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Unit 1 Part 2 Notes – Ecosystems

What does ecology study?
1. Ecology is the study of the interactions between living things and their nonliving environment.  

2. Organisms are affected by components of the environment that include

a. Abiotic components – The nonliving components of the environment

Examples: 
· Temperature – affects biological processes such as seed germination (i.e. sprouting) or enzyme activities.  
· Water – some organisms can tolerate only fresh water, while others only sea water Terrestrial organisms face a constant threat of dehydration.  
· Sunlight – Driving force of photosynthetic organisms and also influence the daily activities of other organisms (ex: flowering depends on photoperiod in some plants).  

b. Biotic components – the living components of the environment 

Examples: 

· pollination cannot occur without certain pollinator species
· specific nutrient requirements may be necessary (ex. Koalas only eat eucalyptus leaves)
· parasites that cause malaria need the Anopheles mosquito to infect humans
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3. Ecology is studied at several different levels of organization

a. Organism – a single living thing

b. Population – all organisms of the same species living in a particular area

c. Community – all living things in a particular area

d. Ecosystem – all living and nonliving things in a particular area

e. Biosphere – the Earth and portion of the atmosphere that can support life
How do “disturbances” affect ecosystems and the communities of living organisms within them?

4. The communities of organisms within ecosystems are constantly changing as a result of disturbances (i.e. events such as a storm, fire, flood, drought, overgrazing, or human activity that change a community)

5. Ecological succession – The process in which a disturbed area may be colonized by a variety of species, which are in turn replaced by still other species.  There are two types of ecological successions:
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a. Primary succession – a virtually lifeless area without soil such as a new volcanic island or bare rock uncovered by a melting glacier is gradually become inhabited.  Organisms: autotrophic prokaryotes → lichens, mosses → grasses → shrubs → trees → climax community (this process may take hundreds or thousands years)
b. autotrophic prokaryotes, lichens, and mosses may be considered pioneer species, the first groups of species to inhabit an area with no pre-existing community.  These organisms are typically small and reproduce quickly.  When pioneer species die, their decomposing bodies help form the soil layer, which is necessary for larger plant species to develop. 

c. a climax community is a stable, mature community that will only be removed by a disturbance.  In a temperate forest ecosystem, the climax community is characterized by many tall hardwood trees like oaks and hickories.
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b. Secondary succession – when soil is present from a previously existing community (ex. Cleared forest).  Organisms: herbaceous plants → woody shrubs → trees → climax community (Takes less time to develop).

How does energy “flow” within an ecosystem?

5. Energy flow within an ecosystem is governed by two main laws:

a. The First Law of Thermodynamics (i.e. the principle of conservation of energy) -- energy cannot be created or destroyed but only transformed.  In living systems the source of energy is the sun and the energy from the sun can be stored as organic compounds (i.e. glucose), converted to more useful forms of energy (i.e. ATP), released to do “work” in chemical reactions, or lost as heat.

b. The Second Law of Thermodynamics – energy conversions cannot be completely efficient because some energy is always lost as heat.  In other words, systems always progress from a more ordered to a more disordered state (i.e. the entropy of the system always increases over time). 
6. Organisms may use various strategies to regulate body temperature and metabolism (the creation of larger molecules using free energy or the breakdown of molecules to release energy) 

a. One strategy is endothermy, the use of thermal (heat) energy generated by metabolism (i.e. the breakdown of ATP) to maintain homeostatic (stable) body temperatures (ex: 98.6 degrees Fahrenheit in humans). AKA: warm-blooded
Example: In humans, a part of the brain called the hypothalamus senses changes in body temperature and responds to return the body’s temperature to a set point.  If the hypothalamus senses low temperatures, it directs the body’s blood vessels to constrict (i.e. decrease in diameter) to retain heat.  If the hypothalamus senses high temperatures, it directs the body’s blood vessels to dilate (i.e. increase in diameter) to release heat.  The body’s temperature regulation system is an example of negative feedback, which occurs when the response to a stimulus diminishes the stimulus.  In this case of body temperature being too high, the body’s response (i.e. the hypothalamus directing the blood vessels to dilate), diminishes the original stimulus (i.e. it lowers the high body temperature stimulus).  The blood vessel constriction and dilation responses (as well as other bodily responses to temperature change) are depicted in the image below.


b. Another strategy is ectothermy, the use of external thermal energy to help regulate and maintain body temperature (ex: a lizard basking in the sun to raise its body temperature) AKA: cold-blooded
7. Reproduction and rearing of offspring require free energy beyond that used for maintenance and growth. Different organisms use different reproductive strategies in response to energy availability.  For example, biennial plants take two years to complete their biological life cycles.  They grow leaves, stems, and roots during the first year and then enter a state of dormancy over the cold months.  During the next spring / summer, the plant will grow significantly and then flower. 

8. In general, smaller endothermic organisms will have a higher overall metabolic rate.   Smaller animals tend to have a proportionally higher surface area (ex: the area of skin on the outside of a mouse) compared to their volume than larger animals.  Put simply, more of a mouse’s body comes in contact with the outside air than an elephants’ body.  As such, a small animal like a mouse is very vulnerable to heat loss to the environment.  Therefore, smaller animals have higher metabolic rates to warm their bodies back up to a set point and must eat proportionately more food as a result.  Ectothermic organisms also follow this trend (i.e. smaller organisms have a higher metabolic rate than larger organisms), but the smallest adult ectotherms (ex: amphibians, reptiles) tend to be much smaller than the smallest adult endotherms (ex: birds, mammals) because they do not have to produce heat internally.    
9. Having extra free energy after performing necessary life functions may result in storage of excess energy in biological molecules (ex: fat) or growth.

10. Using more free energy than you take in results in loss of mass and potentially death. 

How have human activities affected ecosystems?

11.  Human activities have affected ecosystems in a variety of ways through pollution, climate change (i.e. global warming), introduction of non-native species, etc.  For example, invasive species are species of organisms that are not native to a particular area, are introduced by humans, and cause harm to the ecosystem.  The Kudzu vine, a species native to Japan, was brought to the U.S. in the late 1800’s and has spread throughout the U.S. at a rate of 150,000 acres per year.  Its vines can grow up to one foot per day in the right conditions, and it has become a major problem because it “outcompetes” native species for resources. 
How have geological and meteorological events affected ecosystems?

12. An example of the impact of geological and meteorological events on ecosystems involves the cause of the end-Cretaceous extinction that resulted in the eradication of dinosaur species.  There is evidence to suggest that the extinction occurred as a result of a meteor striking the Earth, massive volcanic eruptions, or major climate change that lowered temperatures too far for dinosaurs to survive (and enabled mammals with adaptations like fur to survive in the new colder climate).
13.  Another example involves El Niño, a band of warm ocean water temperatures that develops off the coast of Pacific South America and results in abnormal droughts, floods, and crop yields throughout the world.  

Notes Vocabulary and Questions
1.  Terms: _______________ and _______________

Definitions and Connection:

2.Terms: _______________ and _______________

Definitions and Connection:

1. Describe the difference between abiotic components and biotic components of an ecosystem. Provide an example of each.

2. Define an ecosystem. Compare it to communities and biospheres.

3. Compare and contrast primary succession and secondary succession. Use the terms pioneer species and climax community in your response.

4. Explain how the First and Second Law of Thermodynamics relates to the study of ecology.

5. Describe the two different strategies to regulate body temperature and provide an example of an organism that would fall into each category.

6. Provide one example of how human activities have affected ecosystems in a negative way.
Spread of the Kudzu vine throughout the U.S











