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BIOL 120 Beginning Biology 
BIOL 180 Introduction to Environmental Science 

BIOL 348 Principles of Ecology 
BIOL 350 Aquatic Ecology 

BIOL 352 Terrestrial Plant Ecology 
 
 
 
Concepts addressed: 
Ecology: Ecosystems 
 
Biosphere, Natural selection, Climate, Terrestrial Ecosystems (Biomes), Aquatic Ecosystems 
(Biomes), Estuaries, Pelagic Zone, Benthic Zone, Intertidal Zone, Freshwater ecosystems, 
Phytoplankton, Zooplankton, Continental Shelves, Coral reefs, Eutrophication, Spring and Fall 
Turnover, Decomposition, Primary production, Environmental pollution  
 
 
A community interacts with abiotic factors, forming an ecosystem. The global ecosystem is called the 
biosphere: all life on Earth and where it lives. Solar energy, water, temperature, wind, and 
disturbances are among the most important abiotic factors determining the biosphere's structure and 
dynamics. Natural selection adapts organisms to abiotic factors and to biotic ones such as predation 
and competition. Climate often determines the distribution of communities. Most climatic variations 
are due to the uneven heating of the Earth's surface with warm, moist, rising air producing rain, 
which waters the tropical rain forests. Descending dry air creates deserts at about 30° north and south 
of the equator. Earth's rotation deflects moving air, creating the prevailing winds, which help move 
ocean currents, which warm or cool coastal areas. Landforms such as mountains can affect local 
rainfall.  
 
Terrestrial Ecosystems (Biomes):  
 
BIOL 120 and BIOL 348 compare and contrast different global biome types particularly from the 
available energy and productivity concept. BIOL 352 examines terrestrial ecosystems from the 
standpoint of energy flow, cycling of nutrients, and stability and disturbance in terms of plant 
ecology.  
 
Climatic differences, mainly temperature and rainfall, shape the major biomes that cover Earth's land 
surface. Several kinds of tropical forests occur in the warm, moist belt along the equator, and these 
forests are the most diverse ecosystems on the planet. Large-scale human destruction of these forests 
endangers many species and may alter world climate. Drier tropical areas and some non-tropical 
areas are characterized by the savanna, a grassland with scattered trees. Fire and grazing by large 
herbivores help maintain the savannas. Deserts are the driest biomes, and the misuse of the 
surrounding land is contributing to the spreading of some deserts (e.g. the Sahel of sub-Saharan 
Africa). The chaparral biome is a shrub land with cool, rainy winters and dry, hot summers, when 
fires often occur. Temperate grasslands are found in the interior of the continents, where winters are 
cold, and where drought, fires, and grazing animals prevent trees from growing. Farms and the need 
to produce food have replaced most of North America's temperate grasslands. Forests of broad leaf 
deciduous trees grow in some temperate areas, but North America's deciduous forests have been 
drastically altered by agriculture and urban development. The northern coniferous forest, or taiga, is 
an extensive biome of the far north and high mountains where there are short summers and long, 
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snowy winters. Coastal coniferous forests of the Pacific Northwest are actually temperate rain 
forests. Arctic tundra, a treeless biome characterized by extreme cold, wind, and permafrost, lies 
between the taiga and the permanently frozen Polar Regions. Alpine tundra occurs above the tree line 
on high mountains. The vegetation of the tundra includes shrubs, grasses, mosses, and lichens.  
 
Aquatic Ecosystems (Biomes):  
 
Oceans cover about 75io of the Earth's surface. Light and availability of nutrients are the major 
factors shaping communities and their productivity in the sea. Estuaries are productive areas where 
rivers meet the ocean. Ocean water is called the pelagic zone, which supports communities 
dominated by highly motile animals (zooplankton) such as fishes, squids, and marine mammals 
including whales and dolphins. Diverse algae and cyanobacteria, collectively called phytoplankton, 
drift passively in the pelagic zone and are the ocean's main photosynthesizers. The ocean bottom is 
called the benthic zone, and depending on the depth and light penetration, the benthic community 
consists of attached algae, fungi, bacteria, sponges, burrowing worms, sea anemones, clams, crabs, 
and fishes. On submerged parts of continents called continental shelves, the pelagic and benthic 
communities usually receive some light, and nutrients from the seafloor circulate in the shallow 
water. Coral reefs are found in warm tropical waters above the continental shelf. These highly 
productive biomes however, are easily degraded by pollution, native and introduced predators, and 
human souvenir hunters.  
 
The area where the sea meets the land is the intertidal zone. Intertidal wetlands include salt marshes, 
sandy and rocky beaches, and tide pools. Estuaries and intertidal wetlands have been abused by 
human activities, with few undisturbed areas remaining and many totally replaced by commercial 
and residential developments on landfill. The effects of human disregard for marine communities are 
now becoming obvious as seafood is becoming less plentiful (the result of over-harvesting and 
pollution); whales are in danger of extinction, mainly from over-hunting; and oil and other pollutants 
foul coastal areas. Laws in many countries, including the U.S., now prohibit whaling and the disposal 
of sewage and other wastes at sea. Many countries are also taking steps to restore and conserve 
estuaries and other wetlands.  
 
Freshwater ecosystems include ponds, lakes, rivers, streams, and wetlands such as marshes and 
swamps. Light, temperature, and the availability of nutrients and dissolved oxygen shape lake and 
pond communities. Today, many lakes and ponds are affected by large inputs of nitrogen and 
phosphorous from sewage and runoff from fertilized lawns and agricultural fields. These nutrients 
often produce blooms, or population explosions of algae. Heavy algal growth reduces light 
penetration into the water, and when the algae die and decompose, a pond or lake can suffer serious 
oxygen depletion - eutrophication. Temperature, nutrients, currents, and water clarity vary from the 
source of a river to its mouth, and river communities vary accordingly.  
 
Freshwater wetlands range from swamps to marshes and bogs. They may form in shallow basins or 
along the banks of rivers or lakes. Wetlands are amongst the richest of biomes in terms of species 
diversity. They provide water storage areas that reduce flooding and improve water quality by 
filtering pollutants. The recognition of their ecological importance and economic value has led to 
governmental and private efforts to protect and restore wetlands.  
 
BIOL 120 integrates a Big Sioux River lab project, which investigates pollution of the Big Sioux and 
human impact on an aquatic ecosystem, with a focus on agriculture a sewage, and incorporates 
management alternatives.  
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BIOL 350 examines the nitrogen and phosphorous cycles from a strictly aquatic view and the effects 
of human impact on energy flow.  
 
The causes and effects of spring and fall turnover are also emphasized. This occurs in temperate 
regions where temperature and density gradients are established as a result of freezing and melting 
(spring), and cooling of surface layers (fall). This twice a year turnover redistributes oxygen and 
nutrients and is important to the continuing productivity of the lake.  
 
Energy Flow and Biogeochemical Cycles:  
 
BIOL 348 and BIOL 352 (terrestrial ecosystems) and BIOL 350 (aquatic ecosystems) model 
ecosystem ecology extensively through the nitrogen and phosphorous biogeochemical cycles by 
integrating geology, chemistry, and biology including human perturbations to these cycles such the 
effect of agriculture on energy flow and nutrient cycling.  
Energy flows from the sun, through plants (photosynthesis), animals, and decomposers, and is lost as 
heat. Chemicals are recycled between air, water, soil, and organisms. A food chain is a stepwise flow 
of energy and nutrients from plants (producers), to herbivores (primary consumers), to carnivores 
(secondary and higher-level consumers). The breakdown of organic compounds to inorganic 
compounds is called decomposition, and detritivores (animal scavengers, fungi, prokaryotes) 
decompose waste matter and recycle nutrients. A food web represents the network of interconnecting 
food chains.  
 
Primary production is the rate at which producers convert sunlight to chemical energy in organic 
material (biomass). A pyramid of production reveals the flow of energy from producers to primary 
consumers and to higher trophic levels. Only about 10CYo of the energy in food is stored at each trophic 
level and is thus available to the next level. This stepwise energy loss limits most food chains to three 
to five levels. Because the production pyramid tapers so sharply, a field of corn or other plant crops 
can support many more vegetarians than meat-eaters.  
 
Ecosystems require daily infusions of energy, but nutrients are recycled between organisms and 
abiotic reservoirs. Heat from the sun drives the global water cycle of precipitation, evaporation, and 
transpiration. Carbon is taken from the atmosphere by photosynthesis, used to make organic 
molecules, and returned to the atmosphere by cellular respiration. Nitrogen is plentiful in the 
atmosphere as N2, but N2 is unusable by plants. Various bacteria in the soil (and legume root 
nodules) convert N2 to nitrogen compounds that plants can use: ammonium (NH4 +) and nitrate (N03-
). Some soil bacteria break down organic matter and recycle nitrogen as ammonium or nitrate to 
plants; other bacteria return N2 to the atmosphere. Phosphorous and other soil minerals are also 
recycled locally; they are in long-term storage in rocks.  
 
Ecosystem Stability and Alteration:  
 
Experimental studies of ecosystems show that drastic alterations, such as the total removal of 
vegetation, can increase the runoff of water and loss of soil nutrients. Environmental changes caused 
by humans, such as acid rain, can unbalance nutrient cycling over the long term.  
 
BIOL 120 and BIOL 180 look at how human perturbation of the nutrient cycles is related to 
environmental pollution: global warming and the carbon cycle, acid rain and the nitrogen and sulfur 
cycles, and how nutrient (N and P) runoff from agricultural lands and large livestock operations may 
fertilize a lake and cause excessive growth of algae. This eutrophication may reduce species diversity 
and harm water quality. The alteration of ecosystems by human activities threatens the existence of 
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thousands of species. To slow this disruption of ecosystems, some nations are establishing zoned 
reserves, undisturbed wild lands surrounded by buffer zones of compatible economic development.  


