zone is where the land meets the water.

· The neritic zone includes the shallow regions over the continental shelves.

· The oceanic zone extends past the continental shelves, and can be very deep.

· The pelagic zone is the open water.

· The benthic zone is the seafloor.

· Intertidal zones are alternately submerged and exposed by the twice-daily cycle of tides.

· They can be rocky or sandy and provide excellent examples of distributional limitations.

· Many types of organisms inhabit these areas, such as suspension-feeding worms, crustaceans, mollusks, and others.

· These areas are often destroyed by pollution and human activity.

· Coral reefs exist in  the neritic zone.

· They constitute a conspicuous and distinctive biome.

· They are dominated by coral and include a very diverse assortment of vertebrates and invertebrates.

· The oceanic pelagic biome includes most of the ocean’s water.

· The water is constantly mixed by ocean currents.

· Plankton live in the photic zone and are the producers for this biome.

· This biome also includes a great variety of free-swimming fish and mammals.

· Benthos is the ocean bottom below the neritic and pelagic zones.

· This area is extremely productive due to the great amount of nutrients found.

· Benthic communities consist of bacteria, fungi, seaweed and filamentous algae, numerous invertebrates, and fish.

· The very deep communities lie in the abyssal zone.

· Organisms here are adapted to continuous cold.

· Deep-sea hydrothermal vents of volcanic origin are found here.

2. The geographic distribution of terrestrial biomes is based mainly on regional variations in climate

· These areas are defined by their abiotic and biotic factors.

· Vertical stratification is also important in these biomes.

· The canopy of the tropical rain forest is the top layer, covering the layers below.

· The permafrost in the tundra is a permanently frozen stratum that lies under ground.

· The species composition of any biome differs from location to location.

· Human activity has radically altered the natural patterns of many biomes.

· Tropical forests are close to the equator, receive high amounts of rainfall (although this can vary from region to region), and contain a great variety of plants and animals.

· The vegetation is layered, with the canopy being one of the top layers.

· Savannas are grasslands with scattered trees that show distinct seasons, particularly wet and dry.

· They have many types of plants and animals.

· Fire is an important abiotic factor.

· Deserts have low rainfall, and are generally hot.

· Vegetation is usually sparse, and includes cacti and succulents.

· Many animals are nocturnal, so they can avoid the heat.

· Chaparrals have mild, wet winters and dry, hot summers.

· They contain dense, spiny, evergreen shrubs and have periodic fires.

· Some plants produce seeds that will only germinate after a fire.

· Temperate grasslands exhibit seasonal drought, occasional fires, and are usually used for grazing and agriculture.

· Temperate deciduous forests contain dense stands of trees and have very cold winters and hot summers.

· The trees lose leaves and go dormant in winter.

· This biome includes a large variety of plants and animals.

· Humans have logged many of these forests around the world.

· Coniferous forests are the largest terrestrial biome on earth.

· They exhibit long, cold winters and short, wet summers.

· Conifers inhabiting them are adapted for the climate.

· Conifer forests  are home to  various animals, some of which hibernate.

· Tundra contains low-growing plants.

· The climate is windy and cold which causes a short growing season.

· A layer of  permafrost is found below 1 meter and does not thaw, which prevents root growth; not many animals live in tundra biomes.

· There are two types, arctic, which is found in areas of Alaska and the Arctic Circle, and alpine, which is found on very high mountaintops.
D. The Spatial Scale of Distributions

1. Different factors may determine the distribution of a species on different scales

· Describing a species’ geographic range on different scales can be difficult.

· However, we can measure geographic ranges on several spatial scales.

2. Most species have small geographic ranges

· Only a small minority of species are widespread.

· Some North American birds and plants exhibit this phenomenon.
